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10 The invention comprises compositions having an ethylenic or polyethylenic backbone
11 that are useful in packaging or adhgsives applications. This invention also provides
12 compositions having an ethylenic or polyethylenic backbone that are useful in
13 scavenging oxygen from packaged products. The invention also comprises a process
14 for esterification and/or transesterification of a compound having acid and/or ester
15 . side chains on an ethylenic or polyethylenic backbone to produce a compound having
16 a different number and/or type of ester side-chain on the ethylenic or polyethylenic

.17 backbone.
18 BACKGROUND AND SUMMARY OF THE INVENTION
19 New polymer compositions having properties that are particularly tailored for specific
20 applications are required in response to more sophisticated purchasers of polymers. It
21 is extremely costly and/or difficult to make these compositions directly by synthesis
22 or via solution esterification or transesterification, but manufacturing them in mixing
23 equipment such as an extruder has provided an economical and viable means to
24 supply increasingly-complex polymers to specialized markets requiring them.

In one embodiment, this invention provides specialty polymers whose compositions
have a polyethylenic backbone and pendant benzyl ester moieties. In another
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25 In one enbedinent this invention provides specialty polyners whose

conpositions 26 have a pol yet hyl eni ¢ backbone and pendant benzyl
ester noieties. In another WD 96/ 40799
PCT/ US96/ 05937  ri; -
enbodi nent t hi sYORFRT? on provi des conpositions having a ponéFﬁ?F%%?%

. backbone 2 and pendant hydrocarbyl ester noieties that contain at
| east ~one allylic hydrogen. In a 3 further enbodiment, this invention
provi des conpositions having a polyethylenic 4 backbone and pendant
hydr oar byl noieties, especially hydrocarbyl ester noieties, 5 wherein
the hyrocarbyl group contains a heteroatom su-as oxygen. In a preferred
6 enbodi ment, this invention provides conpositions having a

pol yethyl eni t baclembndamem. this inveationepravides eomipositions havingoa polyeshylenjc backbane v

cyclic et her ester r&al i
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from1l to 18 carbon atons, aI koxy radicals having from1 car bon
atoms, al kyl6 19 embodimest, namm pravides,compesitions kaving %mlmlmlgmckbone

al kenyl and sl kynyhg E/Jg%ﬁ@étﬁ ’Hs%ci}ll bon at ons,
al kenoxy and al kynoxy radi cal's havi netﬁ?ro Q%Yéﬁ@&h ca on atom;

al I kenyl and al kynyl ether radicals haV| ng from3 to 18 car bon

atonms, am negradi :E!ap? g ;, gm( % c sal t
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atons, ester®and iolla?angdmctums- radi cal s of acids having from1l to 16
carbon atons, aryl radicals and substituted aryl

10

X
11 - I
12 (I) —E— C +
14 e
1§ where n is an integer from 2 to approximately 30,000; any X is individually chosen
16 from the group consisting of hydrogen and methy! radical; and where any Y is
17 individually chosen from the group consisting of hydrogen, alkyl radicals containing
18 from 1 to 18 carbon atoms, alkoxy radicals having from 1 to 16 carbon atoms, alkyl
" 19 ether radicals having from 2 to 18 carbon atoms, alkenyl and alkynyl radicals
containing from 2 to 18 carbon atoms, alkenoxy and alkynoxy radicals having from 2
to 16 carbon atoms, alkenyl and alkynyl ether radicals having from 3 to 18 carbon
atoms, amine radicals having from 1 to 16 carbon atoms, acid and metal salt of acid
radicals, anhydride radicals having from 4 to 24 carbon atoms, ester and amide
radicals of acids having from 1 to 16 carbon atoms, aryl radicals and substituted aryl
radicals having 6 to 24 carbon atoms, aryl ether radicals and substituted aryl ether
radicals having from 6 to 24 carbon atoms, and the radicals of Formula II and
27 Formula III
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25 radi cal s having 6 to 24 carbon atons, aryl ether radicals and

substituted aryl ether 26 radi cal s having from6 to 24 carbon atons,
and the radicals of Formula Il and 27 Formula 111 WO
96/ 40799 : PCT/ US96/ 05
3.1 WO 96140799 5 1y A 3 | 4 Pefussesss
5 6 crer) 7 B 8 ' | A 9 wher e
any Ais individually a heteroatomcontaining radical (especially a carboxy
or 10 am do), and where any B is individually chosen fromthe group
consi sting of alkyl 11 . ether radicals having from2 to 18 carbon
atons, al kenyl and al kynyl radicals 12 _qcontaining from2 to 18
carbon atons, al kenoxy and al kynoxy radi cals having from 2 13 to 16
car bon at o, al kenyl ang al kynyl ether radicals having from3 to 18 carbon
14 ° atomns, suleiﬂtute aryl radicals having 6 to 24 carbon atons, aryl
et her radi @gals and 15| substituted aryl ether radicals having from®6
to 24 carben atons, and Bhe radicals of 16 Formula 1V and Formul a V:
(I1V)[err] | -

5 | |

6 (IIX) B

7 |

8 A

9 where any A is individually a heteroatom-containing radical (especially a carboxy or

10 amido), and where any B is individually chosen from the group consisting of alkyl
11 ether radicals having from 2 to 18 carbon atoms, alkenyl and alkynyl radicals

12 containing from 2 to 18 carbon atoms, alkenoxy and alkynoxy radicals having from 2
13 to 16 carbon atoms, alkenyl and alkynyl ether radicals having from 3 to 18 carbon
14 atoms, substituted aryl radicals having 6 to 24 carbon atoms, aryl ether radicals and
15 substituted aryl ether radicals having from 6 to 24 carbon atoms, and the radicals of
16 Formula IV and Formula V:

1 rR2,r3, A, RO, RO
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1 where any Rl, R2, R3, R4, R5, and R6 is individually chosen fromthe
group 2 ti ng of hydrogen, al kyl radicals contai lto
18 carbon aton%vogéf‘@?i radi cals having from1l to f%l@%?

atons, am ne radicals haV| ng froml to 6 carbon 4 atons, ester and
am de radicals of acids having from1l to 16 carbon atons, aryl 5

radi cal s and substituted aryl radicals having 6 to 24 carbon atons, aryl

et her radicals 6 and substituted aryl ether radicals having from®6 to
24 carbon atonms, and the radicals 7 . Formula Il and Formula I11;
with the proviso that at |east about 1 nole % of the 8 conposition
compri ses 4 he 1 ffefedry RY, RAORMARE RE] ait R ORMVidRally dhosen frofl the group These
spemaltysfol ynmers aré usef Ul ’as pac aging filnms and are also uUseful 10

conponent s f or mmaﬁ?g@nmﬂ%g&gb@ommansltol%lqarbonatms.salkoxy

invention 4l so ﬁﬁim{ée&btﬁ S EhEISHh fidm 150 ¥Sdatbon
known 12 3 hQ{‘ﬁregu atl ng thtgelg osure {] gen- sensMFve prlo ucts to
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product. Fgr in Hﬂgl Wﬁ%‘jé“ﬁﬁ m x¥9f SeA%ht ve
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6 and substituted aryl ether radicals having from 6 to 24 carbon atoms, and the radicals

7 of Formula II and Formula III; with the proviso that at least about 1 mole % of the

8 composition comprises the radicals of Formula II and Formula III.

9  These specialty polymers are useful as packaging films and are also useful

10 components for making oxygen-scavenging compositions.

11 This invention also ptovidw new oxygen-scavenging compositions. It is well known
12 that regulating the exposure of oxygen-sensitive products to oxygen maintains and |
13 enhances the quality and "shelf-life* of the product. For instance, by limiting the
14 exposure of oxygen sensitive food products to oxygen in a packaging system, the

15 - quality or freshness of food is maintained, and the food doesn’t spoil as rapidly. In

16 addition, oxygen-scavenging packaging also keeps the product in inventory longer,
17 thereby reducing costs incurred from waste and having to restock inventory. In the

18 food packaging industry, several means for regulating oxygen exposure have already
19 been developed. These means include modified atmosphere packaging (MAP) and
20 oxygen barrier film packaging.

21 One method currently being used is through "active packaging®, whereby the package
22 containing the food product has been modified in some manner to regulate the food®s
23 exposure to oxygen. One form of active packaging uses oxygen-scavenging sachets
24 which contain a composition which scavenges the oxygen through oxidation reactions.
25 One type of sachet contains iron-based compositions which oxidize to their ferric

26 states. Another type of sachet contains unsaturated fatty acid salts on a particulate



15 quality or freshness of food is maintained, and the food doesn't
spoil as rapidly. In 16 addi ti on, oxygen-scavengi ng packagi ng al so
keeps the product in inventory |onger, 17 t her eby reducing costs
i ncurred front d having to restock inventory. In the 18 fo
packagi ng i ndus %3% eral nmeans for regul ati ng oxygen exposﬁF@“ﬁgWE&g
al ready 19 been devel oped. These neans include nodified atnosphere
packagi ng (MAP) and 20 oxygen barrier film packagi ng. 21 One
met hod currently being used is through "active packagi ng", whereby the
package 22 contai ning the food product has been nodified in sone
manner to regul ate the food' s 23 exposwg e to oxygen. One form of
active packagi ng uses oxygen-scavengi ng sachets 24 . which contain a
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e type o sac et ain rop- 0 ch oxidize to their
ferric 26 M “’P&ﬁa%Fqég ﬁg‘F“'c& gi?i{\yhmsaturatedfatty
acid salts on a partrculate WO 96/ 40799
PCT/ US96/ 05937 adsorbent. See U. S. Patent No. 4,908, 151. Yet
anot her sachet cHoWgVers one disadvantage.ef sachetsis\thernesd fonadditional mopmmlnt
No. 5,194, 4¢8.
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package. AS§ urt heachets isaﬂrataﬁrhgeatmo'sphiengebndimmr(e.gr rhigh lmmdity, loW CO, Ievel) in -
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scavengi ng‘ko ocrass. Further, ﬂﬁ@ﬂﬁmﬂmtadﬁg&i&cﬁkﬁﬁ&@ﬁa&%ﬁﬁfﬂfg&ﬁe&an
present a danger to consuners if accidentally ingested. Anot her
means for regul ati ng exposure of a packaged product to oxygen I nvol ves 9
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nore 10 _ unlformscavengr ng effect throughout t package 1s achi eved
by incor por’at i ngMCpRPorating an oxygen scavenger into the packaging structure itself. A more :

10 uniform scavenging effect throughout the package is achieved by incorporating the
11 scavenging material in the package instead of adding a separate scavenger structure
12 (e.g.,a sachet) to the package. This may be espet:ially impoxwtt where there is
13 restricted air flow inside the package. In addition, incorporating the oxygen
14 scavenger into the package structure provides a means of intercepting and scavenging
15 oxygen as it permeates the walls of the package (herein referred to as an “active
16 oxygen barrier”), thereby maintaining the Iowest possible oxygen level in the

- 17 _ package.
18 One attempt to prepare an oxygen-scavenging wall involves the incorporation of
19 inorganic powders and/or salts. See U.S. Patent Nos. 5,153,038, 5,116,660,
20 5,143,769, and 5,089,323. However, incorporation of these powders and/or salts
21 causes degradation of the wall’s transparency and mechanical properties such as tear
22 strength. In addition, these compounds can lead to processing difficulties, especially
23 when fabricating thin films. The oxidation products, which can be absorbed by food
24 in the container, typically would not have FDA approval for human consumption.

EP 0 519 616 discloses an oxygen-scavenging composition oomprising ablend of a

8 B

first polymeric component comprising a polyolefin, the first polymeric component



11 scavenging material in the package instead of adding a separate

scavenger structure 12 (e g., a sachet) to the package. This may be
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12 These patent applications disclose mcorporatmg a metal catalyst-polyamide oxygen
13 scavenging system into the package wall. Through catalyzed oxidation of the
14 polyamide, the package wall regulates the amount of oxygen ‘which reaches the
1§ interior volume of the package (active oxygen barrier) and has been reported to have
16. oxygen scavenging rate capabilities up to about 5 cubic centimeters (cc) oxygen per
17 square meter per day at ambient conditions. However, this system suffers from
- 18 significant disadvantages.

One particularly limiting disadvantage of polyamide/catalyst materials can be a low

19

20 oxygen scavenging rate. U.S. Patent No. 5,021,515, Example 7, illustrates that

21 adding these materials to a high-barrier package containing air produces a package

22 which is not generally suitable for creating an internal oxygen level of less than 0.1%
23 (starting with air) within a period of four weeks or less at room temperature, as is

24 typically required for headspace oxygen scavenging applications.

25 There are also disadvantages to having the oxygen-scavenging groups in the backbone
26 or network structure in this type of polyamide polymer. The basic polymer structure
27 degrades rapidly and is quickly weakened upon reaction with oxygen. This can



9 The oxygen scavengi ng systens disclosed in U S. Patent Nos.
5,021, 515, 5,194,478, 10 and 5, 159, 005, European Publication EP 0 380
319 as well as PCT Publication Nos. 11 90/ 00504 and 90/ 00578
illustrate attquts to produce an oxygen-scavengi ng wall . 12 SOCHRSS
pat ent appl i caPW@¥M40Fsc| ose i ncorporating a metal catal yst-po yan1
oxygen 13 scavengi ng systeminto the package wall. Through catal yzed
oxi dation of the 14 pol yam de, the package wall regul ates the anount
of oxygen which reaches the 15 interior volune of the package (active
oxygen barrier) and has been reported to have 16 oxygen scavengi ng
rate capabilities up to about 5 cubic centimegers (cc) oxygen per 17
square neter per day at anbient condi tions. However, this systemsuffers
from 18 g siggiderdehp ? bropérties such s tensﬂe or fipacpstrengthusfathé polymer.
limting dlsadvantage of poo¥an1de/catalyst ?rla can be alo 20
oxygen scadbngln CrEse rates
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adversely a8fect SEMGHTeS-a My Robramides alsodncur processing difficulties and th'@ﬂ: 8?%5 WhJ'"f
the polynerg 2 gxga%ﬁ%dme%bmeﬁ& Pa? ioally Gsed 06 Wnaké flexible

pol ymer can increa ernmeai li'ty o ner to_those
materi al s #®ught padmamze@veacfml?ersm %W d1fﬁcult heat seal. Thus, all of these

11 are factors to consider when selecting materials for packages, especially flexible
12 packages and when selecting systems for reducing oxygen exposure of packaged
13 "products.

'14  Another approach to scavenging oxygen is disclosed in EP 0 507 207, which discloses
15.  an oxygen-scavenging composition comprising an ethylenically unsaturated
16 hydrocarbon and a transition metal catalyst. This patent states that ethylenically

- 17 unsaturated compounds such as squalene, dehydrated castor oil, and 1,2-polybutadiene

18 are useful oxygen scavenging compositions, and ethylenically saturated compounds
19 such as polyethylene and ethylene copolymers are used as diluents. Compositions
20 utilizing squalene, castor oil, or other such unsaturated hydrocarbon typically have an
21 oily texture, which is undesirable for applications such as wrapping meat for sale in
22 retail grocery stores. Further, polymer chains which are ethylenically unsaturated
23 would be expected to either cross-link to become brittle or to degrade upon

. 24 scavenging oxygen, weakening the polymer due to polymer backbone breakage.
25 U.S. Patent Nos. 4,717,759, 4,994,539, and 4,736,007, which are incorporated by
26 reference in their entirety, disclose ethylene copolymers which comprise 85.0 to



4 Mor eover, polyam des such as MXD6 are typically inconpatible with

t hernopl astic 5 pol ynmers used in flexible packaging walls, such as

et hyl ene-vinyl acetate copolyners 6 and | ow density pol yet hyl ene.
Even further, when ny pol yam des are used by 7 t hense ke a
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nol % of an ethylene unit, 0.005 to 5 nol

25

_ -8- 1 99. 995
a-conononmer unit 2

represented by Fornula (VI) or
10 .
11 R; is a hydrogen atom or a methyl group, each of R, and R, is a hydrogen atom, a
‘12 chlorine atom or 2 straight-chain or a side-chain alkyl group having 1 to 4 carbon
13 atoms, and 0 to 10 mol % of an ethylenic unsaturated monomer unit, the ethylene

14 copolymer having a density of 0.860 to 0.970 g/cm® and a melt index of 0.05 to 100
15 £/10 minutes. The patent states that copolymers may be produced using either 2
16 Ziegler catalyst or through polymerization catalyzed by free radicals. These polymers

17 are limited to having less than 5 mol % of the comonomer unit and are useful for
18 electrical insulation. Although these polymers may be used to make oxygen-
19 scavenging compositions, these polymers do not themselves scavenge oxygen.

20 What has been needed is an oxygen-scavenging polymer composition that is easily
21 processed, especially into thin film, and that does not suffer rapid polymer backbone



3 [err] 4 5 6 (M) 7 8 9 wherein Ar is [err] 11
Rl is a hydrogen atomor a nethyl group, each of R2 and R3 is a hydrogen
atom a 12 chlorine atomor a straight-chain or a side-chain alkyl
group having 1 to 4 carbon 13 atons, and 0 to 10 nmol % of_an et hyl enic
unsat urated noWOEHMOMi ¢t the ethyl ene 14 copol yner haviﬂﬁ“ﬁmﬁﬁﬂé?fy of
0.860 to 0.970 g/cnferr] and a nelt index of 0.05 to 100 15 g/ 10

m nutes. The patent states that copolyners may be produced using either a
16 Zi egler catal yst or through polynerization catalyzed by free

radi cal s. These pol yners 17 are limted to having less than 5 nol % of
t he conononer unit and are useful for 18 -9<€lectrical insulation.

Al though these pol ymers may be used to make oxygen- 19 scavengi ng
conposi ti dns, t bxidatiopastheecomposition iscavienges oixygan. sThiy invgationappplies compgsitions

caoi 1y 218 ppBeTEng Wl BOUE, T o T ' and That does not
suffer rapid pol ynmer backbone
3 The oxygen-scavenging compositions of this invention comprise a transition-metal salt

and a compound having an ethylenic or polyethylenic backbone and having pendant or
terminal moieties which contain a carbon atom that can form a free radical that is
resonance-stabilized by an adjacent group. Thus, a carbon atom having a hydrogen

' atom adjacent to a phenyl radical, an ethylenically-unsaturated carbon atom, or a
heteroatom such as oxygen can form a free radical that is resonance-stabilized by the-

O 00 3 A U M

adjacent double bond, phenyl ring, or oxygen, respectively.

10 In one embodiment, the invention provides a composition comprising a transition-
metal salt and a g&mponent having the structure of Formula (I) above. The invention
also provides new compositions comprising a transition-metal salt and a polymer
which compxisés a polyethylenic backbone and a pendant moiety comprising 2 benzyl
radical having at least one hydrogen atom on the methylene group of the benzyl
radical, and/or an allylic radical and/or an ether radical that individually contain at
16 least one hydrogen atom alpha to these radicals.

ha L B R

17 In another embodiment, the inveation provides a composition comprising a transition-
metal salt and a polymer, where said polymer comprises 1) a polyethylenic backbone,
and 2) pendant moieties which have at least one radical selected from the group
consisting of a) benzyl ester radicals, b) N-benzyl-amide radicals, ¢) N-benzylimide
radicals, d) benzyl-thio radicals, €) benzyl ketone radicals, f) benzyl-ether radicals,

g) aryl radicals and substituted aryl radicals having 6 to 30 carbon atoms, h) aryl
ether radicals and substituted aryl ether radicals having from 6 to 30 carbon atoms,
and i) benzyl radicals which have the phenyl radical of said benzyl radical chemically
bonded to at least one member selected from the group consisting of imide radicals
which are N-substituted with said benzyl radicals, benzyl-ketone radicals, alkyl
radicals containing from 1 to 18 carbon atoms, alkoxy radicals having from 1 to 16

SRRV REBE &



WD 96/ 40799

PCT/ US96/ 05937 -9 - 1
oxi dation as the conposition scavenges oxygen. This invention supplies
conpositions 2 .overcom ng these probl ens. 3 The

oxygen- scavengiW@9#¥™%si ti ons of this invention conprise a PCTUSI6OSI37
transition-netal salt 4 and a conpound havi ng an et hyl enic or

pol yet hyl eni ¢ backbone and havi ng pendant or 5 term nal noieties which

contain a carbon atomthat can forma free radical that is 6
resonance-stabilized by an adjacent group. THB a carbon atom having a
hydr ogen 7 at om adj acent to a phenyl Cal, an

et hyl.eni cal ] y-unsa urat ed cafbon.,a et eroatom s

oxygen can ¥orm F'BHF’?“H&’%“H%"‘? g’BWaﬁE’ ﬂ‘g F‘i"?‘éﬂeﬁf’tﬂa éf‘
adj acent dogibl e msmlwwmmamwsmgtﬁmm 16 cartion atoms, N
one enbodi nent, the i'nvent i on provi des a conp05|t|on conprising a

transition-3 11 anyl MM@W&U&WMM@ ns3tpmEs aRdearykether
Formul a (1)4abov mdﬁ% cadoR ons
conpri sing a tra?asdl on nme qﬂ@é# 8’a po yrrerg\f@%wwwlhl ch ??rlribgrl ses a
pol yet hyl eni ¢ backbone and a pendant nviety conprising a benzyl 14

radi cal havngaletoehd n om on .Lhe .

banzyl 155 "y adp aigther cbpdcal, aF Py B iitcha Gtpd¥pich Solpife R rapaiion-
that i ndi vuciual | ynemrsﬂaumﬁtethgzlemc mpbmymmmﬂemﬂpmmmmmese
radi cal s. Ln an er enbodl nment,, the i nventlotﬂaﬁmovid a

conposi tion’ coinF%’iy Ed'f‘ﬁ the-comppgition, upop reactian,

wher e sai d $ol ynprodusésitensAé adid of albehois &id Qﬁlisﬁtuféacdﬁbpﬂﬁleast ot mmcalambcai
pendant noieties which have at | east one radical sel ect ed fromthe group

20 cond? st i néragt the)grenp copsisting: ef alkyl sadicals;congaining fopy, ) fo %%}'BO‘F a@mw s,
c) N-benzyjg m de gty radi ﬂié{vﬂ\glﬁmg tl%sr&}ﬂogta'iﬁn% raﬁ'gﬂ'\ ‘ﬁé

ket one radi cal s, enzy r radi.cal Is an
substitut el aryi @%ﬂﬁ em peleri ang agnidesradivals of oids aum;from)l m 16 carng atoms,

gg?g{)nrgsgml > ag&lmdﬁﬁgenzﬁa&gﬁ%‘%§ hav%u%ﬁu{d%@%‘%al

of said bekyyl r milicals andsuhstivated gryl ether radicalsrhavicg fronn6 t %sarbom@mascrber
selected fromthe group consisting of imde radicals 26 whi ch are
N-substituted with said benzyl radicals, benzyl-ketone radicals, alkyl 27
radi cal s clht ai nlThg inventionlalsaoprogidesia bompasitinascomprikiog an ethylenid or polyethydenic om
lto 16 15_ backbone and moieties which contain a radical having an allylic hydrogen and which

16 are pendant or terminal to the ethylenic or polyethylenic backbone. The radical

17 containing allylic hydrogen may be cyclic, linear, or branched, and may be
18 unsubstituted or substituted with alkyl, aryl, or heteroatom-containing radicals, for
19 example. '

20 The invention also provides a composition comprising an ethylenic or polyethylenic
21 backbone and hydrocarbyl moieties which contain at least one hydrogen alpha to an
22 ether radical and which aré pendant or terminal to the ethylenic or polyethylenic

23 backbone. The moiety containing ether may be cyclic, linear, or branched, and may
24
25

be unsubstituted or substituted with alkyl, aryl, or other radicals containing a
heteroatom, for example.
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1 carbon atons, amne radicals having from1l to 6 carbon atons, ester
and anm de 2 radi cal s - of acids, said ester and am de radi éﬁﬁ&ﬁﬂﬂng
from1l to 16 cWO¥EOFM0Ons, 3 aryl radicals and substitut

radi cals having 6 to 24 carbon atons, and aryl ether 4 radi cal s and
substituted aryl other radicals having from®6 to 24 carbon atons. 5

I n anot her enbodi nent, the invention provides a conposition conprising a
transition- 6 metal salt and an ethyl enic or polyethyl enic backbone
havi ng a pendant or termnal 7 benzyl -rigdi cal, wherein the
conposition, upon reaction mﬁth nol ecul ar oxygen, 8 produces benzoic
acid or a penzoigmeip éth&r@astb thvmohéabmammmmgmmmom

from'the group consi s_ti n of aI Kk i cal.s containing from1to 1 rpon

atons, 102 ltecktr Pryeet, scavengars i ot ot OF e

radi cal s hgvi ng %@ scavEROBupdisy] partislasly iecs eNTcdmposidorsal s

of acids haV| ngsgyJ gto 16° rbon atons ary? radicals gnd . _

substitut ed arylwnlamasmmmlﬁbm S 2LFRAXY OF Fpp S‘P“%?HE‘F‘IY 13

radical's agd sURGLILHL S AW cabll hn fRall 3 i Gtf SAICAL! I idny Bistafees,
€ | nven al 0 prov

at ons. es & conposition conprising. an
et hyl eni ¢ 6r poltysbhpmpmMnslﬁveawMDbﬁmlanﬁpmmw@@hm a

armnal 4 1 ne Wik yipomad B ACROR itk U vkt spotdfifns R Ml fupd v,

cont ai ni nggal | yltypicdllyg fidgs of these Jmﬁbnmleaﬁlganadamdymmnalmw -be
18 unsubstituted or substitut th ?I l‘%’b ar m s
het er oat onPcont 1§ GOPIDOSIHPRSATE monztaemoplam%mateml

i nventi onq@l so ;,\dﬁ% Mw iafg mh&yloeam lefi¢ and alkyl
19 21 ac%gbéone and Q duk o0 ?1 t

pol yet hyl eni ¢ ydriocar byl noieties which contain at

| east one Mhydr opstylatepommetbacry ether radical and which are pendant
or termnal to the ethylenic or poI yethylenic 23 backbone. The noi ety
contalnlng ether may be cyclic, linear, or branched, and

24 e
unsubstit d@ed orFMmuMﬂfﬂhQM$m°!§rgﬂﬁleMWﬁ‘ Ibge‘bfﬂ‘ﬂ‘gl%i ng
a 25 *iSt er O%Qg‘smfp%m%arméd induction periods in scavenging oxygen upon exposure to

14 ultraviolet (UV) radiation without the need for added photo-initiators.

15 . This invention also provides a process for making polymers, some of which are useful
16 in making oxygen scavenging compositions. Transesterification of a polymer can

- 17 produce 2 number of different polymers. For example, M. Lambla et al., 27 Polymer
18 Sci. and Eng’g, No. 16 (mid-Sept. 1987) 1221-28, discuss the transesterification of
19 ethylene vinyl acetate copolymer with an alcohol in an extruder and in the presence of
20 a tin catalyst to form ethylene vinyl alcohol copolymer, which has a polyethylenic
21 backbone and pendant alcohol moieties. Also, D. Seebach et al., Synthesis (Feb.
22 1982) 138-41, discuss transesterification ‘of an ester with an alcohol in solution using .
23 a titanium catalyst. The reactions require from 3 to 120 hours.

U.S. Pat. No. 4,767,820 to M. Keogh discloses compositions useful as extrudates
about wires and cables which comprise hydrolyzable pendant silane moieties and
tetramethy] titanate dispersed in a normally solid alkylene-alkyl acrylate copolymer

FEE-
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1 Anong ot her factors, the present invention is based on our finding

t hat conposi ti as described herein are highly effe s/odospen
scavengers invﬁggﬂﬂg%ﬁ rate of oxygen 3 . scavengi ng and/g?bgﬁygeng
scavengi ng capacity, particularly where the conpositions 4 contain a
het er oat om cont ai ni ng radi cal such as a carboxy or am do group directly 5
bonded to a benzyl radical, an allylic radical, or an ether radical. In
many instances, 6 t hese conposi ti ons have excel |l ent physical and
processi ng properties mhlch permt 7. tReir |ncorporat|on into a w de

range of packagl ng, ap lications. We have found that, ils pically,
films of dhese BAHH mhao@oéuelulgnqﬁ@@lmlaﬁql%mm in@agressyues.

9 The corrpo&*]geh?p‘fd“g{e usual ly conpatible with many comon
t hernopl astic nmaterral's used in packaging, particularly
pol yet hyl ene and copolyners of ethylene and al kyl 11 acryl ates or

present”i Avent 1 S ALttt Hafionl BVuhy,. 1fs s%ﬁg.%??ﬁ&%uced

i nducti on 4per| oQkeung eala noteg) thap transperification occupsoduring melt-Blénding oftwo

uItraV| oI s |nU\\/;“radl aéHeon W t hout tg‘%‘a@w{"ﬂadﬁ@ﬁﬁ%to |n ors of

\/\hi ch arecusef Lundjdﬁmdelemoﬁgam oxygen scavengi ng conmpositi ons
Transesterification of a polyner can 17 produce a nunber of different

pol yners. For exanple, M Lanbla et al., 27 Polyner 18 Sci. and

Eggl 5 E?hyllgn(e Vi nh?F ace%&? é%;a)%jpﬁr’grms\ink?ﬁ an g{?&lk@%ﬁkﬁ%ﬁ&dg@l&g&gnag;

in the pr&senceesgfifieftion and/or arahsesterifitation of at;ml)ﬁmrrlnﬂng)alplyethylen;d bankhmbol

o1 ot o5, 2al So. a4 Dol B 450/0Y L s sn proquBd o TaVind § gy el 1

di scuss tl@anseshaekbone and pmﬂamfmmaiuthaﬂiffeﬁm atumbércind/on tmlﬁbmm u5| ng

22 U AR o ThE B3R i SIS b Qoo
12 process for esterifying or transesterifying a polymer comprising forming a melt of a
13 polymer havitfg a polyethylenic backbone and pendant acid or ester moieties, and
14 contacting the melt in suitable mixing equipment (for example, an extruder) under

15 esterification or transesterification conditions with a compound capable of esterifying
16 or transesterifying the acid or ester moieties, where the polymer undergoes
.17 esterification and/or trans&stenﬁmnon but not alcoholysis, and the polymer after

18 estenﬁmuon and/or ttansestenﬁcauon has a polyethylenic backbone and pendant ester
19 moieties.

20 The process may further comprise adding an amount of transition metal salt into a
21  melt of selected esterified or transesterified polymers made in the above process in an

22 amount effective to promote oxygen scavenging by the esterified or transesterified

23 polymer. In one preferred embodiment, an ethylene alkyl acrylate copolymer is

24 transesterified in an extruder to form an ethylene hydrocarbyl acrylate copolynier. In
25 another preferred embodiment of the process, a cobalt salt is added to the '
26 transesterified polymer to make an effective oxygen scavenger. In a third preferred

27 embodiment, the processed polymer is exposed to actinic radiation. |



24 - U S Pat. No. 4,767,820 to M Keogh discl oses conpositions useful

as extrudates 25 about wires and cabl es which conprise hydrol yzabl e
pendant sil ane noieties and 26 tetramethyl titanate dispersed in a
normal ly solid e-al kyl acryl ate copol yner WO 96/ 40799
PCT/ US96/ 05937“%3%}’4'0%9 PCT/USH6SBT 15 .
1 matri x. Transal kyl ati on of the silane and al kyl acrylate noieties
results in a cross- 2 | i nked product. 3 Not al |

transesterification reactions are useful. U S. Pat. No. 5,023,284 to M 4
Cheung et al. notes that transesterification occurs during nelt-blending of

t wo S pol yesters due to the presence-t -residual titaniumcatalyst
and causes enbrittl ement and ot her del eterious effects. 7
What _has Heen nd\gwong gﬂlehfms.pt has begn discevesed thatom witefia polymarhaving pendant

trolling thegyg f i f
Colymer i ng 8k ndlor ester GadiEtds caf b QA rdor ARGREINER Wi L borifoull °,
gstﬁlr:3 noi eildes ?M:Mmﬁmmmwpméﬂ?fmwm:?m&b y blending .

ac one e a est nol eti,es t er 0o nu er (0] e rom
Phe aame WY Do 555 oABpoind 3R shi J 6@4#5?@%@9 ShiPtios
an econonigal 1£’ndlor mmﬁodwndﬁ&hﬁrm&wmoaﬁcﬁg 63619&1%?[&%3 péhdant

pol yrer c%prl sing formng.,a nelt_of a 13 I'yner “havi ng .
pol yet hyl i c beReFIRpjetics ﬂbﬂ&‘&hmm@aﬂ%mfm@ﬁ @olymer. This

cont act |yt he_ giabiss phovidis i néaclibnt i SHMACBITRR! conl o BBent 8 X1 T UCer)

under esterifCation or transesterification conditions Wt

corrpound 8apabl stqstﬁcemmdfgmmmﬁmon, dw@va:rcﬂdmgmnfeponmmenans t or

7 ansest o) 11 o e pobyifest R proplited R4 o fpociic SRBIon}. bt ol

esterifi cion prowides a meamsstosakei Iﬁglﬂyt-bffeouvbmygenmoivpngihg lcompesitiomskbone and
pendant ester 19 noi eti es.

11 This invention also provides compositions that can be made by the process of

12 esterifying or transesterifying a melt of a polymer having an ethylenic or
13 polyethylenic backbone. The above-mentioned advantages and others are further
14

descubed below.
15 DESCRIPTION OF THE DRAWINGS
16 Figure 1 illustrates the effect on oxygen scavenging rate when substituting methyl ar

.17 .methoxy radicals onto the phenyl ring. The ordinate is time in days, and the abscissa
is oxygen uptake, measured in ml/g. Line A shows the oxygen uptake rate for
Example 19, B shows the rate for Ex. 23, C shows the rate for Ex. 24, and D shows
the theoretical oxygen available. The 2 gram samples in 1000 cc headspace were
analyzed using 2 Mocon analyzer.

RE8E&

Figure 2 illustrates the oxygen scavenging capacity for a 5 gram sample of polymer of
Example 19 at room temperature. The ordinate is time in days, and the abscissa is

oxygen uptake, measured in ml/g. At points A and B, the 1000 ml headspace was
refilled with air.

HBRER



20 The process may further conprise adding an anount of transition
netal salt into a 21 nmelt of selected esterified or transesterified
pol ymers nade in the above process in an 22 anount effective to
pronot e oxygen scavenqgi ng by the esterified or transesterified 23

pol ymer. In ond@P¥4%Pr ed enbodi nent, an ethyl ene al kyl acry| BEHUSAHASY ner

s 24 transesterified in an extruder to forman ethyl ene hydrocar byl
acryl ate copolynmer. In 25 anot her preferred enbodi ment of the
process, a cobalt salt is added to the 26 transesterified polynmer to

make an effective oxygen scavenger. In a third preferred 27
enbodi ment, the processed polyner is exposedjgo actinic radiation.
WD 96/ 40799

PCT/ US96/ 09937  Figure 3 compares the scavenging rate and capaci ongramsof lymer of - 13 -
1 Anon ot her factors It has begeng di scoveredtyt hat ?o a pol ymer

havi ng pen - Wasv /&%?mpébs@wcmaeammwemor
transesterigfi ed @amgﬁﬁd gﬂﬁfssa
transesteri fy| ng t Ci or ester rml et I es @é"ﬁ%@al e s t he
melt and tM4e conmudupmkesmueeupmwnﬂﬂuemﬂmgbethmmo mhblieadspace and
esterificatd on est erification conditions, thereby-
produci ng tasl pol y?ér“ﬁéﬁ‘fﬁg"géﬁ%‘ ester noieties which di ffer in
nunber and/or type fromthe unreacted polyrrer Thi s 7 process’

provi des fgst regction,.fines and_accyrate co over, the extent of
esterification %igy ij&% 'P’FB?*’S@HQFEU S QR St ORYEED sa‘ﬁ"’mal
nmeans to 79 fornrgaﬂu%enpe&mmd&eww@pqﬁd&amm'ﬂ fimeGn Hst?Wﬂfe' c

appl i catiogs. Th rocess al so provi des a neans to nak
hi ghl y-ef f &t i ﬁd&%éﬂ%é’ﬁ%gm@éh‘ﬁéé@muan#m“A BiCand Hﬁh%wmmwbn

al so provi ges Coghang F%&f&hﬁh yinedo 1'9¥ d"&eﬁ

esterifying or transesterifyihg a nelt of a po yrrer aving an elyhyl eni c or
13 pol yet hyl eni ¢ backbone. The above-nenti oned advant ages and ot hers

are furthgp 14
DESCRI PTI ON OF TH oA e gﬂ&*" "I"—‘“sm’“]é’lmﬁ (QTR), for o 3ilayer films, one
oxygen scddengi rigfilizingcpolymer fmmmmzﬁgummywv1Mtw treatmeat; having amdi cal s
onto the ghenyl :
I s oxygen upt akeivhﬁg%sur egplﬁﬁr?uﬁ?/rza 'ﬁ"'\/\gﬁ ﬁ‘gﬁ‘gg %en m&ﬁ%a%g 2f or
13 mw/cm? UV source at a dxsmnce of 5i m and having an average OTR of about 0.06
14 cc/m?/day) and one using polymer from Example 19 (Line C, with the same UV dose
15 given to polymer of Ex. 25). Line D is the theoretical OTR of a mono-layer.of
16 ethylene-vinyl alcohol copolymer (0.13 cc/m?/day). The ordinate is time in hours,
- 17 and the abscissa is oxygen transmission rate, measured in cc/m*/day. These rates are
18 compared to the theoretical oxygen transmission rate of a 2-mil thick film of ethylene-
19 vinyl alcohol copolymer resin. Point E is the time at which oxygen was started. For
20 the purposes of this invention, 1 cc is considered to be equivalent to 1 ml.

The process of this invention provides an econom;ml, convenient, and effective means
for making compositions of this invention. These compositions can be divided into
two categories: specialty polymers, and specialty polymers capable of scavenging
oxygen.

