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ITH.YLENE POLYK!R COMPOSITIONS 

!1.ga.round of the lnvention 

TbL1 1nveni.1on is rd&t4.d to U1• fidd. of Eit:hylene bomopolyr.ier 

compositions a.ad ethylene. copolymer compositions. 

Ultraviol•t llght has a wave len1th trom about lO to about 400 

nenomete~•· Ultraviol•~ li&ht t•nde to degr~d• & pqly~e~ composition 

iato a .14'H aseful c<Hllposition. Kowtve:, u1tl'&vi,o1et Ught caa ·ha "used 

io c;U'C'• tabelis and c.e&tdn types ot pdncing inks on to po1yr11~r 

atti~les. One of tbt adv•ntages of udiag ultraviolet Hg'ht ~o c.ur:e 

thue printing inks is th&t those printing inks contain Yery lite le 

•olven~· tn their composition. This p~o•otes thG fast cur.lng of these 

pi~ating i~k1. Fu~thermore. this atso ~ini~izes the fire hazatd th•t is 

u•ually associ•tcd with ih• mox• conveqtional solvent-based prlntiag 

inks. Howev•r, aora importantly, since there is very l!ttlo aolvent i~ 

thee• '\lltraviolec Ught•cunble, pdnt.f.og inks, they pose lea.s of an 

envi:rcmiental h&zari to thci at:nosphor• than the ~a.re conventional 

aolv•nt•btaed printing ink1. Tbis is beea~$e about 30 to about 60 wt.% 
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ot t. ccuventioaal so1vant•b4:scd printing in.k. evaporstes into thtt 

&taospbe1:e during proc•ssing. 

Pol1••u QCU\ be p[otec.ted f~om tlua 'har111Eul ttffeet4 of 

ult1:aviolec ligln. by co"'pound1ng tJ1•m with spG<;ially dctsigned 
. 

~ompoait1ons. Usu4lly thasa compoaitioas are added ~o • polymer a~ p.1.rt 

of an 4dditive packag•. These addit1Y4 packages are often •P•~if!cally . 
designed for a pax~i~ular polymer, in a ~artteular poly•er application. 

and in a particqlar po17met op~raiing environment. Kow-v•~, for•ing 

thes• addltiva packages 1• a hiahly 'lnpredietabte 4raa of ,pot,.mer 

science and cngJ.neeriaa. 

§umma;x of tht In•ention 

It was ~ecentlf disco1ered that bis(2,4·di~tert-butylphenyl) 

peniae~thrito1 cU;Phosphite Cwhic:h is a ve:ry offectivo secondary 

.antiozidf.nt used Ln 1114111 additi.H packagtt• as & therttcl stabil.il!et:) 

wo\lld tend ta turn a yellow .. g~•l!n eoiol:' upon b;lng subjected to intense 

ultraviolet light; ytt, .analogous compounds would not turn a 

1ellow-gr6en color upon being subje~ted to th• $&me amoa~t of i~tens• 

ult:aviol•t light. 

ffcwever, solving this di.8eoloxing probla• is not 41 ••~y as 

merely aubsUtutillg a nan-color c.htnging c;o•pound for 

bis(2,4·d.f.•tert .. butylphuyl) peotaer1thrttol diphosphite. this . b 

· b•eausa of ~b• gr•&C exptodi~ura• of -tim• and •c>ney that c.cn be ~•quirad 

for testiag & new · ad4it1v• paclcag•· This .f.s in addition to acy 

:•qulr••en.t$ that any goveram•nt•l agency •1ght re~u~ce. Co~seqqently, 

it i• b~st if the co~poW'lds that 4~• used in a new additive package 

•h-••4'J have gove.:cn•11nta.l approval.. l t h even better U the eamF~unds 

used in the new additive pack•ae bave 4 "good public tmaga1•. That b, 
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the p'lblic. p•rct>iVes th• co111pounds as not bdns & hazard to th-i 

environaenc. 

For tbe foregoing -reason:ll, tbero is a need to for• A new 

additive p&cJcage that contains bi,1!'(2,4•di-te1:t .. butylph•n11) 

ponta•~ythritol diphosphite. This n•w· additivo pa~kage, after lt is 

~otnpo\lndc with 11 poly111u co11positioa • should 1dni.t11iZ• the yellow-green 
' 

discoloration that is pro•ot.t by ultraviolet light. 

