1 ADDI TI VE COVPCSI TI ONS AND THERMOPLASTI C POLYMER COMPQOSI TI ONS COVPRI SI NG
THE SAVE TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The subject matter of this
appl i cat iwo 2aredioeses i nventi ons descri bed herein are genecalusgoidiosm®sted to
additive conpositions and thernoplastic polynmer conpositions containing
such additive conpositions. BACKGROUND [ 0002] Ther nopl asti c pol ynmers have
becone ubiquitous in the nodern world. The versatility of thernoplastic
polymers and the relative ease with which they can be processed into nyriad

different forns ha i i i | Qi X. This
versatility is paréﬁ;;ﬁimé %gﬁéﬁl@nst@qQaﬁﬁ?gﬂ%(?lpl‘%ﬁ%er nopl astic

pol yners t hensel vVPOLYMERCOMROSIHONS COMPRISING THESAME! ity is
attributable to the devel opnent of additives that permt the nodification
of the physical properties of these polynmers. [0003] For exanple,

pol ypr opyl ene homopol v HRAAPHEPDABK HRTE IGYRRITIGRF S, whi ch are
typically only slightly translTucent, can be nade nore translucent or even
vi rt ual[DQ01} anspartensubjsctmgatiecdfabs agplizdtion amdshd mwemtiass deacribed ng
agents. The devel opnent. and use of such clarifying agents have opened up an
et i T eiNETRBAPRE AN Sipied 1 RAALVE GPTRISYIgnS AyCaRe TpgaMs ROVE& ange  of
applic n%b% i i i i t hose pol yners which are

nat uraﬁdy or Imcqﬁilgﬁgsydnﬂg?%r“ﬁéﬁﬁpgﬁlt“g@%' transparent (e.g.,

pol ystyrene). For instance, clarifying agents have nade it possible to use

pol ypropyl ene polyners in transpgr, ing and containers. [0004] Wil e
t he devel opnent and use of certaéﬁ@ﬁﬁﬁéﬁb@@ (e.g., clarifying agents) have

enabl eC[ObUE]r']OVe”Erﬁé?rﬁdbléﬁibtpﬁilﬂnéﬁyﬁé\%aﬂ)eﬁrﬁ@%btdu‘f—téu@fln tHeemaeBafbHE.
pol yners, there remains roomfor inprovenment. In particular, Applicants
bel i evel henegrsatility ofl thesmaptasticarol\ypets ard thenelaivesgrsier Wik whictathexioan f ur t her

ol o 1 RSP BSESSIS Bhe EndplabhBhy el BB o R RB AP i S HE B ons
descr i bets hersitiityde @lrtyoataitsitgisie tb hhe nared of tVhermoplastic polymers

2012/ 102805PCT/ US2011/ 065987 2 BRI EF SUMVARY OF THE | NVENTI ON [ 0005] The
i nvent i BAMgENESaPUlAIeasH alRartiaadf this v eEcaiibsis Atsks aRle fo edevsIoRMAaNt i on t o

in | _ B iig &6 I A0
cl a1 1o el thatHiE i eThBBRCAR 5t B HRIcal BRIC theSEPRlIitd N
igfrgotsiﬂ'??gﬁ]sjl 22t”%rnirm;da§ug?,af@f inybgeﬁﬁimd;mgg&i?ﬂ;dipsle)?rw?\ésel of at
onnt GBOBETR Ry e typigaly EnyriCHTkaRticanh Gt bermade 81TRg - agent i o

sel ect qﬁar%%déh@brévérﬁ%rrfﬂ%\%%héﬁamhm% £ BIRE K biaiveORhaWAIRy t he
E L*, a*, and b [ ]

additive conposition exhibits * values falling within a
speci f idarifginigageniac éhe Teivelopoant asplacse efeaucheclardyingeapants haverspeheai t her
t he absol ute h*é a* and b* vad. ues aof. a therm)%l astic EOl yner conposi tion
cont ai g ERETSHARYi@R9R ShABRTGAIGRS 50T RYLPTORYIGHE RAVTRE &74048 B+ val ues
exhi bi tgsplibNtichd thek wasl@émbgslycpbyémédCf@mm%etpowmémmbnlam nafigafdei tive
conposition relative to a control thernoplastic pol ymer conposition that
does ndhooigadily made kandvcerny aid@mspaient &8 6i.IRAIYSiyrenge FRENSEBICESt i C

Poast SHATTRBREE Bl riebf L PESTRIS B e M oRu B B s hBRFREDuBB sy 1
sel ect gshckagingadnd denthimersropl asti ¢ pol yner conposition exhibits CE L*, a*,
and b* values falling within a specified color space. Once again, this

col or dP98%l can PhiRihedavelarmephanduseiof Rertaineddiiies @@, eaNtyRg and b

| . e . . q
e val LR B B b D ot o
cont r olpdiyreersy phexrstremagind soven faramposvament. tihadariimesar, Wgiplicamts diefievd ehat

| ori t(s). [J0006]In.. t t. .t h t ypi cal f | ori
G TN BT R
50 as (QudiflBabt tribritdpEsHB ol meRdsteRet arhRuRNrBbAeREIRtyrhars! Meigol yrrer

t he conpositions of the invention are designe at the ‘thernoplastic
pol ymerappdiaplicy andithg mvgntionrs deseriasel kareincsgri tpragdressiivs heedn cont ai ni ng
the additive conposition or a thernoplastic polynmer conposition containing
the recited clarifying agent and col oring agent(s)) is not perceived to be
substantially colored. Thus, the conpositions of the invention generally
enploy levels of coloring agent(s) that are substantially |ower than those
used in polynmer conpositions that are designed to be col ored. The design of
t hese conpositions is based upon Applicant's discovery that clarified

t hernopl astic polynmers containing relatively small anounts of col oring
agent(s) (e.g., amounts and WD 2012/102805PCT/ US2011/ 065987 3 types of

