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in Journal of Applied Polyner Scienpce, Yol. 61, 1395-1404 ((1996)._The
teach t hat%br éﬁcﬁfﬁﬁw Fé&?"éc%?c"bﬁF%FBMyP@ﬁé‘u&?ﬁi RF edher of }9ée
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However, this approach

resistance to stretching during elongation of molten
polymer at low shear conditions (that is viscosity
measured at a shear of 0.1 rad/sec by DMS) and does not

15 sacrifice the output at high shear conditions.

Polyolefins are frequently rheology modified using

nonselective chemistries involving free radicals .
generated for instance using peroxides or high energy
radiation. However, chemistries involving free radical

20 generation at elevated temperatures also degrade the
molecular weight, especially in polymers containing
tertiary hydrogen such as polystyrene, polypropylene,
polyethylene copolymers etc. The reaction of
polypropylene with peroxides and pentaerythritol

25 triacrylate is reported by Wang et al., in Journal of
Applied Polymer Science, Vol. 61, 1395-1404 (1996). They
teach that branching of isotactic polypropylene can be
realized by free radical grafting of di- and tri-vinyl
compounds onto polypropylene. However, this approach

30 does not work well in actual practice as the higher rate

of chain scission tends to dominate the limited amount of



30 does not work well in actual practice as the higher rate of chain
sci ssi on t ewpw/mee7dom nate the |imted anount of -1- chainCT/USH8I1768§ t hat
t akes place. This occurs because chain scission is an intra-nol ecul ar

fol | aw et . . . : . : €
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sci ssion resghhin Bcigsdondlsean dmntyei-aitl endl i ghescess t E6Ldvwiage t han
woul d be observed were the chain coupling}not acconpani ed, by sci ssion.
Because sci s§L&St OTRGT FANRELES nbddg Hranghing i $t3R biREe%s-i ncreases as

| ower nol ecul at wei.ght pol yner chains 1Q .referred to in.the t as "tails"
are formed. ‘f‘ﬁéefél&%ﬁl R%gcéssuglg%o%r?%&css - BT ‘ghlal%?g%& _SLSSOP cl ude
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pol ypropyl ene or other polyolefins by nitrene insertion into CH bonds. The

15 product repdr hdghier 0@l3 @E®WaRtes tdraos Wowmkd dbe Thleservedcwerepsheed in

US 3,530,108 |s.foaned _and cured with cycl oal kane; di (sul fonyl azide) of a
gi ven fornul §h3iR geuplizg et ﬁ?&%ﬁlﬁ 3’3f e%%’ﬁ%}lo’brodﬁéi:i‘uﬁ?e referred
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sul'f onam de ges. process 1nclu a m Xxing step such as

mlling or nmixicrgagfes k& VWS widlendlLz ivie)gleth dodDymEer chaifgl uti on or
di spersion then a heating step where the tenperature is sufficient to

deconpos&0t h&eferyesuitcodp tha dat @' @iks” are formed.
The teachings of US 3,058,944; 3,336,268; and

3,530,108 include the reaction of certain poly(sulfonyl
azide) compounds with isotactic polypropylene or other
polyolefins by nitrene insertion into C-H bonds. The

15 product reported in US 3,058,944 is crosslinked. The
product reported in US 3,530,108 is foamed and cured with
cycloalkane-di (sulfonyl azide) of a given formula. 1In US
3,336,268 the resulting reaction products are referred to
as “bridged polymers” because polymer chains are

20 “bridged” with sulfonamide bridges. The disclosed
process includes a mixing step such as milling or mixing
of the poly(sulfonyl azide) and polymer in solution or

dispersion then a heating step where the temperature is
sufficient to decompose the poly(sulfonyl azide) (100°C to

25 225° depending on the azide decomposition temperature) .
The starting polypropylene polymer for the claimed
process has a molecular weight of at least 275, 000.
Blends taught in US 3,336,268 have up to 25 percent
ethylene propylene elastomer.

30 United States Patent 3,631,182 taught the use of

azido formate for crosslinking polyolefins. United States



25 2250 depending on the azide deconposition tenperature). The starting
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| east 275, 0¥B2 hds taught in US 3, 336, 268 have up to 25 percen et hyl ene
propyl ene elpasfgiier .3,3k1, 418 ddidied siatesePatentud £oal11&% icaighidt he use
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crosslink certain thernD 0 ro e) r PVC
(pol y(vi nyl thargq ﬁ% fpcg)f@éfg X\:{gﬂ 2 § pglys yr )y e&%
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the teaching dian patent 797,917 (famly nenber of NL 6,503, 188)

i ncl ude 5hedbmperaxpdlyiﬂohutemengEPmMnXétﬁﬂlene Protylergdiemecent 10
pol y(sul f onyl a2|de) to nodi fy honopol yner polyethylene and its blend with
ponisobutyMHhPeqh woul d be de5|rable to have polyners rheol ogy nodified

rat her than crosslink h s
determ ned by xyl ene }dﬁt‘ﬁ%i?{‘ @q%pgg?%ﬁggp% 3t %%Eﬁﬁ%ﬁn ch
pol yners ar eyggdveaint ageahsly w@diSed SoHONEI 69'5@3§|1T868)06ﬂrﬁi]3(ﬁ1§ rigeiegpbl y

single site met'al | ocene or single site constrained geonetry catal yst and,
t hus, desir agdi fofcatkonvwsibnecireom Qedght tai St 075uMWekghitMEIRECRE M, wher e

10 poly(sulfonyl azide) to modify homopolymer polyethylene

and its blend with polyisobutylene.
It would be desirable to have polymers rheology modified
rather than crosslinked (that is having less than 10
percent gel as determined by xylene extraction

15 specifically by ASTM 2765). Which polymers are
advantageously made using single site catalysts,
preferably single site metallocene or single site
constrained geometry catalyst and, thus, desirably of
narrow molecular weight distribution (MWD = Mw/Mn, where

20 Mw is the weight average molecular weight, and Mn is the
number average molecular weight) (that is having MWD
preferably less than or equal to 3.0, most preferably
less than 2.5 Mw/Mn). The surprising results are
especially evident when the starting material is high

25 density polyethylene (density greater than 0.945
g/ml) (hereinafter HDPE of narrow MWD) which polymers
advantageously have a combination of good processibility
as indicated by higher melt strength at a constant low
shear viscosity for example 0.1 rad/sec measured by DMS,

30 and higher toughness, tensile elongation than a high

density polyethylene of broader molecular weight
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evi dent when 4;h& ShArdidi) v ddl wish hiwbs 3By Ueasiayspakyeriingned density
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hi gher nelt strength at a constant | ow shear viscosit or _exanmple 0.1
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usi ng t hessaregsied abentvedbogy choditied) usingotplei sgmee &gudvaltentm| yner,
and hi gher toughness than_that of the same starting nmaterial 5 coupled or
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agent . DeMsAiDr abl -dkgs\é%lg%‘gg%rmgyégngigé}zgggt ehal' lg%ggheer& Hyoddan wyel ed

br oader sl y,2conpo I'ONS Wou ave less undesirable
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Preferably, ampdestsabbé oderi hhant tbe &emedstextling maksrd cldhgeuried
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of free radical generating agents. Preferably, a process
of the invention would result in more consistent coupling
than methods of coupling involving free radicals, that is
use of the same reactants, amounts and conditions would
15 result in consistent amounts of coupling or consistent
(reproducible) property changes, especially consistent
émounts of gel formation. Preferably, a process would be
less subject to effects from the presence of oxygen than
‘would a coupling or rheology modification involving
20 agents which generate free radicals.

In the case of, medium and lower density
polyethylene (that is polymers having a density of from
0.94 g/cc to about0.90 g/cc), which are advantageously
copolymers of ethylene in which the percent comonomer is

25 preferably 0.5 to 5 mole percent comonomer based on total
polymer as determined by ASTM 5017, the polymers would
desirably show a combination of processability improved
over the starting material with retention of toughness,
low heat seal initiation temperature, low haze, high

30 gloss or hot tack properties characteristic of the

starting material.
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It has now been found that polymers having a narrow
molecular weight distribution or formed using single site
catalysts, especially polyolefins formed using transition
metal catalysts other than Ziegler Natta catalysts,

15 particularly where the molecular weight distribution is 3
or less, are surprisingly effectively coupled using
poly (sulfonyl azide) coupling agents. The resulting
coupled polymers have at least one of the desirable
properties listed.

20

The invention includes a process of preparing a
coupled polymer comprising heating an admixture
containing (1) at least one polyolefin comprising
ethylene and optionally at least one comonomer which is

25 selected from alpha olefins having at least 3 carbon
atoms, dienes and combinations thereof said polyolefin
having a molecular weight distribution of less than or
equal to 3 and (2) a coupling amount at least one
poly(sulfonyl azide) to at least the decomposition

30 temperature of the poly(sulfonyl azide) for a period

sufficient for decomposition of at least 80 weight



10 It has now been found that polynmers having a narrow nol ecul ar wei ght
distributiop or. formed using single site catal ysts, especiall fins
formed usi nglq{%ﬂg"t ion netal catalysts other than Ziegler Nﬁ@&%ﬁz%st S,
15 parti cul gdycahersE tthge BOBE USRI Foey Dhhz 0a6) I bRt kQRFliTidn® dpss, are
surprisingly effectively c%;géed usi ng pol y(sul fonyl azide) coupling

agents. The Te8Hlt iRy & cpiptedPglymer haparhichdasiyowberke the desirabl e
properties |iste 0 The énventi n_inclLudes a pLocess of preparing a

coupl ed pol Y ?‘é’rr?s*%g e RTodieh & n??i}ﬂ“% &ﬁﬁf’éf’ﬁi RE Ff?lyéte Sast one
pol yolef | N GRilbra fnl 1| #0° aiék Ophe 0BBhLY 81ph83sle@ls GaMyuTer Whi ch
Is 25 selected from al pha ol efins having at Ieagt 3 carbon atons, dienes
and conbbnatpresenderebia ssinghel gitef cathiystng (Sorokegample wei ght
distribution of Iess than or equal _to 3 and (2)_a coupling anmount at | east
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a|pha_0|ef“pq£%qlg£1n. The poly(sulfonyl azide)and polyolefin

10 preferably react at a temperature at least the

decomposition temperature and greater than 150°C. The
invention also includes any composition made by the
process of the invention and any article made from the
composition as well as processes for making the articles,
15 particularly melt processing (especially where the
article is formed from a melt of a composition of the
invention), more preferably selected by molding, blow ,
molding or extrusion blow molding the composition. The
invention also includes the use of a composition of the

20 invention in any of these processes.

Practice of the invention is applicable to any
thermoplastic polymer polymerized using a single site
catalyst which polymer has at least one C-H bond that can

25 react with azide including homopolymers and copolymers
with narrow and broad (including bimodal) comonomer
distribution such as copolymers of ethylene with one or
more alpha olefin (C3 to C20), ethylene copolymers with
unsaturation (EPDM or EODM, that is ethylene-propylene-

30 diene or ethylene-octene -diene), or other polymers such

as linear high density polyethylene, styrene based block



5 presence of a single site catalyst (for exanple transition netal |ike V
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| east the deconpoSition tenperature and greater than 1500C. The invention
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sel ected by nof ding, g or extrusion
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invention in any of these processes. Practice of the invention is
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cat al yst whi ch_pol voer .ha . | east e C-Hbho that _can.25 react with
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with one or nore alpha oléfin ( to C20), ethylene copolyners with
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et hyl ene- octene -diene),, or other poJyners such as |inear high density
polyethy“%ne?r§P§F§ﬁeu§&§§j%ﬂQﬁi@_q&éé catalysts and thus,

advantageously have a narrow molecular weight
distribution MWD = Mw/Mn, that is a lower MWD than a
polymer of the same composition and average molecular
weight made using a Ziegler-Natta catalyst, preferably
15 1less than or equal to 3.
The term “bimodal” is used to refer to polymers
which exhibit two peaks on a graphical representatiog of
. data from analysis appropriate to measure the property
discussed. For instance, in the case of molecular
20 weight, a gel permeation chromatography (GPC) curve is
used to determine the distribution of molecular weights.
These distributions are viewed statistically, that is as
statistical distributions. Thus where there is one peak,
the distribution has one mode and is unimodal. Polymer
25 which exhibit two peaks by this analytical method is
referred to as bimodal. Polymers which exhibit two or
more are multimodal. In the case of molecular weight
distribution, bimodal polymers are often blends of two
polymers with different number average molecular weights.
30 The blend is optionally an in-reactor blend or a blend

formed by passing a first polymer made in a first reactor
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determne th€ |Igtghp013’tqg§r¥e([)%e§ %c%€%m§$§%§§ﬁ%§s§g& £ribdtS ons are

viened stati fdntlines idtddd &5 St isdueah #uItimbukhloRSrvERIS MRET e

there is one peak, the distribution has one node and is uninodal. Polyner

25 whi ch exhibxaad vrgespdanycurwss anal ytical nethod is referred to as

bi nodal 5olyners mhkﬁ? exhibit fwo or. nore argenultinn al. .In the case of
we

mol ecul afvei ght  dirstHHEUBIER bt byt obe yRERS e2redorod s ety st
A
to the MWD of at least one component as represented by
one peak of the GPC curve. The component is preferably
one made using a single site catalyst.

15 Preferred polymers for use in the practice of the
invention are polymers prepared from ethylene,
advantageously ethylene in combination with other
monomers polymerizable therewith. Such monomers include
alpha olefins and other monomers having at least one

20 double bond. The polymer is a polyolefin, optionally a
homopolymer, copolymer, or interpolymer. Preferably the
homo or copolymers contain ethylene repeating units. 1In
polyethylene copolymers, the comonomer content is
preferably greater than 1 weight percent as determined by

25 ®C NMR (carbon 13 nuclear magnetic resonance) and more
preferably greater than 3 weight percent of any monomer
copolymerizable with ethylene, preferably an alpha olefin
or cyclic olefin, more preferably such an olefin of less
than 20 carbon atoms, most preferably from 2 to 18 carbon

30 atoms. The comonomer content is at least one comonomer

polymerizable with ethylene, preferably less than 4



formed by passing a first polyner made in a first reactor -7- Into a
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made usi Bg pro%f%feai&eoiéﬁh)ésarelﬁer%reseﬁ@&%{,eéhaokambmhgr use in

the practic e Invention are polymers prepared from et hyl enég,

advant ageoustyrmiibyt ene in conbinati on with other nononers pol ynmerizabl e
therewith. Such nononers include al pha ol efins and other nononers having at
| east one 20 doubl e bond. The el nBHRi s a pol yol efin, optionally a

homopol yTer .+ SRRk, 481 of SLALBUNARYL BIA(ELRD! Vot benlanp: g pagnol yrer
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13C NWR (carbon 13 nuclear magnetic resonance) and nore
10 use as comonomers in a solution, gas phase or slurry
polymerization process or combinations thereof include 1-
propylene, 1l-butene, l-isobutylene, 1l-pentene, 1l-hexene,
4-methyl-lpentene, l-heptene and l-octene, as well as
other monomer types such as tetrafluoroethylene, vinyl

15 benzocyclobutane, and cycloalkenes, for example
cyclopentene, cyclohexene, cyclooctene, and S5-ethylidene-
2-norbornene (ENB). Preferably, the o-olefin will be 1-
bﬁtene, l-pentene, 4-methy1—1-pentene, l-hexene, 1-
heptene, 1l-octene, or ENB, or mixtures thereof. More

20 preferably, the a-olefin will be l1l-hexene, 1l-heptene, 1-

octene, or mixtures thereof. Most preferably, the a-
olefin is l-octene. The ethylene polymer rheology
modified according to this <4dnvention is more preferably a
SLEP (defined hereinafter). These interpolymers

25 preferably contaiﬁ at least 2 weight percent, more
preferably at least 5 weight percent, a-olefin.

Interpolymers useful in the practice of the

invention optionally and in one preferred embodiment

include monomers having at least two double bonds which

30 are preferably dienes or trienes. Suitable diene and
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[ pentenc.  1ShEKENS[542mad BEPERSeTORRREns G ERFEARLATEL ane, Xs vel | as
ot her monoNGE | ¥escsHaBaBsenel ! 8l YALARLI Hkeral Y plbreran
n (0} (o}

1
benzocycl obut ane, cycl oal kenes, r exanpl e cyc nt ene, cyclohexene,

cycl ooct ene, batddSenbhyhestaddendsnorsdinl ettad s, Rneger ppeferhbeya- ol ef i n
w |l be 1- butene, 1-pentene, 4-nethyl-|-pentene, 1-hexene, 1- heptene,
1- oct ene, orlEABhesadiereur dsmetdydofl, ABiexadiene of 2ragrhylehe4a- ol ef i n

will be g hexehes; 10ePhenGe boedailind! &80, 1oL fREpe NS 5
pr ef er abl'y, fé g-
diene (norbornadiene) and 5-ethylidene-2-norbornene
(ENB) .
Polyolefins are formed by means within the skill in
the art. The alpha olefin monomers and optionally other

15 addition polymerizable monomers are polymerized under
conditions within the skill in the art. Such conditions
include those processes utilizing metallocene and other
single site catalysts such as exemplified by U.S. Patents
4,937,299 (BEwen et al.), 5,218,071 (Tsutsui et al.),

20 5,278,272, 5,324,800, 5,084,534, 5,405,922, 4,588,794,
5,204,419 and the processes subsequently discussed in
more detail.

In one embodiment, starting material polyolefins are
preferably substantially linear ethylene polymers

25 (SLEPs) . The substantially linear ethylene polymers
(SLEPS) are homogeneous polymers having long chain
branching. They are disclosed in U.S. Patent Nos.
5,272,236 and 5,278,272. SLEPs are available as polymers
made by the Insite™ Process and Catalyst Technology such

30 as Engage™ polyolefin elastomers (POEs) commercially

available from DuPont Dow Elastomers LLC and Affinity™
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olefinis 1-octene. The ethyl ene polyner rheol ogy nodified according to
this i nven®W@P1M2hpre preferably a SLEP (defined herei naf t e®CT/H$882685

i nterpolyners 25 preferably contain at |east 2 weight percent, nore
preferably atpdPpslebimepastpmeeent(PoPs) efonmetai®l ppl yvatiablef Elrom t he
practice of the invention optionally and in one preferred enbodi nent

i ncl ude nonorERe BeWi AEEHBLCReaSPPRAGYdouSREPidhts SRABRLE8D Ofr BSELsder abl y

dienes or Ulig05%em WokEOLACILARe sHBach, mo F160° SRECERTBES. ARlHIe

7-nmet hyl -1, 6- ene, ene,

5, 7-di met hyl -dpécDEidderamplés’ ol ulsdfml MM £inbey®-pobat Lhelde FM-
6-met hyl -1, 5- heptadi ene, 1, 3-butadi ene, 1,6-heptadiene, 1,7-octadiene, 5
1, 8- nonadiPenel570 p-BMcatiPBneand SN d3ddoadiagie of which is commercially

bi cycl o[ 2. 2. 1l he - 2-5-di en nor borpadi.ene), . tetracycl ecene, . or
n%x?ureg ther%%??igPi?eFEbe%Bgtﬁﬁﬁéé&eqﬁﬁéiﬂQﬁmg?nﬁﬁd gﬂﬁﬁﬁi&ﬁ@spehnst
r ef er abl 1,4 i : 4-h Lene, ~5- hyiz1.4- 10
ﬁexadieney dfé?c %%g%?gg?e%ggegpgy§%b '2.21ih ia?g-gséd?éﬁée'

(nor bor nadi ensyefiadablet bpluddéna- phamd)opEhad FNEatifnl pbl ethpdenree a@ ned
by means within the skill in the art. The al pha ol efin nononmers and
optional |y otdvme &5 mddet ophipokylneci-zd# f moromenemars pol yher predeaner
conditio % within the skill in the art. Such conditions include those
processes ut i PF 2R ngOREERRILBEEn geMPtdDhtatalyst, such as the catalysts

disclosed in European Patent Application 416,815-A.

The substantially linear ethylene/o-olefin polymers
are made by a continuous process using suitable
constrained geometry catalysts, preferably constrained

15 geometry catalysts as disclosed in U. S. Patent No.
5,132,380 and U.S. Application Serial No.: 545,403, filed
July 3, 1990. The monocyclopentadienyl transition metal
olefin polymerization catalysts taught in USP 5,026,798,
are also suitable for use in preparing the polymers of

20 the present invention, so long as the reaction conditions
are as specified below.

Suitable cocatalysts for use herein include but are
not limited to, for example, polymeric or oligomeric
aluminoxanes, especially methyl aluminoxane, as well as

25 inert, compatible, noncoordinating, ion forming
compounds. Preferred cocatalysts are inert,
noncoordinating, boron compounds.

The expression “continuous process” means a process
in which reactants are continuously added and product is

30 continuously withdrawn such that an approximation of a

steady state (that is substantially constant

-11-



single site catalysts such as exenplified by U S. Patents 4,937, 299 é%men
et al.), 5WQ8Y0A27 (Tsutsui et al.), 20 5,278,272, 5,324, 800PCE/USSY17685
5,405, 922, 4,588,794, 5,204,419 and the processes subsequently di scussed in

nore detail. ddnhQnecLEPPEhNBRt refbBhhtBY afll @iriodudiolwiiled i dwrdying out
preferably substantially |inear ethyl ene polyners 25 (SLEPs). The

subst anti al | ythe repoecest)| taeapbi¢weds ( ShEPPPlyme ﬂﬂﬂﬁkﬁﬁﬂxﬁ@ﬁ?@ﬁyﬁﬁﬁs
havi ng | ong chain branching. They are disclosed in U S. Patent hbs
5,272, 236 andE®x zmrmﬂzctszlgng she §ubs|ta@|téaéslybdlwrs el ene (#e

In5|ten1Proce st Technol ogy such .30 age" | yol efin
el astoners ( € 5FI9% ggﬁlg oﬁqﬁﬁﬂ) %%?%%%gfyLLC and
Affinity' 5 10y sepﬁééﬁhﬁf 1:) Eha%ewcao&P? t@i@zhlp{r@aesgabl e from
The Dow Chem cal Conpany. Specific exanpl eSS of useful Engage"A PCEs include
SM 8400, EG 84DfhoagH Ehe8@@plandtapecoﬁ«tha«pqﬂsﬁntﬁlmMemuiqmuisnnby[err]

POPs include FM 5 1570, HM 1100, and SM 1300, .each of_ whi ch
commercial |y %k@}FﬁglEhPFSﬁPTh§155WYCﬁ&ﬁ<ﬁ%S(BﬂﬁﬁﬁnPO%XTFElE%ElBB pr epar ed

via the sol Utho0ee SLULY YreOb183 LTSS SRRl derel Ulh o pRaTCEne

pol yneri zat i | ene an one or nore optl ona I'n conononers in

t he presence % opéracaeaay@msnaﬁdg@@mrrencwtadmtcozs&u:ﬂalmstagecat al ysts
di scl osed in European Patent Application 416,815-A The substantially
| i near et¥Wy| eempleyef-ol efin pol yners

Multiple reactor polymerization processes can also
be used in making the substantially linear olefin
polymers and copolymers to be rheologically modified
according to the present invention, such as those

15 disclosed in USP 3,914,342. The multiple reactors can be
operated in series or in parallel, with at least one
constrained geometry catalyst employed in one of the
reactors.