It is •ft objeGt of this invention to provide aa ethylen• 

hoaopoly111er c.011pos.lUon and an ethylene copoly••r colllposition that 

.. resists tu:m:nina a yallaw-ar•en eolor whe.n subjtt.citod to ult:&v!oht. 

li,gbt. 

lft aeeord4nce with tbi~ invention the ethyl•n• homopolymor 

compo.titioo or etbylena ~opolymer composition ca~prisas (or optionally 

consists eesentially of. or consists of): 

(&) bis(2,4-di-t•r~·but7lphe4yl) pentaeryih~itol diphosphi~e. 

in an amount that is fi:olll about 0.0001 but leu th.an 0.30 weight 

percent; and (b) at leagt one color stabilization compound selected 

frOll tho group coasistil'lg of: 

(1) a .carboxylie acid compound~ 

(2) an alcohol compolind; and 

(3) ' hydro~ycarb~ylic •~id co~pouad; 

in an dJROQll~ f rOat about O • 0001 to about 1 wt. X; 

whe~ein said weight perce~t• ·are ~esed on th• weight of the ethylune 

Th••• and ocher reatu~•s, aspacts, objecta, and 4dvantages of 

this inventlqn will NCO•• batter \lnderatood with referenc.o to th• 

following de.tailed· clescrlption of tbt invent.I.on and tho claiins. 
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Qttailed Descriptton of thi In~en.t1o~ 
the ~thtlene homopolymer and the atbylen• copolyme~ used in 

~hlt inventiOll ~•n be produced by any metbod kuown in the art. Suit•ble 

•x&•pl•• of polY••rization processes and polyMe~izaticn c4ta1ysts can be 

fOUi'ld in the following U.S. patents:·· l.152,872~ 3,·172.137• 3.203. 766; 

3,225,023; 3,226.20'; 3,242.lSO; 3,248·,179; 3,374.211~ 3,62.2,,21: 111td 

3,622,522. 

lthyl•n• can be c:apolymerized with .any suit:oble ol~fi.n 

comonomei:. Haweve:, it is prefer.ably if the· co111onomer is a 

mono"'l .. olefin~ Suitable e.xa111plos of mono-1-olefins aro prop1Ie11e, 

l•butena, 3-methyl-1-butane, 3-methy 1-1-pe.ntane., 

4·11ethyl•l·pentena, l•hexene, Jwethyl-l•luaene. l·heptena, l·octene, 

l•nonea.e, and 1-clecana. Additlonally1 ~"'° ot 111or• ol4l!ins can be 

copolY••:ized with eth7l•n• to torn a eopol1mer. Particul~rly p~eferred 

as 4 comono•er is l•hexene. 

· 11: 1u also preferablo if the density of the ethylene 

homopolymet or •th7lene copoly••r co~position is greate~ thaR 0.94 grams 

pe; cubic centimeter; additionally, it is al3a pr•(erable if the m•lt 

indox i.s 1nat111i: thlD 0.1 arams per tan m.tn\ltes. The density can be 

••uur:•d i.n accordance wich ASTKD-UOS and the m11dt tndex ean bu 

meaaured in aec.ordance with AStHD-1238 CFR•l90/2.16). 

Oa• compoaeac of the ·ethylan.e · homopolymer ecmposit:f.ori or 

ethrlen• copolyau ~11positton is bisC2 ,4··di-tert:·butylphenyl) 

pentauythdtol dipbosphf.te. ·.This c.ompou:nd ts co11:11uu·cially available 

f~o• the ctr.NIJAL ELECTIXC CORPOIATION undee the tr~dena•e ULtRANOX 626. 

'this C0111Poaa4 h•• th•· following st;~ticture: 



-· 3316iUS '· 

' 

tbt• i:.ompouud is known as • ae~Adaiy ancioxtdant. Second~ty 

antioxidants ir• usually vsed in conjunction vith primary antioxidants 

~o inctease tho ther11141 atabll.Lt.y and color stabilit:y of 4 polymei; 

ca11poeition. 

the amount of bts(%,4•di•tert-bu.ty lphenyl) pent:a1;1Q"thritol 

dipbosphita to use in the eth1lena nomopolymer o~ ethylene copolymer 

eomposttton ls tron about 0.0001 but less than 0.30 w-.ight pereefttt it 

is preferably. how•ver • if th• amount u~e.d is f ro111 :tbout O. oo l to about 

0.025 weight perGea~. these v•!gbt percepts are based on the weight of 

th• ethylene homopol1••r or ethylene ~ojoty~er. 