HRENER



19 Exanpl e 19, B shows the rate for Ex. 23, C shows the rate for Ex.

24, and D shows 20 the theoretical oxygen avail able. The 2 gram
sanples in 1000 cc headspace were 21 anal yzed using a Mcon anal yzer.
22 Figure 2 illustrates the oxygen scavengi ng capacity f

sanpl e of pol yW6§§733 Exanpl e 19 at room t enperat ure. | nat e
Is time in days, and the abscissa is 24 oxygen upt ake, neasured I n
m/g. At points A and B, the 1000 ml headspace was 25 refilled with
air. WD 96/ 40799 _

PCT/ US96/ 05937 - 14-

1 Figure 3 conpares the scavenging rateggnd capacity of 2 grans of

pol ymer of 2 Exanple 19, line A, with 2 grans of Ageless, line B, a

product avgi | ab@_{_ﬁgﬂ:%lmmmgi shi Gas Chem cal Co. The ordinate is
time in days, a e absClSssa IS wen .upt.ake, measured in.ni/g.
The anal ys&s bomsmwwwmoﬁmmnm ‘intpofops general categafiss:

evel s on Phe obhliccHlierafintcopflie) 52 shetflf ptighert b sangffﬁzﬁ?ﬁa'l%"&) ce

of headspage. Thhains.dEach mntainstaxmhylauclaypolyethylenin@ackbsne with pendant bengylie, -

oxygen upt gke, ur nd D show t he oxygen 9
scavengi ngg ater‘r‘ﬁaﬁ ’ﬁgﬁ ﬁw 8""‘%’? 21 and 22, respectively.
10 Figure 5 conpares the oxygen transm ssion rate (OIR) for two 3-I|ayer

films, one 11 utilizing, polyney from, ne A t ho

treat ment, $havi rfyypakyeth emcba%gbgp%é@ Mﬁg&g{) g‘% é‘é‘ Pf%&?eggnd
Line B, wigh a LGmbdd cAaROfMS whith? génefally3 is cmted‘fuﬁﬁrfﬂ lhmb!immrpt&esi a’
distance of 5 in. and having an average R of about O. 06 14

cc/nferr]/8ay) ot esamplashomopelymerization of sthylenepravides 3 polygthylenig;backbepss sane
W dose 15 éﬁ%f}rﬁe?iﬁfﬂnyﬁe&hﬁéne%d afrlic akid) felRabiyiik A6id! BIRPY RKryiae] o TR

of a m)no-?ayer 0 . .
10 alkyl methacrylate also results in a polyethylenic backbone with pendant acid or ester

11 moieties. Any polymerization which provides a composition essentially of the form:
12 X

13 T |

S SN

16 | 4n

17 provides a composition having an ethylenic or polyethylenic backbone.

18 In general, n is a number between 2 and approximately 30,000. A composition which
19 has a polyethylenic backbone has a melt index from about 0.1 to 1000 g/10 min. A
20 composition which has an ethylenic backbone has fewer carbon atoms in its backbone
21 than an identical composition having a melt index of 1000 g/10 min. or less.



16 et hyl ene-vi nyl al cohol copolymer (0.13 cc/nferr]/day). The ordinate
Is time in hours, 17 and the abscissa i s oxygen transm ssion rate,
measured in cc/nferr]/day. These rates are 18 conpared to the

t heoretical oxygen transm ssion rate of a 2-m |l thick film of I - 19
vi nyl al cohol &'&bﬁ’mr resin. Point Eis the tinme at which o%%@%%%
started. For 20 the purposes of this invention, 1 cc is considered to
be equivalent to 1 m . 21 DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS 22 The process of this invention provides an econom cal,
conveni ent, and effective neans 23 - for maki ng conpositions of this

i nvention. These conpositions can be dividedlnto 24 two categories:
specialty polynmers, and specialty polyners capabl e of scavenging 25

oxygen. 1 In one prefgrebemixxiiment, a polymeric composition of the present invention

PCT/ US96/ 05937 . : r - 1
A SPECIALTY FRERetwesn about gag and shout ten mole percent of e prndant béoghs, - 2
be di vi ded3i nt o dllylic, ethereoataining, and/or fimctiondl moietibs: nMdre prefarably) the,

et her-cont gi ni ng, and_.speci.al t ol rs, containing fungtional side- ../
chains. Eah con@ﬂﬂ??%ﬁ%%'%gﬁ%mm %Rf?‘?ﬁg@emgnt
benzylic, &85 Betweeni aboutatwbcind Alreé aiolé pécent of thess péndantmoteties] i Feeferably, the

A pol yet hyl eni ¢ backbone consists essentially of a chain, structure or

backbone of 7 pendantmqigties are bonded directly iQ alicieroatorycontzining,group, The.exagl
e I o . el f
uring a pg yﬁerﬂ&fntﬁrm‘%ﬁﬁeues%d Oneﬂfm—é&iﬁﬁiﬂhﬁ i yrre%%yi zation o

et hyl ene provides a po I 'eni ¢ back on of
et hyl ene aRd acrdetérminediby, therapplication inowhich the campesitioncis \goingdp berempkyed.

al kyl methacrylate also results in a polyethylenic backbone with pendant
acid or ester 11 noi eties. Any polynerization which provides a
conposi ti o® essentllalBenzylfc sphs ymers12 [err]

10 In one embodiment, a composition of the present invention comprises an ethylenic or
11 polyethylenic backbone and moieties which contain a benzyl radical and which are
12 pendant or terminal to the ethylenic or polyethylenic backbone. A pendant moiety
13 which contains a benzyl radical, as that term is used herein, is any group which is a
14 side-chain or branch or is terminal to the ethylenic or polyethylenic backbone and
15 which contains a benzyl radical. In Formula (VII) above, moieties -X and -Y are
16. pendant moieties.

- 17 The benzyl radical, for purposes of this invention, comprises a phenyl radical directly
18 bonded to a methylene radical. The methylene radical may be joined to other alkyl or
19 alkylene, alkenyl, alkynyl, aryl, or heteroatom-containing substituents that, together

with the benzyl radical, form the unsubstituted moiety that is pendant to the ethylenic

or polyethylenic backbone. These radicals may be substituted with a hydrocarbyl

radical or a heteroatom or heteroatom-containing radical or may be unsubstituted. ' A

substituted phenyl radical has at least one radical substituted in place of at least one

hydrogen atom of the phenyl radical. An unsubstituted methylene radical, for the
purposes of this invention, consists of one carbon atom and two or three hydrogen
atoms. A substituted methylene radical, for the purposes of this invention, consists of

27 one carbon atom, one hydrogen atom, and at least one radical substituted in place of

28 one of the hydrogen atoms. A benzyl radical may be bonded to the remainder of its

SLhRBRRE



13 14 (M1) 16 17 provi des a conposition having an ethylenic or
pol yet hyl eni ¢ - backbone. 18 In general, n is a nunber between 2 and
approxi mately 30, 000. A conposition which 19 has a pol yet hyl eni c
backbone has a nelt index fromabout 0.1 to 1000 g/ 10 mn

conposi ti on WWeRHHY an et hyl eni ¢ backbone has fewer car bonrgg’&ﬁgﬁﬂfsﬁ”r ts

backbone 21 than an identical conposition having a nelt i-ndex of 1000
g/ 10 mn. or |ess. WO 96/ 40799

PCT/ US96/ 05937 - 16-
1 In one preferred enbodi ment, a polyneric conposition of the present
I nvention 2 contains bet ween about onejmnd about ten nol e percent of
t he pendant benzylrc allylic, ether-containing, and/or functiona

noi et i es. \Vbre gy éymrbﬁp its'phenyl ndi&ﬂosmmismmritsalmhymm mdobe
two and six percent rmreg‘@refer3*1:1.)‘I{d\‘/ﬂd_{“&}ql bet ween about two
and three2nol e *b es. Preferably, the 6
pendant noieties are bonded di rectly to a heteroatomcontaining group. The

exact 7 amount of pendant noieties and het er oat omy cont ai ni ng ra‘gﬂcal S
i s nor mal I3y 8 A hetethatom-nontaining yradical isiany radical which conlaing an elegeat;others

I S goi ng 0 be e :ﬁﬁam gén@!'ail 10
I n one e odi neﬁ%'a%ggwg{%u?r on oepﬂ?ﬁé&'presené I nvent! on in ri g%g‘éan

et hyl enr csor : Wmfﬂmﬁdmauamdmmm mplcbondhbn a

lo)(rengg: yet Icglnr hgare ’ézrﬂm%t % co'&opar ns?&hgﬁnzyl
radical ; gs thaogs p&&'éﬁbly&mhdﬁﬂdx?&ﬂ itd the tiengy] adicdd iwith/dio mivieties preseit between
AR Rl AR r.',g,g@; aeriﬂmetn?:ﬁdr@srﬁ e B
above, moiget i eSrdikaPiibly be'brided td the benzylGBdidd) lin GRY Gbmbiniation of three possible

10 ways. For example, the heteroatom-containing radical may be bonded to the

11 methylene radical. It may also be substituted onto the methylene radical in place of

12 one of the hydrogen atoms, in which case the methylene radical is attached directly to

13 the backbone or the moiety attached to the backbone or to another heteroatom-

14 containing moiety. Or, the heteroatom-containing radical may be substituted in place .

15 of one of the hydrogen atoms of the phenyl radical. Examples of heteroatom-

16. containing radicals include amine, ether, sulfide, and ketone radicals, and preferred .

17 radicals are esters and amides.

18 - Radicals which may be substituted or joined onto the benzyl radical include alkyl

19 radicals containing from 1 to 18 carbon atoms, alkoxy radicals having from 1 to 16
20 carbon atoms, alkenyl or alkynyl radicals containing from 2 to 18 carbon atoms,
alkenoxy or alkynoxy radicals having from 2 to 18 carbon atoms, amine radicals
having from 1 to 6 carbon atoms, aryl radicals or substituted aryl radicals having 6 to
24 carbon atoms, aryl ether radicals or substituted aryl ether radicals having from 6 to
24 carbon atoms, and ester and amide radicals of acids having from 1-to 16 carbon
atoms. Aryl and aryl ether radicals can be substituted in the same manner as the
methylene and the phenyl radicals, subject to the limitation that the aryl and aryl ether
27 radicals, after substitution, have 6 to 24 carbon atoms total. Preferably, the radicals
28 which are substituted onto the benzyl radical are selected from the group consisting of

R RERRR



17 The benzyl radical, for purposes of this invention, conprises a

phenyl radical directly 18 bonded to a nethyl ene radical. The

met hyl ene radi cal may be joined to other alkyl or 19 al kyl ene, :

al kenyl , al kynw, a}{a}/l , Or heteroatomcontaining substituents 037
together 20 WO9/MEIPL the benzyl radical, formthe unsubstiX rety
‘that is pendant to the ethylenic 21 or pol yet hyl eni ¢ backbone. These
radical s may be substituted with a hydrocarbyl 22 radical or a

het er oat om or het eroat om contai ni ng radi cal or may be unsubstituted. A 23
substituted phenyl radical has at | east one radical substituted in place of
at | east one 24 hydrogen at om of the pb®rRyl radical. An unsubstituted
met hyl ene radical, for the 25 pur poses of this invention, consists of
one carbon st om alkgl tadicals conthining froml ltgdincastion atoms, alkoxywadicels badung frometito

t hyl dical, for th - of t.his i i i sts _of 27
One. Lar bon Bt o 6.5A0R RS, SR RGeS pavidk Trombt £ §icirbon afoa Syl seticafsandy |
pl ace of 28 substifitedlaryliaditas haaRy 6 36 25earbdn Bwisy kryt edief AldicaR)ande bonded

to the remainder of its . WD, 96/ 40799 .
PCT/ US96/ 09937 substituted aryl ether radicals having from 6.to.15 carbon atoms, and ester-and gmide. -

1 pendagt M0 lghokue Haidg havih SRHPTYS 6'ciBlof dloms! 'Prefintd GaiRals whith provide

nmet hyl ene radi cal nmay a met hy I cal or a stituted nethyl
radical. 63  highethaygerscavengingrmates areajkylaaikoxy, and amine radigalsal whi ch
contains an el enent other than 4 carbon and hydrogen. The

het eroat om contai ning radical genrally inproves the 5

gx y g en- scavengin gée_fhhbl'yl the ociéties lvﬂuclmpqnendan?m thAeﬂlyteaicautpolyeﬂqldrﬁtgﬁrJ]anbone
t t t s t
et er oat omibont a PR dHoeses, fore prelehibi i A ow Pregesebly benot

benzyl radigal We§tér Moictisd. e!?tbfbiab?,&ﬁe&ﬁﬁdé@r\aﬂeﬂis bdnded direcil{? ¢o the ethylenic or
het er oat ong cont ai nj %yra_di cal an

t he benzyl radical, ,The |,
het er oat omt&ont aPARYFHjyleaic bacm"?-a@ﬂ@&l”?fﬂ?glﬁ@quﬂﬂﬂﬂmpﬁs ¢ontain, Benzyl etheri cal
in any conpy nati grufé, _ Wﬁb@%@;an&QCH -ary@éﬁtaitﬁ%“gﬁw&e tiié @yl group
het er oat omy contal ni ng radi cal may be bonded to the 1 net hyl ene

radi cal . 112 may inclides,more than ppe fing) suph as 1.3dikydrojsqindale, aathracsne, phepanthrency
12 o Of hiyhaiardle 3@ theali@s. in which case the methylene radical is

attached directly to
14 In one preferred embodiment, a polymeric composition of the present invention

1§ contains between about one and ten mole percent benzyl radicals. . More preferably,
16 the composition contains between about two and six percent, and more preferably

. 17 still, between about two and three mole percent benzyl radicals. Preferably, the
18 benzyl radicals are bonded directly to a heteroatom-containing group. The exact
19 amount of benzyl radicals and heteroatom-containing radicals as well as the amount of
20 transition-metal salt are normally determined by the application in which the
21 composition is going to be employed.

In one embodiment, the specialty polymer compositions may be of low molecular-
weight and have the benzylic group pendant or terminal to the ethylenic backbone.
The backbone may have one ethylene unit or may be an oligomer or very low
molecular weight polymer having a melt index greater than about 1000 grams per 10
minutes. Examples include benzyl, dibenzyl or tribenzyl esters or amides of C,-Cyg
acids, such as citric acid, ascorbic acid, stearic acid and 1,10-decanedicarboxylic
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13 t he backbone or the noiety attachéd to the backbone or to another

het eroatom 14 containing noiety. O, the heteroatonmcontaining radical
may be substituted in place 15 of one of the hydrogen atons of the
phenyl radical. Exanples of heteroatom 16 contai ning radi cal s include
anine, ether, WR¥4¥P? and ketone radicals, and preferred 17 PCT/USIORF -5 s
are esters and am des. 18 Radi cal s which nay be substituted or joined
onto the benyl radical include alkyl 19 radicals containing from1l to
18 carbon atons, al koxy radicals having from1l to 16 20 car bon atons,

al kenyl or al kynyl radicals containing from2 to 18 carbon-atons, 21
al kenoxy or al kynoxy radicals having from2 fga 18 carbon atons, am ne
radi cal s 22 having from1 to 6 carbon atons, aryl radi cals or

subst! tuteql arylacisd dnGbthes Sibiiiment] thesbm [posmon%-.c?a péiylaie Bickbare/ havi
radicals or substituted aryl ether radi cals havin om6 to 24, _ 4_

car bon at o¥s, aﬂ@b@@@ﬁ“w&m the rasge of abaut 03 9rabgut 100 grams, ger; 10 minutas (ASETM
carban 25 3 No, D882 $réit 1em%e1 £ Bidef & sﬁg&gaﬁ&swggpamm%on

t he sane manner as I'ene an radi subj et
to the lind#tati mdmmprdﬁcaﬁyﬁsbawdemﬂ;dut tiahdaban lOgll wifl.cal s, after
substitution, have 6 to 24 carbon atons total. Preferably, the radicals 28
whi ch are substituted ont o] the benzyl radl cal are sel ect ed from t he group
consi sti ng§of ' aining side »

PCT/ US96/ 05937 ‘
1 al ky® radifBope °E'Bﬂ‘!'aﬁ°ﬂﬁ» agwmmn ?%“'8 manvegpswma?%@ W!ﬁ"tca?r

having from 1 t golyéthy m&a@m&@mmmmmm & fddicalh Bavinait alylicl to 6

carbon atops, aryl rad| cal s_ and substituted aryl radicals having 6 :
to 15 carb®n at dwerosmym wh mmmqwﬂ@ the ethylgnie pf pelyethylegic ot her

adi cal & of act JERRHR, WpsRaithoilt Mo Bonudifs FSALIAR BIChydee. o5 it |

provi de 60 m—rghvrusgd( herein, ss:wsrgumthhnes stde<hain|oy brangh joo is/terminal tortheie
di cal .
radrcals. poI 4 ggﬁ&f #&9%&91&%@&%&?& An%swfﬂ@ﬂ Eohedth atﬁ&ﬂfiaﬁ]aﬂ l%ﬁro gen.

ethylenlc or one nprise enz
pref erably benzyl an1de and nost preferably benzyl

12 The radical cqntain_ing allylic hydrogen may be cyclic, linear, or branched, and may
13 be unsubstituted or substituted with alkyl, aryl, or heteroatom-containing radicals; for .
14 example. The radical containing allylic hydrogen may contain more than one allylic
15. hydrogen. Preferably, the radical contains at least four allylic hydrogen atoms. The. .
16 radical may be part of an amide or ester. Examples include poly(1,2-butadienyl) -

- 17 ester, Nopol ester (6,6-dimethylbicyclo[3.1.1]hept-2-ene-ethyl ester),
18 3-methyl-3-butenyl ester, 2,6-dimethyloct-2,6-dienyl ester, cinnamyl ester,
19 trimethylpropane diallyl ether ester, 2,6,10-trimethyldodec-2,6,10-trienyl ester, and
20 oleyl and/or linoleyl ester radicals.

inin jal lymer.
In one embodiment, a composition of the present invention comprises an ethylenic or
polyethylenic backbone and hydrocarbyl moieties which contain ether and which are
pendant or terminal to the ethylenic or polyethylenic backbone. A pendant moiety
which contains ether, as that term is used herein, is any group which is a side-chain
or branch or is terminal to the ethylenic or polyethylenic backbone and which contains
at least one ether group.
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9 ester noieties. Preferably, the amde or ester is bonded directly to
the ethylenic or 10 pol yet hyl eni ¢ backbone. O her preferabl e pendant
noi eties contain benzyl ether 11 groups, benzyl am ne groups, and
-CH2-aryl containi roups where the aryl group 12 I ncl udes nore than
one ring, such %9‘1‘3’33d| hydr oi soi ndol e, ant hracene, phenant hr BEUS6AP37
napht hal ene and the |iKke. 14 ~  In one preferred enbodi nent, a

pol ymeric conposition of the present invention 15 cont ai ns bet ween
about one and ten nole percent benzyl radicals. Mre preferably, 16

t he conposition contains between about two and six percent, and nore
preferably 17 still, between about twe 2nd three nol e percent benzyl
radicals. Preferably, the 18 benzyl radicals are bonded directly to a
het er oat omlcont &The mgietyr confainiighethenanzy be éytlic, linearor branched) cand yhayrteedi cal s
and heterogtom conta ra a

transiti onamet o) Unsuly W%ﬁ?@?@@ﬁﬁnﬂ@%ﬁ%%@&%ﬁ hetespatont,
the 21 3conpofor exaniple.s THO nidfety thal m'm%mmﬁemqorswétﬂrepbﬂemer may

enbodi nent,, t he speci.alt r co i.tions m of | ow nol ecul ar- 23
wei ght and4have i%p’%d"%? 8 the mgiety e °rF&'F“iE‘°l°FYem%YH§/F‘PHP'C '

backbone. 34 qzm&qayb&aﬁsm@ayﬁwgﬁwm%t IR bnd kbGP, the

ol i goner or very’l ow 25 nol ecu ol yner having a nmelt 1 ndex

greater th#n abcendant owiey isw nereeyclic ether having from toc carbamatomss Bmmplcde

ggnily![ ri gl Igglnéyl a@g%ér{g@g% @!earl C gg"%ﬁiﬁﬁgﬁ%’%y@gangdl%gf’%ﬁ yI | CSUCh

WD 96/ 40798 embodiment, the moiety is a polyether ester moiety, such as tetrahydrofurfuryl ester,
PCT/ US96/ 0593

1 acid> I n Rebewlensglyentic fater, m?rmglegg,l‘ﬁ@g; e5ten %Z"%“H&'PVQIYHW

backbone N@vi ng ester.2 nmelt index within the range of about 0.3 to about
1000 grams per 10 minutes (ASTM 3 Met hod No. D-882). Preferably, the
melt index is between about 0.5 and about 100 4 and nore preferably
I s bet weerlabout %) asgedilfibo 't : ide-chai - :
' 12 Functional additives such as antioxidants, plasticizers, UV stabilizers (screeners or
13 absorbers), UV initiators, corrosion inhibitors, and colorants can be at least a portion
14 of the moiety attached to the ethylenic or polyethylenic backbone. . These
15 compositions can be made by reacting a copolymer with side-chains capable of
16 transesterifying with an alcohol of the desired additive to form a composition having -
17 an ethyleni_c or polyethylenic backbone and a functional side-chain that contains the
. 18 desired functional additive. The melt-blend esterification and/or transesterification

19 process described below is one method for making these compositions.

20 Specialty polymers ;llat contain functional side-chains have the following advantages
over blends of a polymer with the functional additives:

a) lower volatility - this results in less plate-out of the functional additive
during processing and also less waste of the additive;

b) lower extractables -~ since the functional additive is chemically bound to
the polymer instead of being blended with the polymer, less of the
functional additive is extractable in FDA extraction tests or soluble in

27 food or drinks; and/or

RREBNR



5 2 Specialty polynmers having allylic hydrogen-containing side

chains 6 In one enbodinent, a conposition of the present invention

~conprises an ethylenic or pol yet hyl eni ¢ backbone and nvoi eties which
contain a radic g an aIIyllc 8 hydr ogen and whi ch t

i or terminal to 9&5“%?# | enic or polyethylenic 9 backbone. ﬁéﬁB@ﬁ@gﬁ?

. nmoi ety which contains a radical having allylic hydrogen, as that

‘termis used herein, is any group which is a side-chain or branch or is

termnal to the 11 et hyl eni c or polyethyl eni c backbone and whi ch
contains at |east one allylic hydrogen. 12 The radi cal containing
allylic hydrogen may be cyclic, linear, or braéineched, and may 13 be

unsubstituted or substituted with al kyI aryl, or het er oat om cont ai ni ng

radicals, fér 14 xdﬁwﬁémmﬂnﬁw—@mhighm@e@mvmmmmmm
contain norg than one al lﬁﬂs({lrﬁed

cont ai ns atgleast four alTylic ﬁ@g«ndg&!%@%%@ﬂn;ﬁﬁﬁ&@@ﬁﬁh%ugggﬁg&? yh%%y
part of an 3nmi de or est erto passathydugh thenargenism withp@tlin@racting svithrthe prgagism’s life
ester, hbpoh ester (6, 6- dlneth%lblcyclo[B 1. 1] hept - 2-ene-et hyl ester), 18

3- et hyl utenyl ester -1 net hyl oct - 2, 6-di enyl ester, cinnanyl ester,
19 trinmet hyl propane-diallyl ether ester,
2,6, 10- trlngthyldodec 2, GH%O trlenyl ester, and 20 ol eyl, and/ or
linol eyl es de-cbym merpqlm:dm heskboniecinglnd ?w%s
22 I n oge en‘qgcg ﬁﬁfli—bnt? ﬂ&ﬁ P"“ﬁ‘! r| ses
an ethylenic or ernlc ba one an "hydf ocar by nnletles :
whi ch contafn et HB’@YQJ‘UH’W gmemezolezzand hydroxybearylphenones 1Gy-Cnilalkyd estiy and the
et hyl eni c OE pol yﬂlw F% . A pendant noiety 25 whi ch
cont ai ns et her, at- termis used herein, is any group which is a
side-chain 26 or branch or is termnal to the ethylenic or
pol yet hyl eni ¢ backbone and whi ch contains 27 at | east one ether group.
WD 96/ 40799 %
PCT/ US96/ 05937 - ' -20 -
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1 The noi ety containing ether may be cyclic, linear, or branched, and
may be 2 unsubstituted or substituted with alkyl, aryl, or other
radi cal s containing a heteroatom 3 for exanple The noiety may
cont ain ether ?&s maj or structure, or ether endant
to the major s?bﬁ@%é%' of the nmoiety. The cyclic nnlety nay bé"ﬁBW%
cyclic, or may consist of nmultiple rings such as benzofuran. In one

enbodi ment, the 6 pendant noiety is a non-cyclic ether having from?2
to 7 carbon atons. Exanples 7 i nclude tetrahydrofurfuryl and

2-met hyl t et rahydropyranyl radicals. I n another 8 enbodi nent, the
noiety is a polyether ester noiety, such as-t22t+ahydrofurfuryl ester, 9
pol yet hyl enegl ycol i c ester, nononethyl ether ester, and

2-met hyl t et r ahydr opyran 10 ester. 11 4 Speciglty polyners that

such as
absor bers),

contain functional side- chalns 12 0 Functi ddal add|t|

antioxi dants, plasticizers, Lﬁ% LgEﬁﬂir{§
W initiators, corrosion |nh|b|tors bIoranQSA¢an t least a
portion 14 of the noiety attached to the gthyl enic or”yol yethylenic

backbone. These 15 conpositions can be na@& by reacting a copol yner

W th side-chains capable of 16 Otransesy fying with an al cohol of the
desired additive to forma conp03|$g ) ;? an ethylenic or

pol yet hyl eni ¢ backbone and a functtbnal ¢h ﬂ t hat contains the 18
desired functional additive. The nelt-blend_eSierification and/or

3

transesterification 19 process described Bsl ow i s one nethod for making
t hese conpositions. 20 - Spqgi alty poly %lthat contain functional

si de-chai ns have the follow ng adWhntages 21 bl ends of a pol yner
with the functional additives: 2ZC ) . r volatility - this

results in |less plate-out of the functlo@%p addi tive 23

b)
cally bound to 25
ss of the 26
sts or soluble in 27

during processing and al so | ess te of the a!ﬁk
| ower extactables - since the fundgfional
t he pol yner instead of being bl [
functional additive is extractable In X T3
f ood or dri%ks; and/ or WO 96/ 40799
PCT/ US96/ 05937

CH3
—CO '{'CHz-iE-O é—-OH

3 where a is an integer between 1 and 18, mclusxve,bxsanmtegerbetweenland 12,
4 inclusive, and c is an integer between 0 and 12, inclusive.



-21 - 1 c) lower toxicity if ingested - since high

nol ecul ar -wei ght nol ecul es are not 2 absor bed by bi ol ogi cal
systens, the functional side-chains are nore likely 3 ' to
pass through the organismw thout interacting with the organisnmis life 4
processes. 5 WO96AMMnpl es of this type of side-chain to thePCTUSIENSIT
pol yet hyl eni ¢ backbone include esters such 6 as
3,5-di-t-butyl-4-hydroxybenzyl ester, esters of 2,4-di hyroxyl benzophenone,
7 hydr oxyl phenyl benzotri azol e, and hydroxybenzyl phenone, C1-C18 al kyl
ester, and the 8 followi ng esters and am des: [err] WO
96/ 40799 . - F3CT/ US96/ 05937
-22 - [err] '

1 Compositions having a polyethylenic backbone and pendant ester moieties that have

2 an epoxy radical can be made by esterifying or transesterifying a polymer such as

3 ethylene acrylic acid copolymer or ethylene alkyl acrylate copolymer with a

4 compound that contains an epoxy radical. . Such compounds include C,-C;; alcohols

s that have at least one epoxy radical substituted on a carbon atom.

6 In one embadiment, this invention pmﬁdu a composition having a polyethylenic

7 backbone and side-chains that contain amine, amino, and/or amide groups. The

8 reactive extrusion process described below can be used to transesterify a copolymer

9 such as an ethylene alkyl acrylate copolymer with hydroxyamines and polyamides that

10 have a hydroxyl and/or amine group. Useful hydroxyamines include 2-aminoaicohols
having at least one of the hydrogen étoms_ substituted with a C,-C,4 alkyl radical and
ethanolamine. The pendant moiety that is the product of transesterifying an ethylene
alkyl acrylate copolymer with ethanolamine can condense to form a cyclic structure
under conditions found during esterification and/or transesterification of a polymer: -
melt, as discussed below, and the reaction product is typically a copolymer of
16 ethylene, alkyl acrylate, and vinyl oxazoline. Polyamides, especially:the condensation
17 products of polymerizing an aminocarboxylic acid or a linear diamine and a linear
- 18 carboxylic acid, can also be used to form compositions of this invention. Preferred
19 polyamides include nylon 6 and nylon 6,6.

R O

20 These compositions can be used to modify asphalt properties or to provide nylon with
21 improved impact resistance, for example, or as intermediates to form other polymeric
22 products. '

24 In a preferred embodiment, a composition of the present invention also contains an
25 alkyl acrylate, alkyl methacrylate, acrylic acid, methacrylic acid, and/or metal salt of
26 acrylic or methacrylic acid within the backbone. This type of composition has a

27 polyethylenic backbone which contains pendant alkyl ester, acid, and/or metal sait of



2 3 where a is an integer -between 1 and 18, inclusive, b is an
I nt eger between 1 and 12, 4 i nclusive, and ¢ is an integer between 0 and
12, inclusive. WO 96/ 40799

P S96/ 05937 ; .
CT7u WO 96/40799 PCT/US96/05937

-2 -

acid moieties as well as pendant benzylic, allylic, ether, and/or functional moieties
discussed above. Benzylic moieties, for the purpose of this invention, consist of the .
benzyl radicals and substituted benzyl radicals and additionally any heteroatom-
containing radicals bonded to the benzyl radicals or substituted radicals, as defined -
previously. Preferred alkyl acrylates are butyl and ethyl acrylate, and most preferred
is methyl acrylate (MA). Preferred acrylic acids are acrylic acid and methacrylic
acid. Sodium, potassium, zinc, and lithium salts of acrylic and methacrylic acid are
preferred. These ester, acid, and salt moieties can provide good adhesive properties

W 0 3 A U h W N

in tie layers, for example.

10 Additives may also be included in the composition to impart properties desired for a
11 particular use. Such additives incluzie, but are not necessarily limited to, fillers,

12 pigments, dyestuffs, antioxidants, stabilizers, processing aids, plasticizers, fire

13 retardants, anti-fogging agents, etc. The amount of these additives vary by use and
14 typically comprise less than 10%, and preferably less than 5%, of the total weight of

15 the composition.
16 B) __SPECIALTY POLYMERS THAT SCAVENGE OXYGEN
17 Oxygen-scavenging compositions of this invention comprise a transition metal salt and

18  acompound having an ethylenic or polyethylenic backbone and having pendant
moieties which contain a carbon atom that can form a free radical that is stabilized by
an adjacent group. The adjacent group bears the high energy of the unpaired electron
through resonance structures and thereby stabilizes the free radical, so that the free -
radical can exist for a substantially longer time than a free radical would exist in the
absence of a stabilizing group. The carbon atom that can form a free radical is

~ bonded to an atom of the adjacent group that I) has at least one pair of p electrons
that are unbonded or that are pi-bonded to other atoms in the group, and that 2) is
capable of overlapping its p orbital with the orbital of the free radical. The group can
then bear the additional energy of a free electron to stabilize the free radical. The
conformation of the molecule at the site of free radical formation must also be such

EYRERBRIREEG



-23 - 1 Conmposi tions having a pol yet hyl eni c backbone and pendant
ester noieties that have 2 an epoxy radical can be nmade by esterifying
or transesterifying a polynmer such as 3 et hyl ene acrylic acid

copol ymer or ethyl ene alkyl acrylate copolymer with a 4 conpound t hat
contai ns an epo¥P%640Ma| . Such conpounds i ncl ude Cl-C18 al cohfﬂ%" 5937
that have at | east one epoxy radical substituted on a carbon atom 6

I n one enbodi nent, this invention provides a conposition having a
polyethylenic 7 - backbone and side-chains that contain am ne, am no,

- and/ or am de groups. The 8 reactive extrusion process described bel ow

can be used to transesterify a copolyner 9 such as an ethylene al kyl
acryl ate copol ymer with hydroxyam nes and polyan1des t hat have a

r1“1“]”O)Sylha\a/li /gO;t %Qﬁt&éne%gﬁﬁw#dmgen at onrs gj%%%tﬁ% gtmg%

~al kyl radi c2al anaheﬂﬁacentgmnmaﬂhusamméon'ﬁmpam;nthydmgaytonhadjadcm tofee

product of ranses i fyi an, et hyl.epe 13 k

with et hanof am né’ i%&%@ ﬁS%ﬁzﬂﬂ %‘1%9%"%%&\'&"@&&%%%

condi tions §ound cdmmne ﬁdimrdaﬁlfam ammmmmammmabmwumemmyl
pol ymer 15 gou% ssed bel ow, and the reaction product is
typically ascopoI%FdJW& e bondy, or exygenTeRReCUVElY.y | at e, and vi nyl
oxazol i ne. Pol yam des, especially the condensation 17 products of

pol yneri zi ng an am nocar boxyl i | c acid or a linear diamne and a |linear 18
car boxyl i c @ci ized) free If%’ﬁ%" YRAST | OXYZENSFRYANBIOE

Preferred 19 9&&3,{;1 d&g,o%?éé‘xmt iih QofiditionsAWhen tc&hﬁﬁ?a

conp03|t|ons can e used t pert| A provi nyl on
with 21 8i rrpr cuffitientamotnt aad twea:fdansmm mstalmit ©, promomme:emmgmdw to

form ot her pol | C .22 oducts.. n
conposi ti ong mifﬂ goly NFa rﬂ'ﬁl%ﬁ @iymer 1s Pe?“e?ﬁyégaﬁ%ginﬁgﬂﬁ&) M%y
conpositi otlllof t hn pxygem-sta éompbshioa@fﬂﬁﬂhﬂwtk)meﬂ&bly oomprwbk;ltmnsmon-
acryl ate, kyl net te, acr c,acid t.hac nd/ Qr, net al
sl ot “oelt 'eé‘ﬁi B s Smbund taving aacscwigis iy polyeiit BheiRAse, ShelSid ;.
O}‘ kcFrmosn 12on hake / und luppdmail t{h‘k&?ﬁﬁalhiﬁiéﬁtﬁﬂﬂudﬂdﬁhmﬁ@%ﬁbﬂ&mﬂﬂant
alkyl est er aci %"%na re%nmrret gmbxﬁgedtfrge radical under oxygen-scavenging conditions. This

14 composition typically has an instantaneous oxygen scavenging rate in air of at least -

15 about 1.0 cc of oxygen/day/g/atm. at 25°C.

16 In one embodiment, a composition of this invention comprises a transition-metal salt

- 17 _and a specialty polymer as described above. A transition-metal salt, as the term is
‘18 used herein, comprises an element chosen from the first, second and third transition
19 series of the peﬁodic table of the elements, particularly one that is capable of
20 promoting oxygen scavenging. This transition-metal salt is in a form which facilitates
21 or imparts scavenging of oxygen by the composition of this invention. A plausible
22 mechanism, not intended to place limitations on this invention, is that the transition
23 element can readily inter-convert between at least two oxidation states and facilitates
24 formation of free radicals. Suitable transition-metal elements include, but are not
25 limited to, manganese II or III, iron II or III, cobalt II or XII, nickel II or I, copper I
26 or II, thodium II, III or IV, and ruthenium. The oxidation state of the transition-

27 - metal element when introduced into the composition is not necessarily that of the
28 active form. It is only necessary to have the transition-metal element in its active



WD 96/ 40799
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1 acid noieties as well as pendant benzylic, allylic, ether, and/or

functional noieties 2 di scussed above. Benzyl ic noieties, for the
purpose of thi%OPMEM i on, consist of the 3 benzyl rBEIESH6L

substituted benzyl radicals and additionally any heteroatom 4
cont ai ni ng radi cals bonded to the benzyl radicals or substituted radicals,

as defined 5 previously. Preferred al kyl acrylates are butyl and
ethyl acrylate, and nost preferred 6 Is methyl acrylate (MA).
Preferred acrylic acids are.acrylic acid amg.nmethacrylic 7 aci d.