The term "substantially linear" means that, in

20 addition to the short chain branches attributable to
homogeneous comonomer incorporation, the ethylene polymer
is further characterized as having long chain branches in
that the polymer backbone is substituted with an average

"of 0.01 to 3 long chain branches/1000 carbons. Preferred

25 substantially linear polymers for use in the invention
are substituted with from 0.01 long chain branch/1000
carbons to 1 long chain branch/1000 carbons, and more

- preferably from 0.05 long chain branch/1000 carbons to 1
. long chain branch/1000 carbons.
30 In contrast to the term "substantially linear", the

term "linear" means that the polymer lacks measurable or
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are made by a continuous process using suitable constraineddgeonetr%
cat al yst s W@P@R2ZAbl y constrai ned 15 geonetry catal ysts as GHY 685 U.
S. Patent No. 5,132,380 and U.S. Application Serial No.: 545,403, filed
July 3, 1990dembrstpabliyclopgntcidiienrancnss | i thanetigl, ohef polymer is

pol yneri zation catal ysts taught in USP 5,026, 798, are al so suitable for use
in prepari ngSYRSthERGREr Yish AR BVETRIR M 18FEnERR, 038 dPShaid

reaction condjti | fied bel ow Suitable cocatalysts for use
her ei n incI355a3§ﬁ§%§@%n%?4ﬂ§%%éd to, for exanple, polyneric or oligoneric
al um noxanes, espeagi.al ¥ L NOXANE as wdo,.J T
conpati bl e, noncogg iﬁgﬁ'ng?ﬂ¥éﬁq¥%$%g%g co%%géﬁgggksfefé??%ﬂQ%%gg%alysts

are inerts, nppgAehdngat i(MEB)bHeHhs EPEHEES . 1dAGtAX RbagRXOHagD HHa1UOUS
process" neans a process in which reactants are continuously added and

product is 3Shouht chadmsbramathdihath seswltaafram sper duiceamiosatdfom &f eady
state (that is substantially constant -11- concentration of reactants

and product thel e-edefiimd@lodknthhr deelynersbaskboned. BaCholdaRF i zati on
conditions for _nmanufacturing the substantially linear ethyl.ene/a- qlefin
ol yrer s of - CHeLEr BEARCH Rt S gempapiers BB bRt i
sol ution pol YER{mea! LARIRMIREEHhd 24N BENas NecABPhisC &hePBAlymidie Present
invention is nol limted thereto. Slurry and gaS phase pol yneri zation

10 backbone to which it is attached.

The empirical effect of the presence of long chain

branching in the substantial linear ethylene/a-olefin
interpolymers used in the invention is manifested in its
enhanced rheological properties which are quantified and

15 expressed herein in terms of gas extrusion rheometry
(GER) results melt flow, I,,/I,, increases.

The presence of short chain branching of up to 6
carbon atoms in length can be determined in ethylene
polymers by using **C nuclear magnetic resonance (NMR)

20 spectroscopy and is quantified using the method described
by Randall (Rev. Macromol. Chem. Phys., C.29, V. 2&3, p.
285-297).

As a practical matter, current ’C nuclear magnetic
resonance spectroscopy is difficult to distinguish the

25 length of a long chain branch in excess of six carbon
atoms. However, there are other known techniques useful
for determining the presence of long chain branches in
ethylene polymers, including ethylene/l-octene
interpolymers. Two such methods are gel permeation

30 chromatography coupled with a low angle laser light

~13-



processes are also believed to be useful, provided the proper catal ysts and
pol ymer i zamo9/1ee7di ti ons are 10 enployed. - Miltiple react JCT/USI8/17685

pol ymeri zati on processes can al so be used in making the substantially

| i near ol ef i Bcpetgrths dedectea VWEHC-IALLS) Taedl 9gl cpeiyeandohi ed
according to the present invention, such as_those 15 disclosed in USP

3,914, 342. TRBIABREPPrEPHYaCOMRLadhidd i bt ERrentiat ¥4S6PMRRSFar al | el |

with at |eas ne, con ' ge try..c I .n_0 (o] e
Feactors. - mheeEaERbReIBBELRT VG af DA Ui f B AR R= TR0 ISR (e
short chain bhaRahpsagich’ idetledititrd Gt e NS LPTRGOTRECcRBEr PakaL i on,
the ethylene polyner is further characterized as having | ong chai n branches
in that the peepnwelladiccumented ubsttilieitkitewatuna. av8eagefor 0.01 to 3

| ong chai n branches/ 10Q0 carp ns.lggeferred 25 supstantially lin

.
pol ymers f or SFEEPLR: ¢ K& My Gt 0P & RETRYSF ed" it h Fro ?“Ol%ﬁg rchai n

branch/ 1000 g3grh t(Q ola 0yORG £ Y T ch/ﬁ&@ ﬂrﬁ%EEgg%anE%#ﬁﬁﬁ#ﬁ;erab'y
from 0. 05 Iong'c%g?n(ngﬁQh?gboqgg?ggh§Qib'1 %ﬁg chal n_branc
carbons. 30 Charackerdenitiasi, tJoHimavibsyn & ssibssanNeal Yprki nea9l) e term

"l'inear"” means that the polyner | acks nmeasurable or -12- denonstrabl e
| ong chain bA&83cRa3- that is, the polymer is substituted with an average of

less thaﬂ)0.01 long.CW@flem deGroot and P. Steve Chum, both of The

Dow Chemical Company, at the October 4, 1994 conference
of the Federation of Analytical Chemistry and
Spectroscopy Society (FACSS) in St. Louis, Missouri,
presented data demonstrating that GPC-DV is a useful

15 technique for quantifying the presence of long chain
branches in SLEPs. In particular, deGroot and Chum found
that the level of long chain branches in homogeneous
substantially linear homopolymer samples measured using
the Zimm-Stockmayer equation correlated well with the

20 level of long chain branches measured using “*C NMR.

Further, deGroot and Chum found that the presence of

octene does not change the hydrodynamic volume of the
polyethylene samples in solution and, as such, one can
account for the molecular weight increase attributable to

25 octene short chain branches by knowing the mole percent
octene in the sample. By deconvoluting the contribution
to molecular weight increase attributable to l-octene
short chain branches, ‘deGroot and Chum showed that GPC-DV
may be used to quantify the level of long chain branches

30 in substantially linear ethylene/octene copolymers.
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branch/ 1000 carbons. For ethylene/[err]-olefin interpolyners in5
br anchi ng"WPP8#942Feans a chain length | onger than the short %ﬂgbﬁﬂgpgﬂé

that results fromthe incorporation of the ct-olefin(s) into the polyner
backbone. Each IodgGrb@tnaMdaMhuMHﬁisdmshawmdcohenoaeplatspﬁimmg(ﬁiﬁw t he

pol ymer backbone and can be on s _the pol yner bone to which it
i s attached.3%h& gHBFFP‘(?é’I 5?1?[1&9( @1\'? EF&?@%‘P@%%% n%g hai n br anchi ng
in the subst al h dift rdn2i sfbPahBhSh ogg ﬁﬁ, n the

i nvention |s§$r§é{r1? gé%%% |tr111%‘ftt }s{-'lﬁﬁ'{arlri('::\gfed(1 r%eo og?\cafl ?ope ties ﬂh are
quantified aﬁdtlﬁheeamtaﬂ:ed:ﬂﬂrmm bradciingpf ofaSLEPEI axieo rantpearadd Yoy

(GER) results nelt flow, [err] increases, The gresence of short chain
branchi nd of tapthateofa el ATRRSUTL é'hwllﬂ%a rpachefe A evnd@nsitet hyl ene

nc i< quan PPLEACHETRES MATHE, ARGE oL ER R IO R R At Sk ety oty ool

Chem Phys., eEhglen¥ p3mdrs oA \f§1ﬂgp2§!§§ﬂ.§§‘|—t%@t Rlat LYFdEnt

[err] C nucl ear magnetic resonance spectroscopy is difficult to dlStIﬂgUISh
the 25 |engshcbf ag tdtrgroihvm redmpiestes rard cesdinhryi ratallyst satfos.
However, there_are her known techn| ues useful for. determ inqlayg
presence of T8Kd™8h éb?eﬁ%c BoPFrBASRINAL| Rgiadium
et hyl en o] ' rpolyners Tmo such net hods are gel perneation 30
chronatgg%apﬁbﬁgqeﬁégg with a low angle |aser |ight -13-

SLEPs are further characterized as having:

(a) a melt flow ratio, I,,/I, > 5.63,

(b) a molecular weight distribution, M,/M, as
determined by gel permeation chromatography and

15 defined by the equation:
M,/M) < (I,/I,) - 4.63,

(c) a critical shear stress at the onset of gross
melt fracture, as determined by gas extrusion
rheometry, of greater than 4 x 10° dynes/cm® or

20 a gas extrusion rheology such that the critical
shear rate at onset of surface melt fracture
for the SLEP is at least 50 percent greater
than the critical shear rate at the onset of
surface melt fracture for a linear ethylene

25 polymer, the linear ethylene polymer has an
I,, M,/M, and preferably density which are each
within ten percent of the SLEP and wherein the
respective critical shear rates of the SLEP and
the linear ethylene polymer are measured at the

30 same melt temperature using a gas extrusion

rheometer, and preferably
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scattering detector (GPC- LALLS) and gel perneation chronato%fa h co%Pled
with a di fWerd8fe42al viscometer detector (GPC-DV). The use of qﬁgé@n% S
techni ques for |long chain branch detection and the underlying theories have

5 been wel | documedjedai Bihbgel HiETrarent: iadeascdmiisyaopleridesry, G H and
Stockmayer, WH., J. Chem Phys., 17,1301 (1949) and Rudin, A, Mbdern

Met hods of Pol yrer ChaD&SbemﬁiéﬂpahpeﬁhanNWan8?%%n%9dhkﬂPY§Fk (1991) pp.
103-112. 10 A. WllemdeG oot and P. Steve Chum both of The Dow
Cheni cal Conpany, Far the ewbstantdaliondinpsereeylene{%zofredénati on of

Anal ytical Chem stry and_.Spectrosco Saciety. (F in Loui s,
hAssouri,.prggg¥?35¥d3§§dd kubﬁr5&%&?%{%&0%§K9%§£$% ﬁpﬁégFﬁ9815€P8chnique
for quants fYIi]%[iBera{:Q%eEﬁ%i%%t'e‘y‘g:r@ﬁiébﬁ@@f‘e.@oh? ShEPs. In _
particul ar, deG oot and Chum found that the | evel of Tong chain branches in

honbgeneous BréatAbhgal khaki iegr thapeherertlsanp) ggrpeaavieqd uRengoiae

Zi mm St ocknmayer equation correlated well with the 20 |evel of |long chain
branches nealangdchaingbjranch@ingVRn fhe hpelynety ooGenadalhym thend t hat
the presence of octene does not change the hydrodynam c vol une of the

pol yet hyl enelsarpresatnosofutthen sattant salkly bheegunetbydene/flor the

mol ecul ar wei ght increase attributable to 25 octene short chain branches by
knowi ng t he fberEipePedlimesst dife th karshphd. Byefierahiyl ati Agaske 7,

cont 11 bu O1ebRelBhS B RN d 061 SRRl LLRUAULEchOaL g51ENE Shor
The melt index (as measured by ASTM D-1238 (190°/
2.16 kg weight)) for the substantially linear olefin
polymers useful herein is preferably at least 0.1
grams/10 minutes (g/10 min), more preferably at least 0.5
15 g/10 min and especially at least 1 g/10 min up to
preferably 100 g/10 min, more preferably up to 50 g/10
min, and especially up to 20 g/10 win. '
Determination of the critical shear rate and
~ critical shear stress in regards to melt fracture as well
20 as other rheology properties such as rheological
processing index (PI), is performed using a gas extrusion
rheometer (GER). The gas extrusion rheometer is
described by M. Shida, R.N. Shroff and L.V. Cancio in
Polymer Engineering Science, Vol. 17, No. 11, p. 770
25 (1977), and in Rheometers for Molten Plastics by John
Dealy, published by Van Nostrand Reinhold Co. (1982) on
PP. 97-99. GER experiments are generally performed at a
temperature of 190 C, at nitrogen pressures between 250

to 5500 psig using a 0.0754 mm diameter, 20:1 L/D die

30 with an entrance angle of 180°. For the SLEPs described

-16-



may be used to quantify the level of |ong chain branches 30 in
subst ant i aWg 99/142ar et hyl ene/ oct ene copol yners. -14- de GFSHUSHH 7¢85um
al so showed that a plot of Log (I[err]) as a function of Log (Merr]) as

determ ned byh&RG | | tBérptesst bake bppdreig chisdobianchingkpenseel s ofbat
not the extent of |ong branching) of SLEPs are conparable 5 to that of high
pressure, hi ghiyebiahchedsnsrdd®isGER ¢ Bt RpRaEent DPRRagngtyesscofar | y

di stinct from ethyl engs pol rs, prqduc ing Ziegler-type catal ysts such
25 U Lani um chribt o oL 0 RlR Fiary YK LR "Hof kTR FBRogRYARich

pol yners suchy [ ' Qo Sh ERspar enf whicher
characterizegrgilﬂg%?nggh?g%négaﬁgFgﬁkﬁbm/ratifgg[e?f% 5.53, ?b) a

mol ecul ar Swei gémhgei ofr DbOLi Epoifser tlo &0 depaise neprbfeygablyeihekpiodise

chr omat ography and 15 definedlgg_the equat i on; Eerr - 4.63,
(c) a criticaPrshesdf-st TB8s SEEPshasakdieriig hawe @) PLf Lg8fufdan, or

det erm ned byegggﬁgégrgﬁiBgfgaﬁgﬂgfﬁeh fpfﬂéﬁlgr1&F§Qr4efh%§%%%[]the

dynes/cnierr] gas extriusion rheol ogy suc

critical sheapolphéralieffhelr @f zHwdlane p&lymés deedr foll pimetrh&rSaER iirfeant
| east 50 percent greater than the critical shear rate at the onset of
surface nelt wnifommdyf braachesdemolamer e described by Elston in US

10 Patent 3,645,992) having an I,, M,/M, and preferably
density, each within ten percent of the SLEPs.

The rheological behavior of SLEPs can also be
characterized by the Dow Rheology Index (DRI), which
expresses a polymer's "normalized relaxation time as the

15 result of long chain branching." (See, S. Lai and G.W.

Knight ANTEC '93 Proceedings, INSITE™ Technology
Polyolefins (SLEP) - New Rules in the Structure/Rheoclogy

Relationship of Ethylene o-Olefin Copolymers, New
.Orleans, La., May 1993. DRI values range from 0 for

20 polymers which do not have any measurable long chain
branching (for example, Tafmer™ products available from
Mitsui Petrochemical Industries and Exact™ products
available from Exxon Chemigal Company) to 15 and are
independent of melt index. In general, for low to medium

25 pressure ethylene polymers (particularly at lower
densities) DRI provides improved correlations to melt
elasticity and high shear flowability relative to
correlations of the same attempted with melt flow ratios.
For the SLEPs useful in this invention, DRI is preferably

30 at least 0.1, and especially at least 0.5, and most
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25 polymer, the linear ethylene polynmer has an [err] and
pref erabl y Wemstie4z7whi ch are each within ten percent of the SCHAUSIHAT6ES
wherein the respective critical shear rates of the SLEP and the |i near

et hyl ene pol yagpeah 811925k 9dadt e 3ORI can be cSBER1ISBLY EeBRELRkUre
using a gas extrusion rheoneter, and preferably -15- (d) a single

differential egaahipy:calorinetry, DSC, nelting peak between -30 and 150 C.
For the substantially |inear ethylene/[err];ghgfin pol ymers used in the
conposi tions of the invBRdi en, (3852879 &rrr] Tattb Nndiedls the degree of
| ong chain branching, that is, the higher the [err] ratio, the nore |ong

chain branchiwhera thagahsrathateaesedsyict helheatliohatiteolof the
substantially |inear®ethylene/a- olefin polynmers is at |east 5.63,

ref erabl y at s o7, | e 3 d hi gh as
D5 The mol ¢ TAdGE hs oadlr of ﬁdyﬂ%ﬁf%%%%@(?%sﬁgﬁﬁr %ﬁ&ﬁ%gfm aht)
f th bstantially lineat olefin polynmers. useful herein i referably at
I g;st 8. iugraﬂﬁﬁfﬁl Frnut ggt /‘cloa'ﬁ&n’;‘),o éﬁ?etBFef" ik b:v esb.r?’éS
g/10 mn and espegially at least 1.9/10, mn up to preferably 100 g/ 10 m n,
nor e preferabFﬁgu§r95556q@FfGQHﬂmt ¥pecially up to 20 g/ 10 mn.

Determ nation of the critical shear r and critical,shear stress in
regards to nelt fracture as = f?fi +(yetT )™

in which n is the power law index of the material, and n

10 and y are the measured viscosity and shear rate,
respectively. Baseline determination of viscosity and
shear rate data are obtained using a Rheometric

Mechanical Spectrometer (RMS-800) under dynamic sweep

mode from 0.1 to 100 radians/second at 190 °C and a Gas
15 Extrusion Rheometer (GER) at extrusion pressures from
1,000 psi to 5,000 psi (6.89 to 34.5 MPa), which
- corresponds to shear stress from 0.086 to 0.43 MPa, using
a 0.0754 mm diameter, 20:1 L/D die at 190 C. Specific

- material determinations can be performed from 140 to 190

20 °C as required to accommodate melt index variations.

An apparent shear stress versus apparent shear rate
plot is used to identify the melt fracture phenomena and
quantify the critical shear rate and critical shear
stress of ethylene polymers. According to Ramamurthy in

25 the Journal of Rheology, 30(2), 337-357, 1986, above a
certain critical flow rate, the observed extrudate
irregularities may be broadly classified into two main

types: surface melt fracture and gross melt fracture.
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20 as ot her rheol ogy properties such as rheol ogi cal processiégkindex (P1),
i s perforao%s943g a gas extrusion rheometer (GER). The gas PEB(13685
rheoneter is described by M Shida, R N Shroff and L.V. Cancio in Pol yner

Engi neering Sci ermierfaed md¥t Keacthrep octllr2unddy 74ppanent by Reeegsier s
for Molten Plastics by John Dealy, published by Van Nostrand Rei nhold Co.
(1982) on pglov-gmndidEoerspaprdntangesr drgaletal ) EpemtbeaBdodt a

tenperature of 190 C, ni frogen _pressures betwee 50 t9.5500 psig using
a 0.0754 nm%# Qﬁ,fgiplgi? dE@ §§qmqﬂ¥%ﬂ§%¥ﬁ¥%;ééfﬁnﬁfe of 180[err].
For the SLERssiigacdidedn -#6rein, hakCdetdiindd ivsih® eR@aaBBYeVi SCOSity
(in kpoise) of a material neasured by GER at an apparent shear stress of

2.15 x 196 demdrithed TBERSLERe bosetseofi sutfacevesl t ofiraatiiude{O8MEY| ene

interpolymers and _have a Pl_in_the 5 range of 0.01 kpoise to 50 kpoise,
preferably 35 KRERed agethe *F?ésSE’IfP@%sréHi% FHPP8ve ThE gfP§§s°‘ﬁhan or

equal to 70 é@{f@%%tgfgiggs%?og}% #dlqﬁ._lrmale‘_ft (t}érﬂnféﬁ Pﬂéyﬁgﬁfgg' ther a

Zi egl er pol yneriz pofymer ear y branc pollymer as

described byrdigmess no/Sthe eReiradatd hn W)y howi Agrestear by, aandx
preferably density, each within ten percent of the SLEPs. The Theol ogi cal
behavi or of TQERstteatitBo bEhehgridiiaal cshear t Rt ®oat RABe| 8gFetn®dx

(D), 3 PIrEARA e o8 8, BRRMIRE S £l Oy | g o AL OTebulesg (1 19
: percent greater than the critical shear rate at the onset
of surface melt fracture of a linear ethylene polymer
having essentially the same I, and M,/M,.
Gross melt fracture occurs at unsteady extrusion
15 flow conditions and ranges in detail from regular
(alternating rough and smooth, helical, etc.) to random
distortions. For commercial acceptability to maximize
the performance properties of films, coatings and |
moldings, surface defects should be minimal, if not
20 absent. The critical shear stress at the onset of gross
melt fracture for the SLEPs, especially those having a
density >0.910 g/cc, used in the invention is greater
than 4 x 10° dynes/cm’. The critical shear rate at the
onset of surface melt fracture (OSMF) and the onset of
25 gross melt fracture (OGMF) will be used herein based on
the changes of surface roughness and configurations of
the extrudates extruded by a GER.
The SLEPs used in the invention are also preferably
characterized by a single DSC melting peak. The single
30 melting peak is determined using a differential scanning

calorimeter standardized with indium and deionized water.