Anotbel' componut of the etbylen• ho1110polymer or ethylene · 

copolyaer compoaition it 4 color stabili~ation compou~d. This cogpoun~ 

can b• sele~ttd fto• th• group consisting of: (1) s carboxyli~ acid 

co•pound; (2) an •lcohal compound; and (3) a hyd%oxyca~bo~lic acid 

compound. these ~1pounds ca~ be turther d•5~ribed as follows. 

Th• carboxyl1g acid eo•pound can have fro111 oJH• t,o 4bout 30 

carbon ato111s in i1:8 niolecular siructure. It 1.s ,Pl:Of•r.&bly if the 
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~•:tbo)Cylie oc:ld co111pound bas llft 411phatie 111olecula:r stncture. That is, 

it f.s p~ahr:abb if tha c.ttboxyU~ ac.14 compoun~ bas a straight-c.hain 

lftQlGQ\ll&c •.txuc.~u~• with a carboxylic 4C.td group .a.ceached to one of the 

eods of the molecule. HoweVQ{ 1 this .~atboxylic Acid ~o~pound can have 
. 

more tban an• cai-boxyUc: add gt'oup. For the purposes of this 

specific&tion th••• carbOlCJli~ a~id c011tpounds A~e defined.. cs not havtng 

any hyd:roxy gi:oups (-OH) atta~hqd to ttre c.arbo~ylic:. acid compound. 

Oth•t fua~tional g~aups and other atoms (bosida• che c•rbcm. hydrogen, 

and o~ygen already pr•s•nt) ~an be p•rt of the molecular structu~e o~ 

the. car~7lic acf.d compound• prO"Yided they do not substantially 

int•rfer.ie with the fu~ctioa41 copebilities of thca. c.srboxyU.~ aetd 

groul'(•) attached to the cc~boxtlic •eid c:ompound.. for e:xe111ple, the 

car:box:yli.c:. a~id coaipound could h.we An other group pusent ht its 

aol•eular st:veture. Suitable exa~ple$ of earboxylic acid compounds are 

meth4notc. etbanoic, propanoic, butanoie, pencanoic, h8't1noic 1 

beptano1c. oe.tanoic, tlonano.le, dc~anoic, dOliecanoic. totradecanotc:, 

htxade~anqic, oc~adecanoic, ethanedtoie. end prop•noie. It ts praf•rred 

if th• ~arboxylic &Gid ~ompound i• selected from t«e groqp ccnsistin& of 

satu~ated fatty 4eids that have fro~ about 4 to about 22 ~•rbon atoms; 

howevar, · it b more pnferred if tho carbo:cy 1 ic: acid compound is 

selected fiom the group consisting of dodocanoic., buadec~11oi.c, and 

. oct,decanoS.c. those pe.r:Ucub: c.arboxyUc acid compounds et• prefes:red 

because of thei~ ••tu~a~ion and lQW vo14tility. 

Tbe ali0.0hol compound c~n ~dve trom one to about SOO carbon 

atoins in its llOlGCUllt structure. .It is pre£er4ble if the alcobol baa 

n alf.pha~ic 11oliacular st.%ueture. !bet t.s, it is prefo:cabl• H tho 

i111i11~r 
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4tt4~htd to 6ai of th~ ends of the •oleduie. However, this alcohol 