Sodi um potassium zinc, and lithiumsalts of acrylic and nethacrylic acid

are 8 1 %ﬁﬁﬁb@dwﬂw&emﬁmmmmmﬁaﬂismwﬁmg@r ovi de

good adhesi ve propertles intie |layers,, for

Addi ti veszmay Axygens e They -mwlm ‘ﬁiﬁgg?%é?%es
desired f mﬂ@ﬁfn eﬂl‘)ﬁh coballi t| ves include, but are not
necessari y i :ﬁ}ffe?btyo ers, pi gments, dyestuffs,

antioxi dants, stabilizers, proce55|ng alds plast|C|zers fire 13

ret ardant g, antg f ' t y by
use and 13 " SR Hoie DR thehlnsioblt Tk Bt tre R O blgaiE anieiL)

5% of th§ tot afheseinglute, Hut afe not lintited tc,mﬁlmkietamte stekfate, palmwm), SPECI ALTY

POLYMERS CAVENGE OXYGEN 17 scavengi n ns_.of
this invefiti on%c ¢xagoate, citzate,; gly Fo@mo%gognap% ng ARG

havi ng anget hylﬁmnsawpref&wst IPéhtiiac] waanwﬁmawmmdant 19
noi eti es which contain car bon atomthat can _forma free radi cal t hat

stabilize§ by Rethyl MW'M&M&'H cohalt (I fjeqdscanoate. o fhe Hany “t'ﬂ"éalhl gh
energy of gt he Uidindnt GthyisoWe'i as an io &ﬁ&lﬁh\\?ﬁ:ﬁ%ﬂ&@ﬁléﬂéhbuﬁ—l&nd

thereby stabilizes t yfree radi cal, so that t ree radi cal can

exist fod0a sulisemployed. Suchdienemers areswelhkmown inrthe artadfee A.SuBueRt exi st in
the 23 a gspi k&ga ﬁmg} omthat can form
a free r% I cal qli‘gr% #ﬁ% él‘ﬂa&’ twg*lo t&e ad] acent group that 1)
has at | east one pair of p electrons 25 that are unbonded or that are
pi - bondegyt 0 OtRAr., ?'%Eﬂ abl e of
over | app| ng |ts'ﬁﬁ' Oﬁgﬂgﬁ?ﬂ&{hﬁ e R%?"?é‘?“%‘?ﬁ{‘%%l‘tﬂﬁé%g‘?%“a"%%°ﬁ¢‘ﬁe group
can 27 13 therﬂine:gon-mmladdtotpromatemgﬂggcamdngmghndmpnlmer;oGenemlIytahi'sI ize -
thefree adi c I site of
free radlgal %&%ﬂ&ﬁ%s mg}eg%?%%@g@#%me%nﬁ@rb@aﬁﬁﬁgﬁrﬁ&e}gp

18. transition-metal element between about 2000:1 to about 10:1. Preferably, this molar

16 ratio is between 200:1 and 20:1. The type and amount of transition-metal salt are

- 17 selected to give an instantaneous oxygen scavenging rate in the polymer of at least

18 about 1.0 cc oxygen per gram of oxygen-scavenging composition per day in air at
19 25°C at 1 atmosphere pressure, and preferably the amount and type of transition-
20 metal salt are selected to give an instantaneous oxygen scavenging rate of at least

21 about 5 cc O, per g of oxygen-scavenging composition per day in air at 25°C at 1
22 atm. pressure after the induction period ends. The preferred amount of transition-
23 metal element will typically vary with which transition-metal salt is used.

. 24 Oxygen-scavenging compositions of this invention can sustain their mechanical
25 properties over greater periods of time than other oxygen-scavenging compositions
26 such as polybutadiene, which contain oxidation sites in the backbone and/or
27 immediately adjacent to the backbone. Oxygen-scavenging compositions of this
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1 that the orbital of the free radical is able to overlap with the p
orbital of the min 2 t he adj acent group. Thus, a car :

havi ng a hydrog&&ggflﬁq??%\dj acent to a 3 . phenyl radical, ﬁ&%ﬁ’
radi cal, or a heteroatomcontaining radical such as an ether- 4
containing radical can forma free radical that is resonance-stabilized by

t he phenyl 5 ring, adjacent double bond, or oxygen, respectively. 6
The resonance-stabilized free radical is preferably formed under oxygen
scavenging 7 - conditions. A polyner is¥xposed to oxygen scavengi ng
conditions when it contains a 8 sufficient anount and type of

trgnsihtionI yet al _iﬁ@énﬁoﬁammaﬁlppmgd By conveationgl jamﬂmenfl _tgndmhbeblbideﬂ_ m!ryrrgr,
and the polyner is exposed to an oxygen-containing fluid syc s air.

An oxygen-s avenﬁm@i%mwgﬁ?ﬁBﬂMnﬁ%lb""éfmg?“ydgllﬁ‘rﬂﬁ“&?g%?
transition-g 11 3 &Qﬁﬂ%%ﬂ m stay b hmide’

pol yet hyl enisc bac%ﬁe@eﬂgr%ﬁég}npﬁgd‘)ﬁ the corr%%ﬁ" g?“gendar]t or

t er mi nal rmneL i lesomwamamj do aotcrequionadded photo-nitiatogs when mgm ﬂlem-toUhV
resonance- sgabi | i r.adi r - - I ng conditions. This
14 conpgsi ti o‘#‘i‘?%”["?&fﬁ @%%M%&ﬁgm%én scavenging rate in
air of at least 15 about 1.0 cc of oxygen/day/g/atm at 25[err]C.

16 I n ope enbodj ment e SO posi tion of this invention conprises a
transition-fetal sa+2020C OXYSENSCAVCNZING SPEGIAINVPUYIMEIS oS descri bed above. A

‘transition-getal mainkembddinieft, ithis fvefitionProvides comistilion€ efféctive f0sEaVEnEe DxFgen
el ement chogen fromthe first,, second and third transition 19 series

of the peri8dic tHPEsHE 2 tFnsitin el salt gad 2 icempenent haying amethylpaic OBpabl e of
20 pr 9not i gy Wﬁ%ﬁ%avﬁ??én&ah@@ﬂeﬁhﬁﬁr Whith cbritaina @

formwhich facilitates 21 or inpa scavengi ng of oxygen by the

conposi ti od0of t Hheazyliradieal; wherein the benzybradicabhas at leastanehydrogen on dts methydeneed
¢ | Limi t at i ¥ O CLon ¢ A
e?eﬁeﬁfecagwr e:d:lﬁgﬁgﬁggo?@r#v%%@@\e%ﬁa* ﬁ‘&%ﬁﬂ%ﬁ:%@%ﬁﬁ%ﬁﬁ‘és and
facilitated224  prefeablyna benzyli¢ specialty polyimes) as. deScritied labeve, iwithsthe provisodhat| the

I ts i | ude,, NQt [ im t l. '
P Sor 111 T8y par st Saib naf e tcast onk JldiBpen ot BYIRE PR hihg O Pribdapy), 1"
rhodium || 34111 drenkyl radical is borded idirectlyTtoca hetérdatbmocts asibxygeh ot hitrogen.

transiti Ong‘PiZI?y tmf ?ﬁtlal i:l eﬁrg{lst_mmhlen i%ogl% ed |lnt olt‘gsw(n:ﬁ'npom tion is

not necess

16 Without Jimiting the invention to this theory, it is postulated that the transition metal
17 element catalyzes a reaction between the benzyl radicals in the pendant moieties and
oxygen. In one preferred embodiment, this reaction results in scission of the bond
between the methylene radical of the benzyl radical and the heteroatom-containing
radical. This reaction forms a separate compound, a benzoic acid, a salt of a benzoic
acid, or a substituted benzoic acid or salt. Preferably, benzoic acid is formed, which
is listed by the FDA as a compound generally regarded to be safe for human
consumption in limited quantities.

S RRBEE

It is postulated that the primary function of the benzy! radicals is to react irreversibly
with oxygen during the scavenging process. The primary function of the transition-
metal salt is to facilitate this process. Thus, to a large extent, the quantity of benzyl
radicals and the amount of transition-metal salt will affect the rate at which oxygen is

8RR



28 active form It is only necessary to have the transition-netal

elenment in its active WO 96/ 40799
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1 format or shortly before the tine that the conposition | i red
to scavenge 2WO%%MUI8yygen. The transition-netal elenment is W%Péﬁ%

i ron, nickel or copper, nore 3 pref erably manganese and npst
preferably cobalt. 4 Sui tabl e counter-ions for the transition
netal elenent are organic or inorganic anions. 5 These i ncl ude, but

are not limted to, chloride, acetate, stearate, palmtate, 6
2-et hyl hexanoate, citrate, glycolate, benzo2Be, neodecanoate or
napht henate. Organic 7 anions are preferred. Particularly preferable

salts incldde ceonsumed) Thusghe quantities of beprylandisals ard transbion:metal saliare:  and

cobalt (11} neo t Lt hQ0- . @eﬁéﬂant may al so be
introduced‘)‘as a%ﬁé@%ﬁ?ﬂﬁgﬁnﬂﬂl&mﬁq%‘% nter-iron 10 S

enpl oyed. Such iononers are well known in the art. See U S. Patent 11

No. 3,264,272, ich is incorporated.by reference in its entirety. 12
The conpos tionwﬁ*m"a[w t MMW?WW’H%XWP?#%f

the 13 4 tranpicuhtodf tidnkition-aRtdl silparemormilty detstginedtyodie applivgtionint wikich

pol yrer . neral]y, this 14 . requires a ratio of | es of free .,
radi cal -ggger at ith§;CQMROsILAN 35 8RiRs ta be empleyed; fti’se"l’mq H‘ghg‘} PXYSRRHAVENSIng

el ement begween ¢g ﬁ&%‘n%?rﬂné?%%nz}' ' i bi
ratio is between 200:1 and Z0: 1. e t.yg?kénﬁa'ggﬁﬁfﬁﬁ%%%@%ﬁg?
salt are 17  espesiaby mseful for foodapplicatinas. JFhe:pramary axidatiom productovhichhis freed
in the pol gner I %H% s o
oxygen-scagengi %"“?g‘e oSl ?rc?r#&fobg'rw agt&)%ygé??eagg %&‘3 cég{%rriéca%adl

at nospher 9 pr.es which, imoettain quantities, s FDA-approved farradditippdo dods.r ansi ti on- 20
netal salt are selected to give an instantaneous oxygen scavengi ng rate of
at least 21 about 5 cc 2 per g of oxygen-scavengi ng conposition per

day in ai#0at 2Freferrddpolymérs uded in the oxygemscyvenging compdsitions bfitheipsebant | on
Gttt T T RN e e r
12 benzyl alcohol or benzyl amine to form an ethylene benzyl acrylate or an ethylene
13 benzyl acrylamide polymer. These polymers are typically made by-transesterification
14 or transamidation as described below. A particularly preferred polymer intermediate
15 for making these oxygen-scavenging compositions is-ethylene methyl acrylate
16 copolymer. A composition of the present invention made from ethylene-methyl
17 acrylate copolymer having 40 weight percent methyl acrylate can have from about
18 0.33 to about 17.85 mole percent of the scavenging moieties. Ethylene methyl
19 acrylate copolymer which has 24 weight percent methyl acrylate can have from about
20 0.33 to about 9.33 mole percent of the scavenging moieties. Preferably, reacted
ethylene methyl acrylate copolymer will have between about 1 and 10 mole percent,
more preferably between about 2 and 6 mole percent, and more preferably still,
between about 2 and 3 mole percent of the scavenging moieties. It is often desirable
to have partial transesterification or transamidation, thereby leaving some of the alkyl
acrylate moieties unreacted, so that the polymer properties can be tailored to the
particular application. The physical properties of the reacted polymers are similar to
27 the physical properties of unreacted alkyl acrylate copolymer. As a result, a
28 composition of the present invention using ethylene-methyl acrylate copolymer to

EaRYYR



24 O<ygen-scévengi ng conpositions of this invention can sustain their

mechani cal 25 properties over greater periods of tine than other
oxygen- scavengi ng conpositions 26 such as pol ybut adi ene, which
contain oxidation sites in the backbone and/or 27 innedig&ﬁhéw%ghgcent
to the backboM%M@Men- scavengi ng conpositions of this WO
96/ 40799

PCT/ US96/ 05937 _ =27 -

1 i nvention are easily processed by conventional equi pnment and can be
bl ended or 2 coextruded wwth a wi de range of polyners. Al so, it has
been found that nany of the 3 oxygen -@9avengi ng conpositions of this
i nvention, particularly ester and am de 4 oxygen scavengers, do not

require ajded Hofth @n iethiyldns beszy] adrglatecomaisylens mtthyhmlﬂb’betfzylacrylahght to
reduce their oxygen scaven I ndu on. riod lic
oxygen- scévengi BPoOHFEE wmt‘q ngem% t&)eH'Bféﬂéy

i nventi ongpr ovi glafylGRIAe chpdifiers f Elglene-methyl acstien@poly mpgwmch&xasbeen

conprising a trans tlon netal” salt and a corrponent Vi n Ien c_or
9 pol 9et hy|m@ymm@eémmm f!qétFr\’Pﬁ'@{i W\ ch’

contain a 76%4 SR W, refichvely) anl maﬁé'dﬁtmﬂs%bﬁzaiodo@nﬁboﬂanast

one hydro en on | I"éne i cal and/or on a carbon atom al pha
to the phényl rﬁdfmﬁofﬁb&nmmmmamlmymmﬂawéﬂwpw
speci al ty pol yner, .as descri bed above, with the proviso that the 13

Its benzyl radllgﬁnhﬁ U5 at |east one hydr ogen al pha to the phenyl ring.
Preferably, the 14 benzyl radical is bonded directly to a heteroatom

S S Bycen, B e G hbosimen B 5 SR AR 8 BSR
to this tigeory, inyéntioh ulifisd & ﬁﬂrgl%ﬁlneﬂ %hﬁbthmeﬁeml a&ilatecopelymcant
catal yzes a reaction between {he benz radi cal s i n t he pendant eﬁ

and 18 10 oxy®faneth ﬂw%vwmémwmmﬂt mber%‘gewm? r’g‘g’k}f’ %’Eu n

sci ssiongqf thephafth cvim).
| R
ey

13 . In Formula (VIII), X is NH, or OH, and R is independently selected from the group
14 consisting of hydrogen, phenyl, alkyl radicals containing from 1 to 18 carbon atoms,
15 alkoxy radicals having from 1 to 16 carbon atoms, amine radicals having from 1 to 6
16 carbon atoms, aryl radicals and substituted aryl radicals having 6 to 24 carbon atoms,
17 aryl ether radicals and substituted aryl ether radicals having from 6 to 24 carbon
18 atoms, and ester and amide radicals of acids having from 1 to 16 carbon atoms. X is
19 préferably NH, or OH, and R is preferably methyl or methoxy, and more preferably
20 is H. The amine is preferably benzyl amine, and the alcoho is preferably benzyl
21 alcohol. Mixtures of benzylic alcohols and benzylic amines can also be used.



19 bet ween the net hyl ene radical of the benzyl radical and the
het er oat om contai ni ng 20 radical. This reaction forns a separate
conpound, a benzoic acid, a salt of a benzoic 21 acid, or a
substituted benzoic acid or salt. Preferably, benzoic acid is forned which.
22 is |istW@MPOPhe FDA as a conpound general |y regarded PCIUSIETe £ of
human 23 consunption in limted quantities. 24 It is

postul ated that the primary function of the benzyl radicals is to react
drreversibly 25 w th oxygen during the scavengi ng process. The
primary function of the transition- 26 metal salt is to facilitate
this process. Thus, to a large extent, the3rantity of benzyl 27

radi cal s and the amount of transition-nmetal salt will affect the rate at
whi ch oxyden i sAmong other factors, it hasdeens fongd ghat these polymers are surprisingly good

PCT/ US96/ Q5937 s s s4s -

1 con%ﬁmed. OXYEE s“?ﬁ’é“&u"é'ﬁ?‘l?f“é’é" egfmgle%%lrslt}ogdln %tgﬁ ssalth%ugh asan orgah%s’
transiti o net atobaltlslt.aMorecver, the oxypeh scavenging capacity ahdrotker\physical [peoperties .

scavengi ng, rate d capacit eeded, _ eyl
radi cal s %nd hefe' 8’5@8&%&@% ya%élbg %tﬁé%ﬁe@%& géry%%or%ﬁt' of
transiti o net athe e8pdlymércrelictiniahd yhedgiantityiof denzglic tininecoralcohol used in thewhi ch
5" the conpositjon is going to be enployed. It is expected that an
oxygen- sc& engi 1¢gct08. conposition having primarily benzyl. ester radicals

as the scavenging noieties will be 7 especially useful for food
applications. The prinmary oxidation product which is freed 8, fromthe

pol ymer bdckbonWhemarbenzylig aleohal s the seactant.: ancespesiallyeyseful comprsitiopiof thisi d 9
whi ch, '”sce”%n@eﬂﬁﬁ%&h%@mf@ﬁa16%&3%.&8%@&%@;%%@fo ;’i:gole 10

Preferred pol yners use ygen-scavendi ng “conpo
present ®1 %, of ¢ivet benzylicestquetursecofcFdrmivtan@XR| kyl acryl at e copol yners whi ch

have been reacted with 12 benzyl al cohol or benzyl amne to form an.
et hyl ene benzyl acrylate or an ethylene 13 benzyl acryl am de pol yner.
These polymers are typically made by transesterificatie

_ w —oXO)

10

1 Preferred polymers are poly(cthylene - methyl acrylate - benzyl acrylate) terpolymers,
12 and poly (ethylene - methyl acrylate - benzyl-acrylamide) terpolymers.

14 In one embodiment, this invention provides compositions effective to scavenge oxygen
15 comprising a transition metal salt and a component having an ethylenic or

16 ‘ polyethylenic backbone and having pendant moieties which contain a radical having
17 allylic hydrogen. This component is preferably a specialty polymer having an allylic
18 side-chain, as described above. Examples 45-47 illustrate the capabilities of these
19 oxygen-scavenging compositions. |

20 It is expected that, as the side-chain containing allylic hydrogen oxidizes, the
21 ethylenic or polyethylenic backbone remains intact for a longer period of time than



14 or transanidation as described bel ow. A particularly preferred

polynmer internediate 15 for maki ng these oxygen-scavengi ng
conpositions is ethylene nethyl acrylate 16 copol ymer. A conposition
of the present invention nade from ethyl ene-nethyl 17 acryl ate

copol yner hawegem9ei ght percent methyl acrylate can have Fﬁ‘é??‘é‘l?&?t 18

0.33 to about 17.85 nole percent of the scavenging noieties. Ethylene

met hyl 19 acryl ate copolyrmer which has 24 wei ght percent nethyl

acryl ate can have from about 20 0.33 to about 9.33 nole percent of the
scavengi ng noi eties. Preferably, reacted 21 et hyl ene nethyl acrylate
copolynmer will have between about 1 and 103g®l e percent, 22 nor e
preferably between about 2 and 6 nole percent, and nore preferably stil

23 pet V\BQiheﬁmlpmﬁ a&'nﬁsa’iuﬁﬁb:exsnmﬁn orfimtriediatelypadiaghhty thebatkbons, I't

is often desirable 0 have p rt| 8 nsestetlflcat on o
transam d&tion ”FH&F’EB?‘W@F‘T?&? 9"‘%@? fo {hﬁt e

moi eties gnreag éa? hﬁ:xﬂﬁh&m&w&%mm@ﬁe@awmﬁmm%&d to the
26 parti cul ar I Tcat1on. The physical properties of the reacted

pol yners 4re mpﬂlﬂﬂ%@?ﬂeﬁoﬂd@phym cal properties of unreacted al kyl
acrylate copolymer. As a result, a 28 conposition of the present

i nvention using ethyl ene-methyl acrylate copolyner to WO
96/ 40799 § In one embodiment, this invention provides compositions effective to scavenge oxygen
PCT/ US96/ 95937

forman elhyl eﬁBmBMFW?%F&%P%W M%wnécaf\ﬁmaxlm'%grnzyl
acrylate %2 Ibﬁicmkbdné afd havifg imdﬁ:ht&ﬁmeﬁadmemrsmh Imoiety conteins ahg

characterjstic to et e- ac( Iate copo
Et hyl ene- #ret hy [east ICQWHERWP%[%H P‘b‘é%ﬂ gﬂéﬁq pidly and

transestegi fi eggt i\ij Wﬁs,hw acryl ate benzyl acrylate
terpol ymer 5 ﬂlg(abg%t 76. 6 1% W. % respectively) and which

contai ns about 1000 ppm cobalt in 6 the formof cobalt neodecanoate is

a particyparly aﬁ&gé{ Sthig ﬂ%ﬁﬁn Rsvidis @3mpbsitions effective'ty 3aivemge 8

I n anot her preferre | ment, e oxygen scavehgi ng conpositions of the
present 31 oxvmieqmnmnsta transition lmlm pnq)a épapen;nbbaw%@% ethyjenig or

et hyl ene | kyl &B?@ 'Bér'cl

met hacry ate c&’?’g{"m%gé‘& nx'qggri\l%ﬁ& R ne o awkﬁo &Fta e radIl%lr mul a

(virrr). 13 eontammg allyhc hydrogen. A cyclxc radical containing allylic hydrogen does not - :
14 include an aromatic radical where the cyclic portion-of the radical is solely aromatic.

1

15 Examples of pendant moieties which contain allylic hydrogen include

- 16 poly(1,2-butadienyl) ester, Nopol ester (6,6-dimethylbicyclo[3.1.1]hept-2-ene-ethyl
17 ester), 3-methyl-3-butenyl ester, 2,6-dimethyloct-2,6-dienyl ester, cinnamyl ester,
18 trimethylpropane diallyl ether ester, 2,6,10-trimethyldodec-2,6,10-trienyl ester, and
19 oleyl and/or linoleyl ester radicals. Oxygen-scavenging specialty polymers containing

20 allylic hydrogen side chains, especially side chains having cyclic moieties that contain
21 allylic hydrogen, scavenge oxygen effectively at typical refrigeration temperatures |
22 (about 4 to 6°C).

24 In one embodiment, this invention provides compositions effective to scavenge oxygen
25 comprising a transition metal salt and 2 component having an ethylenic or

26 polyethylenic backbone and having pendant ether moieties which have at least one



(M1l)[err] 13 I'n Fofrrula (MI11), Xis NH2 or OH, and Ris

| ndependent|ly selected fromthe group 14 consi sting of hydrogen
phenyl, al kyl radicals containing from1 to 18 carbon atons, al koxy
radicals having from1 to 16 carbon atons, am ne radicals haV| ,@

6 16 carbon V¥@8¥#¥7%ry| radicals and substituted aryl radlgtg{ Vi ng 6
to 24 carbon atons, 17 aryl ether radicals and substituted aryl ether
radi cal s having from6 to 24 carbon 18 atons, and ester and am de

radi cals of acids having from1 to 16 carbon atonms. X is 19

preferably NH2 or OH, and Ris preferably nethyl or nethoxy, and nore
preferably 20 Is H The amne is preferabB-benzyl am ne, and the

al cohol is preferably benzyl 21 al cohol. M xtures of benzylic

al cohol s andj benz iyireg&rione sarbom aisadjivent todbi ether radical. This compmentss 10799
PCT/ US96/ 05937

“Among ot her %act OWWIYW&MWWMV Rqlyrer, ﬁ)ﬁfﬁ%% (A surp&kl ngl >1/

good 2 9Xy9e'ﬁaﬁﬁ§¥ﬁ@&g ﬁﬂqimmmmbampamamcmm diallylic
such as an organi obalt salt

capacity anddot hemml%m%ﬁmw&eoveé?e%Mﬁen%\/&%@g“mt .
readily varigd by g ?ﬁ%%ﬁieﬁﬂﬁ BRI 460Iusttakes| theSdpabitities ofithesd oxygent he

copol yrer reactant an e quantity of benzylic am ne or alcohol used in
the 6 r@act i scavenging compositioa® a benzylic al cohol is the reactant, an
especially useful conmposition of this 8 I nvention contains between 1
and 10 nole % and preferably between 2 and 6 nole

7 Preferably, the pendant radical is a cyclic ether, especially a cyclic ether having from
8 2-7 carbon atoms. The cyclic moiety may be mono-cyclic, or may consist of muitiple
9 rings. Examples of suitable pendant radicals include tetrahydrofurfuryl,

10 2-methyltetrahydropyranyl, polyether, polyethyleneglycolic, and monomethyl ether.

12 One additive that may be included in any of the oxygen-scavenging compositions
13 above is a photoinitiator, which acts to reduce the induction period of many oxygen

14 scavenging compositions. See U.S. Patent No. 5,211,875, which discusses - 3
15 photoinitiators and ‘which is incorporated by reference in its entirety.

16 '€} _METHODS OF MAKING COMPOSITIONS OF THIS INVENTION

17 Compositions of this invention can be made by many means. Monomers containing
18 benzyl, allylic, and/or heteroatom-containing radicals can be oligomerized or

19 polymerized alone or with comonomers such as ethylene, propylene or other olefins,
20 and other comonomers such as (meth)acrylic acid and alkyl (meth)acrylate to provide
21 an ethylenic or polyethylenic backbone after polymerization. Methods for this type of
22 polymerization are well-known in the art and include solution, slurry, or gas-phase
23 polymerization in the presence of a catalyst, such as a free radical catalyst, a Ziegler
24 Natta catalyst, or a metallocene polymerization catalyst.

A preferred way to make compositions of this invention is to produce a polymer
intermediate and react the intermediate with a modifying compound to form a polymer

] &



9 % of the benzylic structure of Formula (IX).
(IX)[err] 10 11 Preferred polynmers are pol y(ethyl ene - nethyl
acrylate - benzyl acrylate) terpolyners, 12 and poly (ethylene - nethyl

acrylate - benzyl--acryl am de) terpolyners. 13 2) Oxygen-scavengi ng
specialty pov§h¥#@”%ontaining allylic side-chains 14 Inxgﬁggﬁﬁﬁﬁﬁinent,
this invention provides conpositions effective to scavenge oxygen 15
conprising a transition netal salt and a conponent having an ethylenic or
16 pol yet hyl eni ¢ backbone and havi ng pendant nopieties which contain a

radi cal having 17 allylic hydrogen. This conponent is preferably a
specialty polyner having an allylic 18 =33 de-chain, as described above.

Exanpl es 45-47 [Jlustrate {he capabilities qf thes 9

oxygen- s_claveng _ M&P‘&?gﬁb&efﬂd with K"_&%“t}b%fvﬁi'dpm&mé@@ﬁfe

si de- chaigh con iRg mividtiss. WHEA a@&*ﬁbﬂ-@&mﬁéﬁ% &mposition iff ¢y hidhher, OF
pol yet hyl eni ¢ backbone remains intact for "a | or}geer period of tine than

WD .96/ 40399  the transition-metal salt can be incorporated into the composition before, during, or
PCT/ US96/45937 reactin . intermediate wi T - 31 -
1 whgg thea%ecl)-i e oF thuc sa&l ur at | onedlw'ste Iwg)tgat?eegnolchr{yxgg ?’#ﬁ%‘ﬁ‘."&t el y adj acent
to the backbone,

5 There are many types of polymer intermediates which are useful in making
compositions of the present invention. For example, an alkyl methacrylate can be
homopolymerized by way of addition polymerization to form a polymer having an
ethylenic or polyethylenic backbone with pendant methyl groups and with pendant
alkyl ester groups. Copolymerization of ethylene with an alkyl acrylate or

10 methacrylate also forms a useful polymer intermediate. One preferred copolymer is
11 ethylene methyl acrylate copolymer, sold by Chevron Chemical Company as EMAC®

12 copolymer.

C W 3 &

13 High melt-point ethylene-alkyl acrylate copolymers are also useful polymer
14 intermediates. These copolymers have a melt-point temperature at least about 6 deg F
15 greater than a reference ethylene-alky! acrylate copolymer, where the reference . -
16 copolymer is made in a multi-zone autoclave reactor and the ratio of alkyl acrylate to
17 ethylene in a reaction zone when making the reference copolymer is about equal to
~ the overall ethylene to alkyl acrylate ratio fed to the multi-zone autoclave reactor. A
high melt-point ethylene-methyl acrylate copolymer typically has a melt-point
temperature greater than the value obtained from the expression:

86 &

>

temperature (deg F) = 248 - 2.9Y

where Y is the weight percent of methyl acrylate in the high melt-point ethylene-
methyl acrylate copolymer and where Y is greater than 10. Similarly, a high melt-
point ethylene-butyl acrylate copolymer typically has a melt-point temperature greater
than the value obtained from the expression: '
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2 as it is in polybutadi ene al one. Since the backbone remains intact

| onger, the 3 mechani cal properties are naintai ned over a | onger
period of time than when 4 pol ybut adi ene al one i s oxidi zed. 5

In one enbodi ment, this invention provides conpositions effective to
scavenge oxygenOB679 conprising a transition metal salt and PEYUSIAISIENt
havi ng an ethylenic or 7 pol yet hyl eni ¢ backbone and havi ng pendant
nmoi eti es, wherein each noiety contains at 8 | east four allylic
hydrogen atons. This conposition scavenges oxygen rapidly and 9 has
hi gh oxygen-scavengi ng capacity. 10 I n anot her enbodi nent, this

I nvention provides conpositions effective t03§Cavenge 11 oxygen
conpri si ng transition netal salt_an conponent having an ethyl enic or
12 pol ygt hyl enp@mﬁé%& énﬁ 2r@\f&\g‘zpendant noi eti es which contain a
cyclic radical 13 containing allylic hydrogen. A cyclic radical

“containing allylic hydrogen does not 14 I ncl ude an aromati c radi cal
where the c¥clic where Zdantherweighs percantcofibutyl agrylate in the dight meJt-point eétbylene-butyl -
Exanpl es ofqpend hol Whi 8 i

0ol y( 1, 2- but adi e%@@%%%éﬁ%m@m 15. 'High ol Blyicfie-aliyt
(6, 6-di net h4l bi cyactyists capolynierptanbecmadectiyha procdss comprisiager ) |

3-net hyl - 3-butenyl ester, 2,6-dinethyloct-2,6-dienyl ester, cinnanyl ester,
18 trinmet hyl propane diallyl ether ester, '

2,6, 10-tri ngt hyl dotiec feding biterall iaf Arlousebyweight) &, of Akyl acr§ialydndYridunt by

| i nol eyl ez#er radi cal s, . Oxygen-scavengi ng specialty pol ymers containing 20

?Ihl %/I ic Py_- ogin Si de“ﬁl&m&_ ,‘::?ggg& pymulti-aenecqiigclaye palymegization Wtwﬁ!{ eties
at contain 2) i : . Ygea

typical refrigerat i)on terrpeirlfat ures ggamoaﬁ?;;gﬁ;g@:@é{%@%sf%@éﬁ%kzg,, of the

3) Ether-cohtaini ng oejalamovatefethyleny istoachizst tegctivn| zone of tid4eactor; | n one

oxygen o5 21 S s BircafedtyiiliiRing ¥ BitTod, A1 B Ry Sy s IR T Haion
an ethylent® or 26  zonsgughethat/themitio AfEx ixatdeasnabouth20% gngrenkitavor istibleast -

noi eti es | ch have . [ 40799,
PCT/ USO8/ ‘ggg 37 hibouf36% 1883%han the ratio A/E for tHéreactor Vetalt; and

4) feeding any remaining portions of initiator, ethylene and alkyl acrylate to a
13 subsequent reaction zone or zones.

14 High melt-point ethylene-alkyl acrylate copolymers are disciosed in U.S. Ser. Nos.
15 07/764,861, filed Sep. 24, 1991, 07/947,870, filed Sep. 21, 1992, and 08/233,180,
16 filed Apr. 26, 1994, which are incorporated by reference herein in their entirety.

17 - Other useful polymer intermediates include ethylene alkyl acr\yﬁiate ionomer, ethylene
18 acrylic acid copolymer, ethylene acrylic acid ionomer, and ethylene vinyl acetate

19 copolymer. Yet another polymer intermediate is a polyethylenic-backbone polymer
20 containing maleic anhydride moieties. For example, Lotader, a product of ELF

21 Atochem, contains ethylene, alkyl acrylate and maleic anhydride moieties in which the
unsaturated carbon atoms of maleic anhydride become saturated carbon atoms within
the polyethylenic backbone. Alternatively, maleic anhydride may be grafted to a
polymer having a polyethylenic backbone by, for example, free-radical grafting.
Methods for making these polymers are well-known in the art. See, for example,
U.S. Patent No. 4,506,056, which is incorporated by reference in its entirety. An
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-32 - 1 hydrogen on a carbon atom adjacent to the ether radical. This
conponent is 2 preferably an ether-containing specialty polyner, as
decri bed above, or a polyner 3 havi ng an et hyl enic or polyethylenic
backbone and _pendant diallylic ether or diallylic 4 et her_ester

noi et i es, mhéﬁ%’?ﬂ%?% is at | east one hydrogen on a carbon XCEHSAP&Went 5
to the ether radical. Exanple 46 illustrates the capabilities of these
oxygen-- 6 scavengi ng compositions. 7 Preferably, the pendant
radical is a cyclic ether, especially a cyclic ether having from38 2-7
carbon atons. The cyclic noiety may be nono-cyclic, or may consist of
multiple 9 " rings. Exanples of suitabl-@5pendant radicals include
tetrahydrofurfuryl, 10 2-met hyl t et r ahydr opyranyl, pol yether,

pol yet hyleneglestetidcid, acetatenomanbydiide inshemoieties pendant to thelpolyethlylend hagkbione

ol uded®s n- adb ip YRSt a REmidiblnto Yo & sompdifindft i pivenbOfhy SRy BE:
phot oi ni 8i at orusefuhincthe aompositions efl thieinviattionnduct i on peri od of many oxygen 14

scavengi ng conpositions. See U S. Patent No. 5,211,875, which discusses 15
photoinitiators and which is incorporated by reference in its etrirety.

16 G e Hdilyirghreotipobad whichT Feadted Rith (e polymet Dlveeiibbiald i8 Selected
Conposi t#ons of this_invention can _be nmade by many npeans. Mononers

cont ai nifg 18 on the basis of its reactiyjty with-the pasticplat polymen intesmediate and pn theibesis s
can be ofi gongivaih ,?ﬂ* ' RLAIA ] kbeﬁ%}ﬁ“ h-as
et hyl ene, propyl eneegpwtjﬁ?gg#ero ef | ﬁs, %gﬁ.’ zfr?gmig‘tstﬁer oho onérﬁré&glﬁch as
(et h) ac?yl i c heterastamrgontaipipg radicalh Eherbenzgylic, allylio; o etlier-@ntaining compound
et hyl enig or I ' freg lynertzation, Mthods for this
Cyps of 85" My e of BfsBRef, dsdisliien BRirichRl 84 miy l3e Pmaice
sol ution® sl urheteroatom gmenhahicsany bkygen-scaveénging itiviteddsired froni the befigsence of a
catal ys such a free radical, catal.yst, a Ziegler 24 tta
cat al y's?? or ?lﬁﬁ’ﬁrlhﬁgﬁg"%ﬁ? 5_"52‘&?’&_811 IE_&t"JF‘?&F‘&“’%%‘nWt of hif |y ef erred
way to khke cdnyeatiod,ipdymér iniehfiediity @aving Perdint MethylQ@drfifte IndidiesRhyléfe-
[ ntermeﬂate an&hreacsathe intermedl at e \f/;la h_&l nodi fayl Egl conpound. to form a
pol ymer methyl acrylate copolymer, 1is transesterified wi benzy] alcohol to form pendant :
13 benzyl acrylate moieties. Likewise, in another preferred embodiment, ethylene- |
14 methyl acrylate copolymer is transamidated with benzyl amine to form pendant -
15 benzyl-amide moieties. Benzy! alcohol is available from Akzo Chemical Company,
16 and benzyl amine is available from Spectrum Chemical Company. In these cases, the
important feature of the benzylic compound is that it is capable of esterification,
transesterification, amidation, or msamidaﬁon under conditions sufficient to promote
such reactions. Other preferred modifying compounds include the transesterifying
compounds listed in Tables 3 and 4. '

NE S

Imidation (the reaction of an anhydride with a primary amine to form an imide),
esterification, transesterification, or transamidation may be performed in an autoclave.
Reaction conditions will vary, depending on the reactants. A transesterification or
transamidation catalyst may be used. For a polymer intermediate having alkyl
acrylate or methacrylate pendant moieties, typically the reaction will be performed at
a temperature between 180 and 300°C and at a pressure of between 50 and 1000 psi
for a period of time between % and 8 hours. Preferably, the reaction will be
performed at a temperature between 200 and 240°C and at a pressure of between 100

R -
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1 wi th a pol yet hyl eni c backbone and mnth pendant benzyl, allylic,

and/ or hetergatom 2 contai ning noi eties. Wien naki ng

oxygen- scaveN? 08 position in this manner, = 3 the tranerT I on et al
salt can be incorporated into the conposition before, during, or 4

after reacting the polyner internediate with the nodi fyi ng conpound. 5

There are many types of polyner internediates which are useful in making 6 '
conpositions of the present invention. For,_exanple, an al kyl nethacryl ate ‘
can be 7 honmopol yneri zed by way of a@él t i on polynerization to forma

ot hy! foups HAGON2sHfopa 2 oF biic Bonizen § and ¥ s RS COSRERHANAT | 2o 1 on

of et hyI Qne Wi dchylae capolptherds féakbd with benZyl amine. "Fhil Pradibe t@pﬁ&@&'éﬂhhﬁfﬁn{i

useful polymer interned ate. One preferred copqalyner i et .hy] ene
met hyl adr y| atRendast Mojeties comprisingRenzy] sedicals. m@éﬁﬁ&‘ﬁ)ﬂré@“mﬁ%h]

12 cgpol YRy axsobel Pﬂ%%@&ﬁwtmﬂwm acryl ate
copolynmers are dal so us uI y i ntermedi ates. These copol ymers
have a nelt- point terrperature at | east about 6 deg F 15 greater than a

Copol yrod i s TRt el Safiol, A Dbion 0F il fofy 0 06 st |

acryl at e6t o dnssolvmgmd ah;demmoapolyethylemu companeahsich s k ipolyntendn a sbleentnce
copol yneg i s -abqut_.e to overa hy ene, 1 0. al k ryl ate
ratio er to tﬂgqﬁﬂ‘@%i &edv‘é&&é%mw‘%? M ﬁéﬂqgm nt

et hyl ene8et hylalcoholy) atdmpﬁamlyuﬁie&aﬁs;sgemdahgn ?ﬁﬁaﬁaﬁﬁahorpmyst ab feflux’
terrperat re greater than t val ue obt aj ne romt eex ressi op,

t enper at re( 5’?? h@?&“”'ﬁ W"V% dependjpg-on.the pati [f@\’é’é'nt of
met hyl aQry! atwmy%:@mbnmtbe 1 %! 1ok ?e%aweenmtmlmmﬂrate
copol ynmer and where Y is greater than 10. SimTarl r‘&a high nelt- 24

poi nt ~ etthy| endk Prsiogof sime hetween 16 gad | fhoussy FPreferably, ithesreaction will he pesformed

t enperayyre ol allhperature between 160 and 200°C for a period of time between 1 and 8 hours
13 where ethylene-méthyl acrylate copolymer is reacted with benzyl alcohol. This also

14 produces a polymer containing pendant moieties comprising benzyl radicals. This
15 method is useful for esterifying low molecular-weight acids with a benzylic alcohol.