-19-



Kni ght ANTEC ' 93 Proceedi ngs, | NSI TEm Technol ogy Pol yol efi ns SL%@% - _New
Rul es in tW@9%1p43t ur e/ Rheol ogy Rel ationship of Ethyl ene [erlﬁ‘:’@ 17685
Copol ynmers, New Ol eans, La., May 1993. DRI values range fromO for 20
pol ynmer s whi The dfethbdhanecarresnBagumaplsanping shaés, baanthiray hear”
exanple, Tafner[err] products available from M tsui Petrochen ca

| ndustri es and EsactCewhjchrbdubeddafarrl abmd nfutes Bexaodheaeidwal atCohany)
to 15 and are independent of nelt index. In general, for low to medium 25
pressure et hgymhn.pobymdi0s °Cpwhichuliar heldt floows wmiemsiaes esyndeat ovpdes
| nproved correlations to nelt elasticity and high shear flowability

rel ative to abriel & /wihs. otot héOsiPrefart ehet Bdewond inglat “f.| oWheat i 0s. For

the SLEPs useful _in this inventian, DRl is_preferab 30 .af least 0.1, and
especi al 13 afiPg1&t mﬁag,mgna’_eﬁ%stls- fpken %E‘HBCF%?I bgﬁi:o?gag?aﬁ%.heﬁﬁl can

be cal cul at eﬁlf;&_o%t.h%eﬁﬁ}é%'t%e [Rlrve (SOpIELP heh€' bE %ﬁ%%é%f[ ehel -1)

/1o where [err] is the characteristic relaxation tine of the mat er i al

and [err] i spbhgmeer dsskediculiateds ifinowftidean@seahder Bhehchewe]. are the
"best fit" values to the Cross equation, that is, [err% in which nis the
power | aw i ndex oForh@olymerisahaving [rdgnaityanf Q-878 gAECHEs @830

;LZCOSi ty angd 2Reagptals SRR YR} YeditSBhy "Ende! ChALARLYQY B Viscosity
10 equipment sensitivity, a "shoulder or a "hump" on the low
melting side that constitutes less than 12 percent,
typically, less than 9 percent, and more typically less
than 6 percent of the total heat of fusion of the
polymer. Such an artifact is observable for other
15 homogeneously branched linear polymers such as Exact™
{gsins and is discerned on the basis of the slope of the

single melting peak varying monotonically through the
melting region of the artifact. Such an artifact occurs
within 34 °C, typically within 27 °C, and more typically
20 within 20 °C of the melting point of the single melting
peak. The heat of fusion attributable to an artifact can
be separately determined by specific integration of its

associated area under the heat flow vs. temperature

curve.

25 The molecular weight distributions of ethylene o-
olefin polymers are determined by gel permeation
chromatography (GPC) on a Waters 150°C high temperature
chromatographic unit equipped with a differential
refractometer and three columns of mixed porosity. The

30 columns are supplied by Polymer Laboratories and are
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shear rate data are obtained using a Rheonetric Mechani cal Spectroneter
(RVS- 800) WRIY10M3hani ¢ sweep node from 0.1 to 100 radi ans/ s ®EIAESE41768§0
[err]C and a Gas 15 Extrusion Rheoneter (GER) at extrusion pressures from

1,000 psi to/ 5,000 nsi 4 . i rrespondss tQ shea .
stress from S.L’O,orflg’sc}?é@(%é’a‘%gﬁgi Rérgpg)lﬁ?gl O%qnlﬁarrgﬁe’r T@O:afl{mee at
190 C. Speci f(1o-fatey+al 1det and natt eaw canrhe pseLeneedsf nom k40 to 190 20
"Cas required to accommpdate nelt index variations. An apparent shear
stress versusrdgidrambemnzeney afvopl which 0s8d pexrdatentby weightrel t

fracture phenonena and antify the critical shear_rate and crijtical shear
stress of et ﬁﬁﬁ‘r‘?@’% y‘%r .eA%%’BPg?ﬁgaFS RESRATEG\E9T YrjegRiongyur FRE of
Rheol ogy, 5 30 =357 9 : aln critjsgal e, the
observed 5ext ﬁfégg’t é%}tre?glgﬁjl %i??f\ég?%st%gggﬁ%g%{&f ’clggisngf?é%@%{%ét Wo main
types: surfatempetatfuretisela0d grand mhkt ifhvjaeitich silkfe is foeface nelt
fracture occurs under apparently steady flow conditions and ranges in
detail from PEEFFAtERRul ar filmgloss to the nore severe form of
"sharkskin." Herein, as determ ned using the above- 5 described GER the

onset of surface [ fined.as the l.oss of extrudate
gl oss. The | oss oﬁe%ﬂté% a’%\gigﬂ()‘gygisltt ﬁ&%&f‘ﬁ?‘aﬁl%i%&{ HeEIRTF céo
roughness of thie paitymsiatisasi@bonal ¥sbaedacedt 8 Rikihd QarBanihbtatiPqy The

critical shear rate at the onset of
. 10 weight distribution polystyrene standards (from Polymer

Laboratories) in conjunction with their elution volumes.
The equivalent polyethylene molecular weights are
determined by using appropriate Mark-Houwink coefficients

for polyethylene and polystyrene (as described by

15 Williams and Ward in Journal of Polymer Science, Polymer
Letters, Vol. 6, p. 621, 1968) to derive the following

equation:

Mpolyethylene = a * (Mpolystyrene)b-

In this equation, a = 0.4316 and b = 1.0. Weight average

20 molecular weight, My, is calculated in the usual manner

according to the following formula: My = (2 w,(M))3;
where w; is the weight fraction of the molecules with
molecular weight M; eluting from the GPC column in
fraction i and j = 1 when calculating M, and j = -1 when
25 calculating M,.
The density of the linear or the substantially
linear ethylene polymers (as measured in accordance with

ASTM D-792) for use in the present invention is generally
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10 surface nelt fracture for the SLEPs is at |east 50 percent greater
than the crwoopwnl42shear rate at the onset of surface nelt frZCTAISIB/AT683
| i near et hyl ene pol yner having essentially the same [err]. Goss nelt

deta | §rom MG SHAAIG S hal T T oLOREAABNE TSR R IASEEABI &) A Endom
b oper 1 o5 of8 5 1 Chn A Th S RRE ROIH Abs LoaRE L/ as Hibul d be

rose mel t 1 AR YRt Beet beBEY: Y w350, 010
Oriti oal  shedl/ P o A Pt SnBRERIER, HiBErio el e MRERER 210 ne
onset of 85 et IBN tadd athjeet LOFnb1Wink, beHes tbrhieitg noasesl on the

changes of surface roughness and configurations of the extrudates extruded
by a GER Thedymsr usedrefenablyvahnt Leastr § .8550 pfarfer mbe characteri zed

Wing a0 ft SRERTEAO LA heRE8! 0r PRS: §/2 andaRaFYel MoER PRECARARIY

R R R e A e

to -30 [err] @mdfedably hel 8185 og/38mhj nui@sevendmbeeat prtpfatrably] &p ltk@ min. to

140 [er r]l(C): foor.stshoe ;/Scer%o.nd Tr;xeeatn:dst;rhpereferred density is determined
primarily by the modulus of elasticity or flexibility
desired in the molded article. The density remains
substantially constant during rheology modification
according to this invention.

15 In another embodiment, preferred polymers for
starting materials in the practice of this invention are
slurry high density polyethylene homopolymers preferably
made using single site catalysis with a narrow MWD
(preferably less than or equal to 3.0 Mw/Mn, more

20 preferably MWD less than 2.5, most preferably with a
density greater than 0.945 g/ml). Preferred melt index of
the starting material depends on the desired application;
however, the preferred melt index for injection molding
is from 0.5 to 50 g/10 min; for film and thermoforming

25 applications the preferred melt index is from 0.1 to 20
'g/10 min; and for blow molding applications, the
preferred melt index is from 0.01 to 20 g/10 min. These
polymers have a good balance of mechanical properties and

processability.
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5 single nelting peak is taken fromthe "second heat" heat flow vs.
t enper at urwocegrieg27 Tot al heat of fusion of the polyner is caPCUTUSP#LI68F om
the area under the curve. For polyners having a density of 0.875 g/cc to

0.910 g/cc, the simpgl gJERl tﬂf&t&ﬁ@é‘d@&fﬁ@% deperdRd R whi S pyrent
sensitivity, a "shoulder or a "hunmp” on the low nelting Side that

constitutes Eessthiian ib¥eprricentare yptltpléye teopslymarsd widitcerdxrawnd nore

typically less than 6 p,ercent%))f the total heat _of fusion of the polyner.
Such an arti V¥Rt (thaghddr Padf robt He¥ s 18haRofn gBRESUBRPASTAR e L ¢S Frear

pol yrrer s suchyan BX3Ct Ll st deasty) Laedi ERERNSdcn tHndoiceimd e

sl ope of the single relting peak varyli ng nonotoni call'y thro | ting

regi on of5 t hpraduidedtusiBier M sst fogé 08cupd wileFih Tbnctdnds . typically
within 27 [err]C, and nore typically 20 within 20 [err]C of the nelting
poi nt of theMosigpxrefsnras kcoghbynent 18f CRBufldn atd.Summle to an

artifact can_be separately determ pned by.specific_| rajion of its
associ at ed a_f‘-’@icﬁﬁ’&erc IRt 39 o 5%&?‘@%&’& %PQ%M stpreéerzi%
mol ecul ar weijght pdl Sd RUHPNREr£41Y! €PBme rahﬁfl'lﬁr RRJHARI &1 €
determ ned by gel perneation chromat ography ?GPC) on a Waters 150[err]C

hi.gh tenper apd1ond¥=0B e EP e egbty cqpePRABwY bl ardMEEMepbl gner
refractometer and three colums of mXed porosity. The 30 columsS are
suppl i edl®by Pomnemcilzdiy stvaikbsbhadfaom M26sui Petrochemical

Industries, EXACT™ polymer commercially available from

Exxon Chemical Company, AFFINITY™ polyolefin plastomer

commercially available from The Dow Chemical Company,

ENGAGE™ polyolefin elastomer commercially available from
15 DuPont-Dow Elastomers. For thermoplastic applications
such as film and injection molding, the most preferred
comonomer content is between 3-25 weight percent. For
elastomeric applications, the preferred comonomer content

is between 20-40 weight percent. The most preferred

20 terpolymer is an EPDM such as NORDEL™ ei:hylene/propylene/
diene polymer commercially available from DuPont-Dow
Elastomers. Other very useful starting materials include
the polymers made by the processes disclosed in WO
97/43323 and WO 97/44371.

25 The melt index is measured according to ASTM D-1228

condition 190°C/2.16 Kg(formerly known as Condition E).
For the purposes of rheology modification or
coupling, the polymer is reacted with a polyfunctional
compound capable of insertion reactions into C-H bonds.

30 such polyfunctional compounds have at least two,
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commonly packed with pore sizes of [err] ([err] m. The solvent is 1,2, 4-
trichl orolyepopenpes27from whi ch 0.3 percent by wei ght sol uti on®PCITUIIBARTEB&ND| es
are prepared for injection. The 5 flowrate is 1.0 mlliliters/mnute, unit

operating t 3 5, AN {dni 288cHBE LALEBAROBESICLE 1ihsHil 5
nicrolitersﬁg%%e ngpggjﬁar mé?%%tnde?€r31gatio% wth respecf’to tﬁgxbolyner
backbone i sreéadtderhshy UEhose nskibledoincther at awel Flamidiistr ivdith a

pol ystyrene standards (from Polynmer Laboratories) in conjunction with their

el uti on vol Hrd@semid oy KeAF NP Ryt RYRERE ORdle SHORPSSARRRL & E

ond pol yotyPUsE CRRANGEE, e MAseaRHY, | CatRRRER oY bt YEON ! o
Pol ymer $Ci gigo RmpBind®] t£6 Scided. i, MAthez], NL268) Srovilem Me, £ he

foll owi ng equation: Molyethylene = a * (Moolystyrene)b. In this equation,
a = 0.4316 Xotnyg,= K.-N., \@nghPingeeckged 28 . ;nilesmahednon,ght198M,, i s

cal oul atd 1) (d)e Ustel TRORST. APEOr Ao el O g T B M <
Ot o oy o 1 e ORANE R SRNY, aCtioae it )
the |inear GolidumisuliBntMeMagtérpedr. Tet;hpndn&andenercsl ,( 33. Breaslized in
accordance with ASTM D-792) for use in the present invention is generally
- 21- 10 Org. Chem., (1977), 42(17), 2920-6, and Abramovitch,
R.A., Knaus, G.N., J. Org. Chem., (1975), 40(7), 883-9.
Compounds having at least two sulfonyl azide groups
(-SO,N,) capable of C-H insertion under reaction
conditions are referred to herein as coupling agentso For
15 the purpose of the invention, the poly(sulfonyl azide) is
any compound having at least two sulfonyl azide groups
reactive with a polyolefin under reaction conditions.
Preferably the poly(sulfonyl azide)s have a structure X-
R-X wherein each X is SO,N, and R represents an
20 unsubstituted or inertly substituted hydrocarbyl,
hydrocarbyl ether or silicon-containing group, preferably
having sufficient carbon, oxygen or silicon, preferably
carbon, atoms to separate the sulfonyl azide groups
sufficiently to permit a facile reaction between the
25 polyolefin and the sulfonyl azide, more preferably at
least 1, more preferably at least 2, most preferably at
least 3 carbon, oxygen or silicon, preferably carbon,
atoms between functional groups. While there is no
critical limit to the length of R, each R advantageously

30 has at least one carbon or silicon atom between X’'s and

preferably has less than 50, more preferably less than
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| ess than 0. 95 g&cnﬁ. The density is preferably at |east 0.85 g/cnB and
especi al | yVRO¥VEM2T 0.86 g/cnB and preferably up to 0.94 g/ cRET/HEABAT68S5
preferably up to 0.92 g/cnB. Wen the nodified resins are to be used for 5

extrusi on an@doi,njresdt @rebédably ]LEESden&int)EOOfcaIﬁlﬁ)rD,mdbfﬂ/’eﬁSo?r ef erably
at least 0.855 g/cnferr], nore preferably at |east 0.865 g/cnferr], and
even nore pr EfdAANR afoneasWibhinothess] ddmitsup kargeefis dpeyterodor
g/cnerr], 85, . g/cnferr], _and,even £ preferably.up to
10 0.880 gygfﬁggﬁﬁeg_ ’%Eie‘y‘rlrg%g %P%F_@%Pean%‘eﬁ_i‘m% @sgtad%t%r?fne‘%h%?iﬁam y by
the modul us gfrelirfit CGHA1R alkeXi R bicbY¥ad®en eddyd @r%f&’e%ﬁi&'.e- The
density remai ns substantially constant during rheol ogy no I cat1on

accor di ngdt o leisiss thawert i oarbds atoms betweethdhe hddioreyl  apt@éerred
polyners for starting materials in the B%actice of this invention are

slurry high §&P8RS TRITRINGE e nBRBBERFHEYs ofr dthe dbitrenictasbenrdsi ngl e

site catal ysi | t r ableys qls t o al_to 3.0
Mv Mh, nore ?%dmpr e %r%éewxl?eégé?&gﬁ 2.Sé,llm)§’t pre ace}'?%%?# #\f?‘ﬁpﬁ
density greatiecluten £l Dhleg/ ahd. sPlokanes] maldfdmdsry Hildeasésr t ThE

mat eri al depends on the desired application;, however, the preferred nelt
i ndex for inft&d™m ey ndubstitered. sefers0 ty |sObd i tytoron i withnd

neE ! OF4" B APIS AL LG ALChEL! SR IEY S LEOT Ol g0, 20
fromo0.01 tOtng AL B rdAEELORPEY TBES dBRY ¢ el FRUPA A G PT e gEChani cal
properties ar;:esulting coupled polymers. Such groups include
fluorine, aliphatic or aromatic ether, siloxane as well
as sulfonyl azide groups when more than two polyolefin
15 chains are to be joined. Suitable structures include R as
aryl, alkyl, aryl alkaryl, arylalkyl silane, siloxane or
heterocyclic, groups and other groups which are inert and
separate the sulfonyl azide groups as described. Mofe
preferably R includes at least one aryl group between the
20 sulfonyl groups, most preferably at least two aryl groups
(such as when R is 4,4’ diphenylether or 4,4’ -biphenyl) .
When R is one aryl group, it is preferred that the group
have more than one ring, as in the case of naphthylene
bis(sulfonyl azides). Poly(sulfonyl)azides include such
25 compounds as 1, 5-pentane bis(sulfonyl azide), 1,8-octane
bis(sulfonyl azide), 1,10-decane bis(sulfonyl azide),
1,10-octadecane bis(sulfonyl azide), l-octyl-2,4,6-
benzene tris(sulfonyl azide), 4,4’ -diphenyl ether
bis(sulfonyl azide), 1,6-bis(4’-sulfonazidophenyl)hexane,
30 2,7-naphthalene bis(sulfonyl azide), and mixed sulfonyl

azides of chlorinated aliphatic hydrocarbons containing
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processability. -22- The nost preferred polyners as starting materials
for this iwoeswiose?r are et hyl ene copolyners with narrow MAD (RCEUSISAI7685MN Mh
of less than 3, nore preferably less than 3.0, nost preferably |ess than

2.5). These A0 Peragl’ 8EUeeEnlSi RS & A RS Ens2n@! £E6R g0FBNENET .
Most preferre ?or c%polyner I's C3-Cl10. 0.5-5 nol e percent conononer as
det ermi ned byuPSIhfb0aZide preugsr peri mdllewleys tamd mikxeures . temeetci al | y

avai l abl e polyners in this category are known, as, TAFMVER| er ] E;kyner 10
comer ci al | yYPEOESFEBR PPAY FENLLORY é@ﬁﬂﬁhﬁﬁ%ﬁﬁlq%%ugégT%%§( Clerr]

ol ymer co oy i | e from ' NLTY[ err
Bol%olefinng$%g#§#%¥agé§ﬁ%?gfgpﬁy'a&iﬁ%ﬁ%éﬁgggﬁggﬁggﬁggg%%€§$§%l Cbhpani,
ENGAGE[ ersr | @eia6) ¢f anael-paisqmeil fomiiIe i iadld o fpyleényb) e4 | 4 orgiph@uipont - Dow

El astomers. For thernoplastic _applications such as filmand injection
mol di ng, theekher bisfspdldenydndvrdds) and &its (4-pelfiweyil 3- 25 wei ght

Dot veon’ 20- BEMAPERETHL) BETRANAe TR GFT (2606 pol ymer | an EPDV
e o1 o ARSI ol el prpRm Bk
I ncl ude t he pehgtion ofdeddd urhazide: esisds tthe ctosedsponiding754382a8yand WO
I/ 4437 2 cntoriad although xidation Of BeifonyL Bydsazines with:
various reagents (nitrous acid, dinitrogen tetraoxide,
nitrosonium tetrafluoroborate) has been used.
Polyfunctional compounds capable of insertions into
C-H bonds also include carbene-forming compounds such as
15 salts of alkyl and aryl hydrazones and diazo compounds,
and nitrene-forming compounds such as alkyl and aryl
azides (R-N,), acyl azides (R-C(O)N;), azidoformates (R-O- .
C(O)-N,), sulfonyl azides (R-SO,-N,), phosphoryl azides
((RO),- (PO) -N,), phosphinic azides (R,-P(0)-N,)and silyl
20 azides (R,-Si-N,). Some of the coupling agents of the
invention are preferred because of their propensity to
form a greater abundance of carbon-hydrogen insertion
products. Such compounds as the salts of hydrazomnes,
diazo compounds, azidoformates, sulfonyl azides,
25 phosphoryl azides, and silyl azides are preferred because
they form stable singlet-state electron products
(carbenes and nitrenes) which carry out efficient carbon-
hydrogen insertion reactions, rather than substantially
1) rearranging via such mechanisms as the Curtius-type

30 rearrangement, as is the case with acyl azides and

phosphinic azides, or 2) rapidly converting to the
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condition 190[err]C/ 2.16 Kg(formerly known as Condition E). For the
pur poses okombaed2ogy nodification or coupling, the pol yner iBCT/Es$a8t18685W t h
a pol yfunctional conpound capabl e of insertion reactions into CH bonds. 30

Funct Fonal OroTRCEoREaTe Brea ReR, Sor Ry (fieq REEFCRRRALEY (o

art are fandndérgbéd Bydbogesneattionn abgantdaisoncedetdénopavhgehups
capabl e of such reactions. For instance, carbenes as generated from5 di azo
conpounds, ddhei¢age| Wikht pdkylnand agydyazude o%h%O:KS%lecﬁhenPlncock

S e alpgh ISR LR S A 0L

Hol conb, sW % odbBstchechuse oFNEn i iddncd: Rn dhe 19em§é9at§k}e§1
(1977), 42(17), 2920-6, and Abranovitch, R A, Knaus, G N., . Chem,

(1975), 40( 7Bt w88ch. tEBnﬁaﬁﬁagammnqusaesem&tcwug&sugfaggntazade gr oups
([err]) capable of C.H |nsgrt|on under reaction conditions are referred to

herein as ckPPYREEa8ehPss Poraofﬁ'%é’aﬁ}?%e°5fn}%e¥1ﬁv€ﬁ?ﬁi3ﬁtst'he or
pol y(sul fo”yéxér?\%ﬂfg] tﬁo@?ysftqplﬁ%‘&‘q MG vbffftréé’:‘g%ﬁﬂéogﬁ gazide
yol e

groups reactiv n under reaction condriti Preterably the

pol y(sul fony¢aﬁﬁeﬂe§=8ab§V£o&n@‘dr friom iézdR-conbelieds efchcXehsljeat] and R
represents an 20 unsubstituted or inertly substituted hydrocarbyl,
hydr ocadfBy| EeRRRrarusesi defsc e rihorﬂj’%n- Jilpilersateappf hydrazones,

azidoformates and the sulfonyl azide compounds react at a
convenient rate at temperatures above 100°C, up to
temperatures of 200°C. (By convenient rates it is meant
that the compounds react at a rate that is fast enough to
15 make commercial processing possible, while reacting
slowly enough to allow adequate mixing and compounding to
result in a final product with the coupling agent
adequately dispersed and located substantially in the
desired position in the final product. Such location and
20 dispersion may be different from product to product
depending on the desired properties of the final
product.) Phosphoryl azides may be reacted at
temperatures in excess of 180°C up to 300°C, while silyl
azides react preferentially at temperatures of from 250°C
25 to 400°C.