co•po~nd can hav• •O~• than ona aleohol group. For the purposes of ~his 

specification, thase •tcohol compounds are defined as not havin& any 

~•rboxylic ecid gEoupg (-COOK) attached to the alcohol coNpound. OtbQt 

functional g~oups a.nd oth•~ atQlll& (besides the ea~bon 1 hydrogen, and 

oxyaeD alreadr p~eseot) can be p.t~t of the 11alocular atructu~o of the 

•1cobol compound, provided theJ do not ~ubstantially intorf•r• wlth tho 

fttoc~ional e11pcbilicies of the alcohol group(e) attached to tb• •lcohol 

co•pouad. Fo~ •~ample, the alcohol compound could nlso heva an ethor 

g~oup present in its mol•c~lar structu~e. Suita~le examples 0£ alcohol 

co~p0t.1nda are Nethanol, etbanat 3 propanol, butanol, pentanol, hex4nol, 

heptanol, octenol, nonanol, decanol, dodecartol, tetr.adecanol, 

hexadQcanol, o~tadecanol, •thanediol, p()lyethylene glycol, and 

me;hoxypolyethylen• ~lycol. It it_prefn:red if tbe alcohol eonipound is 

selected fron the group consisting of satur3ted alcohol ~ompounds that 

have ftom ebout S to about SO c•rbon ato1111; however~ it is Dior• 

preferred if che alcohol oompound is selected from tha group con~isting 

of polyethylona glyeol and •athoxypolyethylen• slyeol. These patticular 

alcobo~ eo111pou.ads are profe.cted bec:&uso of thdr saturation end low 

volatilitJ. 

the hydxoxycarboxylic acid compound ean have from on~ to about 

30 carbQn 4toRs in its moleeular atructure. It is ptefora~lJ if the 

hyd:r:oqocarboxy.lie •cid compound has an aUpbati~ malHul•~ 111trueturo. 

That ts. it 1s preferabl• if the hyd~oxycarboxylic acid coa~und has a 

atraigbt-cbain molecular :i;tructure. Huwv.ver, this hydro1'yc:arboxylic 

•~id coepo~nd ~•n have mo~• then one at~ohol a~aup 4nd •ore than one 

C4rbo~ylic •cid group. Other fuftctional gr:oups and other atoms (besidQ5 
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the carbon, itjdrosen, end oxygen alrudy pr•sent:) can be p<lrt of the 

111ole.~ular structure of tlte hydroxyear:"bo~1lic 11cid eorapou"d, J:ll'O'llldcd 

tboy do not substanUally intedere 'with the fuac~ion.tl capabillties of 

the alcohol 1roup(s) or the c4rboxylic acid group(s) at~achiad to the . 
hyiirolCyc;:arboxyUe aeid compound. Fer example, the hydroxyr.o11rbo~y1i~ 

ac.icl c.o11pou111l <:.ould aba have an ether group present in its molo.eulat' 
I 

st~ucta~e. Suitable 8':a•ples of hydroxycarboxylie aeid compounds are 

hyd~oxyeth4noic, 2-hydroxyptopa~oie, hydroxybutanoi~, 

2 • 3•dih1droX)"propano i.c, hyclroxypropano ic, h'd i·o;ic7bu tanoic • 

2,)•dihyd~x)p~opanoic, hydroXJ?tOpenedioic, hydroxybuta~Qdio1~. 

Z.3•d.1hydfoKybutan•d~oie, 4nd 2~hydroxy-1,Z,3-prop4ne tricarboxylie 

&4;id. It b preferred U the hydroxrcarboxyUc acid compound is 

selected. from 'be gtoup cortsistin& of those hydroxycarboxylic acid 

compounds that have at lea$t oAe hydTO~Y group and one carboxy11e acid 

g~oup attached to tho ~•me carbon atom. This perticular structuro is 

preferred bac1lUH of the uniqutt mo tee tar o:rbita 1 iatet"'1Ction$ that occ.ur 

be'twean these at:o111s. re is also preferred if thP- hyd coxyc.g,rboxylie aef.d 

t:ompound is 2 .. hydroJCy•\,2 1 3-propane trtc11l:'hoxylic nc.id. tltis pa.rticular 

hydroxycarboxylic acid compound is preferred because of its ~urprising 

and unexpected effectiveneRs •nd because it ts also knowa as cii:ie aeid 

whic:h has· a ~ pUblic im&.99". 

Tbe amount of color stabilization co111pound to uu l.n th• 

etb1len• bomopoly111er or tthylene copolymer composition is from about. 

0.0001 to about 1 wt.%; it is preferably, however, if the amount used is 

froa about O,OOOS to abo~~ 0.6 wt.X; •ncl it is most praferab~~ tba~ ~h• 

.aaoQQC used is fro• 0.001 to 0.4 ~eight perceni. The$e wel1ht pe~cents 

are b.asod on the weight of the ethylene hamopolyme~ or •thylene 

This Sheet H B 

111~1iUlr 

,. 
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~PolY~•r· Hawever, it should be noted tha~ ~•~tatn pattieular eolor 

1tabili3'&~Lon ~o•pounds o~a 10 unexp•cted1y and sutprlsingly •ff~~ti~~ 

that vezy l1tcle n•ed• to be used in order co min1~13e ~h• d1scoloratton 

to an a~~eptablo level. for ~Kampl•~ when usrng Citrie acid ~n n•ou~t 

frcm about 0.001 to about. 0.1 c.o\1ld bi.I used. 