16 Esterification or transesterification can be facilitated by use of transesterification

17 catalysts, which are well-known in the art. Suitable transesterification catalysts
18 include strong non-oxidizing acids, Group I alkoxides, and Group IVB alkoxides,
19 such as di-butyl tin dilaurate, sodium methoxide, toluene sulfonic acid, tetrabutyl

. titanate, tetraisopropyl titanate, and tetraethyl titanate, with tetraalkyl titanate being
particularly preferred. Sodium hydroxide may also be used. Titanate catalysts are
available from Hils America.

B RE

Likewise, transamidation can be facilitated by use of transamidation catalysts, which
are well-known in the art. Suitable transamidation catalysts include 2-hydroxy
pyridine and sodium methoxide, with 2-hydroxy pyridine being particularly preferred.
These catalysts are available from Aldrich. |
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25 than the val ue obtained fromthe expression: WO
96/ 40799

PCT/ US96/ 05937 - 34 -
1 tenperature deg F) =240 - 2.1Z 2 where Z is the weight
percent of butyVO2MMAte in the high melt-point ethyl ene-but HCT/USINSIIT

i acryl ate copol yner and where Z is greater than 15. H gh nelt-point

et hyl ene- al kyl 4 acryl ate copol ynmers can be nade by a process
conpri si ng: 5 1) feeding overall an anmount by weight, A, of
al kyl acrylate and an anount by 6 wei ght, E, of ethylene to a
mul ti-zone autoclave pol ynerization reactor=37<7" 2) introducing an

ef fective anount of an |n|t|ator and at Ieast a portlon E1 of t he 8
total anmounit of & : R TRAR i : R

3) concurregtl y . :
Teaction %0’ 'fwmi?%a%g%ﬁﬂ%ﬁ?ﬁ e o i b S ﬂr%*ﬁ*{
20% nore t hadn or invention isthmiugh estérification and/or transesterification béspowhmnmelte Inahiso -
Al E for the,reactor overall: feedin e

portions of4| ni t iPIPGFES & gﬁgn 8‘11@' mt @&wpapép{egergﬂ%éﬁe &Ey’n c%r
subsequent Seact ipuyeaglmwo @ft of a cbth slnoﬂ'bmeljﬁsémﬁmdilhoﬂdmtyﬁkk-y'
acryl ate cogol yNer.s are di scl osed in U Ser . ﬁl‘g 07/ 764,

filed Sep. ding 7 polymes/intermedialg with 2 benry gyzﬁc-mm - 16
filed Apr. 6, 1%&&26&?@&&ts%apwmmmymﬁfe%ﬁmedmw)%nanoﬁd&ﬂly,

entirety. 17 Q her useful polyner inter rredl ates include et hyI ene

al kyl acryl 8te i o¥ighthe transesterificationgind/or transamidation catalysioand, plea optienally; thee
| |
S0t her Séllgrr;?” ol it st RERSh SABAE W Srckdh to profidalicatio

transesterification and/or imidation. These reactions will normally occur in the

11 presence of a suitable catalyst. ‘The resulting polymer can be extruded into any
12 convenient form, such as pellets or film. The esterification and transesterification
13 process is discussed in further detail below.

14 1) The polymer to be transesterified . .

15 The polymer to be transesterified, also referred to herein as an ethylene copolymer,

16 has a polyethylenic backbone and pendant ester and/or acid moieties. This polymer -

17 has a melt index within the range of about 0.3 to about 1000 grams per 10 minutes
18 (ASTM Method No. D-882). Preferably, the melt index is between about 0.5 and

19 about 100, and more preferably is between about 1 and about 10 g/10 min.

20 The ethylene copolymer also contains ester and/or acid groups or radicals which are
21 pendant to the polyethylenic backbone. A pendant moiety which contains an ester or
22 acid radical is any group which is a side-chain or branch to the polyethylenic

23 backbone and which contains an ester radical, an acid radical, or a radical that can be
24 considered to be equivalent to an acid, such as an anhydride. In Formula (I) above,
25 the moieties X and Y are pendant moieties.

26 The hydrocarbyl radical on the ester is one which is capable of being esterified and/or
27 transesterified under esterification or transesterification conditions by the



20 cont ai ni ng.mal ei ¢ anhydri de noi eties. For exanple, Lotader, a
product of ELF 21 At ochem contains ethylene, alkyl acrylate and nal eic
anhydride noieties in which the 22 unsat urated carbon atons of maleic
anhydri de becone, saturated carbon atons within 23 t he pol yet hyl enic
backbone. At &YWy, maleic anhydri de nay be grafted tC)éhﬂﬂﬂ”m 37

pol ymer having a pol yet hyl eni ¢ backbone by, for exanple, free-radical

grafting. 25 Met hods for making these polyners-are well-known in the
art. See, for exanple, 26 U. S. Patent No. 4,506,056, which is

i ncorporated by reference in its entirety. An WD 96/ 40799
PCT/ US96/ 05937 . =-38- -35 -
1 ester, acid, acetate, or anhydride in the noieties pendant to the
pol yet hyl &ne bArRissieaying compoundsn&/ﬂmmmmaonmm. tThefestern a

i ¢ o : 2 ] ¢ . H o

composi tEmg;ﬂs%e*‘%’ﬁ#?#ﬁ@é’%?Wvﬁ'%“ﬁeﬁﬁﬁﬁ%wwh@%hﬁ%&ﬁme-h s
ted wlt h t thetepaatomroontaining radichl.atAc heterostoineis tar @lenfent other thas cirbon b f

irtegcrgactj‘vityh' h i Iar‘a 0 r, inter e.di at(e’ and on the ba!sisso 6

of whet he;t t he %?%%@#ﬁf%’%@?ﬁﬁ%ﬁ%ﬁ@m%%m

llylic, d/ methoxy ethgland Qndmd-methek pftilydﬂi?j ) :

legl : g p e?m@ylgﬁts;imi c)g oung 2 )rmay .belesnl?bs itﬁ?.gghgfv

unsubst i t ¥t ed, @4%&@8%%%%§MMIMCM upsybstituted

het er oat ofn t 0 GpEeEEByIXAicA RS fie Phedsey o this ifVehiiod ﬁﬁlugigé& f:ﬁ-‘ibéf the

benyl , allylic, or heterdat’om containing noie preferred

embodi mer® of Praferably €,-C, alkyl, and more prefembly amethiyhradicakdi at e havi ng pendant
met hyl acrylate noieties, ethylene- 12 nmet hyl acryl ate copol yner, is
transesterified wth benzyl alcohol to form pendant 13 benzyl acryl ate

noi et i es.9 Li kel ore embpdimenththe polymicetto bel esterifiedi and/or traniestetifiedis a 14
met hyl agg yl at kSt i dated wi enz am ne to form
pendant 155 BoRSRRIKE buhe doRRABRRYE RiBloryelely B Rbier Ebpdinedh e 1 om
éhkzo_ Ch:a::Cgal polymento, be ds@erified aadfd: breamesérifici i@ doﬁol?mai bﬁ\ay?né“m%ns? ctrum
em ca rrpaméﬁmh? S e i nportant feature o e
benzylic conmpound I %@f&&@g‘y&gﬁ%@% &Féﬁ”‘?’(‘fé‘l’i’ﬁﬁ,‘mi@ and/or
transest® i fi ctransesterifindi is atpolymerdiaving ARSAichias bORortilie] aivB Hivhire ife
suffici to ovhd, .. .Such reactions. O her preferred nodifying
corrpoun'?i‘sxi ncl ﬁfgg% #a{ﬁgﬁgf' ﬂrﬁ%g 20 conpounds |isted in Tables
-3 and 4. '
15 In a preferred embodiment, the ethylene copolymer:to: be esterified and/or -
16 transesterified contains a major portion of ethylene. Typically, the ethylene
.17 copolymer contains from about 83 to about 99 mole percent ethylene, based on all
18 comonomers present in the polymer. Preferably, the polymer contains about 90.7 to
19 98 mole percent, and more preferably, contains 93 to 97 mole percent ethylene.

In one preferred embodiment, the polymer to be esterified and/or transesterified is an
ethylene alkyl acrylate copolymer. As used herein, the term "ethylene alkyl acrylate
copolymer® also includes ethylene-alkyl methacrylate copolymer and ethylene-alkyl
acrylate-alkyl methacrylate copolymer. Ethylene-alkyl acrylate copolymers and
methods of making them are well-known in the art. Particularly preferred is
ethylene-methyl acrylate copolymer. High melt-point ethylene-alkyl acrylate
copolymers are also useful polymer intermediates.

Shryes



21 I mdation (the reaction of an anhydride with a primary amne to form
an imde), 22 esterification, transesterification, or transam dation
may be perforned in an autoclave. 23 React i on conditions will vary,
depending on the reactants. A transesterification or ation
catal yst may WOWYEH? For a pol yner internediate havi ng aI kﬁ&’g‘%%ggﬂ
acrylate or nethacryl ate pendant noieties, typically the reaction wll be
perfornmed at 26 a tenperature bet ween 180 and 300[err]C and at a
pressure of between 50 and 1000 psi 27 for a period of tinme between 1/2
and 8 hours. Preferably, the reaction will be 28 perfornmed at a

t enper at ure between 200 and 240C and at a-@essure of between 100

WD 96/ 40799
PCT/ US96/ 5937 In another preferred embodiment, the polymer to be esterified and/or transesterifiedjs -

ét h;lleﬁgdgggy%ﬁlﬁm%ﬂ%%ﬁ Eﬁgﬁ?eﬁggaémd%tgnzy %m’ ne.

This pr odaces aﬁwnympolmmmﬁniggp&dantgrpupsdahch arei eguivalent-torgsid midietjes,

benzyl gecal maé@m%of an acid or transam dation 4 may al so
be perfor extrusion,.as discussed beI OW. 5
Esterlflcatlon transesterlflcation transam dat i on, I mdation may al so

be perfor by di_ssol vin an Ienl or et h i ¢ conponent
Such as w8 ol y e efhyieae Sapignge may Sptionally, intsia sites &@Hﬁ%ﬁ@f@ BER e
modi fyi ngg conpirésent(iftthe pal y.w damoamtaferbeﬁmhwﬂenfmuonﬂamol) and

optionally the transesteri cation or transanidation cat al yst at reflux 9

condi ti on&. Thdrapwsterification reaction.o The optipnah gemencsiers may seact with the

conpositig@n so a
teggerat u?e befﬁgg 1%” Jn%ﬁlg%q?h mﬁ%@n&%?hiegrlﬁh O?Pﬁ rre"%ﬁg)ween /2
and 16 ho%rs. mhendesaithap 5 Mmeawmmdmompahe@pmm%ummea

nours 1307 " tfERsd MeRenddl e T omonfl cofheBBhed af horspiEnt FalBRY i °

benzyl alltohol theTpresenoé eba stbithiometric @rcastmfetmnees ing coropound ibecawge pftheant
noi eti esgpoNpri Thi s nmet hod is useful for
esteri fyll%g | o IFeicul arl’%oigrﬁo%&‘?@g ‘Wit h a benzyl i c al cohol .

13 = One example of an ethylenc copolymer having other comonomers which -do not

14 interfere with. the transesterification reaction is a-partially saponified ethylene-alkyl

15 acrylate copolymer. Sodium, lithium, or potassium ionomers of an ethylene alkyl -

16 acrylate copolymer are described in U.S. Ser. No, 08/144,173, filed Oct. 27, 1993,
17 which is incorporated by reference in its entirety. Preferred is ethylene-methyl

18 acrylate-sodium acrylate copolymer having between about 1 and about 17 mole

19 percent methyl acrylate and about 1 and about 9 mole percent sodium acrylate,

20 Another example is Lotader, a product of ELF Atochem, which is an ethylene alkyl

21 acrylate copolymer which contains maleic anhydride moieties whose unsaturated

22 carbon atoms became saturated carbon atoms within the polyethylenic backbone. ,

23 Alternatively, maleic anhydride may be grafied to a polymer having a polyethylenic

24 backbone by, for example, free-radical grafting. Methods for making these polymers

25 are well-known in the art. See, for example, U.S. Patent No. 4,506,056, which is

26 incorporated by reference in its entirety.



16 Esterification or transesterification can be facilitated by use of

trasesterification 17 catal ysts, which are well-known in the art.
Sui tabl e transesterification catalysts 18 i ncl ude strong non-oxidi zi ng
acids, Goup | _ al koxi des, and G oup |IVB al koxi des, 19 such as di -butyl

tin dilaurat e VYW net hoxi de, tol uene sul fonic acid, tet rBERESHOIY
titanate, tetraisopropyl titanate, and tetraethyl titanate, with tetral kyl

titanate being 21 particularly preferred. Sodi um hydroxi de may al so
be used. Titanate catal ysts are 22 available fromHerr]ls Anerica.
23 Li kew se, transam dation can be facilitated by use of

transam dation catalysts, which 24 ar®® el | -known in the art.

Sui t abl e transam da ; ncl ude 2-hydroxy 25 pyri di ne and
sodi um nmethoxi de, wi€s el ng particularly preferred. 26

These cat gl yst ST tBrn Yl "
Tese carg yst s&%ﬂyﬁi&%ﬂhﬁbﬂl’ $fitludes compounds which tfanSatefify 3:?9

D ESTEM FI Caveans; compovadustwsitsy compavndsiwiich esterify wnsrondmompound. The

prosent 3¢ ) PGSR Lol 1RCRS 3k Bl Ehfling BERSRLy Wﬁ‘ﬂgfn@“e

transestebifi canlmmbﬁﬁahpmbyMSeMﬁeaubmreahﬁm for the pantieutar ethylenecopalgmert i on

ggn:)gﬁeﬁ{esent ‘%‘%3@*@?5% reﬁﬁeﬁ é 6 et hﬁl eni or 5 5% % ‘ﬁef %I eni c

EI ending % poljysrealxpabhtoirsunﬂymgahgﬁiobarbylhadwwmﬁheahh Iﬁﬁd &pol?:inerﬁh?sen for

et er oat ogt r adi.ca t ai ni ng, ¢ such as .an al cohgl or anine
of these g:adl c 4 '&ﬂg‘m}?ﬂt &gﬁ@ﬁ“ﬂﬁys %‘r anged betwesn then
and/ or transamiteipo &@toil'th@iwoap’bl'ym&k%ﬁ %dxﬂé‘@b&sylml&b%@l one another.

transition-netal salt Reacti on condltlons are chosen to pronote
esterification, 10 transesterification and/or imdation. These

reacti onsoul || vk, liyRF Yopalinds 1€ Uylene BAGFREAGe dbodiydl bl Gnviene
form sudh as getviiemeidsopelymes, thetransestesifying compoundamay be amaleehiol; dibl,cat i on
13 pipcess pbfyoﬂ'eﬁ%f,eéi{e-oﬂ potyfettiYfiine SR8l hylok§iVimine, hydroxyl-terminated

13 polycarbonate or hydroxyl-containing asphalt. Alcohols are preferred transesterifying

14 compounds for these copolymers.. The alcohol is preferably a primary or secondary

15 alcohol. Benzyl alcohol is particularly preferred when making adhesives and oxygen -

16 scavenging compounds.. Other preferred alcohols are listed in Tables 3, 4, and 5. -

.17 When the ethylene copolymer is an ethylene vinyl acetate copolymer, the
18 transesterifying compound may be an organic acid, such as C;-C;¢ acid, C,-C;, diacid
19 and triacid, for example, oleic acid, stearic acid, benzoic acid and citric acid. Phenyl
20 acetic acid is particularly preferred. However, the transesterifying compound for an
21 ethylene vinyl acetate copolymer is not an alcohol or other compound which removes
22 the carboxy radical from the ethylene copolymer, resulting in an ethylene vinyl
23 alcohol copolymer. It is an essential feature of this process that the polymer have a
24 polyethylenic backbone and pendant ester moieties after transesterification.

25 The hydrocarbyl radical of the transesterifying compound includes alkyl radicals
26 containing from 1 to 18 carbon atoms, alkoxy radicals having from 1 to 16 carbon
27 atoms, alkyl ether radicals having from 2 to 18 carbon atoms, alkenyl and alkynyl



14 1) The polyner to be transesterified 15 The pol yner
to be transesterified, also referred to herein as an ethyl ene copol yner, 16
has a pol yet hyl eni ¢ backbone and pendant ester and/or acid noieties. This

pol ynmer 17 has a nelt index within the range of about t 1000
grams per 10WMRH#®? 13 (ASTM Met hod No. D-882). Prefer%%@&‘@g’g’lnelt

I ndex i s between about 0.5 and 19 about 100, and nore preferably is

bet ween about 1 and about 10 g/ 10 m n. 20 The et hyl ene copol yner

al so contains ester and/or acid groups or radicals which are 21
pendant to the pol yet hyl eni ¢ backbone. A pendant noi ety which contains an
ester or acid radical is any group‘Wﬂ ch Is a side-chain or branch

to the poI yet hyl.enic 23 ack and vvh cont S ra.dl cal,
an acid tadic ‘”&?"%[“4‘%?88@5’!“5 ‘bé“’?ﬁ °xyc?Bﬁ§ﬂﬁ d‘aﬁﬁﬁ
equi val egt to ¢t 9% 46 carboh aﬁ,?nsam@ﬁylma 'aﬂsnyll ah&%aiws'm&ag fomSto £

the noieties X and Y are pendant noieties The hydrocar byl

radi cal 3n thmmmssmmmhaw&mm@éﬁ%mgwmw apdmetal sdb, 27
transestgrifi %?a&ﬂ%@ﬁ%%@ﬂs Rivihg FORCE 1654 barboit AMis et dnlions by

t he
PCT/ U896505931rmde radicals of acids having from 1 to 16 carbon atoms, aryl radicals and -38 -

;l;atal yst nseSt%“M%fnwﬁvﬁ§$%%%ﬁ%’auﬁﬁ%%&% cal that

i s subst ¥t ut equbstitiediadybétherontiieals haviag fronB6 to 24 karbes ammsim cont ai ni ng
radical. A heteroatomis an el ement other than carbon and 4

hydr ogen. Exanpl es of a substituted hydrocarbyl radical on unreacted

ethyl eneg 5 The nyambynﬁﬂmﬁhm@myéo@wnm HER Kydrocarbyl
pol yet hyl ene gl oI The ester radi cal preferabl has an

unsubst i ut ed eabxﬂrecarbylm@hm;ymmahe m"“‘hydrocar byl

oref orally. é%‘“ﬂ@?&%‘&%‘ TR WP TR Rl iy e s

I n one &kbodi rhalegen,tacetyl; slityoyeor nitrildmoigties; forf exaplead/ or transesteri f ied is.a
10 honmopol yner, such as pol y(nethyl nethacrylate). In another
enbodi nent, the

12 The amount of transesterifying compound used in the transesterification reaction is

13 typically between about 0.05 mole. of hydrocarbyl radical from the transesterifying

14 'compoqnd per mole of ester on the ethylene copolymer to 2 moles per mole. |
15 Preferably, the amount of transesterifying compound is at or slightly in excess of the

16 stoichiometric amount required to obtain the desired extent of transesterification of
acid and/or ester moieties. Some transesterifying compounds such as hexadecanol are
“solid, although the transesterifying compounds are usually liquids at the temperature
at which the transesterification reaction occurs. A solid compound may be fed to the
process neat, or it may be fed to the process in a suitable solvent, so long as the
compound is mixed uniformly in the melt. The amount of liquid fed to the process is
preferably minimized so that downstream processing to remove the liquid is not
required. A transesterifying compound with a low boiling-point may require that the
process operate at a pressure above atmospheric to prevent the transesterifying
compound from boiling prior to esterifying or transesterifying the polymer.

RREIRNEEBEES
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When the process is used to make an oxygen-scavenging composition, an electron-
27 donating group such as a heteroatom or heteroatom-containing radical generally



11 polynmer to be esterified and/or transesterified is a copol yner of
styrene and nethyl 12 met hacryl ate or poly(methyl nethacrylate). The
polymer to be esterified and/or 13 transesterified is a polyner having
the structure Qf Fornula | above, where the 14 substituent "

acid or ester. WO | 4 preferred embodi nent, the et hylﬁﬁﬂu Eﬁs’a

to be esterified and/or 16 transesterified contains a major portion of
ethylene. Typically, the ethylene 17 copol ymer contains from about 83
to about 99 nole percent ethylene, based on all 18 conononers present
in the polyner. Preferably, the polynmer contains about 90.7 to 19 98
nol e percent, and nore preferably, contains42-to 97 nole percent ethylene.
20 In one preferred enbodi ment, the polyner to be esterified and/or

transest er ilf i ed improves tif]oxygen-scawengingaabilities lof thepomposition.c 3he estercor. antide used

ol udes. oty eno5 Y RS ol Kot hE prkprom, or i BiniBAooaig,

acryl at e- al3kyl mm#ummmlmp@hymmmhmhmmgers

gg?t i gﬁl arfy preFEnge’d %%“a&e‘mﬁ"@% 4 knO\é\% @WEWM?WP“*

H gh nelt - goi nt g&hﬁ@ﬂ&o&m‘,@g‘eﬂw copol yners are al so useful
pol ymer i ntermnedi at es. WO 96/ 40799
PCT/ US96/ 05937 - 39 -

1 I n agot heropd S’E}FEE gﬂ@% Fetéerd i / or
transesterlfled I'S an ethyl eéne VI % tate CSE§|°y é’?.bgiﬁﬂgt | ene
acrylic acild copesipplyser.oiln this case, thehdeiwtonmnnmmogm onay theibondes bdhdant
groups whi har I d e - _such _as .anhydr.i des.
3PS e Byt ool B b, of o FBHR s, s el BRBME et v ,
when 6 9 preskbonded tdthe preethylene radical @6 the beneylfmsiety\Vi It ay ko be substituted
esterifi calhl on anqo&r

e methylene radical in place of one of the hydrogen atoms, in which case the

11 methylene radical is attached directly to the backbone or the moiety attached to the

12 backbone or to another heteroatom-containing moiety. Or, the heteroatom-containing

13 radical may be substituted in place of one of the hydrogen atoms of the phenyl

14 radical, Examples of heteroatom-containing radicals-include amine, ether, sulfide, -

15 and ketone radicals, and preferred radicals are esters and amides. Aryl and aryl ether -
16. - radicals can be substituted in the same manner on the methylene and the phenyl -

17 radicals, subject to the limitation that the aryl and aryl ether radicals, after
. 18 substitution, have 6 to 24 carbon atoms total. Preferably, the radicals which are

19 substituted onto the benzyl radical are selected from the group consisting of alkyl
radicals containing from 1 to 6 carbon atoms, alkoxy radicals having from 1 t0 6
carbon atoms, amine radicals having from 1 to 6 carbon atoms, aryl radicals and
substituted aryl radicals having 6 to 15 carbon atoms, aryl ether radicals and
substituted aryl ether radicals having from 6 to 15 carbon atoms, and ester and amide
radicals of acids having from 1 to 6 carbon atoms. Preferred radicals which provide
higher oxygen scavenging rates are alkyl, alkoxy, and amine radicals that are bonded
to the methylene radical of the benzyl moiety, or that are bonded in the ortho and/or
para position on the phenyl moiety.
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7 transesterification reaction. The optional conmononmers may react with
the 8 transesterifying conpound, but interference for the purposes of
this invention occurs 9 when less than 5 % of the ester or acid
noieties in the polyner that would have 10 ot herw se transesterlfled
if the opti on¥O oner was not present transesterify in SO6RFRL
presence of a stoichionetric excess of transesterifying conpound because of
the 12 presence of the optional conononer. 13 One exanpl e of
an et hyl ene copol ynmer havi ng ot her conononers which do not 14

interfere wwth the transesterification reaction is a partially saponified

et hyl ene al kyl 15 acryl ate copol ymer. S8Htum lithium or potassium
i ononers of an ethyl ene aI kyI 16 . acrylate copol yner are described in
U.S. Ser. INo. 08/144 Ansestetifivation process093, 17 whi ch is incorporated

atryl at o dodi L%@@%%Bﬁé&ﬁ%ﬁ&ﬁéﬁﬂngéﬁ%%ou (oofe 4 oy Spes 8 1

19 . pedcent eqpipment.ad Binbury mixkr abother ixingl equipment ¢apablecofformingta sodi um

acrylate. 20 Anot.her - exanpl e i s Lotader, a product of ELF Atochem
which is éﬁ et hmlgﬂg'gflkma g’f B, acryl ate copol ymer which contains naleic
anhydri de noi eti es whose unsaturated 22 car bon at ons becane saturated
carbon atons within the polyethyl eni¢c backbone. Al ter atlve y,

mal ei ¢ anl$ydr| dfn #psploseed rogess & el tafpaplymhms ﬂ@olaﬂwey’a

backbone gy, CpendiitBalef moleiiB€ 1/ AftkS A 'cBRPeu Jﬂnd”&%ﬁdiﬂu mese
pol yners 25 are known in the art. See; Tor exanple *’tent

No. 4, 5067056, mmnerifmm catalyst and/opan gxygen tsgavcw@s-pmﬁns trangitionrmetad y

WO 96/ 40799
PCT/ US96/ 35937 salt in an extruder. Reaction conditions are chosen to promote estcnﬁauon andlor

1 9 Zuansestéﬁmﬁmm nEstetificatibn ion gransestpsification p&ferablymrs @sing a

: transest i fyi cluges conpou whi ¢ sterify with a
3 o' ofEERREG calst 50 SRR it be R hBlarly
corrpound 11The cohvenientiformSsuch as pélletsgr flm)and nidyite expbsed te detinforadiatiopounds

having the ability to participate 5 in an esterification or
transesterification reaction for the particular ethylene copolyner 6

chosen fmz the AQﬁﬂt—bl@ﬁuxs'lihéf eyixﬁwuﬁwngtsum erigRiopolyfel {subleas
pol ymer t ca able of su |)]n ah dr‘éﬁarb}/’m‘radlcal to the

et hyl ene opol y?FBYI%UE'@Ml late ogpolymer- jand,\qy
hydrocar by gr oppéing'Bine BfficitnEio"Mal BRpohRhrAAE -bléi\a it with the transesterifying:

15 compoundand- any catalysts and transition-metal salts which are optionally introduced -
16 into the extruder. A melt may also be formed outside the extruder and fed into the

40 -

.17 extruder or other mixing eqdipment used for the esterification and/or
18 transesterification reaction. The appropriate temperature for melt-blending is within

19 the temperature range established by the melting temperature of the polymer (i.e. the

20 temperature at which the polymer is readily deformed; generally, a molten or fluid
state) and the temperature at which the polymer starts to degrade. Typically, the
temperature is between 180 and 250°C. The blend time, which is the length of time
required to mix or blend the polymer, transesterifying compound, and optional
catalyst and transition-metal salt, is chosen to provide good mixing and significant
reaction of the transesterifying compound with the polymer. Typically, the blend
time is between 5 seconds and 2 minutes in the extruder.
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9 two pol yners, or the two pol ymers may becone cross-linked with one

anot her . 10 When the et hyl ene copol yner is an ethylene al kyl acrylate

copol yner or an ethylene 11 acrylic acid copolyner, the

transesterifyin ound nmay be an al cohol, diol, 12 PREYBS06/0593

et her-ol, enejﬂa?& yet hyl ene gl ycol, hydroxyl am ne, hydrogéy-terni%ated
- 13 ~ polycarbonate or hydroxyl-containing asphalt. Al cohols are

preferred transesterifying 14 conmpounds for these copolymers. The

al cohol is preferably a primary or secondary 15 al cohol . Benzyl

al cohol is particularly preferred when maki ng adhesi ves and oxygen 16
scavengi ng conpounds. Qther preferred alcoh®s are listed in Tables 3, 4,

and 5. 17 Wien the ethyl ene copol yner is an ethylene vinyl acetate
copol ymer 1t he Litle or no solvent is-ised beyond that amopat preded:te qa@rasoqﬂ@ﬁﬁcﬁ"é@f’d,

such as Cl;Cl16 ' . L.aci d. a ' '@,%/ahr gpe €i C
acid, stedlic a@%&‘gs Z f‘%’"‘%@?‘ﬁd%‘%%&ﬁ'{'ﬁc aC|gt.ﬂl%gen Iﬁzagm‘%%z{c?g%i c
acid i s pa3ti culiquidyatesdtion contitions, sy po solvent is necessarytfor fiese WansesierfPiEd f or
an 21 et hyl ene vin cet at I ' . r
conmpound i ch M‘é&zﬁe %ﬁgﬁéﬁﬁ@%@ﬁﬂ%%@h@%@kﬁ%ﬂ@ﬁ &
copol ymer gslrefsukéliléiﬂ, s'iifibe&l#ﬁblbmbﬁnelmhﬁiﬁtelﬁﬁle mix?ng sappl?ﬂ(tly th@g!:hyzmr It is
an essential featuyre of this Qcess that the pol ymer Y -

pol yet hyl ehi ¢ bSSRPBeNt PAYYId tce&%i’eh‘(ﬁ%“? %R‘?"eﬁ“% the Harisesterifying

transestergyfi cah@bound, 2° The hydrocarbyl radical of the
transesterifying conpound includes al kyl radicals 26 containing from
1 to 18 carbon atons, al koxy radicals having from1l to 16 carbon 27

atons, alkyl ether déa‘g‘i— W\@;&B‘: b ihe cdpdiyhitr $Pploftably BaSEd oftltheiibundnd

al kynyl | o
PCT/ US96/ (%937 of transesterifying compound added. Preferably, the transesterifying compound 1 - 1

Fadi cal o R8I ng CoBelely B Winthe AVREE 53 dilfbrockt ARG Amph does oo,
radi cal s #hvi ng hhveosntié remotddl inFurther processing stepsos, ani ne radi cal s havi ng
from1l to 16 carbon atons, acid and netal salt

12 Esterification or transesterification can be facilitated by use of the transesterification

13 catalysts discussed above. The amount used is that amount which facilitates

14 esterification or transesterification: without adversely affecting other polyrher: C

18 properties to a substantial degree. In the case of alkoxy titanates, an alcohol/catalyst

16 molar ratio of 100/3 to 100/0.1 is preferred. Catalysts can be introduced into the

. 17 mixing equipment separately from the other feed components or mixed with one of
18 the other feed components.

An extruder for this invention is preferably an intermeshing twin-screw extruder.
Uniform and intensive mixing such as that supplied by kneading blocks and right-hand
elements is particularly preferred. See U.S. Ser. No. 08/144,173, filed Oct. 27,
1993, in this regard.

NRBEG

An extruder may be used in series with one or more extruders or with other
processing equipment. When one extruder is used, it is typically divided into at least
two zones, a reaction zone and a devolatilization zone. The pressure in the reaction
zone is typically selected on the basis of the vapor pressure or boiling point of the
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4 of acid radicals, anhydride radicals having from4 to 24 carbon
atons, ester and 5 am de radicals of acids having from1 to 16 carbon
atons, aryl radicals and 6 substituted aryl radicals having 6 to 24
carbon atons, and aryl ether radicals and 7 substituted aryl ether
radi cal s havi TyOP§ to 24 carbon atons. 8 The hydr 8€% P3di cal
of the transesterifying conpound may be a hydrocarbyl 9 radi cal or may
be a hydrocarbyl radical substituted with a heteroatomor a 10

het er oat om cont ai ni ng radi cal. The hydrocarbyl radical may therefore also
contain 11 hal ogen, acetyl, nitro, or nitrile noieties, for exanple.
12 The anount of transesterifying conmpotd used in the
transesterification reggction is tygécally between about 0.05 nole

J 13

of hydrocdr byl tanaestezifying camponndiused aad cas be at essentially atmosphesie pressurefor nol e
~ of ester @n th%{%ﬁ&%ﬁgﬁeuﬂgﬁxm. 3’“ BRéLfor Sone MivFalso ferably,

t he anount of transesterifying conpound Is _atoor%nsl | g}ﬁmﬂ?'gn%?ggé@'of t he
16 . st @i chi dpressarecdugrte the heat-and exsyder’s astionion the,polymet.r Ttie devolatilization
transesteyi ficapj0 .“%7"“’1”‘ ﬁﬁi ’]Qé‘&r LF mMi.eties.
transeste?i fying cgkn%lun s such asﬂn@xa eﬁﬁéﬁﬁ%rgﬁhﬁmgﬁ;ﬁfmalthough
t he trans®st er itransesterifiedpolymes. are usual ly |liquids at the tenperature 19
at which the transesterification reaction occurs. A solid conpound nay be

fed to the 20 process neat, or it may be fed to the process in a

sui tabl e @0l verk prefearrddagbaiiméntof e pmeﬂmdeﬂtﬁnréoﬁ@ﬁsés%ﬁﬁgbméwot he
mel t. The,,am)unt (if de to_ the prd?cess s 22 . -~ preferably

mni m zed’so t IEPOLEH piicrification and/er transesiesification and blending thmelty
required. 8A trauiea hgdroky férth SCIAfedchal'bddiive il tdrificaionBidiér MBY require

that the 24 process operate at a pressure above atnospheric to prevent

the transéster i tFapsestprification copditigpuprevidesan efficientandrconemical methed of makige or
transest qpi fyi %I)t,ﬁ@. lﬁOﬂn#rfﬁﬂcﬁonal%ﬁle-c ind) ﬂ‘km?‘ﬁ'@ﬁéﬁ fundiSith L(?du{ﬁeﬁ an

oxygen- scavengi ng conposttion, an electron- attng group s 3s a
het er oat &k or ~ R deastoenechydraxyt gioup that camiestenify ge mcidagroup on the polymer to be VO
96/ 40799 esterified (for example, ethylene acrylic acid) or transesterify an ester group on the

PCT/ US96/ 05937
13 polymer to be transesterified (for example, ethylene methyl acrylate copolymer).

14 Compositions of this invention or polymers useful in forming compositions of this . -

15 _ invention may contain acrylic acid and/or alkyl acrylate pendant moieties. ‘These can

16 be partially or completely neutralized and/or saponified by methods well-known in the
RY art of making ionomers. One such method is disclosed in U.S. Ser. No. 08/144,173,
18 filed Apr. 5, 1994, which is incorporated by reference herein in its entirety.

19 When the process of this invention is used to make an oxygen-scavenging polymer, an
20 oxygen scavenging-promoting transition-metal salt may be added into the polymer
during the esterification or transesterification reaction. Alternatively, the transition
metal salt can be incorpqrated into the polymer component by, for instance, coating
pellets of the esterified or transesterified ethylene copolymer with the transition-metal
salt and melt-blending the pellets in an extruder, thereby incorporating into the melt
blend an amount of the transition-metal salt that is effective to catalyze oxygen

26 scavenging. The method of incorporating the transition-metal salt into the

27 composition is not critical, as long as the transition-metal salt is dispersed throughout
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-42 - 1 I mproves the oxygen-scavenging abilities of the conposition.
The ester or amde 2 group on the polyner may supply the heteroatom
or the heteroatomcontaining 3 radi cal may be an ether. \Wen present,

t he heteroatomor teroatomcontaining 4 radi cal i y
9% s

bonded di r ect he atom on t he hydrocarbyl radical at

the oxygen to be scavenged reacts. 6 One oxygen scavengi ng
conposition which is preferred is an ethyl ene-benzyl ester 7

copolyner. In this case, the heteroatomcontaining radical may be bonded to
the 8 benzyl radical in any of thrgg possi bl e ways. The

het er oat om contai ni ng radical my 9 “*¥be bonded to the nethyl ene

radi cal pof thﬁebenz l, . 10i etry. | t F@* al so.be substituted 10 onto the
et hyl ene r adfieRomppsition peior fo use, of e OMPOFIUGH AN OXyREHEavergen TB% case the
11 2 et hyiontmethcait cat be incoffordedinte el csmposifiditbétore) Bariify, @F aftbre

nmoi ety attached to the 12 backbone or to another

het er oatdbm co#ﬁmwfll@“ﬁm-ety. O, the heteroatomcontaining 13 radi cal

may be substituted in place of one of the hydrogen atons of the phenyl 14

radi cal . Exanpl es of heteroatom containing radicals include am ne, ether,
sul fide,4 15 Optionally, thetcompositiatis@nd processcofithis invention candncludesexposure of thes and

am des. Aryl a [ et.he r adi ' ..l the sane
manner dsr? %/he%%ﬁﬁ%#&g%ﬁﬁg@%m%ﬁlﬂgﬁéﬁﬁgg‘fd‘{]o t he

i lran tatién thﬁ#ii&ﬂéﬁ%oﬁﬂﬂiﬁmﬁompérﬁfd, imyphéfgm?ﬁygarscaﬁ&giﬁg el
substityion, have 6 t car hon total .. Prefer _the radical s

whi ch ar’e 19wmm%s&'§mt&?ﬂ°ﬁﬁ%ew ‘?Mfaﬁ%‘; B om t he
group c@si st ehtirey! didtibses a méthod forriﬁdhﬁ@&yganscamm by éxpibsing @ fifmcar bon
atons, al koxy radicals having from1l to 6 ~21 .. carbon atons, anine
radi cal & havi WPM@?’@d@ﬁﬁmc&Pmdﬂla trangition meta] Gatalystto actinic

substityged a di lg&?w" hD3 , s icals
and 231“ su stlt'utlgc@]&g y e%ﬁ#@ﬁg%@g&%ﬁ@gmﬁgﬁ.%ﬁ%ﬁcar on
atons, Hnd esinctheahsenearofiastiniesradiation butiacshbr oo horrekistentrinduatign pexiod aftero 6
car bon ons. I = A VAl | 2 see N ygen
scavengfﬁhg rat €s 'grrgetsg%‘?%%@)%ﬂ‘ﬂfﬁ%’dﬁ?ﬂ%ﬂ?ﬁﬁgﬁ@éa%nded 26
to the et hyl activated diyetinio radidtionwan be storesd without epeciah pteparatiobonsterdge n t he
8[3} 2873131‘1/ or @uﬁemmts,@ﬁéﬁapﬁ)éﬁé bgcrﬂagoeﬂ Jr%pﬁn%nﬁboé&' énvifonment: They Vo
PCT/ USHES 0593 aintain a high capability for scavenging oxygen upon activation with actinic

16 radiation. Thus, oxygen scavenging can be activated when desired.