col oring agent(s) which produce a polynmer falling within a specified

Y b1 a1 o N o o



produci ng a thernoplastic polynmer conposition, the nethod conprising the
steps of: (a) providing a thernoplastic polyner; (b)
provi di ngwve 2012zmoego§i ng agent sel ected fromthe group com€TAtS2019/065987
trisam des, alum num 2, 2' - net hyl enebi s- (4, 6-di-tert-butyl phenyl) phosphate,
l'ithium 2,2 -net hyl enebi s(4, 6-di-tert-dbutyl phenyl) phosphat e,
nonocar boxyl at e conpounds, and acetal conpounds conformng to the structure
of Formula (1) WO 2012/102805PCT/ US2011/065987 5 (1) wherein Rl, R2, R3,
R4, R5, R6, R7, Rs, R9, { yselectedfromthe
group consi sting of hyd?%gn%ﬁ%&fﬁ%g%gb@ ox?r%'&oups al kenyl groups,
aryl gr[oop5] and Tra ipgenson ?eder@dnylpmmdéﬁéddmv@cbprtim}tmhlswitablredup sel ect ed
fromthe group consisting CH20OH and - CHOHCH2OH; (c) providing a
col or i rRfCENE: thﬁFfBOIO'aSt'C pokyg)erﬁq hermopiqetie ﬁ@WHiﬁJIC&é@FPQ;S'tﬁﬂﬂWa'ntr}gea
clarify lar t r tic pol yner
conposf%mxﬁg%ent%mﬁeértz(?anﬁ%hg do{;&rrﬁgg%stt ?Q&p U{rsr(g?’ ?Ortrﬁe %P?fﬁyl ng agent,
and t haheohoplasic aglgntera:ommdlmnsepargehefa! l}blecadd[tdade co/dnposa'tlmns bemareeint  of
clarifyi ent rese the th astlc r. conposition js from
Sbout  OARAG sodHEIRT'S roBtvelp I EEIBHAT nt Sk LPIoHES RRTDSTE the
thermolq B8 dPRSOHTRF CERIMPRSAJENRTS sMBEIcE 9 (AP a AHBMASpIRSHCROIPReRY agent in
t he the?ﬁn%pl astic pol ;/:mer ? r%om t?on tlres suf ?I gl ent t% p}o&hgeea
t her rmmoai@poaﬂlcpwqmternlrag)t’r@oaddlilmwcmpoailon reghdoltAd}IEvla*l aé andibavalbesval ue
satlsfyl each of th ow n Ab* < 0 71x ce) Ab*
35l Wi G speliguoiiyribe: JT B0 Spactas By Saplip g0l (1. 2727
X Ace) either mabé&a@@P@T | 4201341085984 tﬁel’frﬁ@@hé\tl@ﬁdﬂwl‘r@r chhfjosRrpInast i ¢

pol ymer conposition, nmeasuring an a* value and a b* value exhibited by a

1, 37 mAQNSNifigl the wdsliive mm@slmwm@mmg@dmta%au angar yiatescorpitad i on, |
her oA el icbod: BopbBiHSR shffaitiRg R AGHGY B dAdsR Bl RRe) Loue

made frtom ¢drard Itmrrmmlaa@ttol ol praky oempositipnshat dues reatccontetn eha cblbangont rol
sition contains the thernpplastic p

t hernopl astj ¢ mer conpo I mer and
the cl #99V(Shg Hﬁ%@ﬂy bR t %g@pﬂﬁlcmra%cqrneoaa%ﬁ Ph@%@é@ﬁ“or{ @%U@'Pl n a
third Tolel] t
casent (P TR ooeht¥hd RISAL Gk BRBKhG SBeRE vkl the BEkPHREBIauRRaF TU0! St 1 1
consi staahyingf agenttsyns delected sorthaimme thermoplastic polymer composition exhlblts

2,2 - bi s-(4, 6-di -t h hat lith
T ek S B e b vaes e il p RPS et sl YPRaRe s A A BIS orpounds,
and aCQio"I’ér %@% BQM&T mtﬁgmg%f bhﬁelslth'é%ééqlﬁe@c* Forgmdl 3 Wdided bd the

wherein R1, R1I0 are each I ndependentl|y
sel ect éhelfm@mlasﬂrrepglymm commsﬁtanrg tbe dlvgadgegeme al agdl bgvelues, exailkiedy

groups, | arou hal.o ens d wherei.n R11 |s a

hydroxﬁa‘khﬁ”é%ﬁ?} 37 el np PR o R B R i
CHOHCH Ao gtish that does 0B} cénteil ®iel dilor@iLagent(s) wherein the coloring

agent i resent in the additive conposition |n an anpunt such that a

t her mod 0986] c pollpeentrashisdsetmeie turisabise fos calpringaagantana whiglh the, pge

sati sf i i itie .

So1o) 10U BEBREM B PP AN i€ g‘ggaéd(éf %%ﬂvm‘xp%?)sukﬁtﬁnﬁ'al- 231 +

(5. 846]readusabércébfble coforad0Qhe polymdD (e sorApbsitiéhs okth@ imvédtichraré x Aa*)
wherein Ab* Is not zero; wherein the thernoplastic ner cor’rPositi on
conpri <&SIgNacheR Mﬁ%ihe&m@i%%rp%fme&%ﬂagaﬂ@n \('%gocﬂ*r%‘ﬁémppﬁﬁ I$n an amount

suffi C!ﬁﬂ‘#r’ﬁépgﬁ&?&élﬂ n%Hf&nﬂﬁ%é’%ﬁﬂ@e%ﬁ\ﬁosﬁro‘ﬁo@r é’g{ar lpLa&%c?oyméry' ng

agent in nopl asti ¢ pofynmer conposition, based on wei ght
of t he admepowirasdmtainig Vrmrrecdedptmrfylngrageahdnd\/beioﬂng dgeat(d@*isvat ue and t he

Ab* value are calcul ated.b S an, a* va u and b* vahue exhi bi t ed
o L Bodlee 0 bEsps Bl SRR | PRSI srlhatTioR e I bo8 o s et
CONpOS i ddrfeliallTEABI 180cI31 B0I0HRb LGA) fhdt ard 3li6G 2R AN A0WeS i thobe27 mm

(50 m 1Y) plaque na fromthe thernoplastic ynmer conposition, and

subt r adtsadgntplwraer comipositions thes afe)detsngeeglt@ga@oﬂmeé fliherdlegign obinesel
thernDpI S L] n1th for the plaque
mde T R T AR A G Rat S BBesdShthafOeufen b hrtthe contr o

t her mogiagrhbes ESHEAIMRT, gbﬁéqmn@w ém@m 2P BB coIBANg REEATS) @S§.| armRinyeaRd and
the clarifying agent but does not contain the coloring agent. [0010]In a
fourth enbodi ment, the invention provides a nethod for producing a

t hernopl astic polyner conposition, the nethod conprising the steps of: (a)
provi ding a thernoplastic polynmer; (b) providing an additive conposition
conprising: (i)at least one clarifying agent selected fromthe group
consisting of trisamdes, alum num



(1) wherein Rl, R2, R3, R4, R5, R6, R7, Rs, Rg, and R10 are each

i ndependently selected fromthe group consisting of hydrogen, alkyl groups,
al koxy grwopsi2/mbsosenyl groups, aryl groups, and hal ogen®CTarsdomoesss’ n R11
i s a hydroxyal kyl group selected fromthe group consisting of -CH2CH and