To modify rheology, also referred to herein as “to
couple,” the poly(sulfonyl azide) is used in a rheology
mo@ifying amount, that is an amount effective to increase
the low-shear viscosity (at 0.1 rad/sec) of the polymer

30 preferably at least 5 percent as compared with the

starting material polymer, but less than a crosslinking
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havi ng sufficient carbon, oxygen or silicon, preferably carbon, atons to
separate t Rgoswhé@anyl azi de groups sufficiently to permt a fraTbsssnesssti on
between the 25 polyolefin and the sul fonyl azide, nore preferably at |east

1, nore preferahl tattljl%@sis%%ggﬁég Eefs'arf??ﬁ\%eq‘tt Iﬁgqe&f@r%ﬁ%oxygen or

T \tile] i
silicon, pref%rdb y’ carpon; a ween ctional groups. there is

no critical ligddt tpotheigBogblrebnR geachsRmdisuirayasrAITDIass at | east
one carbon or silicon atom between X' s and preferably has | ess than 50,

nmore pref er alpyocedere han -While tBosenskiliest dmapihe |asts whbh 20 car bon,

il { L Wthin th limgts,. | S, bett f
"nePudi ng L nOTATSBEEE SHRRK EPEOPRPEDE oA AdS b RSCrEy APRRoe

hydrocarbgn, dfier @l gndasl ¢iabbyiky! and Wamrt Gy bms@tm&nbféwsﬂ%ﬁee
sul fonyl azide groups to reduce the propensity of the nitrene to bend back

and react w tgert¢ertfgeli witdndepend onngodreandsar neighet sof atles anilde
sil oxanes, preferably siloxanes, The terminertly substituted refers to
substitution WFed and PH¥MEE §RSuBROHRt: HsuPLRACTARLE 89F yEhalePfere

W th e desiged.Leact hanob: kcdehhted ORI o Slrddecr St i ng coupl ed

pol ymers. Su groups i nc uori aromatic ether,

si |l oxane as vprérépablyf Da¥E 8hade 10keURM MR dBtE pEBR(SuDESAY Yol efin 15
chains are to be joined. Suitable structures include R as aryl, alkyl, aryl

al karyl , 1&rylazikde) sbaaed, onj kokadeweight of polymer when the

poly (sulfonyl azide) has a molecular weight of from 200
to 2000. To achieve measurable rheology modification,
the amount of poly(sulfonyl azide) is preferably at
least 0.01 weight percent, more preferably at least 0.05

15 weight percent, most preferably at least 0.10 weight
percent based on total polymer.

. For rheology modification, the sulfonyl azide is
admixed with the polymer and heated to at least the
decomposition temperature of the sulfonyl azide. By

20 decomposition temperature of the azide it is meant that
temperature at which the azide converts to the sulfonyl
nitrene, eliminating nitrogen and heat in the process, as
determined by differential scanning calorimetry (DSC).
The poly(sulfonyl azide)begins to react at a kinetically

25 significant rate (convenient for use in the practice of
the invention) at temperatures of 130°C and is almost
completely reacted at 160°C in a DSC (scanning at
10°C/min) . Accelerated Rate Calorimetry (ARC) (scanning
at 2°C/ hr) shows onset of decomposition is 100°C.

30 Extent of reaction is a function of time and temperature.

At the low levels of azide used in the practice of the

-28-



het erocyclic, groups and ot her groups which are inert and separate the
sul fonyl azavgdesgusaups as descri bed. More preferably R incl ud@®SCTASIBAZSS one
aryl group between the 20 sul fonyl groups, nost preferably at |east two

aryl groups (SHfdhedfohemh® oe fmdl ﬁreﬁew&@bh%&eorn&o 4edimbrenyhgil Wien R
Is one aryl group, It 1s preferred that the group have nore than one ring,
as in the cashefaziabdtihy| essebt3ailyf bnllyaredeted. PAomrrdttmyes afddes

i ncl ude such 25 conpounds as 1, S-Eentane bi s sulfoqyl gfide , 1,8;océane

bi s(sul fonyl UgA de),the 1pryskire BfsERE AoNFRtIAATE £ CRERLRE

bi s(sul fonyl b%éiﬁ%g %&f 8111%.'#1%%? (géggg?,éﬁg‘értaq:mlcifrﬁﬂe B fider

4, 4" -di phenyl er bis(su

1, 6- bi s(45- s Y pnomg arheayi dhexanror3@hesé neRidial enmditsdmpe fatyte
azide), and m xed sul fonyl azides of chlorinated aliphatic hydrocarbons

cont ai ni ng - 3% advait&yesageyofréanerl thand 90Cyr prefareiyargrdatomr 2 to 5
sul fonyl azide groups per nolecule, and m xtures thereof. Preferred

pol y(sul f onylthesm de36°C nahorcke prgfdralfly grnebhveyl ahadohsw’enenost

2, 7- napht hal ene bi s(sul fonyl 5 azido), 4,4'-bis(sulfonyl azido)biphenyl,

4, 4' - di phenylpmséteralblg(guehvayl thandepodad bi s(4-sul fony
azidophenyl ) met hane, and m xtures thereof._ Sulfonyl azides are conveniently
prepared by the rcREeferref SéMrEnREztHe WasH natk IRFFBRODHEIPY sul fonyl 10

o o110 PRI SRL BT gL UL SR U BLRECIAAY K8 BUREORHET
reaction of the coupling agent with the polymer (s)
without undesirable thermal degradation of the polymer
matrix. Preferred reaction times in terms of the half
life of the coupling agent, that is the time required for

15 half of the agent to be reacted at a preselected
temperature, which half life is determinable by DSC is 5
half lives of the coupling agent. In the case of a
bis(sulfonyl azide), for instance, the reaction time is
preferably at least 4 minutes at 200 °C.

20 Admixing of the polymer and coupling agent is
conveniently accomplished by any means within the skill
in the art. Desired distribution is different in many
cases, depending on what rheological properties are to be
modified. In a homopolymer it is desirable to have as

25 homogeneous a distribution as possible, preferably
achieving solubility of the azide in the polymer melt.

In a blend it is desirable to have low solubility in one
or more of the polymer matrices such that the azide is

preferentially in one or the other phase, or
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nitrosoniumtetrafl uoroborate) has been used. Pol yfunctional conpounds
capabl e of was®idsppns i nto C-H bonds al so i ncl ude car bene- f opgrTgITOTEBOUNIS
such as 15 salts of al kyl and aryl hydrazones and di azo conpounds, and

ni trene-forn.ng .compounds su | r |.d - L] ). acyl

azi des (R- C(B)r Fé’ﬂ"ﬂa,n ;ii‘f do &%t%éé%ﬁﬁgﬁ?o%-gﬁ?éh F)%t ("sguug %’rll'{/% t:’a‘{"zol des
(RSJerr]), ppageghoryl azides ((RO[err]-(PO-Nerr]), phosphinic azides
(Rlerr]-P(O-Nerr])and silyl 20 azides (R err]-Si-Nerr]). Sone of the
coupl i ng agents offndferradpreoresses piutindedabedgasst onea oS r(apr shansity

to forma greater_ ., abundance of_. carbon-hydrogen_insertion products. .Such
conpounds a.sgaﬁélds"'aq stqtﬁ W%g@?eﬂ¥aY6ggp$8uﬁgéwd aéay
sul fonyl azi @g,s,fo?ﬁ‘ {M@&}(&i@ﬂ eﬁni?ailmsahmx% e ard QHBIFY
because they torm stable singlet-state electron products (carbenes an

ni trenes) whimdixteare e ouie B fproeessiagbequipmentgefamexample reealitons,

rat her than substantially -1) rearranging_via such nmechanisns as the
Curti us-t ype e¥¢rudar rteh RFRHRVe gkhe sCPHRlARge FRACH 1Y | &zides and

PROSPII N1 © sl i) 1Pl 6l cORNERLLRA-kR B, ol ele Al

iq%
e
el ectron config Ion I ch™preferent ralfry*undergoe rogen

abstracti on icRuplionf agdnehn (15) tiRceaatcih) &oltylexaiiblar Wy azi des. Al so,
sel ection fromanong the preferred coupling agents is conveniently 5
possi bl elbecdmgeatfiarhe ali ¢deplingsaganthant digrigk fiogan,atf ashiastanpie

different Cl%%%?%fgeéx&ﬁ”éngofggﬂgstﬁggefor or in a slurry of

coupling agent in a liquid, into a device containing
polymer, preferably softened, molten or melted polymer,
but alternatively in particulate form, in solution or

15 dispersion, more preferably in melt processing equipment;
(c) forming a first admixture of a first amount of a
first polymer and a coupling agent, advantageously at a .
temperature less than the decomposition temperature of
the coupling agent, preferably by melt blending, and then

20 forming a second admixture of the first admixture with a
second amount of a second polymer (for example a
concentrate of a coupling agent admixed with at least one
polymer and optionally othgr additives, is conveniently
admixed into a second polymer or combination thereof

25 optionally with other additives, to modify the second
polymer(s)); (d) feeding at least one coupling agent,
preferably in solid form, more preferably finely
comminuted, for example powder, directly into softened or
molten polymer, for example in melt processing equipment,

30 for example in an extruder; or combinations thereof.

Among processes (a) through (d), processes (b) and (c¢)
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converted to the active carbene or nitrene products. For exanple, those
skill ed i npide/mad7 Wi I | recogni ze that carbenes are forned fPOTUSHEYIGSS
conpounds efficiently at 10 tenperatures less than 100[err]C, while salts

of hydrazoneg, azi dof t es .and e | ] co u ct at a
conveni ent r%f% BFQ?S%%g?atﬁng‘d%gvéﬁ%igﬁggéf%?fgg'toﬁpgn%%?E E%és of
200[err] C. (ByoeeB¥eNicgnt sf dlopfrdridrit IPalded hed hhRecaNpOHbERtiatel at a

rate that is fast enough to 15 nmake commercial processing possible, while
reacting sl owigheao@ighrsto palllyoeradanpnsi td n Ngavukagcanpowedi mgltdngesul t
in a final product wth the coyplin ent,_ adeguat el y. _di sper sed d | ocated
SubStantia||§eWHeFﬁ&uEg§iA§Yﬁﬁg§Q?éh§$kl%%eafFﬁ%§e5¥8868tgei§&b% Socati on
and 20 dj spgegl i Y Fd 5% PERFUEbup i RGOdHehrdeRgRdithE on

t he desigtd g?ggggﬁggﬁlgﬁ'?ﬁ%gfﬁﬁg%lproduct.) Ph%%pﬁo?ylggzides nangz
reacted at teopeeatuate iis eedss dIENdSD[ entdCGaupetond80poCymsxi | e si | yl
azides react preferentially at tenperatures_of from250[err]C 25 to

400[ err] C. TEORBAFLELome HEATHRT A b Fhe%ReYt LBINELBPRTASUTE, tupl e, " the
pol y(sul f onyl | i,S. U - nodjif vi t._.that is an
anount effecFP@éigggi§ FE%%%“#g%ﬁq&ﬁggﬁggrnVisgééFggt?ggg%.fI%bd/séc) of
the pol yner 2@8pephigfhakakinefdrtaBSihén PEéESetattregnazeeduittiftildia 15t arting

mat eri al polyner, but |ess than a crosslinking -27- anount, that is an
anmount sl fi biight too nessditt im ¥pss of coupling agent by evaporation

or decomposition not leading to reaction with the
polymer, or other conditions would result that effect.
Alternatively, some coupling occurs during the blending
of the first polymer and coupling agent, but some of the

15 coupling agent remains unreacted until the concentrate is
blended into the second polymer composition. Each
polymer or polymer composition includes at least one
homopolymer, copolymer, terpolymer, or interpolymer and
optionally includes additives within the skill in the

20 art. When the coupling agent is added in a dry form it
is preferred to mix the agent and polymer in a softened
or molten state below the decomposition temperature of
the coupling agent then to heat the resulting admixture
to a temperature at least equal to the decomposition

25 temperature of the coupling agent.

The term “melt processing” is used to mean any

process in which the polymer is softened or melted, such
as extrusion, pelletizing, molding, thermoforming, f£ilm

blowing, compounding in polymer melt form, and fiber

30 spinning.
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| east 10 wei ght percent gel as neasured by ASTM D2765- procedure A. Wile

t hose skil I\Qggig)] jhe art will recognize that the anount of azicieussshféssi ent
to increase tﬂe | ow shear viscosity and result in less than 10 wei ght

percent gel will depend gn |_ecyl ar i ght _qf, the azide use n | ymer
the anount is pref %bPQSYQngPHgﬁ?Sa\égr %é’?fp(iltﬂ?r S5 eﬁ’%%l%ujﬁteés&%ffhan 2
percent, nDStcémﬁiﬁé?biﬁ,Bﬁ?smhﬁﬁ@rlw“&b%h&é%ﬁﬂ%ﬁ“iﬂ“&éﬁi%édOﬁdéqéﬂon

azi de) based on total weight of polyner when the poly(sul fonyl azide) has a

mol ecul ar weigidredf r pre2éfabdy?2bOmikd nge ihey coupkinaigent coi byythe
nodi fication, the ampunt of pol y(sulfonyl azide) is preferably at |east

0. 01 wei ght pRREEREr (fhr BNGLET SPRERF1LNS é’i‘s"thb.@‘élﬂg S‘b&%’tgﬁf)‘ér‘%ﬁ‘?gmst
pref er abl y at L.g n llﬁgé I : r

r heol ogy )rsmdi?‘%gg?%o%?;?‘ﬁ\é%?u%)oﬁgﬁgz}l e |gpe§igﬁnél§<ﬁe)éd§vﬁft)ﬁict¥ eijb%)%gmar and

heated to at reastibhetHeaoEndSielctdhg &M ikt iig tddmbotdpaytoanede. By
20 deconposition tenperature of the azide it is nmeant that tenperature at
whi ch the azi seffdaientsfos meactiiorony Prafieradely el ? nswstaBthrLL¥gen and

heat in the process, as determn b i.fferential_scannin al qr [
(DSC). The pOPPLEBFIOAS 1EHES) 83&9?!} R Gt o i%%%%mgzég%e&

si gni fi cant rﬁ%fo&@@&ﬁ&'s%‘i’e kY dbrRTLAME 3 aphieR @haihecbipeihgon) at
tenperatures of 130[erf][C and is alnost conpletely reacted at” 160[err]C in
a DSC (sdénni ngkets plpeer.] CArnisubstantdladriyt eth FHaoem CadnixbhereyisABGE in

(scanni ng at 2{16”10‘/ hr). shows onset of deconposition s 100[er§L C. 30
Extent of reat®ish thea A ian QiR Y eRgr i hheiRe | evel s

of azide used;Lnghe;R5GH1SP Hmdd¥heous to be evidenced by a polymer

having a melt viscosity after treatment according to the
practice of the invention at least one of (a) higher at

15 1low angular frequency (for example 0.1 rad/sec) or (b)
lower at higher angular frequency (for example 100
rad/sec) than that of the same polymer which has not been
treated with the coupling agent but has been subjected to
the same shear and thermal history. Thus, preferably, in

20 the practice of the invention, decomposition of the
coupling agent occurs after mixing sufficient to result
in a substantially uniform admixture of coupling agent
and polymer. This mixing is preferably attained with the
polymer in a molten or melted state, that is above the

25 crystalline melt temperature, or in a dissolved or finely
dispersed condition rather than in a solid mass or
particulate form. The molten or melted form is more
preferred to insure homogeneity rather than localized
concentrations at the surface.

30 Any equipment is suitably used, preferably equipment

which provides sufficient mixing and temperature control
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- 28- I nvention, the optinmal properties are not reached until the azide

IS essenti ¥dyorfddht Yy reacted. Tenperatures for use in the practriusesafess he
i nvention are also determ ned by the softening or nelt tenperatures of the

I 5 tart terials. F th t t af [
Bavint ageousts SPESFEMS AL SIIUIT] b SFEFABAY SGPEATe P TR R0l I,
mor e pref er ablhy gk q@ke e dkean JRNC, 1 H0ShcR! 8664 abkY a8r aat extie A& (1] C.

Preferred tinmes at the desired deconposition 10 tenperatures are tines
t hat are suf Btatdot podymesulmixing edevise stchhasceauBirabgndgentblgnden he
pol ymer (s) wi t hout undesirable thernal radation of the polyner matrix.

d
Preferred redBe &8 @ETUEe%RrHE ‘b‘fe‘?hgg%aFFsl breagesth B AR P agent ,
h ist ' ' : | :
bresel ot tHGTUUET AR dd¥idss 8| BeviBe BATEL \eibddfpidtsl |

lives of theogopRllilegiggan! Civéhbestsg, ovhanbitherd fieny neditde), for

instance, the reaction tine is preferably at least 4 minutes at 200 [err]C
20 Adnextagsdfon &t ew|Bekween doredprkignagénthies pedyman éand yits

acconpl i shed by an ans within the Ek'hl inothe art. éﬂ.rqg i Stribution
S G Tt er ont VPR iy TER CHE AP naE ohRnRECFAES G CAE ORIIES are Lo
di st but | on ‘SR R B, o Ip e ERLEaRIen! BCRRP Py Reazide in
t he pol yher milthin the scope of the invention that the reaction take
place in a solvent or other medium, it is preferred that
the reaction be in a bulk phase to avoid later steps for
removal of the solvent or other medium. For this
purpose, a polymer above the crystalline melt temperature
15 1is advantageous for even mixing and for reaching a
reaction temperature (the decomposition temperature of
the sulfonyl azide).
In a preferred embodiment the process of the present
invention takes place in a single vessel, that is mixing
20 of the coupling agent and polymer takes place in the same
vessel as heating to the decomposition temperature of the
coupling agent. The vessel is preferably a twin-screw
extruder, but is also advantageously a single-screw
extruder, a batch mixer, or a static mixing zone for
25 wmixing polymer at the back end of a production process.
The reaction vessel more preferably has at least two
zones of different temperatures into which a reaction
mixture would pass, the first zone advantageously being
at a temperature at least the crystalline melt
30 temperature or the softening temperature of the

polymer(s) and preferably less than the decomposition
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In a blend it is desirable to have |low solubility in one or nore of the

pol ymer maiyd 69fgagich that the azide is preferentially in onpcpusydmzess her
phase, or -29- " predominantly in the interfacial region between the two

Coupl 1 o agehPRPERCPRE on vitr Cuiin et Sha e dcRafibhd, | ©

uni form adni yeihg agdaademperidturdrisififcientetér pAOESRBLEYL £aHI paENt , for
exanple a nelt extruder to achieve the coupling reaction, at_a tenperature
at | east thetHecesppdingoageatper &he £iorst roreups | pyeligeably(BF a

I ntroduci ng, _for ex | e by 10 .injecti.on couplLin ent inliquid form
for exanple BF@QSF@%%% %ﬁﬁﬁ% éi%uﬁ%ﬁ?ik%rs$%t%gs€ﬁ?rQOBYm85uBP ng
agent ina | L4964 ikNtQ 2ADAIMRE WA allE NSoR9l YRE' agehel ehablynsof t ened,
nolten or nelted polyner, but alternatively in partiCulate forim in

sol ution or @3stripatsivenminirgy preefersailytamt hallypuntfesmngdmduicpment ;

(c) formng a first adm_xture of a first anpunt of a first polyner and a
coupl i ng agent, adPinPYIBRHS tdiats havp 5ot teRiNgsBOLRER BREVBeEBRposi ti on

Formng a secons aae Al SRt SIS Srite et ol (LEBEEERMET ure o "2
S o neBEsh s, SRR NG LRl LA M OE I e L
10 a lower melting polymer (such as in a concentrate) is
undesirable, the preferred embodiment for incorporation
of coupling agent is to solution blend the coupling agent
in solution or admixture into the polymer, to allow the
polymer to imbibe (absorb or adsorb at least some of the

15 coupling agent), and then to evaporate the solvent.
After evaporation, the resulting mixture is extruded. The
solvent is preferably a solvent for the coupling agent,
and more preferably also for the polymer when the polymer
is soluble such as in the case of polycarbonate. Such

20 solvents include polar solvents such as acetone, THF
(tetrahydrofuran) and chlorinated hydrocarbons such as
methylene chloride. Alternatively other non-polar
compounds such as mineral oils in which the coupling
agent is sufficiently miscible to disperse the coupling

25 agent in a polymer, are used.