The radiation used can be actinic, e.g., ultraviolet or visible light having a wavelength
of about 200 to 750 nanometers (nm), and preferably having a wavelength of about
200 to 400 nm. When employing this method, it is preferable to expose the
composition to at least 0,01 Joules per gram of cdmposition of this invention. A
typical amount of exposure is in the range of 0.1 to 100 Joules per gram. Other
sources of radiation include jonizing radiation such as gamma, x-rays and corona
discharge. The duration of exposure depends on several factors including, but not
limited to, the amount and type of photoinitiator pfesént, thickness of the layers to be
exposed, amount of any antioxidant present, and the wavelength and intensity of the
radiation source. Preferred compositions of the present invention do not require a
photoinitiator.
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-43 - 1 3) Transesterification process 2

Esterification or transesterification of the polynmer nelt can occur in many
types of 3 equi pnent. A Banbury m xer or other mxi ng equi pnent

capabl e of for

mn polymer nelt may be used.
preferred procéﬁ?g“’%u of a polymer having a pol yet hyl en| cpggn‘ﬁgmne and

6 pendant ester noieties is mxed with a transesterifying conpound and,
optionally, a 7 transesterification catalyst and/or an oxygen
scavengi ng-pronoting transition-netal 8 salt in an extruder.

Reaction conditions are chosen to pronote egg-yel;lflcatlon and/or 9
transesterification. Esterification or transesterlflcatlon preferably
occurs usingg a & BORCE SIS Cehed YRVENTIONT esul ting pol ymer
can be extruded Thto any as pellets or film
and may be?exposed t addacti A melt-blend is

pr ef er abl y 4T ¥ CRufbhe olfier

et hyl ene- net hyI acryP[‘e[r Qy‘ﬁ%ﬂg%e%é%H %§%ﬁ% extarb&g%rR 5 nses,
t enper at ur & and thtylmaybeusedumgxm&dwyesﬁlmlxmametbwﬂnamma-lmrﬁhnr and
blend it wigh the transe er| ound and cat and
transition- #ret al Cnsirpch y@"%pl eFtain Wﬁ?@%@ﬁc@&'s o?gl)(especﬁ& '

extruder. /4 nel tm&nﬁ&m&mﬂym@w 6kyien mlﬁdﬁﬂn@dleﬁﬁikefwf& the |

17 “extruder or_other nixi ng eqw ment used for e es erlflcatl

and/or 187 tm WW@WW 252 heatseal daxsr or

for mel {-blgndi nroieivd faflarin ?W@wawwmmﬁ by
the melti n&)tenperature t he Iyner t he 20 terrperature at

whi ch the Bol yrreadhegw.@aqnahyg,dsfasm M§pec;ﬂtyapq1ﬂn@rémaaralsqhqw1n

t at he t |
Typi cal |y 15 o SRR blding vatllef ol BF diRlon iyl SolBnfRe) Ry prume
time, whicllis tmmmmeumwm@mammmmme
I t d I
ransi ] orbior al PERTRL PEDGIRRER 7 bichfe Pisld dunvires inend”S Al o5
reaction df3 the mlmmshﬁwh&hmmwymmbmnﬁpMWndMMeﬂ ly, the

S\L)egg / 38793 tine l'ygthy i}propylecon Sylé‘n%—propy%ne—%utadxen? th yxeng,relé'(njy‘icne-alkyl

PCT/ US96/ (3937  acrylate copolymers such as ethylene-methyl acrylate copolymer, ethylene-ethyl
' 16 acrylate copolymer, and ethylene-butyl acrylate copolymer; etliylene-vinyl acetate
17 copolymer; ethylene-vinyl alcohol '.copolymer; polyesters such-as:poly(ethylene
18 terephthalate); nylon; modified polyethylene (ex. maleic anhydride-grafted
19 polyethylene); polybutene; ethylene-propylene copolymer; and other thermoplastic

20 polyolefins.

21

2 Oxygen-scavenging compositions of the present invention are useful in many ways.
23 They can be processed into the form of high surface-area fibers for removing oxygen
24 which contacts the fibers. The compositions can be dispersed as small particles for
25 absorbing oxygen or can be coated onto materials such as metallic foil, polymer film,
26 metalized film, or cardboard to provide, in some embodiments, scavenging propertics
27 and/or adhesive properties. The compositions are also useful in making articles such
28 as single or multi-layer rigid thick-walled plastic containers (typically, between 8 and
29 100 mils in thickness) or in making single or multi-layer flexible films, especially thin



-44- 1 Little or no solvent is used beyond that anount needed to

assure good contact of the 2 transesterifying conpound with the nelt.
Al cohol s and organic acids typically are 3 | i quids at reaction
conditions, so no solvent is necessary for these transesterifying 4
conmpounds. TheVPP8#¥t erification reaction can proceed wit hgﬁfmg?("ﬁﬁ”a

pol ymer 5 sol vent, since the polyner nelt and intensive m xing
supplied by the mxing 6 equi.pnent provide sufficient contact between
the pol yner and the transesterifying 7 conpound. 8 The degree

of reaction of the ethylene copolyner is preferably based on the anount 9
of transesterifying conpound added. Prefera#8y, the transesterifying
conmpound 10 conpletely reacts with the polyner, so that excess -

transest erl f yi ndilmo(essithar 3imils onevenias thin as about\(:25 wilhe Somewf ¢he compositionsr

pr ocessi ng, st eps 12 . terificati op.qr i 1. QR C e
Poci 11 tat b by SEMegreeninysiid 5 by Redl b ff USg Wk byl gl [Thsl”
above. Thed anoutfilmsiesrcbed vsed hlohe arincumbiitioh withoothért filtnsor inbaterials.
esterification or transesterification w thout adversely affecting other

pol ymer 15 properties to a substantial degree. In the case of al koxy

tit?nat eg,a an a:meheﬂn{assiﬁob%lsbsml;ﬁemd tigvﬂﬁh&iag@ﬁ:ﬁhﬁwﬁ%eﬂﬁiﬁdﬂﬂr&n&ei s
preferred._ Catal ysts can_be jntroduced. into the 17 m Xi ng eqyi gment
separ at el Y3 f r omPPIYEEE |§sh 38 WBW&WH‘FHME W‘@ﬂywﬁfgﬂqﬁmq‘m

ot her feedgconp k%?n icles. f deftafh paclidpivid Aficles; well-

pr ef er abl Ssan i%’? r.rr%s |cn t%arﬁglgcfglwﬁg%a?\gggtp?é?gq uni fgorm and

i nt ensi ve T xi ndmewn theamosetsanan alsp beiused 45,2 polymetiedilugnticks and ri ght - hand 21
elenments is particularly preferred. See U.S. Ser. No. 08/144,173, filed

Cct. 27, 22 1993, in this regard. 23 An extruder may be used
in series &ith @Selecting combinativns ofceedituent andi thé corhpsitiodof the presqot vestinnng

Sgui prment t%\DV%;r)l I,on1e leél;[l dCRer i g u}ie.dE ‘ [ 5’%8’%7%? a‘l’ﬁ"‘?’;ﬂ%%gs?gﬁ@%%}%gt | east
pressure 10 t he inchaizj butrare fiot limited toppelyéthylene) fova bt yerydbw densityqolyettyldnesi s
of the VapPt PT SiieTow gernsipyolixlaljire%l&%i, ;[nea(r)flovt/ ggnsity.polyethylene, polypropylene,

12 polyvinyl chloride, and ethylene copolymers such as ethylene-vinyl acetate, ethylene-

13 alkyl acrylates or methacrylates, ethylene-acrylic acid or methacrylic acid, and

14 ethylene-arylic or metharylic acid ionomers. - In rigid packaging applications,

15 polystyrene is used, and in rigid articles such as beverage containers, polyethylene .

16 terephthalate (PET), is often used. See U.S. Patent No. 5,021,515. Blends of

.17 different diluents may also be used. However, as indicated above, the selection of the
18 polymeric diluent largely depends on the article to be manufactured and the end use.

19 Such selection factors are well known in the art.
20 If a diluent polymer such as a thermoplastic is employed, it should further be selected
21 according to its compatibility with the composition of the present invention. In some
22 instances, the clarity, cleanliness, effectiveness as an oxygen scavenger, barrier
23 properties, mechanical properties and/or texture of the article can be adversely
24 ~ affected by a blend contzining a polymer which is incompatible with the composition
25 of the present invention. '
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1 transest eri fying conpound used, and can be at essentially atnospheric
pressure for many transesterifying conpounds. zone
may al so be unaer s!rlgh 3 pressure due to the hea%@%uder' S
action on the polyner. The devolatilization 4 zone is typically
under . vacuumto assist renoving volatile materials fromthe 5
transesterified polyner. 6 A preferred enbodi nent of the process
of this invention conprises formng a nelt of 7 a pol ynmer capabl e

of esterification and/or transesterificat#®n and bl endi ng the nelt 8
with a hydroxy formof a functional additive under esterification and/or

9 r ans 98¢ W?‘é‘éﬂ%ﬁﬁ@i%@%ﬁ%i@é@ prgsest inveation: wherel ethylsnemi cal

gé?gquf omkof gpﬁﬂgt I O ?%t | v ﬁ%ﬂ@ﬁlbﬁ%@t o&gm}ﬁ%goxyl

group t it cathesvbstantinl similanityiof the plopemgs ofthe cthiylens benzyl beryle@e copolymer fo

o oup. orf t ne. 6 PRk eyl iR Skl odtblyler o YORERS MG i HERRS| or.c

met hyl d&ryl athe mmlqmimwtmo)nposmm of the pre@nmimmuomhsa widet fange efupplitdtions or

Cont i n Sacr | Mt dolyehTlgng and Pyiene el eyl pbmes L Those can 16

be partially or corrpl etely neutrali zed and/ or saponl f [ ed by net hods
vveII-kngwn I n t art f makln I ononmers. One such nethod is
in

di scl os dSéfr cqpposition of th @"e“t‘o“f‘\"ﬂb%l%l’a“ le polymer, cagtbech | s
I ncor porgat ed

process of th?‘gdfﬁivg{ﬁ‘on %Sﬁgw gru‘a%{:@ ¥'§’§n‘° a?\l;gtr\aln.h po {?Qgr an
20 9 oxygthe apprevimal¢ rapge o5 501G mﬁﬂ’ﬁnsmwmmmethodsadftblm;ngbmladhjed

into thgy pol ygEh, | f | sterJ i cation
reacti 813 Al tg;rgné%l veﬂvﬂt#&éﬁ‘t@n@%@% Wi'%& “%&ngl ﬁl ﬁyesrggﬁagxé:

i ncor pddat ed fmmmxwm Wepgmg comppsitiens| extyusidhcor doestnaiong solombmggZS
peIIetslzof the er| se rified eth ene co onrrer w th the
transition-me %ﬁ%a ng, s@ﬁ‘F{’%g‘mj“W&f IDE, POEpAfoR, them extrysion,
extrudds, t hemmﬁyg,lmmi goaidoduring, ianiisation ©r éBmbinZfons thereoftﬂ/cﬁmﬁty%&anﬁmunt of
the tr QSItI_CI)_ﬁ nﬁéﬁl B@“é}}‘ that 1s effective to catal yze oxygen 26

scavenal g 8+ ncorporating the transition-netal salt into the
27 conposition is not critical, as long as the transition-netal salt

is di splgr sed ,h}‘w ou hout
nts of transition-metal salt, polymer comprising a polyethylenic backbone -

16 having pendant moieties comprising benzyl, allylic, and/or heteroatom-containing
17 radicals, and optional polymeric diluents and additives vary depending on the article

18  to be manufactured and its end use. These amounts also depend on the desired

19 scavenging capacity, the desired scavenging rate, the induction period of the oxygen

20 scavenger, and the particular materials selected. '

The compositions of the present invention have various induction periods before the
compositions become effective oxygen scavengers. For example, to scavenge oxygen
using essentially an ethylene benzyl acrylate copolymer, the composition must either
have its induction period reduced, such as by exposing it to ultraviolet light, or the
induction périod must lapse. - However, a composition comprising an ethylene benzyl
acrylate copolymer having one or more methoxy radicals substituted onto each phenyl

YRR REE NN

radical will have a very short induction period without exposure to actinic radiation,



WD 96/ 40799

PCT/ US96/ 05937 \ -46 -
1 the conposition prior to use of the conposition as an oxygen
scavenger. The éﬂ transiton-netal salt can be incorporated_into the
conposition bef B9 , g ng, or after 3 transesterificat ?EH!USS"“W
Optionally, the conpositions and process of this invention can include
exposure of the 5 pol ymer contai ni ng the oxygen scavengi ng- pronoti ng
transition nmetal to actinic 6 radi ation to reduce the induction
period, if any, before oxygen scavengi ng 7 commences. U.S. Patent

No. 5,211,875, which is incorporated by ref'e§ nce inits

8
entirety, disclo ek Or= B 14 At | C ' X | ng a
fim o Conprbafnleimbisdis ol RERESR IR ERiRaRInE Ry
met al cat al®yst ht gne@fﬂclulazcomﬁ(gmon chosdifatigiVenAse:wllbdqje?]d hn;t))nfoxt khelfmmoht.
I nvention e as a.l.ong induction,period 11 I n the absenge
actini o rad at i ofE a5 6 1535 18 focei o 19 pieREng GaTEeD Sz Espmple 29
exposure tq acti gicpjgadiption is particularly preferred. Conpositions which

are 13 activated by actinic radiation can be stored w thout special
preparation or storage 14 requi rements, such as bei ng packaged or kept

in a nitrogen enyj . see | s ' | dal

scavengi ng oy geriie Eoiiirsing ¢ cdpositon of 4 bl uveblic Iy et skl o
oxygen scavengi nFheyamay be incthe farnedf stbckfildss inchuding "otiénted” orTTheat sheiinkabilen
used can beg, actipjc .q.. ultrayiolet or visible |ight.having a | engt h
1570 %0t dbout Bl vichaes bl Eo<ororied 4 et <. oPLin 9 10 A HIGH-wRp
wavel engt h 8of abfilsis. I'Phe laiega Afdy lalsoteGn N8 forAeT sRE ket @ Beplacedth AGrckdging S

preferable _to expose the, . conposition to at |east 0.01 Joules per
gram of co osit&ﬂfyo m%%n@aﬁngwm%iwomgwmwwﬁe

i's in the gpange Rfelndy bOwihia ﬁl@%xﬁﬁn&esrwﬂfs?‘rﬁvaegfﬂﬁﬂer?aw "f&be5h

radi ati on jinclude ioni'zing radiation such as ganma, Xx-ra lasye{a.lz@}tcor ona 2%6
di schar ge.1iThe dffreafgrlinsr plagpsbwith er in-the sontaiorr’s lid or gap.f The layer may evesi bey,
s 13 no sk Bt o bl s kit ! 1210 present
13 Many of the oxygen-scavenging compositions,. such as ethylene benzyl acrylate
14 copolymer, have sufficient tie-strength to be.useful additionally as a tie-layerina ...
15 multi-layer structure. . Thus, separate tie layers may not be necessary for binding the - -
16 composition of the present invention into a multi-layer film. Also, the oxygen-
17 scavenging composition can have sufficient hot-tack properties that a layer made from
18 the composition of the present invention will function additionally as the heat-seal
19 layer.

In multilayered articles, the scavenging layer comprising the composition of the
present invention may be included with layers such as, but not necessarily limited to,
“oxygen barriers", i.e., layers of material having an oxygen transmission rate equal to
or less than 100 cubic centimeters-mil per square meter (cc-mil/m?) per day per
atmosphere pressure at room temperature, i.e., about 25°C. Typical oxygen barriers
comprise poly(ethylene vinyl alcohol), polyacrylonitrile, polyviny! chloride,
poly(vinylidene dichloride), polyethylene terephthalate, silica, and polyamides. Metal
- foil layers can also be employed.

NRRRENNS



25 exposed, anount of any antioxidant present, and the wavel ength and

intensity of the 26 radi ati on source. Preferred conpositions of the
present invention do not require a 27 phot oi ni ti at or. WO
96/ 40799

PCT/ US96/ 059% 96/40799 PCI/USO6RHIT 1
A) USES FOR COWPCOSI TIONS OF THIS | NVENTION 2 1) Uses for
the specialty polynmers 3 There are nmany uses for the specialty

pol ymers di scussed above. Anpbng ot her uses, 4 they may be used as a
nono-layer filmor as atie layer in a mulfj-layer film 5 construction

for packaging. In certain enbodinents, fiThs of the specialty polyners
above ha sub e seful
A00ve 2P SRl o 5 S5 A P A Vi BT
heat Sﬁa:z I aégbxjgen Gno?]e pﬂf@kﬂcﬁmbodnﬁay.ea‘spedamabkdh fiegxible, packagingyfob foods e as
an asphalt a ive, .a, hot t adhesjve cqQating, oQr as '

i nsul ati éh. Sp F@W“%F&/ﬂ@g% from,theo pitgmg to-the %%gmlayer

mol ding, g/acuugr iRlpdéiage, @ O a iARAED RyeF 10 mmmmwxn&iom%aﬂ

specialty polyners above can be used to nodify the physical and perfornmance

12 prfbper t mtm bersiey) (g hiphrdopsity polyrthylenele (i) an oxyges basrier layer, dided.

Ex I t b
Crn 2 01 e bl gD of b il T D
et hyl ene- 7pr opybmallwt('adlaefnmtioaal;iaye;mh assEVIAL eﬁmtwllojthe-dz@gen barder y| at e

acryl At o Saopol BigeRy GE D By B ke ReduRh o RA%enll uinr te B R i 1
acetate 917 hnﬁ:imahqme ofetyzd\eﬂey W the Iscavengii compgnehty (iity, and tuy ¢intitngs

such as ol y(e ht hal ata | o djfi ed poI e,t hyl ene
(ex. c anhV m&aﬂ o Mnctwp{,
et hyl eneupr ODYia?&%d@Gﬂ STt is ad WM:S&MM%%&QM whncﬁ@é’ﬂifuﬁfeﬁtns-

21 es for t e oxygﬁn scaveng npositions of the

present ¥nvent Wﬂ)?ﬂ“"t ghiongl @M@Fpo'ggﬁl f"@ﬁ%""é* layer.can pravide
inventi a3 are yoafier td ﬁoﬂBf‘k‘longmu%ﬁ of compi\ids ¢aAtainkd Witﬂﬁleaséﬁﬁ%d iﬁ?ﬁ ofhe

form of high surface-area fibers for renoving oxygen 24

cont act 4 he f tedresentiinventioninsa the packagednterjer. (These meigrating cempoundp include| es
for 15 additives or by-products of oxygen scavenging. The functional layer may improve the

16 heat-sealability, clarity. and/or resistance to blocking of the multi-layer film. Control
17 of the oxygen permeability of the functional Jayer also allows a means to set an upper

18 Iimit on the rate of oxygen scavenging for the overall structure independently of the
19 composition of the scavenging component (iii). This can serve the purpose of

20 extending the handling lifetime of films in the presence of air prior to sealing the

21 package. .

22 The multilayered articles can be prepared using coextrusion, coating and/or

23 lamination. In addition to oxygen barrier and oxygen permeable layers, further layers

24 such as tie-layers which function to bind the other layers into one film and adhesive

25 layers which make the overall film adhesive to other surfaces may be adjacent to any

26 of the layers listed above. Compositions suitable for tie-layers or adhesive layers

27 include those well known in the art, such as maleic anhydride functionalized

28 polyolefins,



25 absor bi ng oxygen or can be coated onto materials such as netallic

foil, polynmer film 26 netalized film or cardboard to provide, in sone
enbodi ments, scavengi ng properties 27 and/ or adhesi ve properti es. The
conposi tions are also useful in making articles such 28

mul ti-layer rMAWPHPck-walled plastic containers (typicall y'%r%%' 8 and .
29 100 mls in thickness) or in making single or multi-layer flexible
films, especially thin WO 96/ 40799

PCT/ US96/ 05937 -48 -

1 films (Iess than 3 ml., or even as #nn as about 0.25 ml). Sone of
t he conpositions of the present inVention are easily fornmed i nto

conti nati dn i h%‘%*é‘?‘ of B Vevgel ¥ englg capabilicy of 8 ipogifon 1Sl 01 Gl

t he presem i nvmmmgrmybbealbnlabﬂlby measringetlic timetelapsesd baforegheartigle depletes

i1 Tayera o & et O 8 brveeR bl 0 boniifies ¥of fhoiee o B o

cer gal n pac k?gl he sarvgnglihgsommutmbeplawd xmmmngmsn?wmm ofahsenéixls

used as a Jo neric Iy 0 nat 0 I 1 uent
et he o Y tyatn GonHiRBE BmRasEReS: 615 Al which ypibally Sonins 2B 8% SxyeRn by
properti eg desi ydigme.PaihuilRover 1peridti 6PEmE,SatipRs oﬁ%éilﬁosbhhtﬁﬂﬁde #@ container

i nclude, but are not lim'ted to, pol yet hyI ene | ow or, very | ow density
pol yet hyl dne, are removed tgwpteanms\ihmmsa;e P¥)gen Fermaiping, |'ﬂ§a§m‘feﬁﬂ“3&$§ﬁ ty’

Copalymor & Siichor8e caRpoify and boyes of the B iNrUGTWA Yt SR cEjae”"®

acryl at es Sor neteinperapire andatmesphetic cenditionsl i ¢ acid or nmethacrylic acid, and

14 et hyl ene-arylic or netharylic acid iononers. In rigid packaging
applications, 15 pol ystyrene is used, and in rigid articles such as
bever age lﬂont ai %eﬁanaaiv,eaﬁygmnerhﬁ prepareﬁellerioﬂwgmg eaté Gan e as bowods en
used. Se gqtent . 021 515 Bl.end 17 di ffder ent gg I uents
may al so e use \"ée Prefeat vpntion; RS, day 1 3iE
pol yneri @2di | ue2s°g ﬁrmllyatﬁ\eﬁmadﬁpresaufehenm\tee, prefetablecconipositions of il and t he
end use. __ 19 h selectiqn factors are well known in the ar‘il

13 _mventnon ve rates equal to or greater than 1 cc oxygen per gram per day, thus

14 making them suitable for scavenging oxygen from within a package, as well as
15 suitable for active oxygen barrier applications. - Many compositions are even capable .
16 of more preferable rates equal to or greater than 5.0 cc O, per gram per day.

17 Generally, film layers suitable for use as an active oxygen barrier can have an oxygen
18 transmission rate as high as 10 cc oxygen per square meter per mil per day when

19 measured in air at 25°C and 1 atmosphere pressure. Preferably, a layer of this

20 invention has an oxygen transmission rate less than about 1 cc oxygen per square

21 meter per mil per day, and more preferably has an oxygen transmission rate less than

2 about 0.2 cc oxygen per square meter per mil per day under the same conditions, thus

23 making it suitable for active oxygen barrier applications as well as for scavenging

24 oxygen from within a package.

In an active oxygen barrier application, it is preferable that the combination of oxygen
barriers and any oxygen scavenging activity create an overall oxygen transmission rate

S

_of less than about 1.0 cubic centimeter-mil per square meter per day per atmosphere



20 If a diluent polyner such as a thernoplastic is enployed, it

should further be selected 21 according to its conpatibility with
the conposition of the present invention. In some 22 i nstances, the
clarity, clegpki ef fectiveness as an oxygen scavenger, barrier 23
properti es, 3@@?@@?§5| properties and/or texture of the artFEFES¢H e
adversely 24 af fected by a bl end containing a polyner which is

i nconpati ble with the conposition 25 of the present invention.
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One particul ar advantage of the corrpositi'oﬁ%'of the present invention where
et hyl ene-;, 2 net ACrylate r is dified to formethyl ene
benoyt ack yi at s ancS | Kndther detol OF pererale crved saveneiies Sriteds
oo 11 o S st e s vaicias s e Squraiton,
properti o] ne- . acrylate copolyner an ol yet hy e. i s
pernits MMP%EMWRQ%W&G%E@&W$R§&RPW% ‘a
wi de rangg of M&h@éﬁﬁ&ﬁ&ea@whic%n‘t\’ﬂﬂ :&e%og?laem I&E,eit%@b&h%ﬁ'ﬁmqﬁéhw

acryl ate copol ymer are used. end of a conposition of the

present ifhvent semengingrate of she axygen scavenging articleroripackage should beraufficient tr y

he appr i mat SR h BRIl PRy T TGS e A2 85 il RUCKRE Wi !

bl endi ng i nclude 10 the use of a solvent followed by evaporation. Wen

maki ng figl mlayers or .articles . 11 . fr Qxygen- scavengi ng co I tions,
oxt rusi orf or cHCkPrapBk s Bade scoonding 1 s FERaE, ME BTG BRI
stretch 1@ ow ndépend grimarilyesti the iafiount!dnd matir® 61 theCompusitiosoOMe pesent

coating, jcoati n% and .c(%?i qqﬁ | anj nation or conbinatigons thereof would
typical |y 14 mnventjoyip gle;and seeondarily onthe amountand fagse of other additives

transitiggn- met @l.g.saildent POlyMer _ranﬁ&ﬂ&’git Sété'? vﬂxg{ﬂ%r? %ﬁéﬁﬁ}%%ﬁﬁ@e 16

havi ng pendant noi eti es conprising benzy

het er oatddm contempAneRy, asi well as theoyerall manngnin which She-packrge,isfabricated, e:gst s and

addi tivga var yofiHee ddh NG %@g article 18 to be manufactured and its
end use. These anpbunts also depend on the desired

13 The oxygen scavenging capacity of an article comprising the invention can be -

14 measured by determining the amount of oxygen consumed until the article-becomes: :. .
15 ineffective as a scavenger.: The scavenging capacity of the package will depend -

16 primarily on the amount and nature of the scavenging moieties present in the article,

17 as discussed above.

18 In actual use, the oxygen scavenging capacity requirement of the article will largely
19 depend on three parameters of each application:

20 1. the quantity of oxygen initially present in the package,

21 2. the rate of oxygen entry into the package in the absence of the

22 scavenging property, and

23 3. the intended shelf life for the package.

24 The scavenging capacity of the composition can be as low as 1 cc oxygen per gram,
25 but is preferably at least 10 cc oxygen per gram, and more preferably at least 50 cc



19 scavengi ng capacity, the desired scavenging rate, the induction
period of the oxygen 20 scavenger, and the particular materials

sel ect ed. 21 The conpositions of the present invention have various
i nduction perigds before the 22 conposi ti ons becone eff ' en
scavengers. FomQ¥MPc to scavenge oxygen 23 usi ng 3&%@%??@?%8 an
et hyl ene benzyl acryl ate copol ynmer, the conposition nust either 24
have.its induction period reduced, such as by exposing it to ultraviolet
light, or the 25 I nduction period nmust | apse. However, a conposition
conprising an ethyl ene benzyl 26 acryl ate copol ynmer havi ng one or nore
nmet hoxy radicals substituted onto each phenﬁv“27 radical will have a
very short induction period without exposyre to actjnic radiatL?n,

WO 96/ 40794 oxygen per gram. When such compositions are in a layer, the layer will preferably
PCT/ US96/ 09937 s0; il thicBiess
1 so that t h%avggnﬁpoggﬁni oﬁ |t¥°£f'a¥ %a%’ftizggcfg%gceg\?gf]é%m{)ex%tgﬁp%ﬁ mrrgsfttu

i medi at el 3. Thuand mor2 preferablyt dtdeast:500 eooxygencper square imefter gico silthickness, gi ven
use will depend in part on the |ength of 3 time that the
conposition is to be stored prior to scavengi ng oxygen. See Exanple 29 4
and Figuredl. Otlier factors myy also affertroxygenoscavenging apd shauldbe cinsidered wheaent

Lock 111§ ncHRHHRG SomRioRt | hese faer inclyde ok aff ot el 10 (enpeRiin,

whi ch may @ ti nmejepitive RemidigC 25EHE adhiosphetic environmentiin the patiagé.orm of -
stretch-wap 8 films. The layers may al so be in the form of sheet

inserts to be placed in a packagi ng 9. cavity. In rigid articles

such as beyer ageA&ﬂﬁkﬁi@&hﬁmetﬂiﬁhpﬁ&%m:ﬁﬁoémn&roﬂwmdm gbQhrough kRYyer
may be within the container’'s walls. Even further, the |ayer rraéaﬂso be in
A&gﬁlasg)em up

the 11 8 or m Ginductipn peniodS| befare theytexhibit oxygeniseaveaging. tha, fhis

ALl ve. ot i oriigudin period cap be BhESRALM AT Lxftling B YorfiBndh b "
conposi ti dfs, suradiation.cMayinitiate dxygenyscavenging i an oxygen scavenger is defined herein as
1 facilitating scavenging such that the induction period of oxygen scavenging is |
12 significantly reduced or eliminated. The induction period is the period of time before
13 the scavenging composition exhibits useful scavenging properties. - Further, initiation. -
© 14 of oxygen scavenging may also apply to compositions which have an indeterminate
15 induction period in the absence of radiation.

16  While the exact manner in which oxygen scavenging is initiated is not known, it is
17 postulated, without limiting the invention to any specific theory, that one or more of
18 the following occurs when the oxygen scavenger is exposed to radiation:

19 a. substantial depletion of any antioxidant(s), if present, thus allowing
20 oxidation to proceed;

21 b. activation of the transition metal catalyst through a change in the
22 metal’s oxidation state and/or its configuration of ligands, thus

23 increasing its effect on scavenging; or



14 copol yner, have sufficient tie-strength to be useful additionally
as a tie-layer in a 15 mul ti-layer structure. Thus, separate tie

| ayers may not be necessary for binding the 16 conposition of the
present invention into a nulti-layer film Also, the oxygenigé% T
scavengi ng cHAWMT0n can have sufficient hot-tack propertlSY rHAt A | ayer
made from 18 the conposition of the present invention will function
additionally as the heat-seal 19 | ayer. 20 In multilayered
articles, the scavenging |ayer conprising the conposition of the 21

present invention may be included with |layers such as, but not necessarily
limted to, 22 "oxygen barriers", i.eaﬁs'tayers of material having an

oxygen transm ssion rate equal to 23 or .l ess than 100 cubic .
centinmetefs-mil per %qua?éﬂli’ﬁ‘&“é‘ﬂ ’(‘M’P/fﬁeéf“?‘ﬁeiaﬂ T PEPXIE SPeFics present In
at nospher g pressure at rmﬁeﬁpaé@iw%.mm-mmﬁ[@ﬁéﬁ&m&ymmt '

oxygen barriers 25 conprise poly(ethylene vinyl alcohol),

pol.yacryl 8nitrile, polyvPR{emaMAGr| de, 26 pol y(vinyl i dene
dichloride), polyethylene terephthalate, silica, and pol yam des. Metal 27
foil layers can al so be enpl oyed. WO 96/ 40799

PCT/ US96/ 85937 When using oxygen scavenging layers or articles, exposure to radiation can be dering

1 The gzaddi t j onal .l S al so_ingl 0 | re
per neabl est o] ra?mme%é’ﬁ.qﬁﬁe3#@%'?&%&%%&%@%&%{MN
;Iexi blhe ﬁackaghtpg?:lfagﬁaﬁ Oﬁykenk tsbﬁsitiﬂrpﬁodqct, dxwmwmdl 'puihrhtoj durh1gde¥aﬁ¢rah rting
romthe Qutside of_ the ckage_ to,t i pner nost | ayer: Q e
package, (i) a Rackaging r%egt), forgity, o °He€’ﬁ’&’ﬁ‘?r5é§°‘§49%tweﬁﬁlbe{‘5°r£t

as a 5 g "EHiQs s £nkcshester (e.g. high-density polyethylene), (ii) an
oxygen barrier layer, (iii) a 6 | ayer conprising an
oxygen-scavengi ng conposition of the present invention, and 7
optionally, (iv EW a\?é?}%ﬁr : @éﬁi J@1al il R anf wHEN
barrier 8 A"’gtrn perty o Il éﬂ%hg&n an§ to [ﬁetg;tﬂll ate the scavengi ng
life of tlle pacitayiencihenzyd acrylate pravides substantial adwardages impackeging foodyproductsh e
scavengi conp. ”i")'il LiA Ll h& ki f,
consunpt irign of @@ggfeclneé‘lwng ﬁggﬂ%#ﬁﬁ%k%%h&gi%%dglﬁ?%ﬁeer Hﬁé{ﬁ?fg’lﬂd- 11
| ayer ed d@nposidxygen scavengingyoapabilities fof itiee conposition care bé initintéd by exposisg whe ch
the adj aggnt 12. | annot.. per f orm as . wel s the functjonal | gyer.
The funcﬁ?onal @Q%Pr@ﬁ%m&&mm reduée the Snduc qn-penod prﬂ)r%%r‘%venﬁé?

14 food is enclosed within the composition of the present invention. ‘This provides the

15. ability to supply food having the freshest flavor, * Also, initiation of the oxygen

16 scavenging properties at the time of packaging food permits the greatest shelf-life,

17 since the full oxygen scavenging capacity of the article or film is utilized in keeping

18 oxygen out of the food.

The compositions and methods are illustrated by the following examples, which are

8 8

not intended to limit the invention in any way.

Example 1
ave i h - Benzyl ide lym
One hundred (100) parts by weight of an ethylene - methyl acrylate copolymer, which
contained 40 wt. % methyl acrylate (MA) and 60 wt. % ethylene, and had a melt-
index (MI) of 8 g/10 min., was charged to a 300 cc autoclave with 100 parts of
benzyl amine. The mixture was heated to 240°C under nitrogen for 5 hours with

EhREBR



13 a barrier to stop or slow mgration of conpounds contained within
~a conposition of 14 the present invention into the package interior.
These migrating conpounds include 15 addi tives or by-products of
oxygen scavengi ng. The functional |ayer may inprove the 16

heat - seal abi |l it O!Wﬂﬁﬁﬁy and/ or resistance to bl ocking of thePGHPPFOP%R]er
film Control 17 of the oxygen perneability of the functional |ayer
also allows a neans to set an upper 18 limt on the rate of oxygen
scavenging for the overall structure independently of the 19

~conposi tion of the scavenging conponent (iii)._This can serve the purpose

of 20 extending the handling lifetinme 'cﬁs‘fl | ms in the presence of
air prior to_sealing.the 2] packa t] ered
articles canlpe pr MSH% 'pb"em ggﬁy‘“&{)yﬁﬂﬂ"ﬂ'ﬁﬂg ng‘q“d

| am nation. ln addwssnwuk:ﬁrememeb b, 2R fler ey UnB &Y vERElh,C1

further |ayers 24 such as tie- Iayers whi ch function to bind the other

|l ayers into @ne fiPalymercA aves obtained, Infra-red spoetroscopry; and mmm@mmdmedm | m

adhesive to her com*?m iﬂﬁﬁaﬁ %@nz " of I
listed above(zt @Hﬁ{ll ons sul I'e Tor *éﬁg?}g?‘g or :!1 esfvgest ayec?)sﬂi -6
i ncl ude thosé wel Ifrhm@ustonnkm m.twmmwmmaﬁwmnedé and cobalt

functionaliz 28 | yol ef ins 9
PCT/ US96/ 059% neodecan®ife i the ratio provided in Example 12 ma ?lgalé(gyst%m 90 Rgipmlx 1

To determ ne7t he mmmmwamlmrmmnm. Films weree
of oxygen scav can cal cul ated by neasuring the tine _
el apsed befof'e th@'ﬁ?ﬂ’?‘ﬁgguﬁgﬁ%@e %5-? a certain anount of oxygen

froma seal ed container. For instance, a filmconprising 4 t he
scavengi ng conmponent can be placed in an air- tl;geht seal ed container of a

certain 5 oxygen cont ai ni ng at m)sph

air which typ| cal I y
cont ai ns 20.5§% oxygen 1t

L) !,'1 \ J"

sanpl es of the atnosphére 1n IOE

deternine tHd per c@re bupdrag (10R)ngets WWloﬁgn eﬂubnscawwmmlyﬂ&r (40
of the conpgyi ti ongangl MR%’%?dﬂolJeﬂ‘in%@ﬁgrﬁ of'd%(i]mt %Lof%o“t' l54GRA0YP M LN

changing 9 tenperature and atnos CcC con
13 methoxybenzyl amine was added along with 24 parts of 2-pyridone, and the solution

14 was refluxed at 184°C for 12 hours. After cooling, the polymer solution was

15 precipitated in methanol and dried in a vacuum oven to give polymer B. Infra-red
1_6 analysis indicated a quantitative conversion of ester to amide. Blends with nylon-6
17 from Custom Resin, Inc. were prepared by feeding 5 parts of Copolymer B and 95
18 parts of nylon-6 to 2 Haake-90 twin-screw extruder at 210°C. Films were prepared
19 by the method of Example 27.

One hundred (100) parts by we:ght of an ethylene-methyl acrylate copolymer (20

wt. % MA) was dissolved in 150 parts of decalin, along with 50 parts of benzyl
alcohol and 0.5 part of tetraethyl titanate, a transesterification catalyst. The mixture
was refluxed at 184°C for 3 hours and worked up s described in Example 2. NMR
analysis indicated 88 % conversion of methyl ester to benzyl ester.