The ethylene hozopoly11ot end/or ethylene ~pol,m~i: cnn ba 

blended wi~h bis(2.4·di•tert·butylphenyL) pentae~ythritol dipbosphite 

and tbo colo~ stabilization. compound in any •anner known in the art. 

ior e~••Pl•, they c&~ bo dry bletidecl in a ~ixe~ or wet blended in 4 

mixer. However, it is preferable if these ~ompon~nts aro ext~udeu to 

thotouchlJ and 1ntimat•11 blend the ~o•pcnents. 

Otbof component& c4n also b• ble..nded with the ethylent1 

homopoly1116r at1d/or ethylene copolymer coritpQsition. For •x-a111ple, 

anti fogging agerits • antimicrobial agents, c:.01.&pling agents, flame. 

retard4nts, foamia& agents, fragrances, lubricant, mold relcose ag~nt•. 

organi~ po:oxides, smoke suppress4nts, and heat •tabtlizezs. Fucther 

info:r:111ation en these compounds c:an 1,e found ia lfODERN PUSTICS 

iNCYCLOPBDIA. 1992, pages \43·198. 

Example 

this •xa~ple is prov!ded to as4i&t a person skill'l\d in the art 

with understucU.ng th.ts invention. this example is into11c1ed to be 

illust.i-at.tve 0£ tb• invocantion 4nd b not m«anc to b~. c:on111trued 11• 

U.iait:lng the ac;ope of the 1n-vention. 

ladl :l.Ddicat.e4 co.mponent in each run in T.able g .. 1 w•s di;7 

blen~4d ~ogether for about tw •inutes. Thereaft•r the ethylene 

copolyflltn: co•position was extiud•d in a twin serew ttxtruder that had 

fcur separate tB•p•ratu~• zones. Zone one was at 190°C, gone two wa~ ~t 
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s~rews rotttad. lC 2.5 re-vo1ut1ons l)et' lftinute. · Afte.J:' extrud.lq tb• 

•tbylena copolyme~ ~o•posltion each strand was polt~ti~ed and pieced in 

a. sa11ple c.anon. 

ia~h filled u111pl• c'arton w~s th~n analyzed by a HUNT!R tAB 

D2S OPTICAL StKSOR that waa purchased ecom MUNTER ASSOCtATE LABORATORY, 

IMC. this &n.l\lysis prgvided the initial. HUNTU "11
11 aad. HUN'tER "b'' 

I 

values (IA and lB in table E-1). A n•gat.iv• KUNTER 0 a" value indicates 

that the sa•p1.e. tends to ba green. The more negative the value the mor& 

iaten•• tb• grHn colol' h in 1:'ho sample. A positive HUNTER "au value 

indicates t.hat th• sample tends to ba red. Th~ nore negat.f,ve. th11 value 

ihe mo~e intense tha rad color is !n the ~a•ple. Likewise, a negative 

HUNTER "b'' vdue inc:Ucate11 chat tha Hiii.Pl• ten~a to ba l>lue. Tho morll 

neg4tive tho value ihe mote intense the blu~ cQlor is in the ~4mplo. A 

poslti\'e HUNTER "b" value indicates t'hat th~ s4mple tends to be yeU01o1. 

Tb• ~a~• positiva the Y4lua the ~ore intense the yello~ color is in the 

sample. ConHquei;aUy, each sa.mp le. can have two Ht'NTER v.a lues, ,.. 

ar••n·~ed valuo and 4 blue-yellow value. 