To avoid the extra stép and resultant cost of re-
extrusion and to insure that the coupling agent is well
blended into the polymer, in alternative preferred
embodiments it is preferred that the coupling agent be

30 added to the post-reactor area of a polymer processing

plant. For example, in a slurry process of producing
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adm xed into a second pol yner or conbination thereof 25 optionally with
ot her addiyoweao4d7o nodi fy the second polyner(s)); (d) feedirgrusosi/igesst one
coupling agent, preferably in solid form nore preferably finely

comm nut ed, f e | o] r L5 | N0 .soft pol ymer,
for exanple Rﬁ%@”ﬁ?g%gsgﬂﬁgcggh’ﬂg& n%égle%: flgs? ae%d%l%ignl)%%ggxt ruder; or
conbi nati onpdw@e£0br MEASAPESERS £LS tha) ddwduig (shlyexlagbssesatberand

(c) -30- are preferred, with (c) nost preferred. For exanple, process
(c) is convethenstyvesbdisorsmpyed Hyndanantiatign Brd P¥Ler pbpyhhe
conposition havjng a_l.ower L.ting te rat ure, _advantageoysly at a
tenperature‘gﬁYEﬂgtﬁ8d5g28553ﬁ58§39PbE%iﬁﬁﬁﬁgﬂlRﬁPQﬁs§he %u%?ing agent ,
and the Sonceit tigeMBhboRlifRHed Wik HAGKMKE POt BFesQPBES 1h08
having a hig eréﬁgﬁt?ng tengerature to co%%lete t he c03%$igg reaction.
Concent r at esgas ephapecpabless!, etthe edbupdlenmg agentatis gsrefersblyi addetdl y 10

high to result in | oss of coupling agent by evaporation_or deconposition
not | eadi ng @ ¢tBBEFOROWPER OFe 13tk foR R Hdte ¥8ds woul d result

&
that effect. Lyel upd i no. ur bl endi of the
first po|yné$$%%§£§338¥§née§%%%ffﬁ%ﬂﬁ%ﬂﬁ%ﬁ%ﬁégi%ﬁ%é?€%%%$§%g aggn gremains
unreact ed urjlteiAat§oBCefbodithent Rl gollyandhei senaad pal xmer
conposition. Each polymer or polymer conposition includes at |east one

honmopol yifer , scbpbipneprocessol winer canplimeraggeynets gpoeferably added
to the polymer melt stream after devolatilization and
before the pelletizing extrusion process.
Practice of the process of the invention to rheology
modify polymers yields rheology modified or chain coupled
15 polymers, that is the polymers which have sulfonamide,
amine, alkyl-substituted or aryl-substituted carboxamide,
alkyl-substituted or aryl-substituted phosphoramide,
alkyl-substituted or aryl-substituted methylene coupling
between different polymer chains. Resulting compounds
20 advantageously show higher low shear viscosity than the
original polymer due to coupling of long polymer chains
to polymer backbones. Broad molecular weight monomodal
distribution polymers (MWD of 3.0 and greater) and gel
levels less than 10 percent as determined by xylene
25 extraction show less improvement than the dramatic effect
noted in narrow MWD polymer (for example MWD = 2.0) with
gel less than 10 percent as determined by xylene
extraction. Alternatively, those skilled in the art will
recognize that it is possible to prepare polymers with
30 Dbroader polydispersity (for example MWD greater than 2.0)
by blending polymers of low polydispersity, either by
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optionally includes additives within the skill in the 20 art. Wen the
coupl i ng ageydo/sogz7added in a dry formit is preferred to m xpectressyasss and
polymer in a softened or nolten state bel ow the deconposition tenperature

of the couplj 8 e ‘ e t | xt ature
at 1 oast oquardt SPEREebEtBonpolFRlrlC Bl DA g HAE BnieaTERT
The term " nmeatmplotesenngori sonFddniratiran vy r@incels c¢ondbtibnghefpol yner
is softened or nelted, such as extrusion, pelletizing, nolding,

t her nof or ni BRCR| FERBEEY AFS coRteRIdiasy th pePVide AcPely®em Wikl EhBer 30

ohbi ned i n drsirednel8Ridnt wiuhe Hnd i A 2080 AbEribLET" Y
pr ef er ablsy bdoxi[%éhéﬁtt kesgaupRld 'ﬂlé‘%&!al’“éﬁfb&@@tpm yner (s) under

condi tions whi al l ow sufficient mxing before reaction to avoid uneven

anount s of | ocal i Rbdodegyt moditfieatsit) eeady tdepobkymersnghadhi havee to

heat sufficient for.reaction. Preferably, a, substantiall ni form adm xture
of coupling %@Eﬁ?oiﬁﬁg 5&?9@P3¥5%%) HeF LR oXPBBSHFEC BEXOﬁHPFPHﬁg in

unich chain oyl LPgehBrhakes oidfithedy ;@}PS{&&&&&&& Yoi" ghayedm xture 1s

one in which't I strirbution of coup agent 1n the polyner is
suf ficientl yvhsoogeagouber@die abildane atb yobd peiy peimpautre@ scikth

viscosity after treatnent according to the practice of the invention at
| east onkd of apd) mArgkesigtance, improved tackiness, improved green
strength (melt), higher orientation in high shear and
high extensional processes such as injection molding,
film extrusion (blown and cast), calendaring,
rotomolding, fiber production, profile extrusion, foams,
15 .and wire and cable insulation as measured by tan delta as
described hereinafter, elasticity by viscosity at 0.1
rad/sec and 100 rad/sec, respectively. It is also
believed that this process can be used to produce
dispersions having improved properties of higher low
20 shear viscosity than the unmodified polymer as measured
by DMS.

Rheology modified polymers are useful as large blow
molded articles due to the higher low shear viscosity
than unmodified polymer and the maintenance of the high

25 -shear viscosity for processability as indicated by high
shear viscosity, foams for stable cell structure as
measured by low shear viscosity, blown film for better
bubble stability as measured by low shear viscosity,
fibers for better spinnability as measured by high shear

30 viscosity, cable and wire insulation for green strength

to avoid sagging or deformation of the polymer on the
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15 |l ow angul ar frequency (for exanple 0.1 rad/sec) or (b) lower at higher
angul ar fr emoegees2{for exanple 100 rad/sec) than that of the rcamesspalesser
whi ch has not been treated with the coupling agent but has been subjected

to the same shead %ﬁfﬁéQQﬁEEh B&SFBQVShEQESvﬂ§6g§¥€¥”¢hiéﬂ'gg?tggpggggtice

of the invention, conposi tion®of the coupling agent occurs after- mXrng
sufficient tofashetinventdohstantially uniforn1adn1xtﬁre or coupl i ng agent
and polymer. This mixing is preferably attained with the polyner in a
molten or nmelted é?%}ﬁ$e¥ﬁaFg?§18EUv@°§Hé¥E§(ﬁ%ﬂﬂﬁﬂlngm¥¢mﬁhetpn@gtacare,

or in a dissq refi i rse ndi tion.rather than in a solid nass
or Ipart i cul atAeé/ﬁ%}% uﬁ‘kgﬁlﬁ%ﬁlgﬁggr gﬁgﬁt%g'&rf %‘romrﬁ}%e T PIRIEHRE to insure
horogenei 5y nhaiisdifiea petgmbredraeRsant mildeind fde sudace. 30
Any equi pnent is suitably used, preferably equi pnent which provides

suf ficient niappkicationapduat tretbenelelvatidn of ividdwssane efjui pnent,

but advant ageous ractice_of the invention takes place in such devices as
an extr uderg(ﬁref%{%?fx BBl JRBFENPXPRICEDH & % Shear gratirsdé? - bl ender .

dovi cos ne o ey St uhi BhLSXTA RAGHT, SRPE: mele” Helbadtals ' OX AEdCr

devices as a device extru S or ently,

when there i siefomhidtbahrdaringsthprhalvWpadcyseduyy | (ofetdifpope! yger and
its use, at |least one step of the process of the invention takes place in
t he ne|t1)qrqxgkﬁl%qgpduvmpgethgrmgformlng) or to achieve bubble

strength during blow molding, and sufficiently low high
shear rate viscosities to facilitate molding and
extrusion. These rheological attributes enable faster
filling of injection molds at high rates than the

15 unmodified starting materials, the setup of foams (stable
cell structure) as indicated by formation of lower
density closed cell foam, preferably with higher tensile
strength, insulation properties, compression set or
combinations thereof than attained in the use of coupling

20 or rheology modification using coupling agents which
generate free radicals, because of high melt viscosity .
Advantageously toughness and tensile strength of the
starting material is maintained.

Polymers resulting from the practice of the

25 invention are different from those resulting from
practice of prior art processes as shown in CA 797,917.
The polymers of the present invention show improved melt
elasticity, that is higher tan delta as measured by DMS,
better drawability, that is higher melt strength as

30 measured by melt tension, less swelling as measured by

blow molding die swell, and less shrinkage as measured by
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10 within the scope of the invention that the reaction take place in a

sol vent or w@j ?{ oggedium it is preferred that the reaction bect/dsss/Bessk
phase to avol ater steps for renoval of the solvent or other nedium For

thi s purpose, po aboy he crystal | t. tenperature 15 is

advant ageous‘“‘?’ﬁ‘f1 §{7éﬁnkf’§fan§ Xﬂ”é‘ﬁ’éﬁé}‘gege RGO PRL R KT (¢ he
deconposi ti qigherReLat Be tBhnt BE oS /MY cARitdlpatt fn NIl &S £Srh{Rgdi ment
the process of the present invention takes place I'n a single vesse t hat
I's mxing 20andf labhgecpapki bd osgamilddngy pol yner takes place in the sarre

vessel as heating to the deconposition tenperature of the coupling agent.
The vessel is preTBRRBI T8 P@Pﬂ'&Mﬂﬁﬁ(9&rWRﬁ§1n$n9P¢%a%&%E§dﬂ@bﬂ?aﬁ%ﬁusly
a S|ngle SCr uder b Q t [ f 5

i xing payriss SFEnES, SoRm REehY Roriated | e Lo lud 48 £28Es Phaf) .
nore preferaphy Bagmilateesls WGV Herbid or B¢ LSRG ari€gsi Nt o which
a reaction mxture would pass, the first zone advantageously being at a

t enper at ur e anjegasontmeldmﬂguanQﬁﬁﬂﬁﬂt(ﬁmrtexﬁm@hgureth descxobedni ng

tenperature of ess,. .t ha e de osition
- 33- t enpefats 82 ¢ 1At QﬁﬁabQBniggglng at a
tenperature §§§m=,01%&uin@r s%ecwm;%f' P  "Ec£OYPY | NO1REEBEuCT RGNS | I St

zone is preferably at a tenpérature suf |C|ently high to soften the pol ymer
and 10 to Injection Molding" and on pp. 270-271, "Injection

Molding Thermoplastics") and blow molding processes (for
example, that described in Modern Plastics
Encyclopedia/89, Mid October 1988 Issue, Volume 65,
Number 11, pp. 217-218, "Extrusion-Blow Molding"),

15 profile extrusion, calendering, pultrusion .

The rheology-modified ethylene polymers, processes
for“making them, and intermediates for making them of.
this invention are useful in the automotive area,
dindustrial goods, building and construction, electrical

20 (for example, wire and cable coatings/insulation) and
tire products. Some of the fabricated articles include
automotive hoses, single ply roofing, and wire and cable
voltage insulation and jackets.

Film and film structures particularly benefit from

25 this invention and can be made using conventional hot
blown film fabrication techniques of other biaxial
‘orientation processes such as tenter frames or double
bubble processes. Conventional hot blown film processes
are described, for example, in The Encyclopedia of

30 Chemical Technology, Kirk-Othmer, Third Edition, John
Wiley & Sons, New York, 1981, vol. 16, pp. 416-417 and
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5 allowit to conmbine with the coupling agent through distributive m xing
to a subst apploghdsg7uni f orm adm xture. For polynmers that have mefossines
poi nts above the coupling agent deconposition tenperature (preferably

greater than Olery]C [ cially_when _incorpor.ati f 10 a | ower
nel ting pol yﬁéa' *( g'lf{:’h B% ﬁ:.%a @%%Ce?\#%éfé?‘ii 8%8&&?&%&5’! cefl,bt?%e preferred
embodi ment  f giaiuIEI R id OPr&Ee§8UBLERTa8U8BECS U SO W I"abddend the
coupling agent in solution or adm xture into the polynmer, to allow the

pol ymer to i bwbbdg"almodess asisbnbUal .| Pasensode 466 ,t04¢ 1Pakdeg) i rapd
agent), and then to evaporate the sgl vent. After evaporation, the resulting

mxture is efudIPC S AS/GT LPEC Bt U Sbl Fakedy o642 he coupl i ng
agent, ang mong, HrREEr akyygal §%\(:)éﬂ{: Et‘299°|9?r065r(déﬁ§.’i’cet)h,e.tﬂ‘§f ﬁgé%%x?%sm ubl e

such as in the case of’ polycarbonate.’ Such sol vent's inc r

sol vents sucla ,a2@EE8DNEadtEn] | eUL 8hydackwtan), 83vd 084 ofWaatet) , U.S.
hydr ocar bons such as nethyl ene chloride. Alternatively other non-polar

conpounds sudRtRRtiheded, B0 s (FAlikpcRtt Bd -douM-iSng ti% 3Ti7@8ent !y
avor d t he oxt Rt S febtl et BakBREy 4 BA A Il o Wit ure (har
the coupling mgett i 4, y@ilszber@ﬂﬁgtﬁgt act Ba pol Wiy ulid. adwesmpative
preferred enbodinents it 1s preferred that the coupling agent be 30 added
to the pd€t - SedtiDr48i ebllust agpetyadr. ) pr cagssilsy Heantsed-dro enakel £ilmn a
shurry proce%&éﬁc &éggcéggm_gﬁé novel compositions described herein.
The film structures can also be made as described in a
tenter-frame technique, such as that used for oriented
polypropylene.
15 Other multi-layer film manufacturing techniques for
food packaging applications are described in Packaging
Foods With Plastics, by Wilmer A. Jenkins and James P.
Harrington (1991), pp. 19-27, -and in “Coextrusion Basics”
by Thomas I. Butler, Film Extrusion Manual: Process,

20 Materials, Properties pp. 31-80 (published by the TAPPI
Press (1992)).

The films may be monolayer or multilayer films. The
f£ilm made using this invention can also be coextruded
with the other layer(s) or the film can be laminated onto

25 another layer(s) in a secondary operation, such as that
described in Packaging Foods With Plastics, by Wilmer A.
Jenkins and James P. Harrington (1991) or that described
in “Coextrusion For Barrier Packaging” by W.J. Schrenk
and C.R. Finch, Society of Plastics Engineers RETEC

30 Proceedings, June 15-17 (1981), pp. 211-229. If a

monolayer film is produced via tubular film (that is,
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pol yet hyl ene, the coupling agent is added in-either powder or liquid form

to the powdeigesd/eed7yet hyl ene after the solvent is renoved by mrEresdsatessn
and prior to the drying and densification extrusion process. In an 5

alternative | rs.ar r red, in .a. g e ocess,
the coupli ngetg%gn ”?gi%rgegggg%£gzd§5 ifﬁlia& t‘a!nger g:gl\l\éur‘grlasdr a%‘%?fdl*@; mto
the powdered 9l gesbyipvaa bef v R.t bebdens iahidcat.ixon Fdiiisd oih YPlagcic
alternative enbodi nrent when a polyner is nmade in a 10 solution process,

t he coupl i ng Bytms, | Tepghapdegay andd@edkeging Appliaatimng” s(Technemier
devol atilizat]an and. befqre the pelletizing,extrysion process. Practice of
the process .%%S ﬁvgnﬁpon EBcrhe&§%&§'£§5ﬁﬂ/€hﬁ Tﬂiﬁ(ﬂfrheology
modi fied ar ohelgugRURRedad?t iBARY MRSt -Adirusd drl &R YR  Sands £ hgye
sul fonam de, am ne; al kyl-substituted or aryl-substituted carboxam de,

al kyl - subst i teterusionr yaminbstionuted othesp parckdging aldtydrsabslayetrsd or

aryl -substituted_nethyl ene ¢oupling between differenthplynpr chai ns.
Resul ting conpdufResm28 MudtareN§&oFSFPRCINGR -hi diferthevEkHRa¥Ss V@ scosity than

t he ori gi nal pl I I chal ns. ymer
backbones. Br%%%)\é%%&%gé a%emg%éhpwn%ﬁgjﬁo&%%ﬁteﬁqi&c])éraléép])%r%/%%%g'(m of
3.0 and great®@shoandagdl Jeakehs)l, ethel FANmlChalerREIL] ase dedRinated By

xyl ene 25 extraction show | ess inprovenent than the dramatic effect noted

in nar r odOMNRGRE henalf dryexanpife pRMBagingmatiatiajs, |dependimg 10nper cent
W11 recogn SPEHAEREE PBYBAERtoPE R TS RERT L ol gHbreiat rhalme |

“Laminations vs. Coextrusion” by D. Dumbleton (Converting
Magazine (September 1992), also discusses lamination
versus coextrusion. Monolayer and coextruded films can

15 also go through other post extrusion techniques, such as
a biaxial orientation process.

=% Extrusion coating is yet another technique for

producing multilayer film structures using the novel
compositions described herein. The novel compositions

20 comprise at least one layer of the film structure.
Similar to cast film, extrusion coating is a flat die
technique. A sealant can be extrusion coated onto a
substrate either in the form of a monolayer or a
coextruded extrudate.

25 Generally for a multilayer f£ilm structure, the novel
compositions described herein comprise at least one layer
‘'of the total multilayer film structure. Other layers of
the multilayer structure include but are not limited to
barrier layers or combinations thereof, tie layers,

30 structural layers. Various materials can be used for

these layers, with some of them being used as more than

-40-



30 broader polydispersity (for exanple MAD greater than 2.0) by bl ending

pol ymers ofwvd somoppt ydi spersity, either by -35- post - r eact pETRBINPIBS N,
or by preparing the polynmers in a nulti-reactor configuration wherein the

diti ntd:aql rovi de.a_ pol with the
oot red” ol G arYEFoRr EHY B sitn HE AR CoodubratcRhePealn of ¢ he
final produchat&bheal sgynaadide:c&dian Iads ! ey VaRs fvik thalavtol

control |l ed rheol ogi cal properties, specifically inproved nelt strength as
evi denced by(EW@Hga§@B° yWesifeaPoliysiatiidenet clelonbde i (HVDPEG) hol d oi |

| nproved scratgh nd r._resistance, jrmroved tackipess, inproved green
s??ength (rmR???eéﬁgﬁgpeo =&t %ﬁ %ﬁ?tﬁg %E¢mﬁ§l%ﬁﬁﬁli%ﬂlﬁREBHXFS?E
rocessesg su , 1 BERGh o) NGedidtB exgvANS| upgand cast),
Ealendar?ng,g?%€§nnﬁgﬁggF ?/gg?ggroéhctfg%,ﬁiﬂgﬁiﬁgpégpﬁus?on, foams, 15
-and wire arethybépej/asuydtiicomacdd ngEa)r esbgryl ymersigl t a as descri bed

hereinafter, elasticity by viscosity at 0.1 rad/sec and 100 rad/ sec,
respect i vel \Bthylege/peshgorydis) adigt (BMAR) rerreLymers heLLBRE, t HDPEeduce

di [ ; ' L0 t] of  higher | 20 _shear viscosity
than the unrast £1 o BRG S o2E RUHE AN | et s CE0E o7 RBRL P1 clagBisirer s
are useful amhpdgedel gwateledepolkid y%bﬁ&%%téhdfﬁhﬁéﬁherGéﬁ§&§EQ§ﬂ

viscosit% t han unnodified pol ymer and t he nai ntenance of the hi
1 the multilayer film structures comprise from 2 to 7

layers.

Such articles comprising the rheology-modified
polymer of this invention may be made by melt processing
the rheology-modified polymer according to this

15 invention. That process may include processing pellets
or granules of polymer which have been rheology-modified
according to this invention. In a preferred embodiment,
the pellets or'granules are substantially free of
unreacted coupling agent when the coupling agent

20 comprises a heat-activated coupling agent.

Such articles may also be made by melt processing an
intermediate comprising a homogeneous polymer which is
not substantially free of unreacted coupling agent. Such
intermediates are preferably treated with a coupling

25 agent, but are not subjected to subsequent melt
processing until the polymer is melted to make the
article. The coupling agent may be either radiation or a
he;t-activated crosslinking agent.

The rheology-modified polymers and intermediates

30 used to make rheology-modified polymers may be used alone

or in combination with one or more additional polymers in
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25 -shear vi scos

ity for processability as indicated by high shear

vi scosi ty, wiesgneior stable cell structure as neasured by | opcBO8H/17685

vi scosity, blown
viscosity, fiber
viscosity, c3pbP8
def ormati on ghe
vi scosity which
accordi ng tounhe
corresponding 5
appl i cati ons18Y&

-filmfor better bubble stability as neasured by | ow shear
i gh_shear

r bubbl e s reasu
Ty PLe T o o D Rt e S e R e Re DR B8Rk 4o ng o

YNRaRO e TRIe Ik e £ any Vbf etBE #Baseied By | ow shear

are aspects of the invention. Polyners rheol ogy nodified
dpfied deonggareous eetyerardesopibedr aboveh§or this

nnodi fi ed polyner starting paterials for these
RET o 2 BRI e of Culted Lt Cef RLPEPABREORE | cast 5

per cent a%e:‘ gy%gﬁggrﬁ (rgﬁlr%“@hﬁlag Sersyfficiently high melt strengths

to avoi d

during ther nof or
and sufficientl
extrusi on. TRE

ing thermal processing (for exanple to 10 avoid sag
MHeg e rdigeneamipyeydatippl enes r engthader bpgibhawlgol di ng,
Jlow high shear rate viscosities to_facilitate nolding and
ingsb widite ihanixhepless-wedbf tedappéymers| pRGOFHAiNG && i on

nmol ds at high,rates_than th unnodi fi e arting material t he setup of
foams (st abl BPe8 Arver A &7 i et EcPB)afoPAEPPBHIGE " | SHSFSaens v
closed cell peePareEhAably tdd Fidies1t eAsthigtdl gRghhgni Nnsul ation
properties, conpression set or conbinations thereof than attained in the

use of cHupl tegp

erature and high pressure, and those prepared with a

coordination catalyst at high temperature and relatively

low

dens

pressure. The former are generally known as low

ity polyethylenes (LDPE) and are characterized by

branched chains of polymerized monomer units pendant from

I5 the
dens

and"

polymer backbone. LDPE polymers generally have a
ity between 0.910 and 0.935 g/cc. Ethylene polymers

copolymers prepared by the use of a coordination .

catalyst, such as a Ziegler or Phillips catalyst, are

generally known as linear polymers because of the

20 subs

tantial absence of branch chains of polymerized

monomer units pendant from the backbone. High density

polyethylene (HDPE), generally having a density of 0.941

to O

and

25 the

.965 g/cc, is typically a homopolymer of ethylene,

it contains relatively few branch chains relative to

various linear copolymers of ethylene and an o-

olefin. HDPE is well known, commercially available in

vari

ous grades, and may be used in this invention.

Density is measured according to the procedure of ASTM D-

792.
30
olef

Linear copolymers of ethylene and at least one a-

in of 3 to 12 carbon atoms, preferably of 4 to 8
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20 or rheol ogy nodification using coupling agents which generate free
radi cal s, Wwaregpmesz7of high nelt viscosity Advantageously toughEVSIsAYTASS
tensile strength of the starting material is nmaintained. Polyners resulting

f th 2 I ti
{1 om practi Ce-bPoB FoPRE, { dpe0EIRE JRIY Seluil HLRE oG IRy ool Yot

of the presesaibsBhei.onAshdw welnokedwielin aiastart | yohé h@énssthi ghiea tan
delta as neasured by DMS, better drawability, that is higher nelt strength
as 30 neasurkimésrnethylens/onolefin wpdliymgensi sreasinedt bynbbéwboehdi ng
die swell, and |l ess shrinkage as nmeasured by -37- nol d shri nkage than

t he unnodi f i gWepdepgeh aﬁdthbedmuﬂafﬂﬂNaddﬁuhﬁeﬁmmmmm 8f Osuch monomer

MV Mn) counterpart in thernoform.ng and | arge part bl ow nolding. There are
many typds oifnbhai FEPERYFEN Felaiveh tathe RNeuRl 6 ebhyiemes ukhe
fabricated articles or parts fromthe fornulations_disclosed hereijn,

i ncl udi ng vaﬁFSGEanFH@t#@HQEH(9ﬁufqﬁwﬁx8$ﬁ§9?f%ﬁ eR%ﬂpgﬁeaFﬁ§ttH§scr|bed
in Modern Pl astics Enc& | qpedi a/ 89, M d October 1988 Is Vol une 65,
Nunber 11, pRMOYBE- 9f8! -'Ollmfﬂﬁumqwtm the 1oeEt Fof ’PSFF\U" o&n&hsn pp.