RRRBERES



10 When an active oxygen barrier is prepared, the scavenging rate can
be as low as 11 0.1 cc oxygen per gram of conposition of the present
invention per day in air at - 12 25[err] C and at 1 at mosphere
pressure. Fbmever referabl e conpositions of this have
rates equal Egeater than 1 cc oxygen per. gran1per daybgﬁﬁﬁgkggl

maki ng then1SU|tabIe for scavengi ng oxygen fromw thin a package, as well

as 15 suitable for active oxygen barrier applications. Many
conpositions are even capable 16 of nore preferable rates equal to
or greater than 5.0 cc Q2 per gram per day. 17 Generally, film

| ayers suitable for use as an active oxygé‘nﬁ"b‘arrl er can have an oxygen 18
transm ssjion rate as high as 10 cc oxyge er iquare nmeter per ml per day
ﬁé’)‘%ﬂ'ﬂ 1 at rmsphere pressure

when 19 1 nmeasured in air at 25[err
Preferably, a lay >
rate | ess than abou C

day, and dvore ﬁfl@rmmﬂwuof%aml mﬁ%h&%ﬁe@é’“%&n 22
about 0.24cc OW@@M%?ILW%&M IIE%JI &ﬁ%ﬂ’l %rmmigr%

condltlons t hus Img 1t sul ve oxygen
applicati 5ns amﬁrﬂomsfhmﬂtykmmg:mlmafwr7hnuygefmmW thin a

package. 25 . In an active oxygen barrier application, it is preferable
t hat the conbi nati on of oxygen 26 barriers and any oxygen scavengi ng
activity greate an overall oxygen transnExgapk5rate 27 of less than
about 1.0_cubic centi meter-ml ter per d % P&! her_

WO 96/ 40789 ‘ Acrylat ate e s

PCT/ US96/ §5937

1 pregsureghtePZS rr] C Ang1 %?"‘?15?’?"%"?."’5%"”0 agcsepg?tﬂa‘l,)flscfzmlcl)';(“ymgtri\w’tiléé

scavengi n§ is cwasi instead of the tetraethyl titapaten JPolymerd was:iselatpdwith a 64 % ual
use, theggcave &R I r.ﬁ%%u pend on t he
i nt er nal gt rmsp e?%mé'?gfﬁiee ggﬁage%%"g‘“ﬁtm“ 2 e pacﬁage and

t he terrperature at which it is stored.” In actual use, it has been found
t hat the scavenging rate of th@§ gﬁggn scavenging article or
package s}t"loul d be SUffICI ent to sh an |nternal oxygen | evel
of less dRan 0.1 B ithelst ] ste-Benz : ,

13 The procedure of Example 3 was followed except that 0.5 part of toluene sulfonic

14 acid was used instead of the tetraethyl titanate. Polymer F was isolated with a2 43 %

15 conversion of methyl ester to benzyl ester after 15 hours of reaction.

16 ive j

17 Examples 7-11 were produced via reactive extrusion. In these examples, a Werner
18 Pfleiderer ZSK-30 twin-screw extruder was used. Ethylene-methyl acrylate

19 copolymer was fed into the extruder and melted, and the reactant(s) (such as benzyl
20 alcohol) and catalyst(s) were added to the extruder in a subsequent reaction zone.
21 Although the following examples utilized ethylene-methyl acrylate copolymer, the
22 method described herein is not limited to use of only ethylene-methyl acrylate

23 copolymer.

24 Two vent ports on the extruder produced a higher conversion of methyl ester to
25 benzyl or benzylic ester, and they reduced the flooding which often occurred in a
26 screw with only one vent port. The first vent port downstream of the point where




7 In a packaging article made according to this invention, the
scavenging rate w | 8 depend primarily on the anpbunt and nature of
t he conposition of the present 9 invention in the article, and
secondarily on the anount and nature of other additives 10 éé

di | uent pol ym¥O %49 0xi dant, etc.) which are present in the & %E&%?%g 11
conponent, as well as the overall manner in which the package is
fabricated, e.g., 12 surface areal/volune ratio. 13 The oxygen
scavengi ng capacity of an article conprising the invention can be 14
measured by determ ning the amount of oxygenoconsumed until the article
becones 15 I neffective as a scavenger. e scavengi ng capacity of the

D avong :i“g i et caBliye iR are 0003yt ol b Bhe 80eghEle b S rhiaion ™ 1
I , . : ] : v elscche |

vm'nl ?Clt ;?geFflethmmgé@?r?g o] ?ﬁ?;e razgt rs g]lcl'heg h Iicfa 'cf‘ﬂ-st ICZS

I the qdant | pmeysIiRdEE Rz vacoim |l seenodvent parf deyasiRiagh of e s, was

2. the gate Qindervddfiim 30 rémiove'ting résidialRAKARS (Such hbsaﬁtwsaea@n?wdne 22

scavengi ng property, and 23 3. the intended, shelt life for

the packag®. — mprmally haveihigher hoiling poigts thansthe by-Rspducise dovghstEedm pe

as | ow as § cc b '?gﬁsired. but is preferably at least 10 cc
oxygen per gr am(%gnﬁ nor e pr‘%ﬁérla y at least 50 cc WO

96/ 40799

PCT/ US96/ 03937

1 oxygen per rwléeni“stﬂ% ﬁ"%‘g’%&‘@f ﬁl %cﬁeg %’#“e‘“.‘lx t%pfoav§,dgra,_ ut%iﬂognl néfg/cg.'?é
wi || prefeBably of melted polymer, reactant(s) and catalyst(s) without degrading the polymer.
' 9 However, the temperature was also selected to produce the greatest difference in
10 vapor pressure between the by-products and the reactants (where the by-products have
11 a lower boiling-point than the reactants). Normally, the temperature will be at or

12 slightly below the boiling point of the reactants.

13 In some of the following examples, ethylene-methyl acrylate copolymer and benzyl
14 alcohol were reacted at about 205°C, which is the boiling point of benzyl alcohol.

15 The first vent port pressure was about 760 mm Hg, and the second vent port pressure
16 was about 25 mm Hg. This method provided a uniform mixture of copolymer,

17 reactants, and catalyst, and also gave the greatest difference in vapor pressure

18 between benzyl alcohol and methanol. This procedure provides improved conversions
19 of methyl ester to benzyl ester over the method where one vent port is used to remove
20 both the byproduct, methanol, and excess reactant, benzyl alcohol.

21

22

23 Extrusion .

24 Eihylene - methyl acrylate copolymer (40 wt. % MA, 8 g/10 min. M) copolymer
25 was fed into a Werner Pfleiderer ZSK-30 twin screw extruder at a feed rate of 3 .
26 kg/hr with a barrel temperature of about 205-210°C. Benzy! alcohol and tetracthyl
27 titanate were fed into the first mixing zone at rates of 1.5 kg/hr and 15 g/hr,



2 have an oxygen capacity of at |east 250 cc oxygen per square neter
per ml| thickness 3 and nore preferably at | east 500 cc oxygen per
square neter per m | thickness. 4 : Q her factors may al so affect
oxygen scaven and shoul d be consi dered when

conp05|t|on 8 ® factors include but are not Ilntted to%Fgﬁ%ggg?sﬁe
relative huntdlty, and the atnospheric environnent in the package.

As illustrated in the Exanpl es, sone enbodi nents of the invention go

t hrough an 8 "induction period" before they exhibit oxygen
scavengi ng. It has been found that this 9 |nduct|on period can be
short ened substantlally by exposing the corposition to radi ati on.

IS S é%%&?@g%u%ﬁwiﬁﬂﬁmeg?%lﬁgnas
scavengl Py is 29$convexﬁbmof friethyhéster to denzyd dstarwhhmmaeaemeaﬂmanumlon

RN i o s i e

oxygen swvengtwmﬁk%@m M%SWQ%'&HM& 26wt hghasRyloerylate, and 20

I ndeterm nate 15 I nduction period in the absence of rad| at’i on.

Wil e thed exact"'t nﬁm i -c Fhe polymer compasition wasi cglcplated; basadoon NMRyt
known, it postulated without Iimting the invention to any
speC|f|c theory, )tsﬁat one or nore of 18 the foll ow ng occurs when the
oxygen scavenger is exposed to radiation: a. subst anti al

depl eti o, of any antioxidant(s), if pre us allowng 20
oxi dat i orr? to proceed; : 21 Mglftdqvat ion of the tran5| t [ on

nmet al cat$al yst Prepapatith ¢ S§tS , te-Ben : ,
oxi dat i o& state and/ or | ts conf i gurat [ or] of J | gands thus 23
I ncreasimng its effect on scavengi ng; WO 96/ 40799

PCT/ US961005937The procedure of Example 7 was followed, except ethylene-methyl acrylate
11 copolymer having 24 wt. % MA and 2 g/10 min. MI was used, while the benzyl
12 alcohol and titanium catalyst feed rates were 1.8 kg/hr and 18 g/hr, respectively. The
13 product, polymer H, had a MI of 2.19, with a 51 % conversion of methyl ester to
14 benzyl ester ‘based on NMR analysis. The weight ratio of ethylene/methyl
15 acrylate/benzyl acrylate of Polymer H was 69/10/21.

16

18 a Partial 3-methy] Substitution on the Phenyl Ring

19 The procedure of Example 8 was followed to make Polymer H-Me, except that a

20 solution of 99 wt. % benzyl alcohol and 1 wt. % of 3-methylbenzyl alcohol was used
21 in place of the benzy! alcohol of Example 8. 48 % of the methyl ester radicals were
22 converted to benzy! ester radicals or 3-methylbenzyl ester radicals, based on NMR
23 analysis. The weight ratios of ethylene/methyl acrylate/benzyl acrylate were

24 69/11/20.




- 55- 1 C. a substantial increase in free radical and/or
peroxi de species present in 2 " the system despite the

i nhi biting effect of any antioxidant(s) if present 3 or
remai ni ng. When using oxygen scavenging |ayers or articles
exposure to rac??‘a?f’ﬁm can be during 5 or after the |ayer PEFUSROQSBY o g
prepared. If the resulting layer or article is to be used 6 t o package
an oxygen sensitive product, exposure can be prior to, during, or after 7
packagi ng. For best uniformty of radiation, exposure shoul d occur when the
| ayer or 8 article is a flat sheet. A conposition of the
present invention conprising a transition- rnnqg salt and an 10 '

et hyl ene be?zyl acryl ate provides substan?&g@ quntages i n packagi ng food
products. An artrcle or wap fo R arnrng food can be made from
t he conposi @i on, ephe : spe-Methy Ren v : : Me
conposition,can be initia : .filntto
actinic radPation to redudiBvilfd after 14

food is enclgosed metﬁ}b&dhie%maﬁwé Wfaiowhb@o ﬁﬁEéPBIyMeBYPOMeOBxceEm-S
provides the 15 ability to_Supply food having the freshest flavor.

Al so, initidtion Bethexybenzyl aeohol was Wbs“%‘@é\lém MWMW e of

packagi ng fgod p hgs Eﬁs‘},aﬁ e‘%sfer werb feid|

oxygen SCan(I’)lgl ng caggecglt?/ o%%'? e art*‘ or éfnalﬁ mi scoﬁt | %gﬁgﬁ eeml%als

18 oxygdn outorg-methoxybenzyl ester radicals. mnevmghmmtofcﬂwleae/meﬂwt hods are

|IIustratedb t C not intended to
Y ¢ OO e A 30715710 Khr Pojme? Br-OMe.

limt the |nvent|

Example 1 22 Aut ocl ave Synt hesis of Ethylene - Benzyl
Acryl am de pol ymer A 23 One hundrﬁ ééO(i) parts by weight of an
et hyl ene - thyl acryl ate copol yrrer cont ai ned 40 wt. %

met hyl acr ybat e ( Mrbnaritibn Gl BthyleéMethvl A8Slate s , Readtive
(M), of 8 a/lo mn., was charged to a 300 ccC autoclave vvrt 100 parts of 26
benzyl am 4. The m xture was heated to 24BKBNSI9C under nitrogen for 5

hours withi2 The procedure of Example 7 was followed except that a 20 % MA ethylene-methyl
13 acrylate copolymer and a MI of 6 g/10 min. was used as the feed polymer. The
14 product, polymer I, had a melt index of 6.25 g/10 min, with a 39 % conversion of
15 methyl ester radicals to benzyl ester radicals, based on NMR analysis. The weight
1§ ratio of ethylene/methyl acrylate/benzyl acrylate was 75/11/14.

17 Example 12

18 Blending of Cobalt Salt with Polymer A -

19 1000 parts of polymer A pellets were tumble mixed with 8.3 parts of cobalt

20 neodecanoate (which contains 1 part cobalt) in 20 parts of hexane. The hexane was
21 removed by vacuum, and the cobalt-coated resins were extruded into pellet form, then

22 into films by the method of Example 27.



WD 96/ 40799

PCT/ US96/ 05937 - 56- 1 :
continued stirring. The resulting polymer was pul verized under |iquid 5
nitrogen and_ 2 washed wi th hexane, then nethanol. After j nder
vacuum 107 W¥aPe07} 3 pol yner A was obtained. Infra- %ﬂsl&pggﬁckgar%scopy

and nitrogen analysis indicated 4 quantitative conversion of the

nmet hyl ester to the benzyl-am de. 95 parts of nylon-6 5 from Custom

Resin, Inc. were blended with 5 parts of Polynmer A and cobalt 6
neodecanoate in the ratio provided in Exanple 12 in a Haake System 90

Rheom x 7 TW 100 conical twi n-screw ex@lruder (hereafter "Haake-90") at |
210[err]C. Filns were 8 prepared by the nethod of Exanple 27. 9 |

Exanpl e 21 10 Sol ution Synt he=@EPkr 13t hyl ene -
3- Met hoxyRenzyl - acryl am de Cops > of Ht Salt wilhopdithskgd (100) parts by
wei ght of an ethyl ene - nethyl r (40 1. wt. % MA) was

mer (40
di ssol ved3i n 15Thepmethed of Examplé 12 was repeated, substitutingsPolymer B foPolymer A.
met hoxybenzyl am ne was added along with 24 parts of 2-pyridone, and the

solution 14 was refluxed at 184[err]C for 12 hours. After cooling, the
pol ymer sdglution was 15 preci pi t at eEkaimplenBt hanol and dried in a vacuum
oven to give polynmer B. Infra-red, 16 anal ysis ibndi cated a quantitative

Vil A _roivine
8

conversi offt of ester to am de. from Cust om

Resin, |ng. verphe¥heRad SﬂE%Q%EQQ ,t bmﬁsyomlyﬁar CHoAPélyfier A18

parts of nylon-6 to a Haake-90 tw n-screw extruder at -.Zlolglr_r]c. Filns were
prepared 719  Thefjim madefromdhispolymes had thefpllowing properties: tensile strength 1243

Exanpl e 3g21 it el i bSinP#eol hyl ene- Met hyl  Acryl at e- Benzyl
Acryl ate Ter pol s#erm&@ﬁdﬁ%ng@élﬁﬁg@gd (%0) parts by weight of an _
et hyl ene-net hyl acryl ate copol yner (20 23 wt. % MA) was dissolved in

partof 1811 act RVt (a8l Ykt hlRhiah, RoulR Bosuth g ¥ R nE 0 0,

was refl d@ed atpetfodied by ASTM midtHodnos Dag82. wor ked up as described in Exanple

2. NVR 26 anal ysi-s indicated 88 % conversion of nethyl ester to benzyl
ester.

11 Example 15

12 Blending of Cobalt Salt with Polymer D

13 The method of Example 12 was repeated, substituting Polymer D for Polymer A.

4 Example 16
15 ding of t with Po
16  The method of Example 12 was repeated, substituting Polymer E for Polymer A.

17 : Example 17

18 Blending of Cobalt Salt with Polymer F
19 The method of Example 12 was repeated, substituting Polymer F for Polymer A. I
20 : Example 18

2] ding of Salt wi )

22 The method of Example 12 was repeated, substituting Polymer G for Polymer A.
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Exanmple 4 2 Sol ution Synthesis of Ethylene-Mthyl Acryl ate-Benzyl
. Acryl ate Ter pol The procedure of Exanple 3 was f g}gﬁ?nsgggcept
' that 0.5 part %"’dﬁ"‘ﬂﬁ?yl tin 4 dil aurate was used ins gg 0
'tetraethyl titanate. Polyner D was isolated with a 72 % 5 conver si on
of nethyl ester to benzyl ester after 7 hours of reaction. 6
Example 5 7 Sol uti on Synt hesis of Ethylene-Mthyl Acryl ate-Benzyl
Acryl ate Terpolynmer E 8 The procedure of Exanple 3 was foll owed
except that 0.5 part of sodi um nethoxide 9 -62- was used instead of the
tetraethyl titanate. Polymer E was isolated with a 64 % 10 conver si on
of methyl estler to benzyl ester after 10 hmplﬁ 9reactlon 11 '
Example 6 1 SOyl s 2 .

Acryl at e- BenZyl Acryl at e “T8TpOTYITEr - o' e
was f ol | owed 3excepThe tnalhodnﬁBpanpledﬂ mlmbd,ssubmm Pdlmefﬂfat:?@lyw&%‘“used
instead of the tetraethyl titanate. Polyner F was isolated with a 43 % 15
conversion of nethyl ester to benzyl ester after 15 hours of reaction.

16 4 ReExzinphaZOExtrusmn 17

Exanpl es 7-11 were produced vi '

Werner 18 S Pfleiderer 28

Et Ih%/I Sne m;t fI;yhl ac-mg; ﬂ;ete.?d( qp%w$u§iﬁgj2.lquaﬂs bﬂec)ﬂmtt:gebdmnamd
nel ted, an e reactant(s), (suc al co
Zlat ﬁl ys':}(;s%1 \Z;erlel alwhieh eontaing:0. &P?‘EH@FWH}% h i I qf?#]Ft 8.grparts of |
ou egfollo ene- ne acryl ate
9 Mn@é@”ﬂ Oglgm?a&ﬁ“ of Réxand. yl acry

copol yrer, the ed hereinis not limted to use of

only ethyl ene- rret hyl acryl ate copol yner.
9 Example 21
10 Blending of Cobalt Salt with Polymer H to Form Polymer H-500

11 The method of Example 19 was repeated, using 4.2 parts of cobalt neodecanoate
12 (which contains 0.50 part cobalt) in 10 parts of hexane in place of the 8.3 parts of
13 cobalt neodecanoate in 20 parts of hexane.

14 Example 22

15 Jlendi ith Polymer H_to For mer H-2

16 The method of Example 19 was repeated, using 16.6 parts of cobalt neodecanoate
17 (which contains 2.0 parts cobalt) in 40 parts of hexane in place of the 8.3 parts of
18 cobalt neodecanoate in 20 parts of hexane.

19 _ Example 23 .
20 lending. t with Polymer H-M
21 The method of Example 12 was repeated, substituting Polymer H-Me for Polymer A.

Example 24
lendin t ith Pol H-
The method of Example 12 was repeated, substituting Polymer H-OMe for
Polymer A. '

RR BN



24 - Two vent ports on the extruder produced a hi gher conversion of

nmet hyl ester to 25 benzyl or benzylic ester, and they reduced the
fl oodi ng which often occurred in a 26 screw with only one vent port.
The first vent wnst r eam of the pornt wher e 799
PCT/ US96/ 05937‘4?‘%‘;""95‘(3 PA)QS&%%‘

1 reactant (s) and catal yst(s) are added was open to the at nosphere to
all ow reaction by- 2 products (in the exanples, nethanol) to escape.
The by-products may al so be 3 removed under slight vacuum The second
vent port, downstreamof the first, was 4 under vacuumto renove any
residual reactants (such as benzyl alcohol)"QQHCh 5 normal | y have

hi gher boi | tng poi nts than the by- product%x Adﬂ:eﬁ[ onal down-stream 6
vent ports Can be used, if desired. enperature in the
extruder - wag sel ect ed pri mari |y Bleadine\ofdtoba DATyphbr e 8 of

rrelted pol yper, actant(s and c al yst S) . W : out deqgr adi t he pol yner.
| . HovvevgE t '@;{ﬁé@) gepsatpd,yubstituin @;"eI Polymegifost

drfference in vapor pressure between the by-products and the .
reactants (V\/nere the by- products have 11 a | ower boiling-point than
t he react an‘ﬂs) Normal |y, the tenperat ureEmmple&ﬁ at or 12 slightly

bel ow the bgiling point of the g i :
fol | owi ng exanpl es, et hyl ene- nEtHy T2 CooT Benzyl 14
al cohol wer@ rea@bmmAabdmﬁﬂﬁﬁnuaﬂylmﬂtpmkaﬂ ahmbbutrttorﬂnmhm-www

- al cohol rsgt vgnt_port ssure was, abo nd the
second venﬁport pres?h?’é“ ﬁ' poly sfggg MJ%MWBW ded

a uni f orm n§ xt ur mecdecaropte! iy Aetered ihto memaﬁaﬁhfgmoaeaeﬂehtsaratm 'ni&Cbra&&&

gave the grgatest drfference I n_vapor pressure, bet ween benzy

al cohol and® met hAYiFh copfai émig)ﬁ“&[‘)’tﬁF Wv@&%@%‘%ﬁm 19

of nethyl g@ter W&K ester over the met hod where one vent port is used

to remove 20 bo t he byproduct, nethanol, and excess reactant,

benzyl al cohol.
11

12 : 3
13 A Randcastle Microtruder was used to extrude mono-layer films of about S mil _
.14 thickness of polymers with cobalt. The die temperature, feed block, and adapter were
15_ set at 420°F, and the feeder RPM was set at 143, All films were soft and flexible

16 and were observed to have good clarity.

17 Example 28

18 jtiati Scavengi

19 Some films were irradiated prior to performing oxygen scavenging studies. These
20 films were exposed to UV radiation under a 15 watt UV lamp (a Blak-Ray lamp,
21 model XX-15S, made by UVP Inc.) for 5 minutes at a distance of 5 inches.

22 The effect of UV irradiation is clearly seen for Polymer H-1000 of Example 19, for
23 example. The irradiated film scavenged oxygen much more rapidly.



21 Exanple 7 22 Preparation
of Et hyl ene-Met hyl Acryl ate-Benzyl Acrylate Terpolynmer G by Reactive 23
Extrusion 24 Et hyl ene - nethyl acrylate copolyner (40 wt. % MA, 8
g/10 mn. M) copolyner 25 was fed into a Werner Pfbapg8sstsea%SK- 30
twin screw eXPO§HE! at a feed rate of 3 26 kg/ hr with a barrel

t enperature of about 205-210[err]C. Benzyl al cohol and tetraethyl 27
titanate were fed into the first mxing zone at rates of 1.5 kg/hr and 15

g/ hr, WD 96/ 40799 _ :
PCT/ US96/ 05937 -64 - -59 - 1
respectively. The resulting polymer was pelletized, and NVR anal ysi s
indicated a 2 29% conver si on of ”%mﬂgl@ﬁ er to benzyl ester with no

. detectabl e amount of free 3 benzyl al Cohol. The nmelt index of the

resul ting Terpol yner G was 7 Ox¥geyy Scavengingawithot aationr r] C, and its

1 A
I ti 9 : v | , 20 5
% bty "t e e st F i BAGmet okl peafiolly 19 20, G4 G el e

6 ana ysi sseparate/]-liter capacity bottles, and oxygen depletion was monitored véingaMocoft 8
Preparatipon of hyl ene- Met hyl Acryl at e-Benzyl Acrylate Terpol ymer H by
Reacti ve é)9 7id oxygen a"a%b}“ Extrusion 10 The
procedure of Exanple 7 was followed, except ethylene-nethyl acrylate 11
copol yner,_ having 24 wt. % MA_and 2 g/10 mn. M was used, while the benzyl
12 " albcohol Tharesults;shawn in Figuse § show thatithess samplas seavenge exyees watheut{dV o/ hr |

Conver i an of e st deRAC RN, cegRRNERE e or06 sibsllucd onto g anliyl fog, 0T

The wei ght ratio of ethylene/nethyl 15 acxyl at e/ benzyl acryl ate of
Pol ymer was 69/ 10/ 21. 16 :
v o 3 Example 30

10 Rate and capacity of oxygen removal at 25°C and at 55°C were measured by placing
11 polymer film samples in sealed bottles which had 20.9% or 2% oxygen, as specified,
12 and monitoring the oxygen depletion by gas chromatography and/or by Mocon 710
13 oxygen analyzer.

14 About 5 grams of polymer film were used for 22 cc and 250 cc capacity bottles.

15 About 2 grams of polymer film were used for 1 liter capacity bottles. Oxygen

16 depletion was monitored by gas chromatography (GC) or with a Mocon 710 oxygen
17 analyzer. The following Table ! exemplifies the oxygen scavenging activities

18 recorded for 22 cc, 250 cc and 1 liter bottles.



17 Preparati on of Ethylene-Mthyl Acryl ate-Benzyl Acrylate Terpol yner

H Me. Having 18 a Partial 3-nethyl Substitution on
t he Phenyl Ri ng 19 The procedure of Exanple 8 was foll owed to nake
Pol ymer except that a 20 solution of 99 wt. % benzyj, Fﬁ}lﬁ%&h,and
1 w. %of 3 YO YV4ENzy| al cohol was used 21 in place of enzyl

al cohol of Exanple 8. 48 % of the nmethyl ester radicals were 22
converted to benyl ester radicals or 3- netg%lbenzyl ester radicals, based

on NWR 23 anal ysis. The wei ght ratios 0f ethyl ene/ net hyl
~acryl at e/ benzyl acrylate were 24 69/ 11/ 20. WO 96/ 40799
PCT/ US96/ 05937 v - 60- 1
Exanple 10 2 >'Preparatlon of Et hyl ene- Met hyl Acryl at e- Benzy
Acryl ate Terpol yner H®MWe. 3 3 Havi ng a Partial 3-nethoxy
Substitution on the Pl@gnyl Ring &4 The proceddre of Exanple 9 was
foll owed to make Pol yner H OMe, except 3- 5 nmet hoxybenzyl al cohol was
substituted in place of _the 3-nethyl benzyl al cohol of 6 Exanple 9. 45
% of the methyl ester r & cal s wePe converted to Benzyl eXtRr radic 7
or 3-methoxybenzyl estg®radical s';'; The wei ght ratBos of efyf}l ene/ nme yI R
acryl ate/ benzyl acrqule were 69/12/19 for Polynmer H OWe. 9 8 5
Exanple 11 10 reparati on of Ethyl ene-Met hyl Acryl ate Benzylg 8
Acryl ate Terpolymer | 8y Rea€jjveeJ® _ownen o ; 5
Extrusion 12 The_proce@ies Q(@@aa*z‘w;folg oweggﬁ:ept t gt & 20
% MA et hyl ene- net hyl _13 @%crﬁ?ﬂte copolynmer and a M of 6 g/10 n
was used as the feed pgjyner The 14 product, polyner |, had g ne
index of 6.25 g/10 ming withsp 39 % QgRksfohtgf 15 2 9E hyl e er <
radicals to benzyl estgr radials, bayecdhers anal ysi s. SB& wei gt 1§
rati o of ethyl ene/meth,yl acry ate/benzyl acryla ate was 75/ 11/ 14. £ ’*'.:.".3
-4 £a 8%
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17 Exanple 12 18

Bl endi ng of Cobalt Salt with Polyner A 19 1000 parts of polyner A :
pellets were tunble m xed with 8.3 parts of cobalt 20 neodecanoat e
(which contains 1 part cobalt) in 20 parts of hexane. The gg,?%g&{u 21 '
removed by VHOIHMIPhnd the cobalt-coated resins were extru Into pell et

form then 22 into filnms by the nethod of Exanple 27. - WO

96/ 40799 : PCT/ US96/ 05937

- 61 - 1 Example 13 2

Bl ending of Cobalt Salt with Polyner B 3 The net hod of Exanple 12 was
repeated, substituting Polyner B for Pol er'E§5‘A. 4

Exanple 14 5 | endi of Cobalt Salt with

Pol ymer cle The net hod of Exarrpl e%"ﬂgsﬂgepeat ed, substituting

Pol ymer Cgfor Polynmer A 7 . Oxtb& Hoti0CadabitySfullies POl yner had the

following properties: tensile stren el ongation 726%

and nel ti g poi Fee ©iE] exygea absorptipn WM mt’fﬁhnpgthsmbrmloéﬁgmple 19 :
el ongati o You f ASTM
ot hgd now D BBQQIMEW wal Rbadured SR ShowiF PFighi 2. AlsoP e &@ﬁﬂpﬂ% 5
12 s polymer H-1000 to schvengel oxygen iwibimhthetfirgfew days &t reducedmoxygen 13
The met hog of - FaIRGsd? 6148 SahER%R 2% 0, VRS Whdablebd nd RheIRs Wk colrRleHiE"

7 oxygen scavenger, Ageless, available from Mitsubishi Gas Chemical Co. (see Figure

8 3). These conditions simulate a method of purging oxygen with nitrogen gas during

9 packaging of food. Figure 3 shows that polymer H-1000 was superior to Ageless in

10 scavenging oxygen at low concentrations, since polymer H-1000 scavenged all but

11 0.02 % of the oxygen from the container head-spaee while Ageless left 0.12 % of the
12 oxygen.

13

15 The cobalt content of compositions using Polymer H was varied to determine its

l§ effect on the oxygen scavenging rate. Oxygen scavenging rates and capacities were
17 measured for UV-irradiated films of polymers from Examples 19 through 22, and the
18 results are shown in Figure 4.

19 | Example 33

20 OV rrie i

21 Polymer of Example 25 was co-extruded with a commercial oxygen barrier ethylene
22 vinyl alcohol (EVOH) (available from Eval Co. of America, grade Eval F-104) and a
23 Bynel 388 tie layer (available from DuPont), using a Randcastle Minitruder. The

24 resulting 3-layer structures showed a four-fold reduction in oxygen transmission rate
25 over EVOH alone. Similar results were observed for 3-layer structures made with
26 polymer H-1000 of Example 19. See Figure 5.




15 Bl endi ng of Cobalt Salt with Polyner E 16
The nmet hod of Exanple 12 was repeated, substituting Polyner E for Pol yner

A 17 Exanple 17 18

- Blending of Cobalt Salt with Polyner F 19 The met hod of ExarT,BI e 12 was

. repeated, subst WQIW%Z?’POI yner F for Pol yner A. 20 96/05937

. Exanple 18 21 Bl endi ng of Cobalt Salt with

. Polymer G 22 The net hod of Exanpl e 12 was repeated, substituting

. Polymer G for Polymer A WO 96/ 40799

- PCT/ US96/ 05937 - 62- 1
Exanple 19 2 Bl endi ng of Cobal46%Balt with Polymer Hto Form
Pol ymer H 1000 3 The met hod of Exanple 12 was repeated, substituting

Pol ymer H for IPol ymer A 4 Comparanve Example34
Exanmpl'e 20 Sy : Ji , ]
Pol ymer H 250" 6 - 1 ' o) Jmuiv e -
parts .of cobaBt neodecanoate (Whl ch cMns O 25 part cobal t) inb

parts of hexage in ce, of 8.3 part _ cobalt neodecanoate in
20 parts of hgxane ﬁhal F (E'& AC® copolymer grade SP-2260,.mpde by

10 @M%ﬁﬂde‘Mwmﬁ' Wﬁsﬁﬁﬁ&@dpﬁtﬁ”i@?oppm
H 500 11 The hod o amle 19 was repeated, usin parts o
cobal t neodecgnoat e"ﬁﬂ descriped dn Example 1% Thestesigontaining:cabpitisalt was gstruded dito

hexane in plage of { fikn & wéd%(ﬁxmple 27. The films were tested with and without the UV
8 radiation as described in Example 28. Little oxygen smveﬁging was found in either

9 case.
10 _ Example 35
1 Analysis of Products of Oxjdation
1? After Polymer H-1000 was oxidized for six days using a 5 g. sample in a bottle
13 having a capacity of 1000 cc, it was extracted with methanol, concentrated, and
14 analyzed by gas chromatography and gas chromatography coupled with mass
15 spectroscopy. Over 95 % of the oxidation product was benzoic acid.

16 Physical properties of Polymer H-1000 were analyzed before and after scavenging
17 40.6 cc of oxygen per gram of Polymer H-1000 over a 6-day period. These results
18 are summarized in Table 2.

19 Table 2
go BEFORE AFTER
1 _ OXIDATION OXIDATION
2 Tensile strength (psi) 1769 712
23 % clongation 707 | 493
24 Young's modulus (psi) 2768 2947

25 1 % secant (psi) 2320 2463



13 cobalt neodecanoate in 20 parts of hexane. 14

Exanpl e 22 15 Bl ending of Cobalt Salt with Polynmer Hto Form
Pol ymer H-2000 16 The nethod of Exanple 19 was repeated, using 16.6
parts of cohkalt neodecanoate 17 (which contains 2.0 pa ) in 40
parts of hex ﬂgﬁlf‘ﬁgppl ace of the 8.3 parts of 18 cobal ?&?leo ecast’ﬁoate I n
20 parts of hexane. 19 Exanpl e 23
20 Bl endi ng of Cobalt Salt with Polyner H M 21
The net hod of Exanple 12 was repeated, substituting Polymer H Me for

Pol yrmer A. 22 Exampl e 24 23

Bl endi ng of Cobalt Salt with Pol yner H ove%82 The net hod of Exanple 12
was  repeaj ed, substituting Polyner H forlegg Pol yner A.

WD 96/ 40799 i . .. P ,

PCT/ Usg6/a%5937 WY} ‘vﬁj f penzyhimige-conta 1} '-vuu, 14~ (U Lot ene-But: a1 l SIid 1

Exanple 2% 2 _Aﬂhﬂﬂmgﬂof Cobal { I‘vm'th
Pol ymer 4 3 100 partsf Latados 4708, available from Elf Atochemceaniaining s maleis: i ng

Pol yner Igfor y4HB panﬁ -meth: lami kneaded at 150°C in SO
Exampl e 26 5Em é,aﬁdlo_ of 3 oxybﬁenﬁ Bllngr?lcﬁ ng of Co aIthaI P“Fo

Copol yner& 6 of decalipforyrhouss,foliowed by 2 hoursial L8174 wndenwacuum: toclchysisate she
Fate s r nt o duiier Holleciinidon fan b mopibiad'oy tie siniod B widphlac °°
net ered i$to t band torthe imide bawi with infedredispeetremetfy. SPregipitationidfahepolgmet s 9
uhy oh corngai N ghQln ORSBRTs Rudhes 85 blsShof 5 it iing EslichPlo frShe

10 a polymer product in which there is partial conversion of the anhydride to imide.

11 1000 ppm cobalt is incorporated in this polymer, as discussed above. A thin film of

12 this polymer is extruded with the Randcastle Microtruder. |

13 Example 37

14 i - 3-meth n

15 100 parts of EMAC® copolymer SP-2260 (available from Chevron Chemical Co.), 16
16 parts of meta-methylphenol, and 0.5 part of tetraethyl titanate were refluxed in decalin
17 - at 180°C for 6 hours. The polymer product was precipitated in methanol to give

18 polymer with 36 % of the methyl ester radicals converted to 3-methylphenyl ester

19 radicals. Cobalt neodecanoate was added by the method of Example 12, where the
20 ethylene - 3-methylphenyl acrylate replaced polymer A, and a film was made by the
21 method of Example 27. This composition scavenged oxygen slowly.

22 Comparative Example 38

23 Polystyrene as an Oxygen Scavenger

24 A solution of approximately 20 wt. % cobalt neodecanoate in hexane was dispersed at
25 room temperature over pellets of Chevron Grade EA3060 polystyrene (not rubber

26 modified) in a quantity sufficient to provide about 1000 ppm by weight of cobalt in
27 the final composition. The solvent was stripped off by use of a rotary vacuum

28 evaporator. A film was made by the method of Example 27. The oxygen scavenging
29 performance was determined by the method of Example 30 and is summarized in




10 pr ocessi ng. 11 Exanpl e

27 12 Pol yner F| | m Preparation with Randcastl| e

Ext r uder 13 A Randcastle M crotruder was used to extrude nono-|ayer
films of about 5 m| 14 t hi ckness of polyners with cobalt. The die
tenperature, R ¥ck, and adapter were 15 set at 420[ BETUSYATY ¢ he
feeder RPM was set at 143. Al filns were soft and flexible 16 and
wer e observed to have good clarity. 17 _

Exanpl e 28 18 W Initiation of Oxygen

Scavengi ng 19 Some filnms were irradiated prior to perform ng oxygen
scavengi ng studi es. These 20 fi I ms wer e @kposed to UV radiation under a
15 watt WV |anp (a _Bl ak-Ray | anp, nodel XX-15S, made by UVP Inc.)

for 5 minutles at leisthwlmweMaunmmm pradant:tof the polyethylenic

irradiatiom is Cﬁ%ﬁi&n\é
exanpl e. Tth i rrad at ecﬁ; Im scavenged oxygegg‘ %%%?y rétﬁ&l%ﬁchas

PCT/ US96/ 09937  phenyly\despite botha®mpositions having tertiary hydrogen atoms present in the
- 64- 1 Example 29 2

Xxygen Scavengl n%°¥&“?’h%‘ﬁ Irradiation 3 2 grans of film of each
pol ymer front Exanples 19, 23, and 24 were sealed in 4 . Separate
1-liter capgacity bottles, and oxygen depletio s nonitored using a Mdcon
5 '710%axygen anal yzer. The g’@ﬂ?&cé@shom in Figure 1 show -

t hat t hesegsanpl es scavenge OpgleRabthy] Nkt ethacrylate
7 350 grams (3.5 mole) of polymethylmethacrylane (Plexxglass VO 44 from Rohm &
8 Haas), 378 grams of benzyl alcohol (3.5 mole) and 0.54 gram (0.1 mole %) of an
.9 antioxidant Irganox 1076 were heated to 180°C to dissolve them in 550 cc of decalin.
10 13.86 grams of tetraisopropyl titanate was added and the temperature was maintained
at 180-190°C for 14 hours, and during this time 23 ml of distillate containing
methanol was collected and the reaction was stopped. The polymer was precipitated
in methanol then washed with hexane. After drying at 55°C overnight in an vacuum
oven, 404 gram of polymer were recovered with a DSC melting point of 93-94°C.
NMR analysis showed a 22.6 % conversion of methyl ester to beﬁzyl ester.

il <

16 This polymer was blended with cobalt neodecanoate by the method of example 12,
17 and film was prepared as in example 27. The film was UV-irradiated as discussed
18  above. This film scavenged about 10 cc of oxygen/gram of polymer after about 25
19 days at 25°C,

Example 40

inyl acetate-phenyl ace!
3 kg/hr. of ethylene-vinyl acetate copolymer (33% vinyl acetate) and 0.5 wt. %
Irganox 1076 are fed to the extruder, which has a barrel temperature of 225°C. 0.5
kg/hr. of a solution containing 80% phenyl acetic acid and 0.2 wt. % toluene sulfonic
acid in xylene is fed to the first mixing zone. The resulting polymer is pelletized,

dissolved, precipitated in methanol, and dried under vacoum. This polymer is
compounded with transition metal salt as described in Example 12.