Aftax each sample was analys~d for its initial HUNTER values, 

it was aiibjecta<l to ult:i:•violet: light. Thi.ii ultraviolat light was 

deliV•Eed by a UVS•S4 six WAtT $HORT~WAVE LENGTH (254 NANOHiTERS) llS 

VOLTS KAND KELD KINlltAL tilGHT th11t was pure.baaed from FLUORESCENT 

KlNUA.tS COl'.PANY. This sntneral light produced . a bro4d band of 

ultrav!ol•t light wi'th • •ax11u11 intensity at ZS4 nano11etors. Tilis 

ainexal liah~ delivered 140 aicrowatt• of enorgy po~ squa~e-~ontimetor 

at a w&ve lanath of 310 nanOlll•t•~•· E&ch &Gmple was subjected to thiG 

~lt~avtolet light for iwa m1oute$. il\ereaftor. each sample was again 

'· 



l\ 

•naly*ed bJ tbi iltJNTll LAB D%.S OPTICAL SENSOR fo~ the fiUNTF.R "a" ancl 

KUNTER. "b" values. T\is onalyds provided the final HUNTER "11
• and 

KUNTtR .. 11" values (l'A and Fl in Tabh E· 1). 

./ 
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~ I Table £-1 (coa~.) _ ..... 
-fl> 
-Cl.> I -=-
-1 

\ _i l IUA 
o::J =R I 

iiiiiiiiiii g \ No. PA a .Pit u• or SA1 CA' CW' IA• TB' lC'° FAU nu FCU cc'~ 

i 
I 

~ 
8. 

I 

!7 100 - 0.30 0.0075 - - - -1.76 0.32 1.79 -3.70 3.17 4.87 3.47 
·.·.·· .. :· 

18 100 .- 0.30 0.007.S 0.10 • - -1.68 .. 0.89 1.9G -2.15 -0.20 2 .. 16 o.a4 

:.9 - 160 - .. - - ... -1.41 2.09 2..S2 -J.38 l.SO 2..03 . 0.59 

20 - 100 0.30 4l.02. . - .. -1.16 Q.14 1.17 -6.SS &.81 11.02 10.26 

21 - 100 0.30 0.02 0.10 - - •1.12 -o.so 1.16 -3.61 3.60 S.10 4.63 
-

22 100 0,30 0.01..S 0.10 -1.30 1.39 2..72 -1 • .30 1.64 • ~.09 0.15 w ... - ... 

23 - 100 0.30 0.010 0.10 - .... -1.33 2.33 2.68 •1.3S LS3 2.04 0.8:> 

24 - 1~0 0.30 0•0075 c.10 - - -J.36 2.37 2.73 -1.32. 1 .. 56 2.04 o.a1 
25 - lCC o.,o c .. 02 - 0.01 - -1.06 -0.13 1.29 -1.79 0.06 1.7' 1.oa 
26 - 10D 0.30 0.02 ... 0.Cl - -1.00 0.33 l.OS -7.81 ll.51 . 13.91 13-0' 
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I TM.• ls th• amount of ethyleno c.opolynte~ ll~tt 1n parts by wdght. thts 

ethylene ~polymer used l·heJCen• as a comonomu·. 1t had • density in 

the range of 0.9S3 to o.,56 g'ams per cubic centimeter as •easur~d in 

aecordQnce With ASTH0-1SOS-8S. It also had a •elt lndex ln the r&age o( . . 
o ,3 ta o. 4 gu111s p•i; eubie c.entioieter as measured .{'n acc.o:tdanc:e with 

ASTKD•1238-6St (FR-190/2.16). 

1 Tbis is the nmo\lllt of ethylene eopolyll'ler: "D" in pa~ts by weight. This 

etby1eis• eopoly•er U$ed l•hexene 4s a coMonomcr. It h4d a density 1~ 

~he raagt cf 0.960 to Oa963 gra~s par cubic centimatet as measured ~tt 

ac~ordance with AST!1D-1S05-8S. It also had a •Ql~ indox ~n th• ~anaa of 

S. 5 to 7. S gramt per cubic eentlmeter ., measured .i.n accordance vi th 

ASTHD-1238•65T CFR•l,0(1.16). 

s This is the amount of octadacyl 3~(3' ,s•-dt·cort-but71~4'­

hydroxyp.llenyl) propionate .ln patu by wdght. This compottad is a 

pzimary antioxidan~ tt.ac is also known as IRGANOX 1016. This compound 

is available frOA the CIBA~GEIGY CORPORATION • 

.. This i8 the arnount of bis(2,4·di ... tert-butylphQJ1yl) pentaerytbr:hol 

dipho•phite 14 pa~ts by W•i&ht. 

s This :la tbe a111ount of octadec&rioic in part~ by weight • . 
•this il.tb• a~ount of 2~hydroxy·1,2J3·propane trica~boxylie acid (also 

Jtnon as c:Udc acid) ;l.n pazts by weight. ICowever, ruri 26 ts the sodiu• 

salt of this 1cid. 