- CHOHCH2OH;, and (ii)a coloring agent; 3&and (c)m xi ng the thernoplastic

pol ymer and the additive conposition to produce a thernoplastic polyner
conposition, wherein the thernoplastic polyner and the additive

o The PEY AEFTRFY BOBARO MR a8 s el AR = Bio ksl nesthBE.s O
5, 000 nﬁnh@aﬁed_*arb*tdmortsn@e)m gene@ilyrpleﬁ:eumia”anIcaetwwauylamseahng
conposition; wherein the amount of coloring agent present In the

¢ her noghaB Clasige| Ao BHEHER TSRS (Nt SigrMal BN th BeISH0E @O8NH(Ebr Wopl ast i ¢
I h
be ¥ e ST RRHrda Rl biraBlasf BRI Bré fOrRiV¥a i Hesgigday N9 220h, |

> 1- a etp”peanﬁgﬁsﬂd@ trar{<parddt9 exg. a&yhibifinghesehawd) hleara’a oIaﬂflmi taedmoplastit val ue
are determ ne ng.an a* val ue a b* va xhibited by a 1.27
(50 TG SR AdEoPRE MR ardanrass) eventimdh BR8SIT | on
[ 0011 1 fedsrbbletisiroags P ndacor! Y A b IR BAIPeR. PRIHTBEL digboRiigduci ng
a therm);e) asrtl c p@(IIEner conposi fcl)on %% %1 (Ibcgﬁlngrl si ng theI s?eprg
(a) prdnihgndgAppli¢antsrdprveleped tl‘pmwmms, embodimerth)of previnveiniion destrérad yi ng
agent ijeI ect ed fromthe group consisting of trisamdes, alum num

I Nenebi s- (4,6-di-tert-butyl phenyl) phosphate, |ithium
2 2 - NEPOIYENEDI 904 Brsfembetiméntt epineation ?mﬁwﬁé fhet RS esrairbaydihg e
corrpounds and acetal conpounds confornin o the structure of Fornula (I)
(1) V\II@G@IIWIR&IIC FOly MRS COROSHDN, HB: MRhodReoMRysingite RiePsefe each
independent sel i sting of hydrogen, al kyl groups,
al koxy grou ééﬁ'@&%@%ﬁy&%e%%%lﬁﬁgé and hal ogens; and wherein Rl1

is a hydr OX)(bI kylprlt‘/ldmg sehdditied composition @"rﬂpmsmg)ny stl ng of CHZO—I and
- CHOHCH2OH; providing a coloring agent; ﬁ m Xxi ng
the thernopl asti di) poI yﬁIé?aSttorﬁ‘@ anfying,AgRNt S§tatted Iiﬁﬁ‘ Ithﬁegr%lPGP pi§tingent to

produce a_t hariTonh Rkl &AThYITES 2GORRAMANS 4 6.di-ertthifiBhhfiBhosphate

t her nopl astic polyner, cI arrfying agent, he col ori'ng ag
each separ atlighiynmp?2 Qvntmmylenetezsm Ordi-thert- btrtyst‘rterM) pﬁcrsph’a;e ng)ra@amomaeent in

the thernopl astic I 0 03|t|o is froma t 0, ppm,t 5, 000
bpm based or TSR PGACETA ComrhBTs R IRSRIRE 1 the SipE & GsBLsa I'bn
wherein the anount of coloring agent in the ther nopl astic polyrrer
conposition is sufficient to 10 produce a thernoplastic polyner

conposi tion (Bxhi biting an a* value and a b* val ue satisfying each of the
foll owi ng inequaliti b* < 34 - (1.4196 x a*) b* > 3.1 + (9 x a*) b* > 1-

a* b* < 3.6174 + (0.7449 x a7)' wherein the a* value and the b* value are
determ ned by measuring_an A h|b|tequy a 1l.27 mm
(50 ml) plaque nade fyom t Sonposi yion. [001 2]In
a sixth enbodi i VR conposition

consi sting esse 3|aII : i Fyi ¢ a8l ected fromthe
group consi sting of tri\sam des '

2,2' -met hyl enebi s- (4, 6/di -t am 2" -

met hyl enebi s( 4, 6-di - { £ 6 \ oyl at e conpounds,
and acetal conpounds i'TP & (1) (1)
wherein R1, R2, R3, R4, R5, R6, R7, Rs, Rg, and R10 ¢ \_i ndependent |y
sel ected from t he group consisting of hﬁd‘r ogen, al kﬁmgroupng al koxy
groups, al kenyl groups, aryl groups, and hal ogens; and wherein R11 is a
hydr oxyal kyl group selected fromthe group consisting of -CH2OH and

- CHOHCH2OH, \@istein R4, Ro, ) Ra, RQIF% iRy F@gasﬂand M3 are each independently
2012/ 102805PCT/ U82011/ 065987 11 wherein the col oring agent is present
in the addi tselectedeostha geuproasising @hhydipgen: aliwy ﬁrotulﬁ’ér%ékhgfqttpspol yner

ol Towi ng 1 AL eI Bivt SRyt 2P Ry daert o Il i 18 i aflakil®

group selected from the group consisting of —CH,OH and —CHOHCH,OH;

and



b* > 1- a b* < 3.6174 + (0.7449 x a*) wherein the thernoplastic polyner
conposition conprises a thernoplastic polynmer and the additive conposition
i n an anowotosuifRsosi ent to provi de about 100 ppmt o abo®CTAISO@G/0py9RT of t he
clarifying agent in the thernoplastic polynmer conposition, based on the
total weight of the thernoplastic pol yaer conposition; and wherein the a*
val ue and the b* value are determ ned by neasuring an a* val ue and a b*
val ue exhibited by a 1.27 mm (50 ml) plaque nade fromthe thernoplastic
pol yrner conp05|t| I OF THE DRAWNGS [0013]Fig. 1 is a
pl ot of the Aa* nd Agfkﬁg Rggggh I% e polymer conpositions described in

t he Exanpl e.(c] 00IHixfrigotheZzhesmeplakid Folfyrrtdﬂfan@i*thamdidhi\/evc&im@@sitﬁmtd he pol ymer
conpositions described in the Exanp DETAI LED DESCRI PTI ON OF THE
INVEhWHERﬂP@@@STQ@“@@@%Wﬁ%@M”@BGQ@poﬁﬁ@nrnvent|on provi des additive
conposi tion I dda% [ t her nopl astic
pol yner coné@?#?”ﬁﬁgﬁ@%ﬂﬁ%@%?w%bgnggr| y?%gﬁgggﬁfﬁgﬁ@#%?aféggt one

col ori reppagsety, prawidiente whecdsin ftiog arrtdu'nmgf slaufylrngmgem:habe itherpcdp}mﬂrc
conp05|t|ons The v. rlou spects e nts o nven ion