£ 2T ot CEBBRAIRGHD! OnR LI IR ASiALSS b0V bh B! 10858 ogsses

Cot aber | 1988|3380 1Y0 bl BopRiynhTY oty Rihe 2aZf o-BXbEHA 6F § 24

10 12 carbon atoms, preferably 4 to 8 carbon atoms (for

example, 1l-butene, l-octene, etc.), that has sufficient

a-olefin content to reduce the density of the copolymer

to that of LDPE. When the copolymer contains even more

a-olefin, the density will drop below 0.91 g/cc and these
15 copolymers are known as ultra low density polyethylene
(ULDPE) or very low density polyethylene (VLDPE). The
densities of these linear polymers generally range from
0.87 to 0.91 g/cc.
Both the materials made by the free radical
20 catalysts and by the coordination catalysts are well
known in the art, as are their methods of preparation.
Heterogeneous linear ethylene polymers are available from
The Dow Chemical Company as Dowlex™ LLDPE and as Attane™
ULDPE resins. Heterogeneous linear ethylene polymers can

25 Dbe prepared via the solution, slurry or gas phase

polymerization of ethylene and one or more optional o-

olefin comonomers in the presence of a Ziegler Natta

catalyst, by processes such as are disclosed in U.S.

Patent No. 4,076,698 to Anderson et al.. Preferably,
30 heterogeneous ethylene polymers are typically
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15 profile extrusion, calendering, pultrusion . The rheol ogy-nodified

et hyl ene powg®yie4270r ocesses for making them and inter med! atmr/ﬁsgg/lnﬁsl ng
them of this invention are useful in the autonotive area, |ndustr|a: goods,
bui | di ng and Go. | e Is r..exanpl i r.e_and cabl e
coatings/insu aﬁ?ié%!r:\{):lg%%gg?i rg% %%(%L&?t én%q _c(():f‘rfltcei'—"cﬁc %}&abﬁ%ﬁ%ﬁ%} el es

i ncl ude aut ompl/mye hASEhe Fah@let oF rcadfd 0 tand. W r rélvgap!l e vol tage
insul ation and jackets. Filmand filmstructures particularly benefit from
25 this inverdigpusadonanobebaklle ofsithgscomlangamat maten abs f |ar1]m
fabrication techni ques, o, _other biaxial, orientation. processes_such a
tenter frames ?lﬁgﬂﬁggogﬁbB e%ﬁ@é&?@égﬂ éﬁ‘?\/iﬂ“}%aﬂn ﬁitf?|%%e§| P I
processessar & de56T 5 hedanfoEnexpaRktits Bol Mbifif il oRgElAs of 30  Cheni ca
Technol ogy, Kirk-Cthner?nThird Editioﬁ, fghn]Vv ey & Sons, New York, 1981,
vol . 16, pp. 416-40Gmpaditd8ns ofVahe IMwemrickp larkPZTopesitelomsi ent ation
fil mmanufacturing grocess such as described in a "doubl e bubbl e" process
as in US PREMUSSHSRYREACPIREKOL th%d iverigut axs ratkicebarlys U. S

a 820, 557 (warreret PHERUEE) of iiestSiipriging WonsB R L 1o8 56 o0,
(Colike et alinstahSe Phéeprefezéd/aiRditel AhLitlpdlydtsy1&RéENind

4,952,451 (Mueller), U S. Patent 4,963,419 (Lustig et al.), and U S. Patent
100 ethylene copolymers (density 0.90 g/mL, comonomer content

0.5- - 5 mole percent) of the invention are particularly
useful as blown films such as in trash bags, grocery
sacks, sealant layers, tie layers, produce bags, garment
bags, shipping sacks, medical films, stretch film, shrink

15 film, agricultural film, construction film, geomembranes,
or -stretch hooders, preferably trash bags, agricultural
fifm, construction f£ilm, and geomembranes. Similarly the
medium density preferred embodiments are useful in cast
films such as are useful in stretch films, diaper

20 Dbacksheets, industrial wrap, produce wrap, meat wrap,
consumer wrap, shrink film, or elastic film, preferably
as elastic film. The high density polyethylene (density
greater than 0.945 g/mL and preferably MWD less than or
equal to 3.0) preferred embodiments are particularly

25 useful for thermoforming, preferably for use in
refrigerator liners, thin walled containers, medical
blister packs, modified atmosphere packaging; and in blow
molding (including extrusion blow molding) to form such
articles as oil bottles, pipe, fuel tanks including fuel

30 filler necks, milk jugs, and trigger bottles. The low

density ethylene copolymer preferred embodiments (density
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10 5,059,481 (Lustig et al.), can also be used to make film structures
from the nexpde/e@sfposi tions described herein. The fil m strucpormesszensssal so
be nmade as described in a tenter-frane technique, such as that used for

ent od I H L . .
?;gﬁziguegof%$é$g%%§%ggkégiﬁ m%p%ﬁ?bg??%%%%%?éqﬁgggéé%g%g?ﬁg g%&zg%ag Foods

Wth Plasticss iyl paeteht)arki pardidularms, Risdbil i hgtext£d89dh, pp.
19-27,-and in "Coextrusion Basics" by Thomas |. Butler, Film Extrusion
Manual : Procegeh 28 tenfermawirep cakde Pattings, (pupingheBrofidre
TAPPI Press (1992)). Th Il ms ;may _Rhe nonpol gyer or_nultilayer filknms. The
(11 m made. usPHER AP <IRRBBRET o RRalPs0 SPShAg 1 JERHEIFE fi: FebLREP
layer (s) sor &¢henfhbmaapebephaindl, eehatia Rrer l?&éiﬁ@éeﬁéﬁéh_éﬂe%s,
secondary operation, such as that described i n ackagl ng  Foods W th

Pl asti cs, byamidl impadt dediifiersndolaiderds Haf rpolywoers 199teferabhyt

descri bed in_"Coextrusign For Barrier Packaging" by WJ., K Schrenk and C R
Fi nch, Soci ef9ToVipLadPfcSabls FOSEINEETECUINENRHR RBF NP2 ne 15- 17

(0500, PP 41 g, | R AT sy i pBcab st g1
as -descri bedab¥oKpRrt Delioar1gnhséifhl FKidiwlemdariagt té Folkwssutachnol ogy
and Packagi ng Applications” (Technom c Publishing Co., Inc., 1992), then
the fil MOrusmagerials as sheeting, packaging films, and non-packaging
films; for foams particularly cushion packaging, toys,
building and construction uses, automotive uses, body
boards, airline seats, floral and craft uses, preferably
cushion packaging, building and construction, automotive
15  uses, and body boards; and for adhesives and sealants,
particularly hot melt adhesives, pressure sensitive
adhesives (whether applied in solvents or by hot melt),
caulks, and as tackifiers in other compositions.
Practice of the present invention increases the
20 utility of ethylene polymers, particularly high density
polyethylene, and propylene polymers in the automotive
field. With increased melt strength it becomes possible
to produce such automotive articles as fascia, bumper
energy absorbers, bumper beams, door trim panels, door
25 hardware cartridges, seat backs, seat pans, head rest
cores, header trim, header energy absorbing (EA) inserts,
pillars, instrument panels, instrument panel trim,
bolsters, glove boxes, doors, consoles, ducts, parcel
shelves, hat shelves, load floors, rocker pénels, fenders
30 and combinations thereof using such means as blow

molding, injection molding, thermoforming, and gas
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S through an additional post-extrusion step of adhesive or extrusion
| am nat i on W? oglipy packaging material layers to forma nultiplcg%®os/17685
structure. the-filmis a coextrusion of two or nore layers (also

d bed by Gsh d Jenk till be laminated to 10
addi 11 onal | SRS Rd pRISGE He e hAtaEs. BUBERBERGTEn SHERAREOTR S al

requirenment s Jfe sidieed 4@l cfbs & ai-as’hgg&kees &éorcﬂﬁ)(:]éﬁu 1Y fat
Dunbl eton (Converting Magazi ne Septe 1692 al so cusses | am nation
ver sus coext musingn. avih ot eplei nanionsexherded tahrrbecpmoﬁﬁmidsansgmg hr ough

ot her post extrusion technigues, such as a bi axial orlentatloncgrocess.
Ext rusi on coﬁq% “i‘%afiﬁ'eta%m%%ﬂ‘érm?ééhﬂgquénﬂSFtEyPHdH’Qll N9yl BMC%yer film

structures Ugiig e, ANG ek '51:89 1885GK! Q?&fhﬁ.rlflei}s TEB&&E(H%GQI i lar

conposi tions Fconprlse | east one ayer of St'r ure

to cast fil mclas@émgn(@mérnadysmlénab)<;il pibRCOD ®Hed 1AnTa aringan be
extrusion coated onto a substrate either in the formof a nDnoIayer or a
coext ruded exthaglatkingss can becsqawannyntéy ErwdhpeﬁaPM'fllrnstructure

th | ti d h t er. of the

Loral el 1 Bl g st pREe éﬁ%b”eaggﬁéé%?a%h;w%s 1308 et ur o

i ncl ude but gy rﬂiei'@aﬁﬁg Eanﬁéfb%dhééarﬁ h 1?1?;3‘ % . tie
an be use I thes

| ayers, 30 structural |ayers. Various naterla e
| ayers, Wt h meding ¢henm@ecngonsmdld$ngoreIhUentm@&-moldlng,

thermoforming and gas assisted injection molding are
useful for producing door impact beams. Such articles as
bumper beams, door impact beams, heater trim, roof
liners, ducts, pick-up bed liners, fuel filler necks,

15 fuel transport lines and conductive fuel systems are
conveniently produced by extrusion or coextrusion as
well. Coextrusion is additionally useful for rocker
panels and fenders. Conductive fuel systems are also
optionally roto-molded or blow molded. Roto-molding is

20 also useful for door EA inserts, seat backs, head rest
cores, header EA, instrument panel trim, bolsters, and
ducts; while blow molding is additionally useful for door
EA inserts. Furthermore, foaming is useful for bumper
energy absorbers, bumper beams, door trim panels, door EA

25 inserts, seat trim, head rest cores, header trim, roof

‘liners, header EA, pillars, instrument panel trim,
bolsters, and pick-up bed liners. Compression
thermoforming, that is thermoforming at a pressure
greater than 240 kPa, is useful to produce such articles

30 as bumper beams, cross car supports, door impact beams,

door outer panels, door hardware cartridges, seat backs,
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one layer in the same filmstructure. Sone of these materials include:

foil, nyl o\& &I7ene/w nyl al cohol- (EVOH) copol yners, pol yvpdiytsssdanéss

chl oride ( 96%& -pol yet hyl ene terephthalate (PET), oriented pol ypropyl ene 5
(OPP), ethylene/vinyl acetate &EVA copal ners et hyl ene/ acrylic acid (EAA)
copol yners, Sy RAF nebRALRY| ElﬁhlﬁoPE P%ﬁﬁmﬂ%ﬁﬁﬁ%ym%ﬁﬁxﬁﬁn?EPE LDPE,
nyl on, graft e e Y, r

pol yet hyl en ]?:ﬂ@ 3&8fs€8§:¥ee§§c(:% p%}g_@a} %ehén%%'l a@a@? %E% ?? %ur es
conpri se ffOﬂ'ﬂ.é’oi‘@ 7rb@k§i'spaﬁéﬂ.b alfbh@e@:% ,Caifile Hady tdkosdeat ogy- modi fi ed
pol ymer of this invention may be made by nmelt processing the

r heol ogy- no@i¢kedupobedel inessr dwhgetlo kimeyrsi 5 andveombbrat igndt process

| ud I whi ch h b
"ol ogy Sod e EEsE o SPRRRGLES B Thhdubiarhict A et oa ment
the pell etsuﬁfcﬂﬁeatéé B&@ws%atﬁ@@ alehe ¥Rt £2¢ t £8aoHg! | NG agent

when the co I ng agent conpri sés -a heat-activated coupling agent. Such

article5|nnezmybehe pamymbysnahﬁ propydsne polymees Nedattwithopti sing a
honogeneous pol ymer which is_not substantially free of unreacted coupling

agent. Such ¥eREFHERi WLER RPdvPesddomily azidtlevoiridh %PEdﬁﬁllng 25 agent,
but ‘are not é&?{r?ﬁigﬂ{:igl HQ.?)%%“%@:. 'tthoq.sreoﬁ-{? “Qﬁ& ﬁf@hpg EEE IS

nelted to fie-ar coup ng age BTt i on or

heat - aC'élIOVGt £ea 6t 06841 NHMENE @SN meaBiadda8} ade rpﬁéée@@r@%irmsmand
[ nt ernmedi at es

D1238 using 5 kg weight and 109°C) at least one order of

magnitude lower than starting material before coupling.
The following examples are to illustrate this
invention and do not limit it. Ratios, parts, and
15 percentages are by weight unless otherwise stated.
Examples (Ex) of the invention are designated numerically
while comparative samples (C.S.) are designated

alphabetically and are not examples of the invention.

20 Test Methods:

A Rheometrics, Inc. RMS-800 dynamic mechanical
spectrometer with 25mm diameter parallel plates was used
to determine the dynamic rheological data. A frequency
25 sweep with five logarithmically spaced points per decade
was run from 0.1 to 100 rad/s at 190 C. The strain was
determined to be within the linear viscoelastic regime by

performing a strain sweep at 0.1 rad/s and 190 C, by
strain sweep from 2 to 30 percent strain in 2 percent

30 steps to determine the minimum required strain to produce
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30 used to nmake rheol ogy-nodi fied polynmers nmay be used alone or in

combi nat i oR, i ggu ghe or nore additional polyners in -41- PCRAISHERT685
bl end. Wen aa |?40nal pol ymers are present, they may be sel ected from any

of the nodified or unnpdified honbgepeopus Eolyners descri bed above for this
i nvention, afPHMIRT iBHERID (HRedFPEeHE heRELBFeRE0 GRS tFARFISS Y

conbi nations thereof. Hetgerogeneous, p et hyl,enes .t e _optional

conbi ned vwtl?49ﬂ9§¥mﬁﬁ{ﬁﬁf3ﬁ%ﬂ???eﬂtpgbénﬁ?é/30889daﬁé to YH? sUPH eh%ion
fall into t %?ﬂﬁ t I £54 o] p | ses-1hadi

Initiator aﬂ% 1 ﬁ?e%r%ﬁ}%&gngeﬁ?%ﬁ %%ggsrg gl&ngrjfféllet%%c};éﬂ g%ﬁlefr%e(jdw th
a coordi nat i acemtddygttat the ghrdeeparat discandedebst idv.elM. Dmaly easir e.

The forner are generally known as | ow density pol_yethyl enes (LDPE) and are
char act er ? zed byF britiRslREuR ha'Helbf RBepyagyi 288 Assomelaudin PIsidFR from

15 the polyn§%§9%§%%gg§;hy E5ﬁ8%¥g§£§ gﬁgger&%igqggoq density between

0.910 and O. ene polryners a cop ners ‘prepared by the use

of a coordi niPneseinyywis peehotmed Zhedl 8A t@ogeh Iirfe it A MsimiDe €
general ly known as |inear polyners because of the 20 substantial absence of

branch chai noxidgl yeedeégradabhoner units pendant fromthe backbone. High
density pol yethylene (HDPE), generally having a density of 0.941 to 0.965
g/cc, is typically a honopol yner of ethylene, and it contains relatively

few branqf chgigsrikthakiNEriflodel TMA 7 thermomechanical analyzer was

used to measure the upper service temperature. Probe

force of 102g and heating rate of 5°C/min were used.

Each test specimen was a disk with thickness of 2 mm and

diameter, prepared by compression molding at 205°C and

15 air-cooling to room temperature.
Xyl%ne Extraction is performed by weighing out 1 gram
samples of polymer. The samples are transferred to a
mesh basket which is then placed in boiling xylene for 12

20 hours. After 12 hours, the sample baskets are removed

and placed in a vacuum oven at 150°C and 28 in. of Hg
vacuum for 12 hours. After 12 hours, the samples are
removed, allowed to cool to room temperature over a 1
pour period, and then weighed. The results are reported
25 as percent polymer extracted. Percent extracted =
(initial weight-final weight) /initial weight according to

ASTM D-2765 Procedure “a”

Samples are prepared using either a mixer commercially

30 available from Haake, Inc. under the trade designation
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25 the various |inear copolyners of ethylene and an [err]- olefin. HDPE

is well knowe oop@ga¥erci ally available in various grades, and peyubss/igsd i n
this invention. Density is measured according to the procedure of ASTM D

792. 30 Li.near .copol rs.of hyl.ene and.at_|east gne a- olefin of 3
to 12 carbon%ﬂ?ﬁéﬁhiﬁgg r%ﬁ%@m&F ﬁsbo 7R h(ﬁﬁ#iﬁf;ﬁ?? = ?#éﬁ%f50

wel | known ang <0oMEd Ct@! &Y rA¥ainkaBke cofer®i¥ally RV dNd ergmt . the
density of a linear ethylene/[err]-olefin copolyrner is a function of both
the | ength ofHadles| eIn¢- chrfen &heé thradenmdestiofatsiorh HapkeBucklen t he
copolynmer relative to the anount of ethylene, the greater_the |l ength of the

a-ol efin amj%hﬁpiﬁﬁﬁt%9°9hg°£ﬁ38nfhﬁpﬁéﬁﬂ§#iQ¥;H 2 Byabe t he
d it t hes o Li d ; . | .
Cypical 1 ySa ABHEEEOUITEE: R B0RS wolTAITSNE P USH RS (kb 15w, o

atons, preferably 4 to 8 carbon atons (for exanple, 1-butene, 1-octene,
etc.), that has sufficient [err]-olefin content to reduce the density of
t he copol ynerAllb ingtrenenbpPEveyResele asOHAART o manukaciarenbs e
[err]-olefin, ,the density will drop below 0.91 g/cc and these 15 copol yners
are known as WEFETBWPdensity pol yet hyl ene (ULDPE) or very |ow density
pol-yet hyl ene (VLDPE). The densities of these |linear polyners generally
range from0.87 to 0.91 g/cc. Both the materials made by the free radical
10 Examples 1 and 2 and Comparative Sample A:

A 43 g samples of an ethylene-octene (6 mole percent
octene, estimate based on equation from Kale et al in
Journal of Plastic Film and Sheeting, vol. 12, Jan. 1996,
PP. 27-40) substantially linear homogeneous copolymer

15 with Mw/Mn = 2.19 and Mw = 93,600, 1 melt index (MI),
density 0.903 g/cc commercially available from The Dow
Chemical Company under the trade designation AFFINITY PL
1880 (containing 500 ppm of a hindered polyphenol
antioxidant commercially available from Ciba Geigy

20 Corporation under the trade designation Irganox 1076 and
800 ppm of an antioxidant believed to be tetrakis-(2,4-
ditetitiary butyl-phenol)-4,4’-biphenyl phosphonite
commercially available from Sandoz Chemical Company under

the trade designation P-EPQ) was mixed in a Haake mixer.
25 The polymer was melted at 100°C for 2 minutes until all
pellets were molten. Then 0.05 weight percent of 4,4’-
oxybis (benzenesulfonyl azide) (Hereinafter BSA) CAS#
[7456-68-0] was mixed into the molten polymer for 2

minutes. After intimate mixing was achieved, the

30 temperature was adjusted to 170°C and the rotational speed

was increased from 20 to 40 rpm over a period of 7
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20 catal ysts and by the coordination catalysts are well known in the art,
as are theig ehhpads of preparation. Heterogeneous |inear etprangspfisyMers
are avail abl'e from The Dow Chem cal Conpany as Dow ex[err] LLDPE and as
Attane[err] ULDPE resins. Heterogeneous |inear ethyl ene polynmers can 25 be
prepared vi animtes e oreach ua rparsimymsofhage ol yFaei maktyneof sehigytdene

and one or nore fiqnal, [err]- olefin comanoners _in _the presence,of a

Zi egl er Natt zf‘tcéﬁg)rﬁlgﬁn,‘ghbérp’f%@8§§@ ugﬁcﬁggsgégé‘ & @Itt&éaéﬁﬂl FREE é% ent
No. 4,076,698 o Anderson_e .. Preferabl 0. .he Qgene hyl.ene

pol ymers are ]t%/ﬁ?’c’é‘ﬁ?ﬁ'- 4%13& %%ﬂa?‘ cVBPi 58§1§§ ﬁgvitj% %ﬂl e?ﬁ%a%taﬁ%’llg t

di stributionggd eférd\oeré'dtflfoﬁaeﬁs, fihakEOBhA A11@wedl to RAIGVaY Hbagussions
of both of these classes of materials, and their nethods of preparation are
found in B. Stdmpexrdtioe.5 4, 950,541 and the patents to which it refers.

Conmpositions of the invention and conpositions produced by practice of the
I nvention are particularly useful because of their surprising properties.

For instance e [ Lty | ene e
copol yners (ﬁ%l%ﬁgﬁg% g/ gﬁg ggbrrgﬁgrﬁrgre &%ﬁ% {f}_ g rrg‘l'e?%aet?éc&e#p)wof
the inventi onusimg palli weightypegebtk as4abl-euydis (Berdmtefsl fonyl ash bags,
grocery sacks, sealant |ayers, tie |ayers, produce bags, garnment bags,

shi ppi ng sackazidedi €BSAYilms, stretch film shrink 15 film agricul tural
film coqatruction film geonenbranes,

Rheological properties (viscosity and tan delta) were

measured for each sample plus an unmodified control

(comparative Sample A) at 190°C over a frequency range of
0.1 to 100 rad/second using a Rheometrics mechanical

15 spectrometer equipped with parallel 25 mm diameter plates
according to manufactures directions. The low shear
vigébsity is the viscosity measured at the lowest
frequency. The high shear viscosity was determined NSC
at 100 rad/sec.

20

The results of these tests are in Table 1.