ILHREVRRSE



7 irradiation at different rates, depend| ng on the group substituted
onto the phenyl ring. 8 Exanpl e
30 9 Oxygen Scavengi ng Rate and Capacity Studies
10 Rate and capacity of oxygen renoval at 25[err]C and ]C were
neasured by WPAMHY 11 pol yner film sanples in seal edpgg'Ung ch
had 20.9% or 2% oxygen, as specified, 12 and nonitoring the oxygen
depl etion by gas chromatography and/or by Mocon 710 13 oxygen

anal yzer. 14 About 5 grans of polyner filmwere used for 22 cc and
250 cc capacity bottles. 15 About 2 gkgius of polynmer filmwere used _
for 1 liter capacity bottles. Oxygen 16 depl eti on was nonitored by gas
chromat ogf aphy (GC) or with a Mcon 710£%¥ﬂgml7 anal yzer. The
following Table 1 exenplifies the oxygen scavengl ng activities 18

recorded Z2or 22 cc, 250 cc aSynthesis of«dibe go-gecanecarboxylat0 96/ 40799

N g/TQ g?gg’ £5937 230 grams of 1,10-decanedicarboxylic a&«? 238/ gtad of benzyl alcohol and'$s

PCT/ US96/ #5937 gram of toluene sulfonic acid were dissolved in 200 ml of toluene and brought to
5 105°C with stirring. The mixture was kept at this temperature for 10 hours, and 2
6 moles of water were slowly distilled off. Extra benzyl alcohol and toluene were
7 removed by vacuum, Yield was 454 grams. The structure was confirmed by NMR,

8 ~ Example 42
: i i is of ial
10 Ethylene-methyl acrylate copolymer having 24 wt.% MA and MI of 2 g/10 min. is
11 transesterified individually with the compounds indicated in Table 3 and in the
12 presence of tetraethyl titanate catalyst in an extruder by the method of Example 7.
13 The resulting polymers contain ester groups wherein the percentage of methyl
14 moieties of the methyl acrylate indicated as converted in Table 3 are replaced with the

15 hydrocarbyl group of the alcohol.

16 ' Table 3 |

17 Polymer # . erifyi u;

18 J 3-methyl-3-butenyl alcohol

19 K trimethylpropane diallyl ether alcohol
20 L famesol

21 M tetrahydropyran-2-methyl alcohol

22 N 1,4-dioxane-2-methy! alcohol

23

24

25 1000 ppm cobalt as cobalt neodecanoate is combined mdmdually with pellets of
26 - polymers J-N and uniformly mixed into pellets of the polymers. A film is made of
27 each of the polymers.



- 66- 1 Example 31 2

Oxygen Scavenging Capacity Studies 3 The total oxygen absorption
capacity per gramof filmof the pol ymer of Exanple 19 -4 (PoI yrrer
H 1000) was neasured and is shown in Figure 2. Also, the capaci

pol yner H 109®%#98avenge oxygen within the first few days‘P‘%\"[’u g’ﬂﬁ%d
oxygen 6 concentration (ie. starting at 2 % Q2) was neasured and
conpared with a commercial 7 oxygen scavenger, Agel ess, avail abl e
from M tsubishi Gas Chem cal Co. (see Figure 8 3). These conditions

sinmul ate a nethod of purging oxygen with nitrogen gas during 9
packgi ng of food. Figure 3 shows that pol yrHr- H 1000 was superior to

Agel ess in 10 scavengi ng oxygen at |ow concentrations, since polyner
H 1000 scdvenged all but 11 0 02 dxamplef# oxygen from the contai ner
head- spacg whil e Agel esspbbiibe L3 : 3 ars 13

Exanple 32 14 - Tec 3 MVI cavengi ng
Rat es and3Capa(ﬁthY1€l!¢'m§$y1 acrylan@op@met hamn%wt-&r Wbm tqf&ﬂlﬂgmgwas

Pol ymer Hjawas v, Wsm _
scavengi ng rat e. ygen scav %ﬂ%ﬁ%éﬁy@dg%&@ﬁ ng’sle\t#e%d% ce
measur ed Sor belwmmpgnuﬁniwmllysmIayrumddrrsubstﬁuallpbyshelﬂemud ofigh 22,
and the 8 res S e pvvn n Fi

Bl e 3§ 20 Edafiple 75186 exs Sotitined ester ghoups sthersin e RETEPBgR Ff | o

21 Pyl yrrermaﬁylﬁmms%f%& m ihdiedled by EonPerted WieTabled weeeygen
barrier ethyl ene Vi nyl aI cohol éaval I'abl e from Eval . of
America, 8rade YEDIWPV'ﬂDﬂlF Mﬁ@cerbztazroup of &Bﬁ@‘ sélliof dhe algehols listed Y’ﬁBI e
from DuPogt), ygi 5@@4 yer
structureg showe four%i %?F%%Bﬁﬁ{g?g lglrln SSl owg%%h
over EVOMal onefron‘BNtssbar results were observed f or 3 | ayer structures nade
with 26 pol ymer H 1000 of Exanple 19. See Figure 5. WO
96/ 40799 _ PCT/ US96/ 05937
- 11 | ' Tabled |

12 Polymer # Transesterifying % conversion of methyl

13 compound acrylate groups

14 8] Nopol >73% (1 mole Nopol

15 used per 1 mole EMA

16 copolymer)

17 P Nopol ' 14%

18 Q Nopol 48%

- 19 R Ocenol 110/130 10%

20 \) Tetrahydrofurfuryl alcohol --

21 T Tetrahydrofurfuryl alcohol 24%

22 U Tetrahydrofurfuryl alcohol  43%

23 EMA = ethylene methyl acrylate copolymer

24 THF = tetrahydrofuran

25 Example 45

26 Solution synthesis of assorted specijalty polymers

27 Ethylene-methyl acrylate copolymer having 24 wt.% MA and MI of 2 g/10 min. was

28 transesterified individually with the compounds listed in Table 5 and in the presence

29 of tetraisopropyl titanate catalyst in solution substantially by the method of Example

30 3. The resulting polymers contained ester groups wherein the percentage of methyl

31 moieties of the methyl acrylate indicated as converted in Table 4 were replaced with



-67 - 1 Conpar ati ve Exanple 34 2
Oxygen Scavengi ng Performance of Ethylene - Methyl Acrylate Copolynmer with
3 Cobal t 4 Et hyl ene -

nmet hyl acryl ate copol yner (EMAC[ err] copol ymer grade SP-2260, made b 5
Chevron) havi ngWP26#79%95 MA and a M of 2 g/ 10 nin. was bl endé’ﬂ’rws?#ﬁoo
ppm 6 cobalt as described in Exanple 12.. The resin containing cobalt
salt was extruded into 7 a filmas described in Exanple 27. The
filmse were tested with and without the UWv 8 radi ati on as descri bed
in Exanple 28. Little oxygen scavenging was found in either 9 case.
10 Exafdre 35 11

Anal ysi s of Products of Oxidation 12 After, Polynmer H 1000 was _oxidi zed
for six dayslusi ndhehydrocarbyl group of thealenbol.| Allof the alcohols disted were gbtained

1000 cc, it s e t ' J}ﬂﬂg{ @,ﬁﬁ, Ybtalited. NG and ed
by gas chron%\?ograp y éﬁgﬂl\éﬁé&sgﬁc%nﬁt oghr’ggﬁygf cgtl{) e v&'vtéh%nass fi%m ahd
spect roscopyd OveiOceiiol €8 fixturecofol¢aiaicohohand linhlest alophol)was-obtainedfrem Henkd.

Physi cal properti . ( e and after
scavengi ng 1€ ‘ii%%ﬁg&‘:%g@%%g&% r grwago%%?&fﬂ?looo over a

6-day period. These results 18 are summari zed in Table 2. 19
Table 2 20 - BEFORE
AFTER 21 3 Imles o DATION
OXI DATI ON Polymer & | ¢ strength mﬁnfymﬂ ppgyersion of methyl
712 23 % el ongat i on und 707 acrylate groups 493
24 Young' s_nodul us (psi) 2768 2947 25
1 % secant (g)si) M 2-sthylhexyl alcohol R

w st alcohol 95%

10 X 3,5-di-r-butyl-4- _ -
1 hydroxybenzy! alcohol

Y Phenethyl alcohol 81%

Z Nerol/geraniol 2%

AA Ocenol 110/130 - 56%

AB Ocenol 90/95 g}%

AC Dihydroxypolybutadiene

AD Cinnamyl alcohol 69%

AE C,;o alcohol -

AF monoether of polyethylene -

glycol
AG N,N-dimethylethanol 5%
AH trimethylpropane diallyl 21%
ether alcohol

S. 50 wt. parts dihydroxypolybutadiene, 100 wt. parts of EMA copolymer

Oxyse led specialty po

4 1 SL-AavENECT» JTOT) 1 )
1000 ppm Co from cobalt neodecanoate (unless otherwise indicated) was uniformly
mixed into pellets of selected polymers of Tables 4 and 5 above, and mono-layer film
was extruded substantially by the method of Example 27. Each film was irradiated
for 20 minutes with a Blak-Ray UV lamp (254 nm, 5 mW/cm? and was placed in a
3 | 1000 cc bottle containing atmospheric air. The bottle was maintained at room

32 temperature (unless otherwise indicated), and the amount of oxygen scavenged was

wiCA

SRBEYER R VUERBERIAGREE



WD 96/ 40799

PCT/ US96/ 05937 -68 - 1
Exanple 36 2 Synt hesi s of Benzylim de-containing Terpolyner from

Et hyl ene- But yl acryl at e Maleic 3 .

Anhydri de Texﬂb 100 parts of Lotador 4700, avBFVHBR6OSYom El f
At ochem containing 3 % maleic 5 anhydri de, and 10 parts of 3-nethoxy

benzyl am ne are kneaded at 150C in 50 parts 6 of decalin for 3 hours,

foll owed by 2 hours at 185[err] C under vacuumto dehydrate the 7
aci d-am de. Product formation can be nonitgored by the conversion of the
anhydride 8 band to the inide band w8 =i nfrared spectrorretry

Precipitation qf th ol Lutjon j han |sfoII d by
filtrati and8 w%"m%#ﬁ"&%&bv "pY’S’éBEg ymeraa £ pr oduct
in which 2 her ebomepamloay cacxRnSing tesiits u%enswmdrabme 6r.i mde. 11

1000 ppmcobalt is incorporated rn this polyner, as discussed above. A thin

fil.mof 12 this polynmer is extruded with the Randcastle M crotruder.
13 3 Tab nple 37 14
Synt hesi s of Ethylene - 3-nethyl phenyl acryla te 15 100 parts of

EMAC[err] copol ynmer SP-2260 Adygen s £ v B memixal Co.), 16 16
parts of neta-nethyl phenol, and 0 5 part of tetraet hyI titanate were

refluxed & n deTime,days 7 at QOgomakeymifg hours. The pol yner product was
precipitated in nethanol to give 18 polymer with 36 % of the nethyl
ester radi cal sOfonverted to 3-mst hyl phenyl ester 19 "radi cals. Cobalt

neodecan®at e wdf added by the nggpod of Exanple 12, where the 20
ethyl ene § 3-ngjohyl phenyl acrylsng replaced polymer A and a filmwas nmade
by the 3l 3@ethod of Exanpl go9¢7. This conposition scavenged oxygen

slowy. 10 22 g9 8.23 Conpar ative Exanple 38 23
Pol ystyrgne asqgn Oxygen Scaverggi 24 A sol ution of approxinmately 20
wt. % cogalt nggdecanoate in he was di spersed at 25 room
t enper atggre oveg gpel lets of Ch Grade EA3000 pol ystyrene (not rubber
26 140di f4eg) in a quantit iéjffl cient to provide about 1000 ppm by
wei ght gl cobagggin 27 t he conposition. The solvent was stripped
of f by y of bot ary vacuum evaporator. A filmwas nmade by the
met hod nﬁe 27. The oxyg %}avengi ng 29 per f or mance was
determ ned by the net hod of Exa e 30 and is sunmarized in
18 Table 7
19_ X vengi Its usin r
20 Time, days O, uptake, ml/g using Co O, uptake, ml/g using Co
21 neodecanoate benzoate
22 . 0.0 - -
23 0.2 : 3.49 2.00
24 1.0 14.27 1.79
25 20 37.54 3.58
26 6.0 64.55 51.78
fs’ 9.0 71.96 65.85

13.0 75.59 : o 70.97



WO 96/ 40799 :
PCT/ US96/ 05937 | - 69-

1 Table 1. This exanple shows that a benzyl radical pendant to the

- pol yet hyl eni c 2 . backbone is much nore effective in scavengi ng oxygen
than an aryl radWo¥4MhL as 3 phenyl, despite both conpd%?W&?ﬂ?g%
having tertiary hydrogen atons present in the 4 pol ynmer backbone.
5 Exanpl e 39 6
Pol y(Met hyl Met hacryl ate-Benzyl Methacryl ate) 7 350 granms (3.5

nol e) of pol ynet hyl met hacryl ate (Pl exiglass VO 44 fromRohm& 8

Haas), 378 grams of benzyl al cohol (3.5 nole)=-df&d 0.54 gram (0.1 nole % of
an 9 anti oxi dant Irganox 1076 were heated to 180[err]C to di ssol ve
themin 550 ct of decalin. 10 - 13. 86 gré’r'i'bl“oa tetrai sopropyl titanate
was added and2t he t enpeQxygenscavengingiresults s erafure usi ]
hours, and duding tFime, diyse 23 n1 oOz@pm.lmHz,efocont ai ni r@,upzake mllg. for
met hanol was 4ol | ected and t he r eacpolymenBs st opped. The polymerd® was

precipitated 13 i n net hanol then washed with hexane. After drying at
55[err] C over&i ght 0.0 an vacuum 14 - oven, 404 gram of polynmer were
recovered wit§ a DI@nelting point $3.2893-94[err]C. 15 30.66\MR anal ysi s
showed a 22. 67% comy@r si on of net hypo.gter to benzyl estesgs2 16 Thi s
pol ymer was bgendeg@.gv th cobalt neoggganoate by the methgg 8- exanpl e 12,
17 and figm wasg prepared as in gxggple 27. The fil m vggsziUVv-irradi at ed
as discussedyg8 g.gbove. This fil gyggavenged about 10 e;g.gyj oxygen/ gram
of polyner ajjer at;gq; 25 19 at 25[err]C 2076.6 :
Exanpl e 40 2 2 hesi s of pol y(eth -VI nyl

3

acet at e- phenyx ace fda) 22
76 are fed to

copol yner (3¢40vVin oacetate) and 0 641 - % 23 I rgan

r. of ethylene-vi gicetate
t he extruder; which has a barrel tehperature of 225[err] %P

15  Table9

16 Oxygen scavenging results at 5°C using polymers P and O
17 Time, days O, uptake, ml/g, for O, uptake, ml/g, for
18 . polymer P polymer Q

19 0.0 - -

20 1.0 2.80 7.28

21 2.0 6.27 - 17.69

22 3.0 9.24 25.11

23 4.0 13.18 33.00

24 7.0 22.03 45.78

25 8.0 23.50 48.23

26 9.0 26.43 ‘ 50.67

27 14.0 31.79 57.68

28 18.0 33.73 60.74



24 kg/ hr. of a solution containing 80% phenyl acetic acid and 0.2 w.

% t ol uene sul fonic 25 acid in xylene is fed to the first m xi ng zone.
The resulting polyner is pelletized, 26 di ssol ved, precipitated in
met hanol , and _dried under vacuum This polymer is 27 Q@%u%g&%yvath
transition meVQP4Y%P} as described in Exanple 12. 40799
PCT/ US96/ 05937 -70 - 1
Exanple 41 2 . Synt hesi s of di benzyl

1, 10- decanecar boxyl ate 3 230 granms of 1, 10-decanedi carboxylic acid,
238 grans of benzyl alcohol and 0.5 4 ram of toluene sulfonic acid
were dissolved in 200 mM of toluene and brofyht to 5 105[errJ]C with

stirring. The m xture was kept at this te rature for 10 hours, and 2 6
nmol es of vater were slowy distilled Of . y benzyl allcohol and tol uene

were 7 2 renoved by vo2xNesn seaveaging.gesults:at room Lo EL&t ure was
confirmed by NWVR 8 - Exanpl e 42
9 . 3 Time, dapsict i ve extOpuptake, Mlfg hesis of assorted specialty
polymers 10 Et hyl ene- net hyl acryl ate copol yner having 24 wt. % MA and
M of 2 g/40 m@O0is 11 tranrsesterified individually with the
conpounds 8 ndic@i3ed in Table 3 a@@7in the 12 presence of tetraethyl
titanate d&atal ygi0 i n an extruder2hy2the nethod of Exanple 7. 13 The
resul ti ng-%ol yngjos contai n ester§ygdups wherein the percentage of nethyl
14 mg eti esgof the nethyl agzspate indicated as converted in Table 3
are replaged wi glp the 15 hygb peasenshlipilpay of the alcohol. ~ 16
Table 3 fo/ removed RbMRI00 ¢
Transesteqg fying conpound 18  peadepace — bottle was
3- et hyl -gy but enyl al cohol 19 with air) K
trimethylqy opanggdi al Iyl ether afﬁggu% fb ' L
farnesol g4 8.0 18.90 :

15 9.0 23.35

16 12.0 32.22

17 13.0 - 34.68

18 14.0 37.62

19 16.0 _ 39.57

20 19.0 42,98

21 23.0 46.38

22 30.0 50.25

23 35.0 49.77

24 40.0 49.77

25 NOTE: polymer extruded as gels in a lace matrix, with approximately 50% void

26

space



21 M
t et rahydr opyran- 2- net hyl al cohol 22
1, 4- di oxane- 2- et hyl al cohol 23

Exanpl e 43 24 Oxygen scavengers from
specialty po“@H%FQ”’ZS 1000 ppm cobalt as cobalt neod%%*ﬁ%%@%gls
conbined individually with pellets of 26 polymers J-N and uniformy
m xed into pellets of the polynmers. Afilmis nade of 27 each of the
pol ymers. WO 96/ 40799 :
PCT/ US96/ 05937 -76 - -71 - 1
Exanple 44" 2 - Reactive extrusi-on synthesis of assorted
speci al tys pol yners 3 Ethylene nethybdagqxlate copol ynmer having 24 w %
- MA and hﬂzof 2 9g/10 min. was 4 £59¢ LR Jiuigual ly with the
conpounds®listed in Table a<gma-TT1 Sen - et r ai sopr opyl
titanate gat al yst an extruder, supst an |aIIy by the nethod of 6
Exanpl e The%i §U$§an pol yme gﬁ?dpkéd ester groups wherein the
percentag% of nethyl ﬁDI%HIES of the methyl acrylate indicated as
converted®in Tde¥e 4 were replaced with the hydrocarbyl group of
the al coh®l . AZOof the al cohol 19685t ed were 9 obtained fromAldrich,
with the %xcepﬁ#@n t hat hydroxyggggbutadlene was obtained 10 from
Nisso. 811 4.0 . Table 4 12
Pol ymer# 9 7.0 Tr af84d8t eri yi ng -~ % conversion of
met hyl 18 8.0 62.80 conpound ' '
acryl at elyroup®.0 14 O 6133 Nopol
>73% (1 #le Ndg&O 15 81.66
used per13 nol A8EVA 16 90.07
copolynetd 17250 P 96.67 Nopol
14% 15 30.0 100.65
' 16 35.0 102.57
17 NOTE: polymer extruded as gels in a lace matrix, with approximately 50% void
18 space :
19
20
21 Time, days O, uptake, ml/g, polymer O, uptake, ml/g, polymer
22 AA AB
23 0.0 - -
24 1.0 22.20 25.19
- 25 2.0 33.12 ' ~ 40.56
26 5.0 _ 51.91 -
27 6.0 56.89 -
28 7.0 61.26 - 76.81
29 9.0 68.22 ' -
30 12.0 75.40 -
31 16.0 81.63 ' -
32 19.0 84.69 -
33 23.0 87.84 -
34 28.0 90.30 _ -
35 33.0 91.84 -
36 NOTE: lines in tables in place of values indicate that samples were not taken or were
37 not analyzed



18 Q | Nopol 48% 19 R

Ccenol 1101130 10% 20 S
Tetrahydrofurfuryl alcohol - 21 T
- Tetrahydrof urf I%é{ngghol 24% 22 U ”
Tetrahydrofurf% hol 43% 23 EMA = et hyl ene net hyI acry ate
copol yner 24 THF = tetrahydrofuran 25
Exanpl e 45 26 Sol ution synthesis of assorted
specialty polymers 27 Et hyl ene-nmet hyl acryl ate copol yner having 24 wt.
% MA-and M of 2 g/10 min. was 28 transestgrified individually with the
conmpounds listed in Table 5 and in the presencé 29 of tetraisopropyl
titanate catqlyst in solution substanti aI I yﬂgletllge rret hod of Exanple 30
3. The resul4ing polyners conta'-;- eshar. e el ShilnleP & cPEr Ccent age of
et hyl” 31 noi eti es of the T THTUT Ce bnverted in

“Table 4 were replaﬁmgxg ozuka\D 6/40799
-72- 1

PCT/ US96/ 05937
the hydrocarRyl grogp of the al cohgl Al'l of the alcohols listed were
obtained fro 27 107 A grj ch, with g;i exception that hydroxypol ybut adi ene

was obt ai ned®from®®sso and 3 nol (a m xture of oleo al cohol and

l'i nol eo al cofol ) Wi obt ai ned fromePSBkel . 4 1101130 and 90/ 95
i ndi cate the8i odi €0 nunber of the &880l . 5
Table 5 6 -9 PolROer# 32.98 Transesterifying %
conversion 80 net!®® 7 35.93 conmpound '
acrylate grdlps 12.0 \Y} 40.81 - 2-ethyl hexyl al cohol
86% 9 w 16.0 46.17C16 al cohol 95%

13 19.0 49.08 '

14 23.0 52.95

15 28.0 . 56.76

16 33.0 59.75

17 Table 14

18 . Oxygen scavenging results vsing polymer AD

19 Time, days ' O, uptake, ml/g

20 0.0 -

21. 1.0 0 3.30

22 4.0 _ 4.79

23 5.0 ' 6.27

24 6.0 11.20

25 . 80 28.40

26 11.0 . 41.63

27 12.0 44.56

28 13.0 - 48.46

29 14,0 50.40

30 18.0 _ 57.13

31 21.0 60.84

32 27.0 66.28



10 X 3,5-di-t-butyl-4- - 11

hydr oxybenzyl al cohol 12 Y Phenet hyl al cohol
81% 13 Z Ner ol / ger ani ol 72% 14
AA ; Ccenol 110/130 56% 15 AB

Ccenol 90195 WO 9640799 61% 16 AC PCT/US96/05937

D hydr oxypol ybut adi ene 17 AD Ci nnanyl al cohol
69% 18 AE C10 al cohol - 19
AF nonoet her of polyethylene - 20

glycol 21 AG N, N- di et hyl et hanol 75%
22 AH : trimet hyl-ﬂﬁopane di al |yl 21% 23

et her al CEIE/KI 24 5. 50 wt. parts di %roxypol ybut adi ene, 100 w .
parts of copol yrer 25 Exanpl e
46 26 Eygen scavenging resultsusine-vol specialty

pol ymer s g? 1000 ppm Co from cobal t neodecanoat e (unl ess ot herw se

i ndi cat ed)Swas (Kimecdaysy 28 O, wptake) mligo pel | ets of selected pol yners
of Tables 4 and %0 above, and none~| ayer film 29 was extruded

substanti a®ly bP.2he nethod of E988ple 27. Each filmwas irradiated 30
for 20 minGtes M@h a Bl ak- Ray US7.R4np (254 nm 5 nWcnferr]) and was
placed in & 3120 1000 cc botgg@8cont ai ni ng at nospheric. air. The bottle

was nai nt a8ned &0room 32 t§s@erature (unless otherw se indicated),
and the an®unt &0 oxygen scavengsglsgvas WO 96/ 40799
-73 - 1

PCT/ US96/ D86937 7.0
det er mi nell peri qdjocal |y and di vi glpgz by the weight of the polynmer sanple in

the 2 12bottlig,0 The oxygen scgygpging results are listed in TabI es 6-16.

13 20.0 86.53
14 23.0 86.99
15 29.0 87.96
16 Table 16
17 - Oxygen scavenging results using polymers T and U
ig ’é‘i(z)ne, days 'O, uptake, ml/g, polymer T O, uptake, ml/g, polymer U
20 0.2 - : 2.
2.99
21 1.0 - 2.80 : 4.79
22 2.0 . 4.29 | . 10.1
23 3.0 - 21.9
254 g.g 14.18 -
6. 18.12 45.7
26 7.0 22.55 -
7 8.0 ' -
56.3
g: Sl‘boo 28.43 -
30 120 35.75 ek
31 13.0 - 73.7
g 16.0 45.49 -
17.0 -
34 210 - gg,.(s)
33 210 - 93.1



3 : Table 6 4 Oxygen

scavenging results using polyner Y 5 Ti me, days 2 upt ake,
m/g 6 0.0 -7 1.0 '3.30 8
2.0 : - .30 9 3.0 4.29 10 6.0
8.23 11 7P %" 9.71 12 8.0 PCT/USI6/04937 | g
13 14.0 27.30 14 21.0 46.29 15
27.0 62.95 16 31.0 73.11 17 38.0
82.95 18 Table 7 19

. Oxygen scavenging results using polyner O 20 = Tine, days o2
uptake, m /g using Co 2 uptake, m/g usit®®€o 21
neodeanoat e benzoate 22 0.0 -
- 23 8.2 3. 49 Examvle47 2.00 24 1.0
14. 27 2 1. 8 ification usi -

3.58 26 6.0 7
90 . 3 EthyleneiTethl acrylate cgﬁolﬁler having 24% é\gAélgngMI was %ﬂ %rlf' ed
75.59 4 using oleyl alcoh6lGubstantially by the method\6f B8/ 30 33% of the methyl acrylate

PCT/ US96/ 0§937 groups were converted to oleyl acrylate groups. 1000 ppm cobalt as cobalt
6 neodecanoate was uniformly mixed into the transesterified polymer, and a film of the

7 polymer was made substantially by the method of Ex. 27. The performance of this

8 composition in scavenging oxygen is summarized in Tables 17 and 18.
9 ' Table 17

illl Time, days O, uptake, ml/g, room

temperature

12 . 00

13 0.2 330

14 1.0 8.26

15 2.0 15.68

16 5.0 33.42

17 7.0 : 42.76

18 - 9.0 51.58

19 12.0 60.82

20 16.0 68.12

21 19.0 72.00

22 23.0 - T7.04



-74 - 1 Table 8 2 Oxygen
scavenging results at roomtenperature using polyners P and O 3 - Ti e,
days 2 uptake, m/g, for 2 uptake, m/g, for 4
pol ynmer P - polymer Q 5 0.0 -
- 6 1.0  WO96M40759 13. 25 30. 66 PCA/USIEA53Y,
20. 69 48.52 8 3.0 26. 62
56.87 9 6.0 : 35.50 68.71 10
8.0 39. 43 73.82 11 10.0
40. 90 76.61 12 15.0 _ 80 - ' 46. 27
82.81 13 20.0 48. 71 85.10 14
245? 1 50. 65 mﬁﬁo 15
Table 9 16 ' Oxygen S¢ noj ts at 5[lerr] C ysi
pol yners P atgd o) gig?' da.1y_s Ti ne, daﬁ'&\l&e’ t ake, RP;’ ; ’d?ﬁg’%
uptake, m /gy for ;"8 _ o pol yner P,
| virer 9 07 927 4.79 - 20

polymer Q 2.0 7 -
1.0 Y2 80 15. 7.28 21826 > ¢
6.27 6 30 17.69 22116 3 g 1L.72 g 24
25.11 23 74,060 374315 1567 33.00 24
7.0 8 7.0 32 03 42.34 45.78 251714 g 0
23. 50 s 80 48.23 2441 9.0 18.61 26. 43
50.67 27 10 14 $.0 491979 | 20.08 57.68 28
18.0 11 10.0 33, 73 54.15 60.74  22.03

12 13.0 61.97 27.85

13 14.0 63.66 29.30

14 15.0 66.61 31.23

15 16.0 68.53 32.68

16 20.0 73.28 40.35

17 23.0 76.19 45.61

18 29.0 79.48

50.85



WD 96/ 40799 PCT/ US96/ 05937

-75 - 1 Table 10 2
Oxygen scavenging results at room T using polynmer Z 3 Ti me, days
2 uptake, m/ .4 0.0 _ - 5 0.3
8.27 6 WO 96/40795 27.12 7 2.0 PCT/US6S8Y 33 g
5.0 92.52 9 6.0 99.1 (essentially
all 2 10 ' renoved from 1000 cc 11 -
headspace - bottle was 12 : refilled with air) 13
7.0 15.92 14 8.0 18.90 15 9.0
23.35 16 12.0 32.22 181- 13.0 34. 68
18 14.0 37.62 19 16.0 39.57 20
19.0 1 WHAT IS CLMED IS: 53 0 . 46.38 22 30.0
50. 25 23 35.0 49.77 24 40.0 49.77
25 NOTE: polyner extruded as gels in a |lace matrix, with approxi mately
50% voi d 26 1.s pach composition comprising a transition-metal salt and a compound having an

3 ethylenic or polyethylenic backbone, wherein the compound has pendant or

4 terminal moieties which contain a carbon atom that forms a resonance-

- stabilized free radical under oxygen-scavenging conditions.

2. The composition of claim 1 wherein the free radical is stabilized under oxygen
scavenging conditions by an adjacent group containing p electrons that are

8 unbonded or that are pi-bonded to other atoms in the group.
9 3. The composition of claim 1 wherein the pendant or terminal moieties comprise
10 benzylic, allylic, or ether moieties having at least one alpha hydrogen.
11 4, The composition of claim 1 wherein the composition is effective to scavenge at
12 least 1 cc of oxygen per gram .of said composition.
13 5. The composition of Claim 3 further comprising a heteroatom-containing
14 radical directly bonded to the methylene of said benzyl radical, the carbon
) L atom having an allylic hydrogen, or the carbon atom bonded to the oxygen
16 atom of an ether radical.

17 6. The composition of Claim 5 wherein said radicals comprise radicals substituted

18 - with at least one radical selected from the group consisting of hydrogen, alkyl
19 radicals containing from 1 to 18 carbon atoms, alkoxy radicals having from 1
20 to 16 carbon atoms, amine radicals having from 1 to 6 carbon atoms, ester and
21 amide radicals of acids having from 1 to 16 carbon atoms, aryl radicals and
22 substituted aryl radicals having 6 to 24 carbon atoms, and aryl ether radicals
23

and substituted aryl ether radicals having from 6 to 24 carbon atoms.

* c L M s *



WO 96/ 40799
PCT/ US96/ 05937
Table 11 2

-76 - 1
Oxygen scavenging results at 5[err]C

usi ng pol yrre Z 3 Ti me, days Q2 uptake, m/g

-5 .2 WO 96/40799 8.77 6 2.0 rérossenshs? |
7 3. 0 26.11 8 4.0 35.97 9
7.0 58.19 10 8.0 62.80 11

9.0 67.33 12 14.0 81.66 13
18.0 90.07 14 25.0_ga. 96. 67 15
30.0 100. 65 16 35.0 102.57 17 NOTE:

pol ymer exi“‘dedl as gt Somposition VI 6 Whered Eﬁdﬁ&&ﬁz?ﬁdi@%%kgxgﬁyﬁéﬂ&ld 18

space

Oxygen scaﬁengl ng r esadidals havingghe phepybsubstitated rwith @ ledst one raditalnselectsd \feom

@ uptake, 3 /9. POl WiRkroup confistthy B Fyarifien JanPi tatidEis cbftaining from 1 to 6 carbon

~ 24 140
33.12

- 271 6%
61. 26 P

- 30 12.0
81.63 7

10

n o

13 10.

14

16 11.

17
18

19 12.

20

21 13.

atoms, alkoxy’Zﬁdﬁﬁls having from 1 to 6 carbon atohs, hfhirtbradicals hating
from 1106 cagoR gtoms, estér and amide radicals of agid3 haviig, fgm 1 to 6
carbon atofhs 8ify? fadicals ad Gubstituted aryl radmltha%g %210615 carbon
atoms, and gyl ether radica)s and substituted aryl ether radicals having from 6
to 15 carbon atoms.

The composition of Claim 5 wherein the heteroatom-containing radical is
selected from the group consisting of ester, amide, and imide radicals.

The composition of Claim 8 wherein the ester, amide, and imide radicals are
directly bonded to the ethylenic or polyethylenic backbone.

The composition of Claim 9 wherein the ester radical is directly bonded to the
ethylenic or polyethylenic backbone through the carbon atom of the ester
radical. '

The composition of Claim 9 wherein the amide radical is directly bonded to
the ethylenic or polyethylenic backbone through the carbon atom of the amide
radical.

The composition of Claim 9 wherein the heteroatom-containing radical is
selected from the group consisting of ester and amide radicals.

The composition of Claim 12 wherein 'said component comprises the dibenzyl
ester of 1,10-decanedicarboxylic acid.

-

| A



33 23.0 87.84 - 34 28.0

90. 30 - 35 33:0 . 91.84
- 36 NOTE: lines in tables in place of values indicate that sanples
were not tak e 37 not anal yzed WO 9
PCT/ US96/ 0592?6%’4%5 6%% 5%%’?5937
Table 13 2 Oxygen scavengi ng results using pol ynmer AC
3 Ti me, days Q2 uptake, m/g 4 0.0. 5 1.0
7.78 6 2.0 14.72 7 5.0 26.59 8
6.0 ©29.05 9 7.0 . -83- 32.98 10 9.0
35.93 11 12.0 40.81 12 16.0 46. 17
%g 0 1910 14, The compoﬁﬁo:QSf CHm 12 witefeiRl said componet co:gpnéglaﬁlyﬂé
Table 14 218 havms an ethylem mmgmwo@ amlslam bebveeg ahoutyinand AD
3 about 17.9 mole percent benzyl ester, 3-methoxybenzyl ester, 3-methylbenzyl
4 ester, N-benzyl amide, poly(1,2-butadienyl) ester,
s 6,6-dimethylbicyclo[3. 1.1]hept-2-ene-ethyl ester, 3-methyl-3-butenyl ester,
6 2,6-dimethyloct-2,6-dienyl ester, cinnamyl ester, trimethylpropane diallyl ether
7 ester, 2,6,10-trimethyldodec-2,6,10-trienyl ester, oleyl ester, and/or linoleyl
8 ~ ester radicals directly bonded to the ethylenic or polyethylenic backbone.
9 15.  The composition of Claim 14 wherein the composition contains between 20
10 and 200 moles of said radicals per mole of transition-metal element.
11 16.  The composition of Claim 15 wherein the transition-metal salt comprises
12 cobalt neodecanoate and/or cobalt benzoate.

13 17. The composition of Claim 14 wherein the polymer contains sodium, zinc,
14 potassium, or ammonium counter-ions. '

- 15 18.  The composition of Claim 14 wherein said polymer further comprises said

16 ethylenic or polyethylenic backbone and pendant carboxy radicals.
17 19.  The composition of Claim 14 wherein said polymer further comprises said
18 ‘ ethylenic or polyethylenic backbone and pendant alkyl ester radicals,

19 20. The composmon of Claim 19 wherein the pendant alkyl ester radmls comprise

20 methyl ester radicals.
2_1 21. The composition of Claim 20 wherein the composition contains between about
22 0.3 and about 17.2 mole percent methyl ester radicals.

A



19 Ti me, days Q2 uptake, m/g 20 0.0 -
21 1.0 3.30 22 4.0 4.79 23
5.0 6.27 24 6.0 11. 20 25 8.0
28.40 26 11.0 . 41.63 27 12.0 56
28 13.0  WO96M409 45 45 29 14.0 B h v vl
18.0 57.13 31 21.0 _ 60. 84 32 27.0
66. 28 WO 96/ 40799 _
PCT/ US96/ 05937 : -78 - 1
Tabl e 15 2 Oxygen scaggngi ng resul ts using pol yner
S Ti me, days 2 uptake, m/g 4 :
-9 0.2 22.  The compositfbn®t Claifn 20 whérefh the composition contains béweés abo
2.0 49.08 "8 3.0 . 55.41 9 6.0
68.58 10 2 7.0 0.3 and about 8.9 mole percent methyl esten vadigals.
82.12 12 17.0 84. 67 13 20.0
86. 53 14 23.0 86. 99 15 29.0
87. 96 3 23.  The composition of Claim § wherein the composition contains between 10 and -
4 2000 moles of said radicals per mole of transition-metal element.
5 24. The composition of Claim 5 wherein the composition contains between 20 and
6 200 moles of said radicals per mole of transition-metal element.
7 25.  The composition of Claim 24 wherein the transition-metal salt comprises a
8 cobalt salt.
9 26. The composition of Claim 24 wherein the transition-metal salt comprises
10 cobalt neodecanoate and/or cobalt benzoate.
11 27.  The composition of Claim 4 wherein the transition-metal salt and said radicals
12 are present in an amount which is effective to scavenge oxygen.
13 28. A polymer composition prepared by reacting an ethylene alkyl acrylate
14 copolymer with a benzylic amine.
15 29. A polymer composition prepared by reacting an ethylene alky! acrylate
16 copolymer with a transesterifying compound selected from the group consisting -
17 _ of benzylic alcohol, allylic alcohol, and ether alcohol, said composition having
18 alkyl ester and benzylic, allylic, or ether ester radicals.
19 30. The composition of Claim 29 having more than 5 mole Mt benzyl ester,
20

allylic ester, and/or ether ester radicals.