o T D PUEERS PRBRONEPDIS P OOAES T PP S BPaSt 5 0BG ERSe PTitbBITRR ¢ he
vent R8IgRPeY e tﬁ@bfné&éét&beﬁ%ﬁ?é? o%ﬁlrohcwﬂ’l%Pe?/H%lﬁe afifoust of Lagrnger el n,
the term "t hernopl astic pol rs to a polyneric materi al at will
mel t umgereppemnﬁmtm thafmpplastic phkymertqonﬁmsnﬂqan S| Soffactierat tomodu@fuad and
wil | burn to a sq ified state ¥@§F &ghci nt €90 g I aﬁ galn
prefer T '%B%%’E‘ertcﬂéf‘ﬁ%glpﬁo "N dgot yYREVE 25 a%‘)b |y%P8f51 >

t her nopdaastdfahe edidowehg ﬁf@ﬂd&ﬁtlé@y sui tabl e polyolefin, such as a

pol ypropyl ene, a pol yet hyl ene, a pol ybutylene, and a

pol y(4-nmet hyl - 1- pentene), and conbinations or m xtures thereof. In certain
preferred enbodi nents, the th I r is a polyolefin selected
fromthe group consisting of %%F%giogg1éngnggﬁpolyners (e.g., atactic

pol ypr opyl ene, isotactic pgbygfgpwneme-(agdsﬁxnﬂiptactlc pol ypr opyl ene),

pol ypr opyl ene copol yners ( pyl ene randon1copo|yners) and

m xt ures thereof. SU|tabIeAboEypEéQQB 6¥ viEDs include, but are not
limted to, randon1copo|yners $m. ?§559§%R8 ynerlzatlon of propylene in
t he presence of a conpbnoner se eCted rom t roup consi sting of ethyl ene,
but-1-ene (i.e., 1-butene), and hex-1-ene (i.e., 1l-hexene). In such

pol ypropyl ene random copol yners, the conmobnomer can be present in any

sui t ablWNeIRBLAP isat zeyeyi whenein the %@e‘é@H@ and tha Mhoighie afe %ﬂd@d@tepbbm % or

| ess ( qgﬁy bf
[0017] Qaswﬂﬁf#ﬁenéégbe %tll?@% Xmﬁuﬁpggé ?3gﬁg§g%%gﬁf? ﬁ%ﬁ%ﬁ
met hoddrarh attMtrmmmmastmmdimanyomposmbhemehaumrlig/ian@ agarg andbaild*abl e

clarifying a ncl tri sam des, hisphenol
Phosphaid: SRR P ) E2remasRaD o APde: Got the ShBARISS cHoRY BArp .

sui tabl & rﬁpﬁds’%‘*ﬁdﬂ AR gCd b tﬂafcﬁh@%@aeahé b'*r\‘/‘émé%%r Hifplgaﬁe hedqd frH?nttﬁ@ to, am de
derivatives of Benzene- - tricarboxylic aci erivatives of

N- ( 3, 5-dsindrof thermioataaﬂombenen gorhpo itiom &en( mega amﬂ B* valubs der the plagueli m

A L R A
met hy| -tRyEhoMaxtd paly h@mmpdmlow@ﬁtatﬂk th@ﬂfbrﬁ@ﬁmsmtpdmﬁeﬁ Q@cﬂﬁfef Suitabl e

bi sphenol phosphate”cl arifying agents include
2,2 rréﬂ&fjib’@leﬂﬂ%ﬁ@wt goels npeeeainthpreetsring agi¥phat e salts, such as

alunlgjppa§ﬁneblsﬁf' |9§%ﬁ6°§”ﬁ§F ﬁgny%%%%ﬁggg%géggp@%ﬁn%% TiLLE?Lg?

t her eofpro&ucihgll tbeaneplaktic palynier dognsustivrs the edeibed tbmpasiigahe ofinds
produced by the condensation reactjon of a polyhydric al cohol and an

aromatic al dahyderrodgings e aopiadieddysar;t abl e for produci ng such acet al

clarifying dq%e t ﬂﬁxf | s, such as
xylitol and%ggrbﬁygﬁa| oﬁ% W%ng%geﬁgﬁgéb%%ﬁﬁggﬁﬁepor pé%gﬂgﬁk%ﬂsuch acet al
cl ari f yrisgmatpsnakininomule,-methyle Vi 204 B dio2 &R REDHESAD pAO QEEDS NithiBnar e not
limted, 10 r mat i. c des n|n a single aldeh rou th the
Femai g DEEAT S 4 e G GHTEET) PHASBEA Ry ToNORBIOM D ST RIS o
Subst i tag, o f&irﬁoﬁ‘ﬁﬁ bitke alrdehysieprbnfliggp benzal dehyde and
substltute%x%enzalde ydes |@ﬁ3 4- d#nethy benz% 3§hyde). The aceta
conpound produced by the above descri bed reaction can be a nono-acetal,

di -acetal, or tri-acetal conpound (i.e., a conpound containing one, two, or
three acetal groups, respectively), with the di-acetal conpounds being
preferred. [0018]In certain possibly preferred enbodinents, the clarifying
agent is selected fron1the group con5|st|ng of acetal conpounds confornlng

M o, Y - o, Y o



Ab* < 0 - (2.8571 x Aa*) Ab* > -1.5231 + (5.8461 x Aa*) Ab* > -2.6000 -
(1.0909 x Aa*) Ab* < 0 + (1.2727 x Aa*) when Ab* is not zero. In certain
possi bl y woebevmwesdsenbodi nents, the Aa* and Ab* val ues ®aTitsby11me9R7 of t he
following inequalities Ab* < 0 - (2.8571 x Aa*) Ab* > -1.325 + (7.4 x Aa*)
Ab* > -2.5385 - (2.3077 x Aa*) Ab* < B8 + (7.3333 x Aa*) Ab* < 0 + (1.2727
X Aa*) 17 when Ab* is not zero. In certain possibly preferred enbodi nents,
the Aa* and Ab* val ues satisfy each of the followi ng inequalities Ab* < 0 -
(2.8571 x Aa*) Ab* > -0.8 + (7.4 x Aa*) Ab* > -1.75 - (2.3077 x Aa*) Ab* <
0.9 + (7.3333 x Aa*) Ab* < 0 + (1.2727 x Aa*) when Ab* is not zero.