7 Tbl• ie the amount of CARBOWAX 400 in parts by wo!ght.. This 

COllpoaf.tion COlllp:dSQ polyethylene Slycol llnd 111etbOXJPol7othylene 

glycol. This CO!ftPOlition is avail4ble fro111 the UNION CARBlDt: 

CORPQR~TlON. 

' Thie is the initial RUMT!R "a" ,,.slue. 
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' Thi• is the iri.ltial KVNTiR ''b" value. 

io This is tho ri1~tive initial color valu•· It i• d$fin•d as 

[(IA) 1 + (11} 1 ]
112• fo~ the purposat of this spteific4tion. 

11 this ii tha linal KtJNtER ''a" vdua •• 

u This £1 tbe final HUNTEI "b" v.11ue. 

li this is the relative final color valuo. It is defined as . . 

[(FA) 1 + (FB) 1 J11Z, for tha p~qioses 1 

of this specifi~ation. 
1

' This is the relative change in the initi&l and finel color value. 

tt i• daf!ned as {(FA-IA) 1 + (FB-IB) 2 )1/i• for tho purpo•ea of this 

specification. 



16. 

Th• following can be disce~aed fco• tha r.sults. Runs 1·3. 6-7, 

13, lS, 17, and 19 indicato that bis(2,4•di-teft-butylph•nyl) 

pentaerytbdtal aipha•phite is responsibl~ for the J•llo.,-gnen 

dlscolor1tian p~oblem. Runs S•12, 14 1 16, 18, and 21-24 illdic&te that 

oc:.tadecanoic (which ls a saturatod .. fatty 41c1d.) 111in111bes th• 

4isco1oration p1'9bl••· For example. ln ~o•pa~in& Runs 6~7 with Run lZ, 

·it 1• 1.ppizent that th• addition 0£ ~ctadocanoie redu<:ed th• 

discoloration proble~ bJ about 15 percent. Comp4ring aun 4 wir.h Run 8 

it ii apparent that CAlBOWAX 400 ls more effective thaa oct&decanoic by 

about 30 pe~cen·t evGn tbougb .the a•ount of CARBOWAX 400 used was About. 

SO percent less thaza the amount of oc:.t&docanoic: used. It should be 

noted that Kun 9 is considered to be 4n anomalous run in tb~t it is oot 

in keepina t.ticb the J:esults <11btai1uul fot: Runs a .. u. Co111padng Runs 5 

.and 2S ~itb Run 8 it is 4pparent that eitric acid ls morQ effective than 

~ctadecano1c by about 90 percent even though che amount of citric acid 

uatd was AbC1'Jt eigb~J percent le•s than the a~ount o! octad.ocanoie us•d· 

Additionally, eomp4ring Run 26 to Runs 20 and 2S it should be noted that 

• sodium salt of citric acid did not wotk as wall. 

Although the pr•••nt inventi~n has boen·described in detail 

with r•f•r•nc• to c•~tain p~eforred V$f8lons thareot. othQt varsions aro 

po~sibl•· The.refore1. the spi.:it and scope of the appended claims should 

·:llOt be liili.t.d to the doocription ot the p.r:afe.rrad versf.on CODt4ined 

'heretn.. 

J'or the puqioses of this specification the tex-s ''ethylene 

poly1uu" ithall 11oen boeh an et:h7lone homopolyrnor and eth71ene copc1lymer. 

· ... ·.,: 

li1ii1iiinr 
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PHILLIPS PETROLEUM COMP~'lY 

1. A ethylene polymer composition comprising 

33 16 .. l·EP 
Dec:. 27, 1993 DO/ma. 

(a) bis(2,4.di~tcrt·butylphenyl) pcntaerythritol diphosphite in an 

amount from 0.0001 to less than 0.30 % and 
io (b) at leas~ one color stabilization compound selected from 

(1) carboxylk ac;ids, 

(2) akohols. and 
(3) hydroxycarboxylic acids 

in a.n amount from 0.000 L to 1 %, 

1S each weight percent bued on. the weight of said ethylene polymer. 