Examples 3 and 4 and Comparative Sample B:

The procedure of Example 1 is repeated using an 6.6 mole
25 percent comonomer ethylene-butene linear homogeneous
copolymer with Mw/Mn = 1.9 and Mw = 118,600 MI=1.2,
density 0.9021, melt flow 1.20 g/10 min at 190°C, melting
temperature'197.6°F (92°C) . commercially available from

Exxon Chemical Company under the trade designation EXACT

30 3028 reported to be made using a metallocene catalyst,
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or-stretch hooders, preferably trash bags, agricultural film construction
film and wemeredranes. Sinilarly the nedium density pref errcriussshoeisnent s
are useful in cast fiInB such as are useful in stretch filnms, diaper 20

backsheets|a§¥3%§t6| htp ggggﬁt ap, @ a%d@wﬁﬁ?ﬁéigqfer oM ap, shrink

film or firm pre eranl’y as elastic I'gh density

pol yet hyl enasd | pyrgenet eort BaAmP184% andl ndgdefaibhdyy MEkz1@sp than
or equal to 3.0) preferred enbodinents are particularly 25 useful for

t her nof or mi rRT FerRaBBE}VeoPawpdepnBrefrigerator liners, thin walled
contai ners, nedical blister packs, nodified atnosphere packaging; and in
bIOM/nDIding (i ncluding extrusion blow nolding) to formsuch articles as

ol | "bot t kes g Rier b usl ahanks ahCtubpagakigle Munfdid e necks, mi |k jugs,
and trigger bo €es. e Tow denstiy ethylené copolyner preferred

enbodi nent s ThenBolyowidg is hasexbple) o9 uyimg andnchniomadel polhywmet
preferably 5 - 25 nole perceg%£ are partlcularly useful in, extrusion such

as to form Wi amd eusreldodPngs 3 -C8bi kgt [§Qﬁ|WQ%F§L%% 1”28k sRBEs and
seal s, sheetd oﬁéﬁ{:uafoghgngﬂcb'&ﬁ%t % pft bﬁ‘f# polr%g:}:{:gﬁyer

packaglng, tougheners act nodi |ers bl ends

preferably fe N@rﬁa@edugaﬁbeacm@taagodémgﬂﬁaﬁaﬁygﬁml|npact nodi fiers. The
| ow density preferred enbodinents are also particularly useful for

cal endalPng to formsuch 10 materials as sheeting, packaging films, and
non-packaginﬂhe procedure of Example 1 is repeated using an ethylene
(69 weight percent) propylene (30.5 weight percent) diene
(0.5 weight percent)terpolymer with specific gravity
0.88, Mooney viscosity 20 (by ASTM D 1646) Mw/Mn =3.5 and
15 Mw= 146,200 commercially available from DuPont Dow
Elastomers LLC under the trade designation Nordel IP NDR
3720 hydrocarbon rubber (containing 1000 ppm Irganox 1076
stabilizer) and using 0.05 weight percent of BSA for
Example 5, 0.1 weight percent of BSA for Example 6 and no

20 poly(sulfonyl azide) for Comparative Samples C.

Comparative Samples D, E and F:
The procedure of Example 1 is repeated using an ethylene
(72 weight percent) propylene (22 weight percent) diene
25 (6 weight percent)terpolymer with specific gravity 0.87,
at 22.4°C, Mw/Mn = 3.65 and Mw = 115, 200, Mooney
viscosity 20, commercially available from DuPont Dow
Elastomers LCC under the trade designation Nordel 2722
hydrocarbon rubber (reported to be made using a Ziegler

30 Natta catalyst) with 0.0 weight percent BSA for C.S. D,
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films; for foams particularly cushion packaging, toys, building and
constructi @y eb5fRer7 aut onoti ve uses, body boards, airline seapgrukéspireds and
craft uses, preferably cushion packaging, building and construction,
autonotive 1 ses,. and bod oards;_ and_for_adhesi ves_apd_seal ants,
particul arl yon8 W@Fﬁ?’&dﬁgﬁ‘{%& ﬂﬁeﬁﬁ% ef%’éngig'r vé' aﬂﬂ@sﬁvéswﬁﬁg%her
applied in sglyephs oF BsAh¢or® g, gaul ks, and as tackifiers in other
conpositions? Practice of the present invention increases the 20 wutility
of ethylene polyners, particularly high density pol yethyl ene, and propyl ene
polynmers in the autonotive field. Wth increased nelt strength it becones
possi bl e to ELERAXatdVen SRPLER {Gue H aRd ki a5 fascia, bunper energy

absor ber b e d ' I : L.dages,
seat backs, SO5; bpBSR 8 ALBRECE! £ H0acas BRLANTHA CERLILHN
absorbi ng (EAy1l wedght éﬁﬂdeﬁﬁ),, PR S pmmedvéighasEéwaﬁt)paaanreri m
bol sters, glove boxes, doors, consoles, ducts, parcel shelves, hat shel ves,
| oad floors, (fowedghtamarsertortrarro Romen idithn¥viMni sng . PReradf Musi-ng such
means as bl ow nol ding, injection nnldiggé%thernnforning, and gas -45-

assi st ed i nj @838 0npMAREY FkIFRTHY e HoRub8EMt Pve646ticl es as cross

d | ' nbi.nat i t h f b
br oducbd us: FETERER Al A AR TR PP AR BRE  ER Pk PRE A acs s " 7
t her nof o1g7i NgheSkeRRY [dH %S 69 Word&E 574 4N"HPEPOE% rbon rubber

(reported to be made using a Ziegler Natta catalyst) with

0.0, 0.05, and 0.10 weight percent of BSA for C.S. G,
C.S. H, and C.S. I, respectively.

15 Examples 7 and 8 and Comparative Sample J:

The procedure of Example 1 is repeated using a
substantially linear ethylene/octene copolymer with I, = 1
g/10 minutes and density of 0.870 g/cm’, Mw = 111,400 and
Mw/Mn = 2.062, commercially available from DuPont Dow

20 Elastomers LLC under the trade designation ENGAGE EG8100
(reported to be made using a constrained geometry
catalyst) with 0, 0.05, and 0.1 weight percent of BSA for
C.S. J, Example 7, and Example 8, respectively.

25 Examples 9 and 10 and Comparative Sample K:

‘The procedure of Example 1 is repeated using a linear

ethylene-propylene copolymer with Mw/Mn = 2.02, Mw =

122,000 I, = 1.1 g/10 minutes and density of 0.87 g/cw’,

Mw ="116,000 and Mw/Mn = 1.898, commercially available
30 from Mitsui Petrochemical Industries under the trade

designation Tafmer P0480 with 0, 0.05, and 0.1 weight
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cl oseouts (underbody shields), pick-up bed liners, and wheel liners can be
conveni ent ed by thernoform ng; while such articles | er
necks and ?%ep&ﬁQQis can be produced using bl ow nol di ng, rothT%gShﬁﬁg%

or injection nolding. Inj ctlon nmol di ng, thernnforn1ng and gas assi sted

i nj ection nDPGFﬁ&nérQ I£9%C ot odbici FrpmRbe Prparfl Beamplesdéh articl es
as bunper act beans, heater trim roof l|iners, ducts,

pi ck-up bed ? ecqq?&E&nPlller necks, 15 fuel transport |ines and
conductive fuel systenms are conveniently produced by extrusion or

coext rusi on as wel | . Cbextru5|on IS addltlonally useful for rocker panels
and fenders. P ‘1" D S e 2a 3l 50 optlonally r ot o- nol ded- or

bl ow nol cged g ot o- nol_di I% 3%350 3_‘[ eful for ar i nserts, seat
backs, head F&St PESFES u e Sder B8P 14, r%ﬁmﬁﬁpﬁaﬁﬁ PFFH? Boldfear law
ducts; whil edah@wwole%@qér&,%@déﬂ@r@éﬁmﬁé}u'(zfg g Eécb?&e”s
Furthernnre foam ng i s useful for bunper "energy abso g bunper beans,
door trim pametenedoestimalt®d msdd, orseaquation feen Kaik eerag,. lgeader

trim roof lipers, header EA pillars, instrunent panel trim bolsters, and
pi ck-up bed ﬂﬁéﬁ%—é&ﬂ#—&lﬁfé&&ﬂmmor%ngﬁ’ tBAr4Ps JRB-BRG6T Mitlt a

pressure gre t ha . l.to pr uch articles 30 as
AhZim 123 840 KhP- ' P141560¢" 1 0 AR PUSlBLLL 8

bunper beans ross car supports, door ﬁbact ‘be anel s,
door hartnar deasity dFeD.. ﬂeg/dﬁ(}&&mme%@lally available from The Dow

Chemical Company under the trade designation Dowlex 2045

(containing 1250 ppm calcium stearate, 200 ppm hindered
polyphenol antioxidant commercially available from Ciba
Geigy Corporation under the trade designation Irganox

15 1010) with 0.0, 0.05 and 0.10 weight percent of BSA for
Cc.s. L, C.S. M, and C.S. N, respectively.

Examples 3131 and 12 and Comparative Sample P

The following is an exémple of rheology modification of a
20 multimodal polymer product with an overall MWD > 3.0, but
for which at least one of the components has a MWD < 3.0
and is reported to be made using a metallocene catalyst.
The procedure of Example 1 is repeated using an ethylene-

octene copolymer with melt index of 0.85 g/ 10 min (by

25 ASTM D1238, 190°C/2.16 kg), density 0.920 g/cc (by ASTM D
792), Mw/Mn = 3.45 and Mw = 130,300, commercially

available from The Dow Chemical Company under the trade

designation Elite 5100 (containing 1250 ppm calcium

Stearate, 500 ppm Irganox 1076 antioxidant, and 800 pPpm
30 P-EPQ antioxidant) with 0, 0.05, and 0.1 weight percent
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seat pans, header trim roof liners, instrunent panel trim bolsters,

ducts, par es, hat shelves, load floors, rocker pane SOREsS
under body gﬁ%%%@ﬁ?ﬁ, pi ck-up bed liners, wheel liners and cok |%§tioné§5

t hereof. Practice_of the invention advantageously facilitates blow nolding,
t her nof or mi nEaR&?f §8F g Set Ryl FTETRNS et s 2R %*%W%%n%zpol ymers that

W t hout react. It y(sul fonyl azide) would not be conveniently shaped
usi ng those %%?Egggagﬁ§3§hich have a 10 fractional nelt (as neasured by
the procedure of ASTM D1238 using 5 kg weight and 109[err]C) at |east one
order of magnitude |ower than starting material before coupling. The

fol | ow ng exgggbigeamgtdhdIdéﬁﬁgfﬁgﬁ@éﬂgﬁﬁéigntion and do not limt it.
Ratios, parts, an percentages are by wel ght unl ess otherw se stated.
Exanpl es { ExThef priocedurentadrExampliesi ghat eepeatedi vaihy ahi eehydeparati ve
sanples (C.S.) are designated al phabetically and are ngt_exanples of the

i nvention. 20Ctfd& T AR IV BRdex ef RwB- Sgoleyﬁgﬁi db¥echani cal

spectroneter w th_25mm di ter parallel plates was used,to deternine the
dynami ¢ rheof8 leéﬁ'a.lag%ﬂ/@qﬂgng?)% doeé'*/ﬁé@é’ W 1309 i 3¢ og‘é\‘i%ﬁ Ry
spaced poi nt r A .1 r : C. The strain
was determ nzgléf?d %gﬁ@uﬂfh_}hﬁéﬁ%wl%g@&w s%@’e%ggf i gg{r@S?%;ggyperfor mng a

strain sweepastaiQableadiromThd Bow, ChembtaRi Conpanp tinder?the BRader cent
strain in 2 percent 30 steps to determne the mninmumrequired strain to
produce 1Q7- designation Affinity PL 1840, containing 750 ppm by

weight octadecyl 3,5-di-tert-butyl-4-hydroxyhydro-
cinnamate, CAS# 002082-79-3 and 1200 ppm of a mixture of
tetrakis(2,4-di-tert-butyl-phenyl)-4,4', CAS# 038613-77-
3, and biphenylene diphosphonite, CAS# 119345-01-6

15 (commercially available from Sandoz Chemical Company
under the trade designation P-EPQ) treated with 0.0
weight percent, and 0.10 weight percent of BSA for C.S. Q
and Example 13, respectively.

20 Example 14 and Comparative Sample R

The procedure of Example 1 is repeated using an ethylene-
octene copolymer with melt index of 0.80 g/ 10 min (by
ASTM D1238, 190°C/2.16 kg), density 0.905 g/cc (by ASTM D
792), Mw/Mn = 4.04 and Mw = 120,500 commercially

25 available from The Dow Chemical Company under the trade
designation ATTANE 4203 containing tetrakis
(methylene(3,5-di-tert-butyl-4-hydroxhydro-cinnamate))
methane CAS# 006683-19-8, 200 ppm weight percent; and
Calcium Stearate, CAS# 001592-23-0, 1250 ppm by weight,

30 treated with 0.0 weight percent and treated with 0.10
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torques within the specification of the transducer; another strain sweep at
100 rad/s @ od/fifla Was used to determ ne the maxi mum strai npbﬂ‘mgg/ﬂsss

nonlinearity occurred according to the procedure di sclosed by J. M Dealy
and 5 K F. W.s brun "I\/blt ogy_a Its Rol.e_in PlLastics Processing",
Van Nostrand/'® ﬁ%ﬁz E%Et ng " whs B&Fé‘?ﬁ‘é’&%f} %4 nitrogen
purge to m nid '\Hﬂ ve degradati on. 10 A Perkin Elmer nodel TMA 7

thernnnechanlc anal yzer was used to neasure the upper service
tenperature. Probe force of 102g and heating rate of 5[err]C/ m n were used.
Each test specinmen was a disk with thickness of 2 mmand di aneter, prepared

by conpressi @:&a@l@ NG Hnd?Axhwpdtst 8vd &Bmpakr scooling to room
tenperature. Xyl ene Extraction is performed by weighing out 1 gram sanples
of polyneg. The safm% n i.5, then

pl aced i n boi I'i ng Xy ?r&? fl% ‘Zf)eﬁ% Pﬁ‘g iIAgFer e%% lﬁ%tﬁir\gg e ag'larrpl e

baskets are w@a@hmwme@bpmmaacwnhomentahn@ﬁ e ]IC A/ 28 in. of
Hg vacuum for 12 hours. After 12 hours, the sanples are renoved, allowed to
cool to roommieiTp@svatASTEM AVEZ3 &, 1190/ Pe1é dbg) andehbebywei.ghedg/cEhgby
results are reported 25 as percent polyner extracted. Percent extracted =
(initial wei &M |Q1é7l93/09| dﬂwlﬂ‘ﬂﬁlnﬂ?amﬁleﬁgﬁt Myc coddiBng 4% ceamarsIakly

avai Tabl o 11 e e o RREOT, hSpigal haBbahu Wifle HE GidteY 20

10 de51gnat10n EXACT 3025, treated with 0.0 weight percent

and 0.10 weight percent of BSA for C.S. S and Example 15,

respectively.
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HaakeBuchl er
r heonet er

desi gnati oﬁaﬁ;%ie

| 1y avail abl e from Haake,

Rheom x 600 mi xer with roller style blades,

attached to a
under the tg&M8sosn768s

chI er Rheocord 9000 Torque rheoneter or using a
Br abender 5 m xer Fyrpe—RHE—No—A—H3+SHB— ARG |
i nstrunents were Jsed accord| g to|gahuf ns. 10 Exanpl ¢s 1
and 2 and Conparafive Sanplie f2 A 43 F S RRego¢t epe (6] .
nmol e percent octefte, estingte ﬁ[;)ase 2o[B. € EI i n| Jqur pal
of Plastic Film ahfl Sheeting, |% a2|3 J )3 gubst pntli af 'y
| i near honobgeneougs copol yngr L5 @ \Zf/v/ D3H600,1 1 el t
index (M), densify 0.903 d/c¢=co rph g grhg w Chemj cal
Conpany under the}trade dedi gfétiorOAﬂ:I hi ni ng 5PO0 |ppin of
a hindered pol yphhn-eu—amlrvi jant ¢onhrerlcl rom Cilbal Gdi gy 20
Cor poration under|thg tradg designatipn DO pprln of dn
anti oxi dant bel i e@dﬂt(& be |t e{raki - (B, 4
but yl - phenol -4,4ub8 genyl| plsphoni te bl e ol Jandioz
yl-p pigenyll p p
Chem cal Conpany mdgr“the trade de¢si gnag i ked in a] Hlak¢
m xer. 25 The polyner was Inefted at J10 s unti || alll
pellets were m)lt%n. Then (. 0% wei ght | pe
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30 tenperature was adjusted to 170[err]C and the rotational

speed was

i ncr eased &@&g} g&.,to 40 rpm over a period of 7 -49- m nutmEsr/iospsreessh a
maxi mum of [‘er—r] C. The mxture is held at this higher tenperature and
hi gh r ot at ijotred 'fU‘P"‘i Tt g treT I cgotredroTSper T C
The sanpl e jwas r fron and %L Q codk to rmodmé w
t enper at ur ¢ For l el 2 i® e offh 21 wgs rgpeated u@
using 0.1 vﬁgi t rcent| 4, benzenlBs E azi @e)s (|BSA) . og
Rheol ogi cal|8prgp (Vi 4@ose % ag d8l fe 3mdseg flor [eagh
sanpl e pl uszangu led O garat:i\v e A) gatg 90[ler [ | Choyer
a frequencyar aag .1 tcﬁloz) rac/su'_'ond Qs Eheongt ra: cl rreclginigcql
15 spectroreter i pped] wilt h paralll el” 25 nm er pliates facdor din& tlo
manuf act ur g ' s+ THe |t ow-sHeak—wi546sS t-he-—pH-S5easHY T'.:a“"Jed
at the lowgst fr Ly . The hj gh shear Vis was |det erjm ned| NSC gt
100 rad/sed. 20 esuftg of thege tests (ar abl e (1. Exammle$ 3 anpd 4
and Conpar g€ ve b B|® T|fe prpedqdul® of [Bx ? i s |repeat'ed u$T ng 4n
6.6 nole 29 perc bnohoner et phylleng- but gne gr honpgenepuyg copol yrfer
with Mv Wh |= = 1118, 60 =1.2,
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density 0.9021, nelt flow 1.20 ¢g/10 min at 190[err]C nelting tenperature

197. 6] err]‘p %gégﬁzr] C). commercially available from Exxon Yo 76g9Pany
under the YP S|gnat|on EXACT 30 3028 reported to be made using a
met al | ocene—g Vi 0—6p e g“* paregrty of BSA for Exanpl e
3, 0.1 wei ht p rc‘u and| ng pgql y{sul f ¢gny] azide) for
Conpar ativ._'S | e 0 and| 6 fand Cpnplarati ye Sanple C. The
fol |l owi ng gsa:n ex myl t dal] pol yjreq Wfth an overall MAD >
3.00, but feriZwhic njonent| off t he prqdugt has a MDD < 3.0
and is repqgtéd to mdt al | gcene ¢athpl st} 10 The procedure
of Exanpl e|°% {ics |re t Ryl enel (9 \weight] pgercent) propyl ene
(30.5 wei g[r |ferce i dht [ pefcqdnt Jte rer wWith specific
gravity O. on by ASTM D11 =3.5 and 15 M=
146, 200 cofme} cilal DuPont| Ddw Kl apt dnefs LLC under the
trade desi§ I gn hydr ocarlbon r (cont ai ning 1000
ppm | r ganoj® 107§ s using 0. 0p \r/rei ght rcgnt of BSA for
Exanmple 5,]0.0 Wei A If ol BExanpl ¢ 6 0 20 pol y(sul fonyl
azide) for]Coppdrati ve $anpl gs C. npafat) vg Sanpled DI E and F. The
procedure ¢f Exgnple 1 i|s 'epTeat ed| usi ng ah gt hyl epe |(73 wei ght percent)
propyl ene {22\Wgi ght, pentel®®){ dileng
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25 (6 wei ght percent)terpol ymer with specific gravity 0.87, at 22.4[err]C,
MV Wn = 3. w = 115, 200, Mooney viscosity 20, commer Cigy Jl/\yw%z&zﬁ]sabl e
from DuPont W% stoners LCC under the trade designation Nor
hydr ocar bon rubber [(reporifed o[ bg npdef UsTnp a Zjeg[er,30 [Naft yst)
with 0.0 weight pefcent B3YA {®r (8 | D |2 51-[» 0105 weﬁght percewt (ﬁ BSA
for C.S. E, and 0.1 wei ght] pgfcght|5of fofa C. S|2F dfnparlat ifve| Sajmples
G H and I: 5 Thefdrocedyre|9f &,“Ex anpl e{8l is(degesifef USing jan |ethylleng (71
wei ght percent), pidpyl end (23 |ii gh per cBnig , 8di&ne (|6 V@i jght >
percent)terpol ymer jM th My Mfz:gﬂ. 8l an = 143 20D, I@bo?\ey Vi sgosfgy 45
6 by ASTM D 1646, ¢omrercilal [y 'aya h bl from DuPdat | D@ El alst qmef s ender
10 the trade deg gnation Not%tele 4744 hiydr ockr bon [T upbdr: (reporjt el th, he
made using a Zie@ dr Nattd cgfal ydt) |wikh 0.p, 0.05,{ardd 0.10 vei fht|™
percent of BSA f CS G| CS|H| and CS ], regpeptifvely.| I3 Ekanpras 7
and 8 and Corrparﬁlge“Saam:le J:| THe procedurp of applie 1 ifs rlepgatled
usi ng a subst ant lgal By dl |f,near et hylleng/ ot enefcopollymper jwi th ferns] {9/ L0
mnutes and densilt ygofs @& §70|g/niler§1,| Mv =[ 111, 400| and M/vlh/h = p.0p2,
comercially ava abl & frcm buPpnt| Dpw PO E} astogerps ULC under| t he {trade
desi gnati on ENGAGE [EGBTIOU [(T¢poftrqd 10 pe mape usimnygla [constyarmett etry
catalyst) with OE (1:02 and }.gl,yve'ggn ger cefy  of |BSA fler 3 o 3
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C.S. J, Exanple 7, and Exanple 8, respectively. 25 Exanples 9 and 10 and