[ 0023] Ay noted above, the amount of the coloring agent can be expressed in
terms of the absolute L*, a*, and b* val ues exhibited by a plaque nade
using the thernoplastic pgl'ymer conposition. In these enbodiments, the L*,
a*, and b* values aNe determnined by neasuring the_a* and b* values

exhi bited by a 1.27 3 S pl aque nadeRéronith-7thernDpIastic
pol ymer conp05|t|o i i . e. . Astic pol ymer
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3.4 - (1.4196 x a*) b* > 3.1 + (9 x a¥ 6174 + (0.7449 x
a*). WD 2012/ 102805PCT/ US2011/ 06598 R418 I n cert aRf possi Blgy preferred
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excl ud I'i ght t sou
produce a thermoplastic polymer composition exhibiting a Aa* value and a Ab* value

satisfying each of the following inequalities

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.5231 + (5.8461 X Aa*)
Ab* > —2.6000 — (1.0909 X Aa*)

Ab* < 0 + (1.2727 X Aa*)

wherein Ab* is not zero; wherein the Aa* value and the Ab* value are calculated by
measuring an a* value and a b* value exhibited by a 1.27 mm (50 mil) plaque made
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conposition, and the neasurenents can be averaged to yield a single set of
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clarifying agent, Qri ng agent, : ) optionally,
other additives, og,the adgitive conpog- REN- dust i ng bl end
(NDB) containing the clarifying agent, d , and, optionally,
other additives. [0027] As noted above,,the inventhg? proviges nethods for
produci ng thernopl astic polynmer conpositions. In a first method enbodi nent,
the nethod conprises the steps of providing a thernoplastic polyner,

i e g dif ¢ Tonst oA .
B o CBTRIBIG aigerfls: FanBrii g eee (1 Hop 2a popprre Ml Sdad 1 ve
conposiftdthé %r&f@@&?ﬁst@&&ﬁf@@#%’%&ﬂl@yl RPO B Tal KRS b4, Akerly gFdlips, et hod

enbodi nent, the thernoplastic rer,” t'he cl al’ifél ng agent, "and the
col ori rayylagyenps cand balogaps oind whbeteini & ¢ i »Syduxyakkyl guosip,selectedifrom

enbodi t, t r ast | additive conposition are
separ a{}E?g)Qr?)ng?r&iggt."{aDﬁ#BﬁHégkﬁgb%gw(ﬁgﬁm%ﬁj&asti c polynmer and the
addi tive conppsi td esloAng apeayi ded in separate forns or conpositions that
are not m xed together until the recited mxing step. In this enbodi nent,

t he t her moplVéReret 1h6l GatinGagetids presand duthenaddidwhpoRPrepitiaN ddbAPEMRPWY ot her
addi ti vest.ypi i - ' h i Oxid , acid
acavendors ) £ Hephdidi iy CRnpBLACAERNERS NG vARe 3R ARLT Pk
conposidatisfyirpeacth sbthedopowing inbdedlitieddi tives typically used in pol ymer
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enbodi ment, the nethod conprises the steps of providing a thernoplastic
pol ymer, providing a clarifying agent, providing a coloring agent, and

m xi ng the thernoplastic polyner, the clarifying agent, and the col oring
agent to produce a thernoplastic polynmer conposition. In this method
enbodi nent, the thernoplastic polyner, the clarifying agent, and the

col oring agent can be any of those described above. Also, in this
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3 Pignent Blue 29 / Pignment Violet 15 9 ppm/ 6 ppm4 Acid Blue 74 25 ppm 5
Acid Blue 74 100 ppm 6 Acid Blue 9 25 ppm 7 Vat Blue 6 2 ppm 8 Sol vent Bl ue
97 2 ppmWORIpym®et05Bl ue 63 2 ppm 10 Pignent Bl ue 29 2 ppeTAB2Ri1g68T Bl ue
29 25 ppm 12 Acid Blue 9 / Food Red 7 / Food Yellow 5 0.36 ppm/ 0.18 ppm/
0.45 ppm 13 Sol vent Black 7 0.54 ppm I4 Sol vent Black 7 2 ppm 15 Sol vent
Black 7 25 ppm 16 Acid Blue 74 2 ppm 17 Acid Blue 9 1.8 ppm

Ab* < 0 — (2.8571 X Aa*)

Ab* > —1.5231 + (5.8461 X Aa*)

Ab* > —2.6000 — (1.0909 X Aa*)
Ab* < 0 + (1.2727 X Aa*)

wherein Ab* is not zero; wherein the thermoplastic polymer composition comprises a
thermoplastic polymer and the additive composition in an amount sufficient to
provide about 100 ppm to about 5,000 ppm of the clarifying agent in the
thermoplastic polymer composition, based on the total weight of the thermoplastic
polymer composition; and wherein the Aa* value and the Ab* value are calculated by
measuring an a* value and a b* value exhibited by a 1.27 mm (50 mil) plaque made
from a control thermoplastic polymer composition, measuring an a* value and a b*
value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic polymer
composition, and subtracting the a* and b* values for the plaque made from the
control thermoplastic polymer composition from the a* and b* values for the plaque
made from the thermoplastic polymer composition; and wherein the control
thermoplastic polymer composition contains the thermoplastic polymer and the
clarifying agent but does not contain the coloring agent.
[0010] In a fourth embodiment, the invention provides a method for producing
a thermoplastic polymer composition, the method comprising the steps of:

(a) providing a thermoplastic polymer;

(b) providing an additive composition comprising:

(i) at least one clarifying agent selected from the group consisting
of trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate,
lithium 2,2'-methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate

compounds, and acetal compounds conforming to the structure of Formula (1)



18 Acid Blue 9 2 ppm 19 Sol vent Black 27 2 ppm 20 Sol vent Bl ack 27 25 ppm
21 Solvent Black 29 2 ppm 22 Sol vent Bl ack 29 25 ppm 23 Sol vent Bl ack 29
100 ppm 20A0i2ioxes] ow 17 2 ppm 25 Acid Yell ow 17 25 ppmCTIS2011/065987

2012/ 102805PCT/ US201 1/ 065987 24 Sanpl e Col oring Agent(s) Col ori ng Agent
Loadi ngs 26 Food Green 3 2 ppm 27 Food Green 3 25 ppm 28 Food Green 3 100
ppm 29 Vat Blue 6 25 ppm 30 Vat Blue 6 100 ppm

()

R11 Rio Ro

wherein R4, Rz, Rs, R4, Rs, Rs, Rz, Rs, Re, and R4 are each independently

selected from the group consisting of hydrogen, alkyl groups, alkoxy groups,

alkenyl groups, aryl groups, and halogens; and wherein Ry is a hydroxyalkyl

group selected from the group consisting of —CH,OH and —CHOHCH,OH;

and

(ii) a coloring agent; and

(c) mixing the thermoplastic polymer and the additive composition to
produce a thermoplastic polymer composition,

wherein the thermoplastic polymer and the additive composition are
separately provided; wherein the amount of clarifying agent in the thermoplastic
polymer composition is from about 100 ppm to about 5,000 ppm based on the total
weight of the thermoplastic polymer composition; wherein the amount of coloring
agent present in the thermoplastic polymer composition is sufficient to produce a
thermoplastic polymer composition exhibiting an a* value and a b* value satisfying
each of the following inequalities

b* <3.4 —(1.4196 X a*)
b*>31+(9%xa")
b*>1—a*

b* < 3.6174 + (0.7449 X a*)



31 Solvent Blue 97 25 ppm 32 Sol vent Blue 97 100 ppm 33 Food Red 7 2 ppm 34
Food Red 7 25 ppm 35 Pignent Blue 63 25 ppm 36 Pignent Blue 63 100 ppm 37
Pi gment Gveeni12710280ppm 38 Pi gnent Bl ue 15:3 2 ppm 39 Pi gremiusBiianksogl 2 ppm
40 Pignment Black 11 25 ppm 41 Pignent Black 11 100 ppm 42 Pi gnent Yel |l ow
147 2 ppm 43 Pignent Red 254 2 ppm 44 Pi gnent Orange 64 2 ppm 45 Pi gnment
Black 7 2 ppm

wherein the a* value and the b* value are determined by measuring an a* value and
a b* value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic
polymer composition.