2. The composition of claim. 1 wherein said ethylene polymer is a 
copolymer; in particular wherein said copolymer bas mono·l·olefin 
as a eomon1>mer; ~ particular whatei.n said comonomer is selected 
·from propylene, 1-buiene, ~-mcthyl-l·buteae, 1-pentene, 3·metlwl·l­

pentene, 4-methyl·l-pentene, l·hexene. 3~thylAl-heJCcne, 1-heptene, 1-

octene, l·noncne. ·1-deceae aJld mixtures uf two or more said 
comoaomers; in particular wherein said comonomcr is l·he.xene. 

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

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

g/10 min. 

4. The composition of any of the preceding clai.rr1$ wher~ the amount . 

so of (a) is frorn 0.001 to 0.025 weigbt percent based on the weight. of 
said ethylene polymer. 
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S. The compositlbn of any of the preceding claims wherein 3ald carbo."<· 

ylic acid, alcohol or hydrOX)'carboqlk acid in (b) has an alipbadc 

molecular structure. 

s 6. Tho· composition of claim 1 or S wherein said carboxylic acid has 
• 

from 1 to 30 carbon atoms in its molecular structure; in particular 

wherein said carboxylic acid is selected from methanoic. ethanoic, 

propanoic. butanoic, pentanoic. hexanoic, heptanoic. octanoic, 

nonanoic, decanoic:, dodecanok, totradecanolc. hexadecanolc, 

10 octadecanoic, etbanedioic. propenoic: acids and mlxtures of two or 

more of sald carbO"iflic acids; in particular wherein said carboxylic 

acid is a saturated fatty acid having from 4 to 22 carbon atoms; in 

· particular wherein. 5aid carbo~lic add is selected from dodecan.oic, 

hexadecanoic and octadecanoic acids and mixture$ of two or more 

1.s said carboxylic acids; in ·particular wherein said arboxylic acid is 

octa.decanoic acid. 

1. The composition Qf claim 1 or S wherein said alcohol has from 1 

to 500 carbon atoms in its molecular structure; in particular wherein 

20 said alcohol is selected flom methanol. ethanol, pmpanol, butanol. 

penWlO~ he.xanol, heptanol, octanol, nonanol, decanol, dodecanol, 

tetradecanol, hexadecano~ octadccanol, etbanediol, polyethylene 
glyco~ and methoxypolyctbylene glycol and mixtures of two or more 

of said alcohols; in particular wherein .said alcohol is a saturated 

alcohol having from S to SO carbon atoms; in particular wherein 

said alcohol is selected from polyethylene glycol, methoxypolyethy!en.e 

glycol and mixtur~ of these alcohols. 

$. The c0mposttlon of claim 1 or 5 wherein sali.l hydroxycarb0xylic acid 

30 has from 1 to 30 ca~bon atoms in its molecular structure; in partic;·· 
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ular wherein said hydraxycarboxylic acid is selected from 

h1droxycthanoiC, 2-hydroypropanoic. hydroxybutanolc, 2.3· 

dihydro:typropanoic, hydroypropancdiqit, hydroxybutanedioic, 2,3 . 

dihydroxybutanedioic and 2-hydroxy--t.Z3-propane tricarboxylic: aeid 

.s , and mixtures of two or more said hydroxycarboxylic acids; in particu .. 

lar wherein said hydroxycarboxylic acid 'has at least one hydroxy 
I 

10 

group and one carboxylic acid group attached to the same carbon 

atom; in particular wherein said hydro.-.cycarboxylic acid is 2-hydroxy-

1,2,3 .. propane tricarboxylic acid. 

9. Tho composition o! an;y of the preceding claims wher~in the amount 

of said color Stabilir.ation compound (b) is rrom 0.0005 to 0.6 %. 

preferably from 0.001 to 0.4 %. each weight percent based on the 

weight of the e.tbylene polymer. 

10. The composidon of claim l wherein said ethylene polymer is an 

. ethylene copolY111er, said component (a) is present ln an amount 

from 0.0001 to 0.025 % and said component (b) is 2-hydroxy-1,2,3-

propatte triecirboxylic acid present in an amount from 0.001 to 0.1 

%• each weipt percent based on the weight of said ethylene copol­

ymer. 

! . 

... 