Corrparatl K: The procedure of Exanple 1 is repeat e dsddg; sk near
et hyl ene- \p«rsoégjli@nz copolymer with MV vn = 2.02, Mv = 122, 000 ierr] = 1.

g/ 10 m nutfes an]dnlt; of §.8F dlciiefr]], ET116, 000 a = [L. 98
commer ci al] y |avai | pblle @ frion Migsyi, Rgtlro¢Bepd cal |1 ndug idef tjhe
trade desiljgndti pn [Taf{me MP04E’0 hi tih 05 (505, |gnth 051 |Rej gHE £ pericent
of BSA for| CiS. | K Exam)l ahd [Exdgpl2 [10,8r @p@c A&vel W At | ve
Sanples L.|Mjangd N 9 Tha }cedurés 48 Eaairrpl g 1818 1gppeat sal | ijnear
| ow densi tF dt hj£| ehel/loc{&né& qoppl yifen~( ¥ 5 myFelpeBdcdnt | od i hatled
based on efudti pn frdm (Bl e gt al . [J.|2P&sl i ¢=F|T mESheel i n %2- o8
27-40, Jan| 1996) Witlh }w/ Mn|= B. 9& [Rav= L14F8(D I[érr] 3 n'r‘utes
and 10 depsijtyjof] 0.[92|8/cnfler{].{orqmeicilal Y vail bl f Doy
Chem cal Qongdany uhddr {he trad desijgnatijon |Dop ex 204p (|cont aj nijng| 1250
ppm cal ci um dt eqrafe,| 200 pprh h{ nder gd pol ypHendl antii oki dant cppmferg¢ially
avai | abl e frdm ¢rbp Gei Corjgof at jeorjeultley tjbe|PradeYdpsijgnat i fon |ior ganjox
15 1010) Wi t|d [0.p, 0. 95 and o] 10| wdi ght bercent of [BSA flor c.fs. |L, [C.Is.
M and C S N, fespedtively. |Exanpl eqd 11 and |12]|and Conparlat i ve Sgmple P
The foll oW I § ap axanpl e qf [ nhepl qgy|nodi ffi cfti on [of [a |20 npl tji npdaj
pol ymer prpdugt i fh |gniqver gkl M/%>;;; 19,1 bdt? I3 a o 5 I
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for which at | east one of the conponents has a MAD < 3.0 and is reported to

be made usiywg g gpyal | ocene catal yst. The procedure of Exanplegyhdes/i76s
repeat ed usi ng an et hyl ene- octene copolymer with nmelt index of 0.85 g/ 10

mn (by 25 [ AST DIZ38, 90T P. 16 KQg) engity 0.920 g/cc (by ASTM D 792),
MV Mh = 3. 4% and My, =113 , 300} comgrcl al{l y lavqi | abl e from The Dow Chemi cal
Conpany und@r thgs tigadle degi ghatjion E}it 310p (containing 1250 ppm cal ci um
stearate, E@O\/é)p llgganox 1076 antijox| dant ., ahd 800 ppm 30 P-EPQ
ant i oxi dantj); 2_.t 43 0.0p, |ang O 1 {we|ght perg¢ent -53- of BSA for C. S.
P, Exanpl e |%¥1,” apd {Bxanmp] e (12} riespecti viel . Exanpl e 13 and Conparati ve
Sanple 5 THR pro qére of Hxapplie 1 i$ rijepgat ¢d using an et hyl ene- octene
copol yner Wit h =i ndek qf .0 g// 19 nin|(by ASTM D1238, 1900C/ 2.16 kg),
density 0.9 ( by 792),| MW 3 24265 and Mv = 86, 100,
comer ci al | bl he DoWw Chenp cdl Conpany under the trade 10
desi gnat i on y cont gi n{ ng 730 ppm by wei ght oct adecyl
3,5-di-tert ir gi npanft ¢, CAS# 002082-79-3 and 1200 ppm
of a m xtur i -1t er|t - butlyl {pheényl)-4,4", CAS# 038613-77- 3,
and bi pheny S# 119345-{0116 13 (commercially avail abl e
from Sandoz mdler[The tyage flesi gnation P-EPQ treated
with 0.0 wgh D. 10 Vei ght} pgrcent of BSA for C.S. Q
@ o
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and Exanple 13, respectively. 20 Exanple 14 and Conparative Sanple R The_th
procedure e 1 is repeated using an ethyl ene- octene W
mel t indexo‘gf’@é’.’i@@g/ 10 min (by ASTM D1238, 190[err]C 2. 16 E&)%%éﬂg{sﬁy
0.905 g/cc (by ASTMD 792), Mw M = 4.04 and Mv = 120, 500 commercially 25
avai l abl e from The Dow Chem cal Conpany under the trade designati on ATTANE
4203 cont ai ni ng Ther zkeology modification efficiency is surprisingly

met hyl ene(3, 5-di-tert:bu - 4- hydr qxhydr o- i nnagpmat e net hane CASH
80668%— 19- 8%ngbbe85ﬁn%é’ﬁ’g}#’ep§}°3§rﬁ“?la%d’%}oﬂﬁ&‘?_ %’i’é}a‘%‘é’f?e?zﬁmmlecular ;
001592- 23- , P WeicHiton trg M & O | QgL Cent an
treated w w}e%gi%g _Eg?@’o wei ght og%rrcentfﬁ%?%SA %r %‘%F % ang Exarrpfle 14,
respect i vel genéxaipl ehe5 taethdCdmpartatt wheSamptrow distribufbenppetpders of
Example 1 is rggeated usi ng an et hyl ene-but ene copol ymer with nelt index of
g

1.2 g/ P0 MiIRBY SQTEROTEIS CONGEML: rq@mnmems kehow desierey nhg?bg?vc? (by

£:2.3 =1 COMmerci a aval | abl e _from
éfIgLDCE2ﬁ%ggﬁwﬁggggﬁénu%%gﬁggﬁ%%%?ade é&%ﬁ%%d?fo% tS%55 depgpdgnt
with 0.0 vwesghthgetgpet ofngpykdreigld meiceid fsB¥sd@ nérSinsrand .

Exanpl e 15, respectively.
These significant changes as the MWD becomes more narrow are

all unexpected.

10 For the three EPDM samples (Example 6, C.S. F and C.S. I),
the largest degree of rheology modification was seen for the
Example 6 which was prepared using metallocene catalyst.

(These results discussed are at the 0.1 percent azide level).
The low shear viscosity (viscosity 0.1 rad/s) increased by 103

15 percent over that of the base polymer with the higher shear
viscosities increasing less substantially at 3 percent at 100 .
rad/s and 22 percent at 1000 1/s. Thus, a substantial increase
in low shear viscosity (100 percent at 0.1 rad/s) correlatable
with increases in melt strength were observed for a

20 metallocene based EPDM with less substantial changes in high
shear viscosity (3 percent at 100 rad/s) reflecting good
processability. The higher molecular weight C.S. I showed
significant modification with a low shear viscosity increase of
63 percent with increases in high shear viscosity being 4

25 percent at 100 rad/s. The lower molecular weight, C.S. F
showed more minor changes of 13 percent in the low shear
viscosity and a 13 percent change in the high shear viscosity.
The tan delta at 0.1 rad/s change also decreased substantially
from 3 percent to -29 percent to -61 percent from the C.S. E

30 and C.S. F to Examples 5 and 6. (Note: C.S. D and C.S. E with
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The rheol ogy nodification efficiency is surprisingly influenced by the

nol ecul ar wei ght dlstrlbutlon nol ecul ar wei ght, type of co t he
comononer &6h In general, the trend is that the narrow ”ﬁ?gﬂﬁ?%uﬁpg

polymers or 5 hlgher conononmer content polyners show better rheol ogy
modi fication efficiency. The degree of efficiency is dependent on the type
of pol ymer 0 {1 perrcent dkidasweuehe‘ee"unvaﬂ:toeNeﬂfasalmgmmémmashangés‘;ghs

the MAD b re narrow are all ,unex te For the t hree EPDM
sa?rpl es (eC R m) f ﬂie—aﬁnﬁlécgﬂf'y it |Oar09%§ewt'eea%; €heol ogy

modi fi cation wﬁéfteehé OhatPEwES2ERS b t Wit ulifs K EPH Y 16189

net al | ocene catal ys
copolymers (Example 1 and 2 and Example 7 and 8), the higher

5 comonomer content polymer (Example 7 and 8) has better rheology
modification efficiency, probably due to higher comonomer
conternit. For example, at 0.1 weight percent coupling agent,
the viscosity changes at 0.1 rad/sec are 241 percent for
Example 2 and 366 percent for Example 8.

10 For the narrow distribution linear copolymers (Examples 3
and 4 and Examples 9 and 10), the rheology modification
efficiency is high due to the combination of narrow MWD and
high comonomer content. For a given density, the comonomer
content used in these polymers (that is butene and propylene,

15 respectively) is higher than a corresponding density ethylene-
octene copolymer. For example, at 0.1 weight percent coupling,
agent, the viscosity changes at 0.1 rad/sec are 241 percent for
Example 2 and 2214 percent for Example 4.

The result of C.S. M is quite surprising. Although the

'20 MWD of this polymer is broader, the rheology modification
efficiency is very high. For example, at 0.1 weight percent
coupling agent, the viscosity changes at 0.1 rad/sec are 241

percent for Example 2 and 648 percent for C.S. M.

25' The C.S. E and C.S. F showed a minor effect of coupling in
terms of minor changes in storage modulus and Tg. No Tg shift
was observed for the C.S. H and C.S. I with slight increases in
modulus with increasing azide level. Examples 5 and 6 showed a
significant shift in storage modulus increasing by 38 percent

30 at 25 C and by 167 percent at 153 'C. The Tg was also raised 7

‘C at the 0.1 percent level.
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(These results discussed are at the 0.1 percent azide level). The | ow shear
viscosity (Vi y 0.1 rad/s) increased by 103 15 percent, of

t he base pg'({/%\%%tth t he hi gher shear viscosities increasi ngélﬁllﬁggstnt}egs
substantially at 3 percent at 100 rad/s and 22 percent at 1000 1/s. Thus, a
substantial increase in |ow shear viscosity (100 percent at 0.1 rad/s)
correl atabl e wi thn ithe @ekyethy hene GKB@B@@E weExappd@sy dd angt 23 sipwed a

[ 1 d EPDM h | [ h
U?éios?fi”%go%? 4 (Fat i) OF chRB B bR S Shel sl HhE o The
hi gher q fﬂ@érﬂf‘tl&ﬁeaéesbﬂ"‘ﬁgdﬁlﬁg' fe0apl rdgithi cald ehiddr@ | ow

shear VI scos y I ncrease of 63 percent wth increases in high shear

viscosity t%@ & &ne p@érﬁﬁé%a@ﬁré%réééé& thahe 1loowée) ol egahpiedei ghhng

C.S F shovve nore m nor changes of 13 percent in the | ow shear viscosity
and a 13 pé chuweshangesignifibchnghsbhétr ini Fgosit wighid itcantdelnteredsd. in

rad/ s changce al so decreased su ;antlall from3 ercent to -29 ercent to
"61 per centtaTbqTRERALITE RodULHE aNg SrlpZe, ARGReass ATy the Righ

C.S. D and t%“?’ az r€r. tp hat
there was a sl g{a d{-éc])pm(?%u %ﬁv gﬁzgrs\%?g%gé?t Egtpat ﬁﬁ(?%ogepégiracent azéd% +
For the nabr@adbreidg tmﬁdomeﬁéaéénbfairbywhthe@bu@lﬂ@ig/rvﬁrtfn (ﬁgafﬁpﬁfcén@nd

2 and Exanple 7 and 8), the higher 5 conononer content pol ynmer (Exanfg[
and 8) has Jb’ts-‘t?t%&sﬁﬁe‘-bﬂlo@?omﬁlﬁmpéﬁﬁtéﬁeemﬁ@l@ﬁc%43p|Rﬁmf§F)dtm’ldd-’l 1gher

i scosty dmart RS, Card batSBh el ¥ A FThovdd an

increase in Tg of 3 C, an increase in room temperature modulus

of 30 percent and an increase in high temperature modulus of
1017 percent. C.S. M and C.S. N showed no significant
‘increase in Tg but an increase in the intensity of the alpha

15 (melting) transition, an increase in room temperature modulus
of 40 percent and high temperature modulus of 605 percent.
Examples 11 and 12 showed a similar increase in the intensity
of the alpha transition, no change in room temperature modulus
and a 510 percent increase in higher temperature modulus.

20 In summary, the melt rheological behavior, shows the largest
differences between the comparative samples (not subjected to
coupling reactions) due to coupling in the practice of the

invention.



Exanpl e 2 and 366 percent for Exanple 8. 10 For the narrow

di stributj. | j r copolymers (Exanples 3 and 4 and Exanp

t he rheolgggm%%@fﬂlcatlon efficiency is high due to the congldéklo

narrow MAD and hi gh conmononer contﬁm$$w@6mﬂﬁ deen3|ty, t he connnoner
content used in these polyners (tha propyl ene, 15
respectively) is higher than a corr ty et hyl ene- octene
copol yner. _For exanp. t _Q. melgh percent coupllng agent, e

Vi scosity ec are 241 percent for Exanple 2 and 2214
percent for Exanple 4. "The resul t of C.S. Mis quite surprising. Although
the 20 MAD of AHPEORBFFnELE PYepRg ARG atQR¥R1ﬁQ)Rﬁﬁ”W&Hl?P%E?PBﬁrled in

efficiency is ver F , { rg c | i ng agent,
the viscosity c %‘éghga?n 8? g%mec cfgieta%‘éﬁrg‘{e])nt&feor t 8#% 2 and 648
percens for C HoMo2éfin comprdsing deryfibre and @ﬂsr@mdamw ger 1ehtecbnef
coupling in ternms of mnor changes in storage nodulus and Tg. No Tg shift

was observed focomhpomes. WHl@hdlﬁ seﬂeqMad1ﬁﬁ¢mﬂnlpm£r@hsésnthavdugugt

with |ncrea3|ng azi de Ieve éﬁtand 6_showed a sj n|f|c nt Sglft
st orage nodul us ?ﬂEFeésFﬁﬁ Iqﬁﬁ engE S 2P %ﬂﬁt 918 6% ﬁEFB nFa&F

153 C.  The Tg a i he
pol yet hyl ene e ﬁYéié@%&a#%%ggz’lganf e P R ey pusgen, of, h8ey
the Tg with couphangozndqaadi goi fi Gamd (2)creaseuphingdahosnt 68tpeastt pnien

the nelt regine (the tenp eraturecfreater than 100 C). Exanples 7 and
’ 10 poly(sulfonyl azide) to at least the decomposition

temperature of the poly(sulfonyl azide) for a pericd
sufficient for decomposition of at least 80 weight percent
of the poly(sulfonyl azide) and sufficient to result in a
coupled polymer.

1S 2. The process of Claim 1 wherein the polyolefin is the
product of polymerization of ethylene and optionally at
least one other alpha-olefin in the presence of a single

site catalyst.

3. The process of Claim 2 wherein the polyolefin has a
20 density of at least 0.945 g/mL.
4. The process of Claim 1 wherein the amount of poly(sulfonyl

azide) is from 0.01 to 5 weight percent of the polyolefin.
5. The process of any of Claims 1-4 wherein the coupling
agent comprises at least one poly(sulfonyl azide) which
25 has a structure X-R-X wherein each X is SO,N, and R
represents an unsubstituted or inertly substituted

hydrocarbyl, hydrocarbyl ether or silicon-containing

group.
6. The process of any of Claims 1-5 wherein at least one
30 poly(sulfonyl azide) has at least 3 but less than 50

carbon, silicon or oxygen atoms between sulfonyl azide
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5 8 showed no significant shift in Tg, a significant increase in room
tenperature nmodul us and a | arge increase in the high tenper us
(471 perceﬁ‘ﬂ”’lﬂﬁ%pl es 3 and 4 showed a broadeni ng and inc?l;e%llélgs%ﬁ?ﬁﬁggs W th
coupling with significant increases in roomtenperature nodulus (43
percent) and high 10 tenperature nodul us (5914 percent). Exanples 9 and 10
showed an i ncr eaptoups JTgand whé€reidn Rndnedsdeisn atodreasinpsvatanyel rilps of
30 percent and an increase_ in high tenperature nodulus of 1Q17 percent.
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the intensity of _the alpha 15 (nelting) transition, an increase in room

t enperat ure nmodut s 5*“50 percent and hi gh tenperature nodul us of 605
percent. Exanpl ephd lppBdedd 6ROWAY ofSClalials i1n@ easerdin tdiee i ntensity of
the al pha transition, no change in roomtenperature nodulus and a 510

per cent 5i ncr easepdhy hsghéonydhpaideuis wed@ared oram burbrePSRtane el t

heol ogi cal behayvj or, t he,l t diff t h t]
Sanpl 65 (ot SULPLECERLEGRRALARLD) rode GO Lo SHATTHY ThaRE. 1 18°
practice of the ?Qégﬁé'ﬂﬁs(su%@@ﬁ§ll§£§q§)NE )19 -detadednd 06£8 $s@ifonyl

pl'ed pol yner chara ze

preparing a cou teri I'n heating an adm xture

containing (1) aazieep, wrecpeilyalaficrbermmricsingis teubfonyktanide), 4,4’ -
pol ymeri zation of ethylene and optionally at |east one cotponomer which is
sel ected from al @hEhen¥l PhberaPisd salianst agid®bont b ks (4 2nes and

ol yol g8 n havi nguschbrecaPRPRy i HESEE , ol Mo fold ¥ Tem BRbRL

equal to 3 azide), mixed sulfonyl azides of chlorinated aliphatic

hydrocarbons containing an average of from 1 to 8 chlorine
atoms and from 2 to 5 sulfonyl azide groups per molecule,
and mixtures thereof.

15 8. The process of any of Claims 1-7 wherein the poly(sulfonyl

azide)and polyolefin react at a temperature at least the .

decomposition temperature and greater than 150°C.
9. A composition which is the product of any of the processes
of any of Claims 1-8.
20 10. An article which comprises a composition of Claim 9.
11. A use of any composition of Claim 9 in a process of
molding, blow molding or extrusion blow molding.
12. The article of Claim 10 which is a bottle, pipe, fuel
tank, fuel filler neck, or wmilk jug.
25

e
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and (2) a coupl ] ng armunt at Ieast one pol y(sul fonyl azide) to at |east the
deconposi tion tenperature of the pol y(sul fonyl azide) for a period
sufficient for deconposition of at |east So wei ght percent of the

pol y(sul fcanyl azide) and sufficient to result in a coupled polyner, the
coupl ed po#ggrlgc%rﬁﬁe{si:zed by an increase in the | owshear viscosity (at
0.1 rad/sec) of the polyner of at |east 5 percent conpared with the

starting naterialpgpeckyset brepalring rgedweded trapmdd chetragiterpasd eénthegeing based
on the wei ght oantmlﬁe&rel BshARhMPN1) 3% imiusﬁéiphyyéﬁ?%%@&s%acedure

A 2. The process alml‘\ls/\rgrelnthe clefln has a _nol ecul ar
wei ght distri buf?‘br?“?‘é‘?“r P AOvBEE 2aRR 8F "e‘%ﬁﬁ 74 §ud Frignally agdedihicess
of C aim 2 wher ers cohenqrekydlichi s Badectedehizmt glpia aledipgshkavin®4s g/ nl. 4.

-(I)-hglpr OCESS of h%ﬁ!tﬁhlcat%@?ee%t%ué h%@@%@c&%@ﬁ& teMAYbo@Z i:.?e:)nei s from
d ai ngol 4\Aewlngr Bf %lr’%gn%togp‘f’rnﬁgeasd‘éﬁtc et(??'rﬁﬁ'l g3l gf’??"glﬁg (s)kr?ggﬁ%%/n( sul f onyl
azi de) whi ch hasokecssitagoedghe XL ibuhinme W/Backi X458 fhany praoswmial evar B
r teﬁ; resgpt 2. ?Incgaﬁcyggz Y Lgoﬂﬁl%r gm&tcl 3 &abﬁ 'oirxétlﬂﬁyhéﬁdlrﬁﬁﬁi Q&h%ahlxér&car by
\i/nerel n at |eas % g'%f‘%&ﬁsﬁo SETPCTE?"“P‘FaEP gt Bgiy(a“%ﬁﬁnyl‘e%%dgﬁan 50
carbon. ailiconfer aox*yg’em‘- auifiicidnt Vier Meseitfoghyicma2E Rt DERY3@84%iaht
groups, and whepgideaR éf)chedRsydiullread] abive)abyd @EeLPener toReEeid:Rd S one
aryI group, and th egr Liermgza’,s tggrcoupbaawpo{'ymer nga*‘acter:.zed by an increase

in the low-shear vigcomity (at 0.1 rad/sec) of the polymer of at

least 5 percent comparsd with the starting material polymer bucs

naving less than 10 weight percent gel, based on the weighkt of

the csupled polymer, as measured »dy ASTM L2765-procedure A.

2, The procsss of Claim 1 whezresin the polyclefin has a molecular
weight distrikution, M,/M, of less than or egual to 2.5,
3. The process of Claim 2 whersin the polyolefin has a density of at

least 0.9%45 g/mL.

4, The procecss of Claim 1 wherein the amount of poly(sulfonyl azide!
is from 0.01 to 5 weight percent of the polyolefin.

5. The process of any of Claims 1-4 wkerein the coupling agent
coprises at least one poly({sulfonyl azide} which has a structuxre
X-R-X wherein each X is SON; and R represents an unsubstitutsd or
inertiy substituted hydroecarryl, hydrocarbyl ether or silicen-
containing group.

6. The process of any of (Claims 1-5 wherein at least one
poly(sulfonyl azide) has at least 3 but less tkan 50 carbon.

silicon ¢r oxygen atoms batween sulfonyl azide
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(57) Abstract

alpha—olefin in the presence of a single site catalyst (transition metal

(54) Title: RHEOLOGY MODIFICATION OF POLYMERS PREPARED USING METALLOCENES

The invention includes a process of preparing a coupled polymer comprising heating an admixture containing: 1) at least one
polyolefin comprising cthylene and at least one comonomer which is selected from alpha olefins having at least 3 carbon atoms, dienes and
2) a coupling amount of at least one poly(sulfonyl azide). The polyolefin is the product of polymerization of ethylene and at least one other

like Va or Cr, metallocene or constrained geometry).