[0011] In a fifth embodiment, the invention provides a method for producing a
thermoplastic polymer composition, the method comprising the steps of:

(a) providing a thermoplastic polymer;

(b) providing a clarifying agent selected from the group consisting of
trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate, lithium
2,2"-methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate compounds,
and acetal compounds conforming to the structure of Formula (1)

(1)

R11 Rio Ro

wherein R4, Rz, Rs, R4, Rs, Re, Rz, Rs, Re, and Ry are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein Ry, is a hydroxyalkyl group selected from
the group consisting of —CH,OH and —CHOHCH,OH;

(c) providing a coloring agent; and

(d) mixing the thermoplastic polymer, the clarifying agent, and the coloring
agent to produce a thermoplastic polymer composition,

wherein the thermoplastic polymer, the clarifying agent, and the coloring
agent are each separately provided; wherein the amount of clarifying agent present
in the thermoplastic polymer composition is from about 100 ppm to about 5,000 ppm
based on the total weight of the thermoplastic polymer composition; wherein the

amount of coloring agent in the thermoplastic polymer composition is sufficient to
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produce a thermoplastic polymer composition exhibiting an a* value and a b* value
satisfying each of the following inequalities

b* < 3.4 — (14196 X a*)
b*>3.1+ (9 xa’)
b*>1—a*

b* < 3.6174 + (0.7449 X a*)

wherein the a* value and the b* value are determined by measuring an a* value and
a b* value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic
polymer composition.

[0012] In a sixth embodiment, the invention provides an additive composition
consisting essentially of:

(a) a clarifying agent selected from the group consisting of trisamides,
aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate, lithium 2,2'-
methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate compounds, and
acetal compounds conforming to the structure of Formula (1)

(1)

Ri4 Rio Re

wherein Ry, Rz, Rs, R4, Rs, Rs, Rz, Rs, Re, and R4 are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein R is a hydroxyalkyl group selected from
the group consisting of —CH,OH and —CHOHCH,OH; and

(b) a coloring agent,



59 Pignment Blue 15:0 18 ppm 60 Pignent Violet 15 25 ppm 61 Pignment Viol et
15 100 ppm Table 2. Coloring Agent(s) and Col ori ng Agent Loadi ngs used in
Control 2wendi2Bapgbes 62- 107. Sanpl e Col ori ng Agent (s) Eolrarseoig/osgyent

Loadi ng(s) Control 2 None -- 62 Acid Blue 74 20 ppm 63 Acid Blue 74 35 ppm
64 Acid Blue 74 50 ppm 65 Acid Blue 9120 ppm 66 Vat Blue 6 5 PPm 67 Vat
Blue 6 10 ppm 68 Sol vent Blue 97 0.5 ppm 69 Solvent Blue 97 1 ppm 70
Pigment Blue 63 5 PPm 71

wherein the coloring agent is present in the additive composition in an amount
such that a thermoplastic polymer composition exhibits a a* value and a b* value
satisfying each of the following inequalities

b* <3.4 —(1.4196 X a*)
b*>31+(9%xa")
b*>1—a*

b* < 3.6174 + (0.7449 X a*)

wherein the thermoplastic polymer composition comprises a thermoplastic polymer
and the additive composition in an amount sufficient to provide about 100 ppm to
about 5,000 ppm of the clarifying agent in the thermoplastic polymer composition,
based on the total weight of the thermoplastic polymer composition; and wherein the
a* value and the b* value are determined by measuring an a* value and a b* value
exhibited by a 1.27 mm (50 mil) plague made from the thermoplastic polymer

composition.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a plot of the Aa* and Ab* values for the polymer compositions
described in the Example.
[0014] Fig. 2 is a plot of the a* and b* values for the polymer compositions
described in the Example.

DETAILED DESCRIPTION OF THE INVENTION
[0015] As described above, the invention provides additive compositions
suitable for addition to thermoplastic polymers, thermoplastic polymer compositions
containing a clarifying agent and at least one coloring agent, and methods for
making such thermoplastic polymer compositions. The various aspects of these
embodiments of the invention will be described below.
[0016] The thermoplastic polymer utilized in the invention can be any suitable
thermoplastic polymer. As utilized herein, the term “thermoplastic polymer” refers to

a polymeric material that will melt upon exposure to sufficient heat to form a flowable
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embodiments, the thermoplastic polymer is a polyolefin. The thermoplastic polymer
can be any suitable polyolefin, such as a polypropylene, a polyethylene, a
polybutylene, and a poly(4-methyl-1-pentene), and combinations or mixtures thereof.
In certain preferred embodiments, the thermoplastic polymer is a polyolefin selected
from the group consisting of polypropylene homopolymers (e.g., atactic
polypropylene, isotactic polypropylene, and syndiotactic polypropylene),
polypropylene copolymers (e.g., polypropylene random copolymers), and mixtures
thereof. Suitable polypropylene copolymers include, but are not limited to, random
copolymers made from the polymerization of propylene in the presence of a
comonomer selected from the group consisting of ethylene, but-1-ene (i.e.,
1-butene), and hex-1-ene (i.e., 1-hexene). In such polypropylene random
copolymers, the comonomer can be present in any suitable amount, but typically is
present in an amount of about 10 wt.% or less (e.g., about 1 to about 7 wt.%, or
about 1 to about 4.5 wt.%).