[
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16 . Table 16 17 Oxygen

scavenging results using polyners T and U 18 Ti me, days 2
uptake, m/g, polyner T 2 uptake, m /g, polyner U 19 0.0
- - 20 0.2 - -

1 2.99 21 1 W 96140799 2.80 i u e Y
4. 29 10.1 23 3.0 _ -
21.9 24 5.0 : 14.18 - 25 6.0
18. 12 45.7 26 7.0 : 22.55
- 27 8.0 : - 56.3 28 9.0
28.43 29 10.0 -85- 65.1 30

%:2,) (7) 30 1 15 3. The composx%on of génzg%\ghetem the,ethylene alkyl acrylate copolymer

82.3 34 2 21.0  has a melt-point temperature at least about 6 deg F greater tifani.a0refevence

27.0 - 3. . WO .
96/ 40799 3 cthylene-alkyl acrylate copolymer, where tf?e re]ferenee copplymegisgnadiedia £
-79 - 1 4 multi-zone autoclave reactor and the mnfdﬁllé}l%cﬁfate fo ethylene in a
Solution transesterification using ol eyI al cohol Et hyl ene met hyl
acryl ate dopol yner I¥&aqtien ZQEI%VM(I making tha cprcamlmp@s abputequal to the s ng
ol eyl al cghol subst gjyelill dii %Fﬁrgg ﬂﬁccﬁr&
acryl ate %h gr oups wereyconver e ‘? ﬁho'ié%tcorgtyl/l 2?4%( gér(l)%ps ppm
cobalt as cobalt neodecanoate was uniformy mxed into the -
transestem fie oly oI ynmer was made
substanti é’i |y g%/i)t he%?k@ggwgé %p(’%‘ﬁ’gnﬁg%?‘nﬁnce of this
8 33.  Alayer in a film or article comprising the composition of Claim 4.

9 34, A multi-layer composition comprising:

10 A)  afirst layer comprising an oxygen barrier layer; and

11 B)  a second layer comprising the composition of Claim 27.

12 35.  The composition of Claim 34 further comprising a third layer comprising a .
13 _ functional layer.. '

14 36. The composition of Claim 34 further comprising a third layer comprising a
1§ - structural layer.

16 37.  The composition of Claim 36 further comprising a fourth layer comprising a

17 functional layer.

18 38. A rigid thick-walled composition comprising the composition of Claim 4.
19 39. A process comprising:

20 A.  forming a melt of a polymer having a polyethylenic backbone and
21 pendant ester and/or acid moieties; and

* c L M H *



8 conposi tion in scavengi ng oxygen is summari zed in Tables 17 and 18.
9 Table 17 10 Ti me, days
2 uptake, m/g, room 11 tenperature 12
0.0 - 13 0.2 3. 1.0
8.26 15  WOp6MoT99 15.68 16 5.0 Rernisbousss:
33.42 17 7.0 42.76 18 9.0
51.58 19 12.0 60.82 20 16.0
68. 12 21 19.0 # 72.00 22 23.0
77.04 WO 96/ 40799 86
PCT/ US96/ 05937 o - 80-
rable 18 ;l 3" ™8, 9% Sontacting the etk WS ity R oSihbduia 1Bn %mia?
1.0 9. 27 under uansestenﬁuﬁon conditfoné dwhére the pdlysier undergoes
15.72
11.72 7 3 6.0 mtenﬁﬁuuowd[g transesterification but not alcéxg})@lp, agdthe -
ifg gif 10 4 0 0 polyrér after estenﬁeaﬂon or transesterification hés'a B@lgeth)ilimc
10.0 5 54, 15backboneandpendantesteranéfar@91d moieties. 13. 0
61. 97 27.85 13 14.0 63. 66
29.30 14 15.0 66. 61 31. 23
6 40. The process of claim 39 further comprising contacting the melt with a
7 transesterification catalyst.
8 41.  The process of claim 39 wherein the reaction occurs essentially at atmospheric
9 pressure.
10 42.  The process of claim 39 further comprising adding an amount of transition
11 metal salt that is effective to promote oxygen scavenging in the transesterified
12 polymer.
13 43.  The process of claim 42 wherein the transition metal salt comprises a cobalt
14 metal salt,
15 44. The process of claim 42 further comprising irradiating the transesterified
16 polymer with actinic radiation.
17 45.  The process of claim 39 wherein the polymer comprises ethylene alkyl acrylate
18 copolymer, ethylene acrylic acid copolymer, or ethylene alkyl acrylate
19 copolymer grafted with maleic anhydride.
20 46.  The process of claim 45 wherein the polymer comprises ethylene methyl
21 acrylate copolymer.

* [ L M s *
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15 16.0 68. 53 ' 32.68 16 20.0
73.28 40.35 17 23.0 76. 19

45. 61 18 29.0 79. 48 50. 85

WD 96/ 40799

PCT/ US96/ 0593 WO 96/40799 PCTIUSOGNZT
WHAT IS CLAIMED | S: 2 1. A conposition conprising a

transition-me

oxygen 7

tal salt and a conpound having an 3 et hyl enic or
pol yet hyl eni ¢ backbone, wherein the conpound has pendant or 4

term nal noieties which contain a carbon atgm_that forms a resonance- 5
stabilized free radi cal under oxygen-scavengi ng conditions. 6 2.

The conposj tiongef CirRt Probesdtf'chim 45hPheréift The Balisttrifyig oRPbidQinpHiees

scavengi ng conditions by an adjacCent group contai ning

p electrond that arecompound selected from the granpconsisting-of henzyl glcobelnded t o ot her

atons in tge
pendant or- te

group.
rm nal

3-mehoxybenzt lcohol"EEAiERAN bBhdl] plrahBoib 3 Hublakab)®

nol

ether noi edies havi ng,6dimethyltficyclof3. dl1jlept-2seie-ethanol, 3-mefiyl-3-butetyl alccbio,

conpositi og o]
12

f clai
| east

T2:8geinglop o RRahel Aneare) Sl b lpropan Gy

5. The c@npositi onemér dibatol) ﬁsflw&immgfmi,slmﬁm&m%&mwi ni ng
radi cal _directly bonded fo the methyl ene of said benzyl
radi cal, the carbon and/or linoleo alcohol, 3,5-di-z-butyl-4-hydroxybenzyl alcohol,

14

8
9

10
11
12
13
14
s
16
17
18

19
20
21
22
23
24
25

48.

49,

30.

S1.

2,4-dihyroxylbenzophenone, hydroxylphenylbenzotriazole, and
hydroxybenzylphenone.

The process of claim 46 wherein the transesterifying compound comprises a
compound selected from the group consisting of benzyl alcohol,
3-methoxybenzyl alcohol, 3-methylbenzyl alcohol, hydroxypoly(1,2-butadiene),
6,6-dimethylbicyclo[3. 1. 1Jhept-2-ene-ethanol, 3-methyl-3-butenyl alcohol,
2,6-dimethyloct-2,6-dienyl alcohol, cinnamyl alcohol, trimethylpropane diallyl
ether alcohol, 2,6,10-trimethyldodec-2,6,10-trienyl alcohol, ocenol, oleo
and/or linoleo alcohol, 3,5-di-r-butyl-4-hydroxybenzyl alcohol,
2,4-dihyroxylbenzophenone, hydroxylphenyibenzotriazole, and
hydroxybenzylphenone.

The process of claim 48 further comprising adding an amount of transition
metal salt that is effective to promoté oxygen scavenging in the transesterified
polymer. |

The process of claim 49 further comprising irradiating the transesterified
polymer with actinic radiation.

The process of claim 39 wherein the polymer comprises an ethylene vinyl
acetate copolymer.

R O



15 atom having an allylic hydrogen, or the carbon atom bonded
to the oxygen 16 atom of an ether radical. 17 6. The
conposition of Caim5 wherein said radicals conprise radicals substituted
18 w th at. | east one radical selected fromthe gr @gmgs $ting
of hydrogen, aIWP"‘”i’? radicals containing from21 to 18 carbon
atons, al koxy radicals having froml 20 to 16 carbon atons,

am ne radicals having from1l to 6 carbon atons, ester and 21

am de radicals of acids having from1l to 16 carbon atons, aryl radicals and
22 substituted aryl radicals havin®g8 to 24 carbon atons, and
aryl ether radicals 23 and substituted aryl ether radicals
having fromi6 to 52 cartegroesoofclaim 51 wherein the trasesterifyingo®mpound comprises
PCT/ US96/ 05937 .. . - 82 - 1
7. The coMposition AeRyleeHcAYher ei n sai d benzyl radicals conprise
benzyl 2 radi cal s having the phenyl substituted with at | east

one radical selected from 3 ) t he group consi.sti.ng of hydrogen,

al kyl radicd's co¥-ai nhmethodsnfmaking %Pelxmsbhav%wﬁ'gc‘_‘°m‘ss'3°'°“ﬂ§1‘mp Roxy

radical s hayng from ]fo}rﬂing 2GAGPEf 2 B&%H%' c@ﬂlge%féﬁ&ﬁﬁ&lién BRd/bF Gansbsterification
amde ra

from1l to 6 carbon atons, €ster and Icals of acids having fram1

to 6 6 5 c aand dilendingthe meltywitly & tydroxys fosmcpf$he functionab additiys under

radicals hagng 6 to 1§Eﬁ;ﬁrgﬁg P iognd aryl ether
radi cal s and substitutéd ary e‘&“é’e"rr %ﬁ%ﬁﬁ?nﬁgwé\%u?rom 6 8
9 8

to 15 carbon atons. The conposition of Caim5 wherein the
het er oat om gont ai 54 ng Jf.adical ..s t he group
- a

consi sting df est CPMBoSton R%%E@a‘ﬁ'l tespgqms&ﬁﬁﬁe&_g-rom The

conposition of Claim8 wherein the ester, amde, and imde radicals are 12

directly bonded tg the ethylenic or polyethyl enic hackbone. 13 10.
The conposi & on of3-Cl aﬁﬁ@mﬂﬁmggpﬁﬂ"fs ICY?‘%‘ frectly bonded to
t he _

9 56. The composition produced by the process of claim 47.

10 57. The composition produced by the process of claim 48.

11 58. A composition comprising a compound having an ethylenic or polyethylenic
12 ~ backbone and pendant moieties containing allylic hydrogen.

13 59. The composition of claim 58 wherein the moieties containing allylic hydrogen
14 ~ are cyclic.

15 60. _ The composition of claim 58 wherein the composition is a copolymer of

16 | ethylene and a comonomer selected from the group oons_isting of

17 poly(1,2-butadienyl) acrylate, 6,6-dimethylbicyclo[3.1.1]hept-2-ene-ethyl

18 acrylate, 3-methyl-3-butenyl acrylate, 2,6-dimethyloct-2,6-dienyl acrylate,
19 _ cinnamyl acrylate, trimethylpropane diallyl ether acrylate, '

20 2,6,10-trimethyldodec-2,6, 10-trienyl acrylate, and oleyl and/or linoleyl
21 acrylate.

-
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14 et hyl eni c or pol yet hyl eni c backbone through the carbon atom

of the ester 15 , radi cal . 16 11. The corrposi tion of
Claim9 wherein the amde radical is directly bonded to t he
et hyl eni ¢ or_pol yet hyI eni c backbone t hrough t he carbon ato g’gﬁ\%ﬁm de

18 “P %éﬂ 12. The conposition of gal m erein
the heteroat om cont al n| ng radl cal is 20 sel ected fromthe
group consisting of ester and am de radicals. 21 13. The
conposition of Caim12 wherein said conponent conprises the dibenzyl 22
ester of 1,10-decanedicarboxylic acid. -89 - WD 96/ 40799

PCT/ US96/ 05937 - 83 -

ol ymer £y 01O R EipdstBa Somplihg el emﬁﬁ%@%ﬁ%‘?ﬁ@ﬁﬁ??%ﬁ‘ﬁ%ﬁﬁé )

havi ng bezween aboutadkbeneiand pendant ether moietieabout 17.9 nol e percent benzyl
ester, 3-nethoxybenzyl ester, 3-nethyl benzyl 4 ester,

N- benZyI am de, poly(1,2-but adi enyl) ester, 5

6, 6- di net Byl bi c&cl omeboﬁ:bb&ﬁﬂn&idﬂmﬁt%eh%emeﬂmwm&ybﬁmenyl ester,

6 , 6-di net hyl oct - 2, 6-di enyl ester, cinnanyl ester,
_ trlnethylpropane diallyl ether . 7 ester,
2, 6, 10- t r gnet hygadod qhe 2ofapdditicn éfdkiin 625 WhéreinOh8 ihee fioRies #re GhétiocydlieGindy |
8 ester radj cal s directly bonded to the ethylenic or
pol yet hyl &ni ¢ backb&pgiain from gwo to seved carborgOMseonposi ti on of C ai m 14
wherein the conposition contains between 20 10 and 200 nol es of
said radicals per nole of transition-netal elenent. 11 16. The
conposi tién of €4 ai fFheSompositiomofi clim 6lawhereingthe compositinal is acopplymeeef
7 ethylene and a comonomer selected from the group consisting of
8 , tetrahydrofurfuryl acrylate, polyethylenegtycolic acrylate, monomethyl ether
9 acrylate, and 2-methyltetrahydropyran acrylate.
10 65. A composition comprising a polyethylenic backbone and at least one pendant
11 radical selected from the group consisting of oxazoline;
12 . 3,5-di-s-butyl-4-hydroxybenzyl ester; esters of 2,4-dihyroxylbenzophenone,
13 hydroxylphenylbenzotriazole, and hydroxybenzylphenone; C;-C;3 esters that
14 have at least one epoxy radical substituted on a carbon atom; 2-aminoalkyl
15 esters having at least one of the hydrogen atoms substituted with a C;-C;q
16 alkyl xadml ethylamine ester; polyamide esters; and the following esters and
17 amides:
I ——

A



12 cobalt neodecanoate and/or cobalt benzoate. 13 17.
The conposition of Caim 14 wherein the polyner contains sodium zinc, 14
pot assi um or ammobni um counter-ions. 15 18. The conposition of
Caim 14 wherein said polynmer further conprises said 16

ethyl enic or PPV eni ¢ backbone and pendant carboxy radi PGIUSsNsRy
19. The conposition of Claim 14 wherein said polyner further conprises

said 18 et hyl eni ¢ or pol yethyl eni c backbone and pendant al kyl
ester radicals. 19 20. The conposition of Caim19 wherein the
pendant al kyl ester radicals conprise 20 .gQ- nmet hyl ester

radi cal s. 21 21. The conposition of Caim20 wherein the
conposition contains between abo 22 0.3 and about 17.2 nole
percent nethyl ester radlcals WO 96/ 40799

PCT/ US96/ 05937 1 ' _]iﬁ .g@g’g.@sotg@maof Cl aim 20 wherein the
conposi tion contains betmeen about 0.3 and about 8.9 nole
percent nethyl ester radicals. 3 23. The conposition of Claimb5
wherein the conposition contains fetween 10 and 4 2000 nol es

of said radicals per nole of tranecpfgn qe@gj Rhenent.

0
i
—C —NH-C)H —NH—C_H —NH,
0
1 —C—NH-CH—NH,
0
—C04CH-0CC H,
0
— o —cH OH
Ho
~to -(—CH-)—oéA-@
2
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5 24. The conposition of Claim5 wherein the conposition contains

between 20 and 6 200 noles of said radicals per nole of
transition-nmetal el enent. 7 25. The conposition of C aim 24 wherein
the transition-netal salt conprises a 8 cobal t ?E@Q mﬁ

26. The comp¥P¥¥Pt C ai m 24 wherein the transition-neta pye/s
conprises 10 cobalt neodecanoate and/or cobalt benzoate. 11
27. The conposition of Claim4 wherein the transition-netal salt and said
radicals 12 are present in an anount which is effective to
scavenge oxygen. . 13 28. A polymer cogposition prepared by reacting
an ethylene alkyl acrylate 14 copolynmer with a benzylic am ne.
15 29. A pol yner conposition prepared by reacting an ethyl ene al kyl
acrylate 16 copol yner with a transest@rifying conpound

sel ected fromthe group consistin 17
allylic al cohol, and ether alcoho sald conp

al kyl ester and benzylic, allyl iT r[‘@l'?ﬁro
an

The conposition of d ai m 29 haV|ng nor e

|l oCHyenzyl i c al cohol,
) |having 18
aticdIE. 19 30.

Sﬁ{ cent benzyl ester,

20 allylic ester, and/or ether ester
WO 96/ 4079 .
PCT/ US96/ 05937 _ -85 -
2 where a is an integer between 1 and 18, inclusive, b is an integer between 1 and 12,
3 inclusive, and c is an integer between 0 and 12, inclusive.
Thl' T
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1 31. The conposition of Claim?29 wherein the ethylene alkyl acrylate
.copol yner 2 has a nelt-point tenperature at |east about 6 deg
F greater than a reference 3 L et hyl ene-al kyl acryl ate

copol ymer, where the reference copolynmer is nade in a 4

mul ti-zone aut™R@PH4PE eactor and the ratio of alkyl acrylat ewa‘ﬁyﬁ‘s?ane in

a b5 reacti on zone when making the reference copol yner i s about
equal to the 6 overal | ethyhige to alkyl acrylate ratio fed to
the multi-zone autocl ave reactor. 7 32. A filmconprising the
conposition of C aim 4. 8 33. Alayer ina filmor article
conprising the conposition of CaimA4. 9 34. A nmulti-|ayer
conposition conprising: 10 A) a first l|ayer
conprising an oxygen bafTTerirayer, and Il B)

secdnd | ayer conprisingithe gonposition of Caim?27. 12 35. [frhe
conposition of Claim34)further conprising a third |ayer conprising g 13
functional |ayer. 14 6. The conposition of Caim34 further
conprising a third |layeg conprising.a 15 structural |aygr.

16 37. The conposition ¢f Cl ai"h 36 further conprising a fourth §ayer
conprising a 17 functi pnal | ayer. 18 38. Arigd

t hi ck-wal | ed conpositiop conmprisinglthe conposition of daim 4. 19

39. A process conprisgng: {20 A formng a nelt of a

pol ymer having a polyetﬁylen c backbpne and 21 pehgant
ester and/or acid noietjes; fnd . 1™

Q

\

FIGURE 1

120




WD 96/ 40799 :

PCT/ US96/ 05937 - 86- 1
B. contacting the nelt with a transesterifying conmpound in an extruder 2
under transesterification conditions, where the polynmer undergoes 3
esterificati onV2@A%? transesterification but not al cohol ysi FCTAISMASET 4
pol ymer after esterification or transesterification has a polyethylenic 5

backbone and pendant ester and/or acid noieties. 6 . 40.  The
process of claim39 further conprising d@fftacting the nelt with a 7
transesterification catal yst. 8 41. The process of claim 39
wherein the reaction occurs essentially at atnospheric 9
pressure. 10 42. The process of claim39 further conprising
addi ng an amount of transition 11 netal salt that is effective
to pronote oxygen scavengi ' bbbl 12 S

. pol yner. 13 . 43. The process of claim42 wherein the §ransition
nmetak salt conprises a cobalt 14 nmetal salt. 1% 44,

The process of claim42 fyrther conprising irradiating the trangesterified

16 pol ynmer th actinic radiation. - 17 45. The
process of claim 39 wherefn {he polyner conprises ethylene al ky} acryl ate
18 copol ymer, etﬁ&lene acrylic acid copolyner, or e | ene

al kyl acrylate 19 : copolymer grafted with nal ei c afpygdiri de.
20 46. The proces$ off cl aim 45 wherein the polynmer conpfises

et hyl ene net hyl
)

FIGURE 2
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PCT/ US96/ 05937
47.
conprises a 2

acryl ate copol yner.

WD 96/ 40799

conmpound sel ected fromthe .group

-87-

The process of claim45 wherein the transesterifying conpound

of

benzyl al cohoWO 9640799 3- met hoxybenzyl al cohol, 3-nethyl benzy
al cohol , hydroxypol y(1, 2-but adi ene), 4
6,6-dinethylbicycI0[3.1.1]hept-2-ene-eth§g§ 3 nmet hyl - 3- but enyl al cohol ,
5 . 2,6-di net hyl oct - 2, 6-di enyl cohol, cinnanyl al cohol
trimethyl propane diallyl 6 et her alcohol
2,6,10-trimet hyl dodec-2, 6, 10-tri enyl al cohol, ocenol, oleo 7
and/or linoleo al cohol, 3,5-di-t-butyl-4-hydroxybenzyl alcohol, 8
2, 4- di hyr oxyl benzophenone, hydroxyl phenyl benzotri azole, and 9
hydPoxybenzyIphenone ~ctarrmAg-nirererTite
transesterifying conpound conprlses a 11 conpodnd sel ectjed
fromthe group consisting of benzyl alcohd , 12
3- met hoxybenzyl al cohol ,| 3- net hylbenzy! al tohol ,
hydr oxypol y( 1, 2-but adi erfe), 13 3} :
6, 6- di met hyl bi cycl o[ 3. 1.}1] hept - 2-&ne- et hanpl , 3- nethyl - 3- buttenyl al cqdhol ,
14 2, 6-di netfhyl oct - 2,%- di enyl hlcohol ci nnanyl ial cohol
trimet hyl propane diallyl] 15 i e;her al cohol ,
2,6, 10-trinet hyl dodec- 2,6, 10- trlehyl alcohpl ocend oleo 16
and/or linoleo al cohol, B,5-di-t- butyl 4- hydroxybenzyl al coljol , 17
2, 4- di hyr oxyl benzopheno h droxylphenylbpnzotrlazole and: 18 - ™
hydr oxybenzyl phenone. 9 49. The pgocess of cIa|n14£ further
conprising adding an a mt o tran5|t|on 20 mettal salt tjhat
ef fective to pronpte oxyjgen s avehglng inihe transesterifiagd 21
pol yner . 22 50. he\\prdcess of claiim 49 further conpeising
irradiating the transestri¥i :
Y H |
\ :
)
\‘ :
@ ;
w N\
[ < 4 1
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23 polymer wth actinic radiation. 24 51. The process of
claim39 wherein the polyner conprises an ethylene vinyl 25

acet at e copol yner. WO 96/ 40799

PCT/ US96/ 05937 : . PCT/USOGIB937 1
52. The proce¥QMM7? ai m 51 wherein the transesterifying conpound
conprises 2 phenyl acetic acid. 3 53. A nethod of naking
a pol ynmer having functional side-chains c#¥prising 4 formng a

melt of a polynmer capable of esterification and/or transesterification 5
and blending the nelt with a hydroxy formof the functional additive under

6 esterification and/or transesterification conditions. 7
54. The conposition produced by the process of claim42. 8 554 The
conposi tion produced by THE process or crarm 45, ) 56. The ™
conposi tion produced byl the process of claimA47. 10 57. The

conposi tion produced byl the pr,
conpeosition conprising g conp&ﬁ
backbone and pendant noy eties gdn

o‘cl ai.m 48. 11 58. A
avifig an ethylenic or polyethyle
ainiﬁg allylic hydrogen.

ic 12

-

ensesesaadshes

<

FIGURE 4
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13 59. The conposition of claimb58 wherein the noieties containing
allylic hydrogen 14 are cyclic. 15 60. The conposition
of claim58 wherein the conposition is a copolyner of 16

et hyl ene and a conononer selected fromthe group ConSiStingd%HEEQm§97

pol y(1, 2- but aWMOM#I®acryl ate, 6, 6-di met hyl bi cycl o] 3. 1. 1] hept= 2-ene- &t hyl
18 acryl ate, 3-nethyl-3-butenyl acrylate,

2, 6-di met hyl oct -2, 6-di enyl acrylate, 19 ci nnanyl acryl ate,
trimethyl propane diallyl ether acrylate,

2,6, 10-trinethyl dodec-2, 6, 10-trienyl acrylate, and oleyl and/or |inoleyl 21
acryl ate. WO 96/ 40799 .

PCT/ US96/ 05937 ' - 89 - 1
61. A conposition conprising a conpound having an ethylenic or

pol yethylenic 2 backbone and pendant ether noieties. 3

62. The conposition of claim®6l wherein the ether noieties are cyclic.

4 ., 63. The conposition of claim62 wherein the ether noieties are
monocyclic and 5 contain fromtwo to seven carbon atons. 6

64. The conposition of Mm_ﬁl_mham_me_mmns_u.ﬁn_u_a_mmger of
7 et hyl ene &nd a conbnoner sdl ected fromthe gfoup con$®sting

of 8 tetrahydrofurfryl acrylate, poliyethy engglycoti

acryl ate, nnnonethyl_ether 9 ¢ t acryl ate, ang

2- et hyl t et r ahydr opyr anjacryl at e} '
1

7

|
150

v

&

=
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10 65. ° A conposition conprising a polyethylenic backbone and at | east

one pendant 11 radi cal selected fromthe group consisting of
oxazoline; 12 3,5-di-t-butyl -4-hydroxybenzyl ester; esters of
2, 4- di hyr oxyl benzophenone, 13 hydr oxyl phenyl benzotri azol e, and
hydr oxybenzyl phenone; C1-Cl8 esters that 14 have at |east one

epoxy radical substituted on a carbon atom 2-am noal kyl 15 .
esters having at |east one of the hydrqgep_atons substituted with a Cl-C18

16 al kyl radical; ethylam ne ester; polyan de esters; and the
foll owi ng esters and 17 : am des: WO 96/ 40799
PCT/ US96/ 05937 - 90 - [err]O

- 91 - Jerr] %) | CH3
-—CO’('CHz—)tTO ({I'—OH
. CHg

where a is an integer between 1 and 18, inclusive, b is an integer between 1 and 12,

A\ inclusive, and c is an integer between 0 and 12, inclusive.

66. A polymer composition prepared by reacting an
ethylene alkyl acrylate copolymer with a compound
selected from the group consisting of benzylic
alcohol, benzylic amine, allylic alcohol, and ether
alcohol.

67. The composition of Claim 66 having more than 5 mole
percent benzyl ester, benzyl amide, allylic ester,
and/or ether ester radicals.

68. The composition of Claim 66 wherein the ethylene alkyl
acrylate copolymer has a melt-point temperature at
least about 6 deg F greater than a reference ethylene-
alkyl acrylate copolymer, where the reference copolymer
is made in a multi-zone autoclave reactor and the ratio
of alkyl acrylate to ethylene in a reaction zone when
making the reference copolymer is about equal to the
overall ethylene to alkyl acrylate ratio fed to the
multi-zone autoclave reactor.

69. A composition comprising a compound having an ethylenic
or polyethylenic backbone and pendant ether moieties or
pendant moieties containing allylic hydrogen.

This is the replacomén‘t shoet
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Y 1999



where a is an integer between 1 and 418, inclusive, b is an integer between
1 and 12, I nclusive, and ¢ is an integer between 0 and 12, inclusive.

66. A pol yner conposition prepared by reacting an et hyl ene al kyl
acryl ate copolynmer with a conpound selected fromthe group consisting
of benzylic al cohol , benzylic g allylic alcohol, and ether

al cohol . 67. The conposition of d 66 havi ng nore than 5 nol e

percent benzyl ester, benzyl amide, allylic ester, and/ or ether ester
radi cal s. 68. The conposition of C aim 66 wher ei n- t he et hyl ene al kyl

acryl at e7ﬁopo1v;teecoh@&>samb:m -@Iﬂaiﬂmrﬁhdfélﬁt Ia.t 1ea|st’iis‘d ;9&9&'%\%16 deghF
greater than ger efer cryl ate copol yner ere the
3F ehe %@Hﬁaﬁé“ﬂé?gﬁies %5$t?¥35§

-reference copol yner n a &-aut ocl ave reactor and the
ratio of alkyl acrylate to ethylene in a reaction zone when

maki ng tye,r efRec dohpdiY MR of %P&’ﬂh‘”@qfﬁéréﬁnt Rfe et[heq}’%c?ié fégyl egg

to al kyl acrylate ratio fed to t1-zone autoclave reac

A conposi t i on2EEPPPONS QXﬁﬂﬁnﬁRP¢é&mn§raﬁ Evpyteniseven carbon

pol yet hyl eni c at@gisbone and pendant ether noieties or pendant noieties
contai ning allylic hydrogen. _

72. The composition of claim 69 wherein the composition is
a copolymer of ethylene and a comonomer selected from
the group consisting of tetrahydrofurfuryl acrylate,

\_/ polyethyleneglycolic acrylate, monomethyl ether
acrylate, 2-methyltetrahydropyran acrylate,
poly(1,2-butadienyl) acrylate,
6,6-dimethylbicyclo[3.1.1]hept-2-ene-ethyl acrylate,
3-methyl-3~butenyl acrylate, 2,6-dimethyloct-2,6-dienyl
acrylate, cihnamyl acrylate, trimethylpropane diallyl
ether acrylate, 2,6,10-trimethyldodec-2,6,10-trienyl
acrylate, and oleyl and/or linoleyl acrylate.

73. A composition comprising a polyethyienic backbone and
at least one péndant radical selected from the group
consisting of oxazoline; 3,5-di-t-butyl-4-hydroxybenzyl

_ ester; esters of 2,4-dihyroxylbenzophenone,

— hydroxylphenylbenzotriazole, and hydroxybenzylphenone;
C;-Cig esters that have at least one epoxy radical |
substituted on a carbon atom; 2-aminoalkyl esters
having at least one of the hydrogen atoms substituted
with a C;-Cig alkyl radical; ethylamine ester;

polyamide esters; and the following esters and amides:

I oo o s
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92 70. The conposition of claim69 wherein at |east a portion of the
pendant noieties are cyclic. 71. The conposition of claim 70 wherein the
et her noieties are nonocyclic and contain fromtwo to seven carbon

at ons. 72. The conposition of claim®69 wherein the conposition is a
copol ymer of ethylene and a cononomer s@Bected from the group
consisting of tetrahydrofurfuryl acrylate,. pol yet hyl enegl ycol i c

acryl ate, nononet hyl ether acrylate, 2-nethyltetrahydropyran acryl ate,
pol y(1, 2-but adi enyl ) acryl ate,

6, 6- di met hyl bi cycl o[ 3. 1. 1]hept 2-ene-ethyl acrylate,

3- net hyl - 3- but enyl acrylate 6- di net hyl oct - 2, 6- di enyl acryl ate,

ci nnanyl acryl ate, trlnethylég | 1yl et her acryl ate,

2,6, 10-trinet hyl dodec- 2, 6, 10 C?@ﬁﬁj—agg @yl ate, and ol eyl and/or
I|noleyl acryl ate. 73. A conp05|t|on conpr|5|ng a pol yet hyl eni ¢ backbone
and at | east one pendanK)radlcaI selected fromthe group

consi sting of oxazoline; 3, 54j - t - butyI 4- hydr oxybenzyl ester; esters
of 2, 4-di hyr oxyl benzophenone, ‘fC Nphenyl benzotri azol e, and
hydroxybenzylphenone Cl-C18 esﬁ%rs hat have at |east one epoxy

radi cal substituted on carbon atom 2-am noal kyl esters havi ng
at | east one of the hydrogengatons substituted with a Cl-C18 al kyl

radi cal; ethylanm ne ester; —c —NI{GR de \ggLlersy angHt he fol lowing esters
and ami des: 2 4 2 4 2

, 0
o I
: C NH- 5 4‘—'NH2
O
_LotcH o'@
5% CH—
?
— €O —CH OH

Ho
o ‘C°+CH+0@E/\@
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Date: ,§ 4 MAY 1998



93 [err] 94 where a is an

I nteger between 1 and 18, inclusive, b is an i nteger between 1 and 12,
inclusive, and c is an i nt eger between 0 and 12, inclusive. 74. The
conposi tion produced by the process conpri sing: A forming a nelt of
~an et hyl ene al kyl acrylate cop®fyner, ethylene acrylic acid

copol ynmer, or et hyl ene al kyl atrylate copolynmer grafted with
mal ei ¢ anhydri de; and B. contacting the nelt with a transesterifying
conpound in an extruder under transesterification - - condi tions,

where the peheme ariderapeinteger betweesy ilf ot ilh, abgdusive, b is
transester| fdrﬁaiﬁiﬂbéwtb@e&?en 1 and 3RCONQIMRISHveNdahdecPokY R after
or

esterification ransesterificatiqgn has a pol yethyl eni c backbone
and pendant istiegeryhptveari§ aBflelResINCI¥SIVE conposition of claim 74
wherein the transesterifying conpound conprises a conmpound sel ected

fromtthgrqﬂQeCQQﬁﬁénggogfﬂ%%&@@e&ﬂﬁ§ﬁéﬁe process comprising:

A. forming a melt of an ethylene alkyl acrylate
copolymer, ethylene acrylic acid copolymer, or
ethylene alkyl acrylate copolymer grafted with
maleic anhydride; and

B. contacting the melt with a transesterifying
compound in an extruder under transesterification
conditions, where the polymer undergoes
esterification and/or transesterification but not
alcoholysis, and the polymer after esterification
or transesterification has a polyethylenic backbone
and pendant ester and/or acid moieties.

75. The composition of claim 74 wherein the
transesterifying compound comprises a compound selected
from the group consisting of benzyl alcohol,
3-methoxybenzyl alcohol, 3-methylbenzyl alcohol,

g/, hydroxypoly(1,2-butadiene),
6,6-dimethylbicyclo(3.1.1}hept-2-ene-ethanol,
3-methyl-3-butenyl alcohol, 2,6-dimethyloct-2,G-dienyl
alcohol, cinnamyl alcohol, trimethylpropane diallyl
ether alcohol, 2,6,10-trimethyldodec-2,6,10-trienyl
alcohol, ocenol, oleo and/or linoleo alcohol,
3,5~-di-t-butyl-4-hydroxybenzyl alcohol, |
2,4~-dihyroxylbenzophenone, hydroxylphenylbenzotriazole,
and hydroxybenzylphenone.

76. The composition of claim 75 wherein the ethylene-alkyl
acrylate copolymer comprises ethylene-methyl acrylate
copolymer.

This .is the replacernemt sheeat
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3- et hoxybenzyl al cohol, 3-nethyl benzyl alcohol,
hydr oxypol y(1, 2- butadlene)

6, 6- di et hyl bi cycl o[ 3. 1. 1] hept - 2- ene- et hanol , 3- et hyl - 3- but enyl
al cohol, 2, 6-dinethyloct-2,6-dienyl al cohol , cinnanyl al cohol,
trimet hyl propane diall yl et her a@sohol,

2,6, 10-trinmet hyl dodec-2, 6, 10-tri enyl al cohol , ocenol, ol eo and/or
| i nol eo al cohol, 3, 5-di-t-butyl-4-hydroxybenzyl al cohol,

2,4-dih I h tri. e, .
yr oxybansyl henaire Gy aUELCHAREE Y IR oF 1ol hriekmma bR he
‘et hyl ene- al kylcomposifeion atex capbigher conppising Mﬁwmweﬁgiﬁbat e

copol ymer. composition which ?mprises %Oﬁgg§%ﬁ55§%?#§§%fgé$1t and

mul ti-layer fil riqid thlgﬁ-ma

conprising an% g%ﬂ@ﬂggt ng an et%%%ﬁﬁé?t96n9ﬂ¥Kﬁ$QX#&ﬁ Ges a
transiti on- netmickdasne .amherem atlge naoupduhavrxas @ézﬂahw es% Ct&Fminal
pol yet hyl eni ¢

ein the_c endant or term nal
noi eti es mhlc coﬁ%aln a carbon é? ?h%?rggg %%é% FBACcR- st abi | i zed
free radical mﬁﬂn&nq@nﬁtabilizgdaﬁEagingdtoadlunder axyberer ei n t he

- COSTREEY f I t
ingegf oxygenqper griggn?of sal 6ﬂ)£lnblén& &ﬁ&f:é![%ﬁ:ﬂg %@‘fayer film =

rigid thick-wSa¥eNGRHFMRRsibion is effeetdver tel sigavangkeatin the
pendant or teadtl 1 cc ¢PiGkydEn OFEP! §EEmCOEY khid YdmPdLit Pén Et her

noi eti es havi ng at | east on al pha hydrogen.

(. 78. A multi-layer film, rigid thick-walled composition, or
article of claim 77 wherein the pendant or terminal -
moieties comprise enzylic, allylic, or ether moieties
having at least on alpha hydrogen.

79. A multi-layer film, rigid thick-walled composition, or
article of claim 77 wherein at least one layer
comprises an oxygen barrier layer.

80. The multi-layer film, rigid thick-walled composition,
or article of claim 79 wherein at least one layer
comprises a functional layer.

81. The multi-layer film, rigid thick-walled composition,
or article of claim 79 wherein at least one layer
comprises a structural layer.

82. The multi-layer film, rigid thick-walled domposition;
or article of claim 81 wherein at least one layer
comprises a functional layer.

ORI 7 1o the ropidooment shwct
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79. A nmulti-layer film rigid thick-wall ed conposi tion, of Oﬁ’hf@ﬂ: li!/
claim77 wherein at | east one |ayer ‘conprises :an oxygen barri er

- 80. The nulti-layer film rigid thick- vvaIIed conposi‘tion, or
of claim.- 79 wherein at |eabt one | ayer conprises a ""*if'»“‘"

| ayer. " B1. ° The -Iayer"fllrn I d thick-walled conpositi \q,
article of claim Fé’iIQ wher ei WORP W’E’é‘gﬁmm&m@“%onprl se

Tia

structural l@fﬁN T, ﬁaa
conposi tige Angﬁnm erdli@ 1
conpri seg Q"P’&i‘lﬁ'{"?‘bm‘ WO 96/40799
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Disclosed is a process for esterifying and/or transestesifying a polymer having a polyethylenic backbone and pendant acid and/or
ester moieties comprising contacting a melt of the polymer with & transesterifying compound so that the polymer undergoes esterification

and/or number from the unreacted polymer. In one embodiment, the process also comprises adding an amount of a transition metal sait
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