[0017] The clarifying agent utilized in the additive compositions and methods
of the invention can be any suitable clarifying agent. Suitable clarifying agents
include, but are not limited to, trisamides, bisphenol phosphates, monocarboxylate
compounds, and acetal compounds. For example, suitable trisamide clarifying
agents include, but are not limited to, amide derivatives of benzene-1,3,5-
tricarboxylic acid, derivatives of N-(3,5-bis-formylamino-phenyl)-formamide (e.g., N-
[3,5-bis-(2,2-dimethyl-propionylamino)-phenyl]-2,2-dimethyl-propionamide),
derivatives of 2-carbamoyl-malonamide (e.g., N,N-bis-(2-methyl-cyclohexyl)-2-(2-
methyl-cyclohexylcarbamoyl)-malonamide), and combinations thereof. Suitable
bisphenol phosphate clarifying agents include 2,2'-methylenebis-(4,6-di-tert-
butylphenyl) phosphate salts, such as aluminum 2,2'-methylenebis-(4,6-di-tert-
butylphenyl) phosphate, lithium 2,2'-methylenebis(4,6-di-tert-butylphenyl) phosphate,
and combinations thereof. Suitable acetal clarifying agents include the acetal
compounds produced by the condensation reaction of a polyhydric alcohol and an
aromatic aldehyde. Polyhydric alcohols suitable for producing such acetal clarifying
agents include, but are not limited to, acyclic polyols, such as xylitol and sorbitol.
Aromatic aldehydes suitable for producing such acetal clarifying agents include, but



Sol vent Black 7 10 ppm 85 Sol vent Black 7 17 ppm 86 Acid Blue 74 75 ppm 87
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are not limited to, aromatic aldehydes containing a single aldehyde group with the
remaining positions on the aromatic ring being either unsubstituted or substituted.
Thus, suitable aromatic aldehydes include benzaldehyde and substituted
benzaldehydes (e.g., 3,4-dimethyl-benzaldehyde). The acetal compound produced
by the above-described reaction can be a mono-acetal, di-acetal, or tri-acetal
compound (i.e., a compound containing one, two, or three acetal groups,
respectively), with the di-acetal compounds being preferred.

[0018] In certain possibly preferred embodiments, the clarifying agent is
selected from the group consisting of acetal compounds conforming to the structure
of Formula (1)

R4 Rio R

In the structure of Formula (1), R+, Rz, Rs, R4, Rs, Re, R7, Rs, Rg, and R4, are each
independently selected from the group consisting of hydrogen, alkyl groups, alkoxy
groups, alkenyl groups, aryl groups, and halogens. Ri; is a hydroxyalkyl group
selected from the group consisting of —CH>OH and —CHOHCH,OH. In certain
possibly preferred embodiments, the acetal compound is a compound of Formula (1)
in which R4, Rz, Rs, R4, Rs, Re, Rz, Rs, Re, and Rio are each hydrogen and Ry is
—CHOHCH,OH. In certain possibly preferred embodiments, the acetal compound is
a compound of Formula (1) in which R4, R», R4, Rs, Rs, R7, Re, and Ryo are each
hydrogen, Rz and Rs are each a methyl group, and R41is —CHOHCH,OH. In certain
possibly preferred embodiments, the acetal compound is a compound of Formula (1)
in which R4, R4, Rs, Re, R7, and Rip are each hydrogen, Rz, Rs, Rs, and Rg are each a
methyl group, and Ry is —CHOHCH,OH. Of course, the compositions of the
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For example, the composition of the invention can contain a mixture of two or more
different acetal compounds conforming to the structure of Formula (l), such as a
mixture of any of the specific acetal compounds described above.

[0019] The clarifying agent can be present in the compositions of the invention
in any suitable amount. As will be understood by those skilled in the art, the suitable
amount of the clarifying agent will depend upon several factors, such as the identity
of the particular clarifying agent, the particular polymer that is to be clarified using the
clarifying agent, and the desired level of clarity and/or haze for the finished polymer
composition. In certain possibly preferred embodiments, the clarifying agent is
present in the thermoplastic polymer composition in an amount of about 100 ppm to
about 5,000 ppm based on the total weight of the thermoplastic polymer
composition. In certain possibly preferred embodiments, such as when the clarifying
agent is an acetal compound conforming to the structure of Formula (1), the clarifying
agent is present in the thermoplastic polymer composition in an amount of about
1,000 ppm to about 2,500 ppm based on the total weight of the thermoplastic
polymer composition.

[0020] In addition to the clarifying agent, the compositions of the invention
contain at least one coloring agent. Suitable coloring agents include, but are not
limited to, pigments, dyes, polymeric colorants, and mixtures thereof. As utilized
herein, the term “polymeric colorant” refers to a colorant comprising a chromophore
and at least one oligomeric or polymer constituent bound to the chromophore.
Suitable polymeric colorants include, but are not limited to, the polymeric colorants
sold by Milliken & Company. The dye can be any suitable dye, such as an acid dye,
a solvent dye, a vat dye, or mixtures thereof. Suitable dyes include, but are not
limited to, Acid Blue 9, Acid Blue 74, Solvent Blue 97, Vat Blue 6, and mixtures or
combinations thereof. For example, in certain embodiments, the coloring agent can
comprise a mixture of Vat Blue 6 and Acid Blue 74. In certain possibly preferred
embodiments, the coloring agent comprises a pigment. Suitable pigments include,
but are not limited to, Pigment Blue 29, Pigment Blue 63, Pigment Violet 15, and

mixtures thereof.
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Bl ue 2
substantial and perceptible color to the composition and any article made therefrom,

the compositions of the invention contain a relatively small amount of the coloring
agent. Indeed, the amount of coloring agent present in the thermoplastic polymer
compositions of the invention is sufficiently low that most observers would describe
the polymer composition or any article made therefrom as being not substantially
colored. In fact, when observed with the naked eye, the hue imparted to the polymer
composition or an article made therefrom by the coloring agent may be perceptible
only after the polymer composition or article is compared to a similar composition or
article that does not contain the coloring agent. With such a low loading of the
coloring agent in the compositions of the invention and given the fact that different
coloring agents often exhibit different strengths, it is difficult to meaningfully express
the amount of coloring agent present in the compositions of the invention using
customary units, such as weight-based concentrations or percentages. Thus,
Applicants have found that the amount of coloring agent present in the compositions
of the invention is best quantified and bound by specifying the CIE L*a*b* color
space of a 1.27 mm (50 mil) thick plaque made using the composition (i.e., a plaque
made from a thermoplastic polymer composition containing the additive composition
of the invention or a plaque made from the thermoplastic polymer composition of the
invention). As demonstrated in the Examples that follow, Applicants discovered that
a composition containing an amount of the coloring agent sufficient to produce a
plague having certain L*, a*, and b* values would be perceived as visually appealing
(both by itself and also as compared to a control that did not contain the coloring
agent) and yet would still be perceived and described as not substantially colored.
Furthermore, Applicants discovered that articles produced from such a composition
are often perceived to have lower haze or greater clarity than similar articles
produced from a composition that does not contain the coloring agent, even though
haze measurements of such articles reveal that the haze values are not lower.
[0022] Within this model, the amount of coloring agent can be expressed in
terms of the change in the a* and b* values relative to a control, or the amount of the
coloring agent can be expressed in terms of the absolute L*, a*, and b* values
exhibited by a plaque made using the thermoplastic polymer composition. In those



126 Pignent Blue 29 / Pignent Violet 15 27 ppm/ 18 ppm 127 Pi gnent Blue 29
/[ Pignment Violet 15 30 ppm/ 20 ppm 128 Pignent Blue 29 / Pignent Violet 15
36 ppm/ R0 2ppm0iS Pi gment Blue 29 / Pignent Violet 15P¢2/uyspont/o63287 ppm 130
Pigment Blue 29 / Pignent Violet 15 48 ppm/ 32 ppm 131 Pignment Blue 29 /
Pignent Violet 15 54 ppm/ 36 ppm 1321&at Blue 6 / Acid Blue 74 2.3 ppm/
7.7 ppm WD 2012/ 102805PCT/ US2011/ 065987 28 Sanpl e Col orant C Nane

Col orant Level 133 Vat Blue 6 / Acid Blue 74 4.6 ppm/ 15.4 ppm 134 Vat

o1 ue 26 RS e i e BB o7 i BBl 2ophBR Dt Rl s o UBTT 2

ppm 13 chRingaenthe/aohat bt valuds greent* Bha A2 Yahibspe daldulieah Bh3® e B grivegnt

Violet t%g a* aﬁidgbmevnaflug g)?hi%i?eggy%p1m2/7 rr?mp(%g] mil) thick plague made from a
control thermoplastic polymer composition and measuring the a* and b* values
exhibited by a 1.27 mm (50 mil) thick plaque made from the thermoplastic polymer
composition of the invention (i.e., the thermoplastic polymer composition made by a
method of the invention or a thermoplastic polymer composition made by adding an
additive composition of the invention to a thermoplastic polymer). The control
thermoplastic polymer composition is substantially identical to the thermoplastic
polymer composition of the invention, differing only in the fact that it does not contain
the coloring agent(s). The a* and b* values for the plaque made from the control
thermoplastic polymer composition are then respectively subtracted from the a* and
b* values for the plaque made from the thermoplastic polymer composition of the
invention to yield the Aa* and Ab* values resulting from the presence of the coloring
agent in the composition of the invention. When expressed in terms of the change in
a* and b* values, Applicants have found that the compositions of the invention have

Aa* and Ab* values satisfying each of the following inequalities

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.5231 + (5.8461 X Aa®)
Ab* > —2.6000 — (1.0909 X Aa*)

Ab* < 0 + (1.2727 X Aa*)

when Ab* is not zero. In certain possibly preferred embodiments, the Aa* and Ab*

values satisfy each of the following inequalities

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.325 + (7.4 X Aa*)
Ab* > —2.5385 — (2.3077 X Aa*)
Ab* < 1.8 + (7.3333 X Aa®)
Ab* < 0 + (1.2727 X Aa*)
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16 ppmv&r?g'n Xﬁt‘ isBrj1&eze§o.l?’n B8R hin possibly preferred embodiments, the Aa* and Ab*
values satisfy each of the following inequalities

Ab* < 0 — (2.8571 X Aa*)
Ab* > —0.8 + (7.4 X Aa®)
Ab* > —1.75 — (2.3077 X Aa®)
Ab* < 0.9 + (7.3333 X Aa®)
Ab* < 0 + (1.2727 X Aa*)

when Ab* is not zero.

[0023] As noted above, the amount of the coloring agent can be expressed in
terms of the absolute L*, a*, and b* values exhibited by a plaque made using the
thermoplastic polymer composition. In these embodiments, the L*, a*, and b* values
are determined by measuring the a* and b* values exhibited by a 1.27 mm (50 mil)
thick plaque made from the thermoplastic polymer composition of the invention (i.e.,
the thermoplastic polymer composition made by a method of the invention or a
thermoplastic polymer composition made by adding an additive composition of the
invention to a thermoplastic polymer). When expressed in terms of the absolute L*,
a*, and b* values, Applicants have found that the compositions of the invention have

a* and b* values satisfying each of the following inequalities

b* < 3.4 — (14196 X a*)
b*>3.1+ (9 xa’)
b*>1—a*

b* < 3.6174 + (0.7449 X a*).
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(2. 00 ifolkdwixg3négudliies x 0. 05 inch) test pl agues made using the pol yner
conposition, and the five nmeasurenents were averaged to yield a single set
of L*, a*, and b* values for the polyner conposition. The L*, a*, and b*
val ues for each sanpl e are reporteq a%t;cﬁ, 5, or 6 below The AL*,
Aa*, and Ab* val ues for each sample a e also r%ported in Table 4, 5, or 6
bel ow. The AL*, Aa*, and Ab* pabug3swe(k.2ekearyi ned by respectively
subtracting the L*, a*, and b* values for the relevant control fromthe L*,
a*, and b* values for the sdhpkd:031603%17484at#i on to the CE L*a*b*
nmeasur enment s descri bed above, tgpselag¥g§ %Q £yal so presented to a panel of
eval uators for qualitative conparison't ? e Ievant control. In
particul ar, each panelist wds PBadgat-ed0.Midhxta®. pl aques, one nade usi ng
one of the above-descri bed sanples and the other nmade fromthe rel evant
control, laid flat against a white surface in an area lit by a cool white
fluore t |f t he
[} vor espesial] AdogvreomToaaRRkis s sbes aledkagipRiens og Ll (1
controHommmnglne@unmey appeallng, | ess visually appealing, no different, or
substantially colored. The sanple plaques rated as nore visually appealing
by a majority of the panelists are identified in Table 4, 5, or 6 with a
"yes" in the "Enhanced” colunp: <Thase sapgd & phaques that were rated as

| ess visually appealing, no different than the control plaque, or
substantially colored are idert'iZded+i(@0Rabke™, 5, or 6 with a "no" in the
"Enhanced" colum. Table 4. L* b* and Ab* val ues and
enhancenment determ nations foP éb%?ro(lzf%7§‘égnples 1-61. Sanple L* a* b*
AL* Aa* Ab* Enhanced Control j- 9ﬂ¢@385493@4;(§%559 - - - -191.067 -0.114

3.489 0.029 -0.002 -0.070 Yes 2791.011 -0.116 3.428 -0.027
b* < 3.6174 + (0.7449 X a*).

[0024] As is apparent from the description set forth above, the inequalities for
both the change in a* and b* values and the absolute a* and b* values do not specify
the L* values of the plaque produced using the thermoplastic polymer composition.
Applicants’ experiments revealed that the a* and b* values played a much larger role
in quantifying and bounding the amount of coloring agent present in the
compositions of the invention and determining which compositions would be judged
to be more visually appealing. Thus, the plaques made from the compositions of the
invention can exhibit any suitable L* value. In certain possibly preferred
embodiments, the plaques exhibit an L* value of about 88 or greater.

[0025] The L*, a*, and b* values of the compositions can be measured using
any suitable technique. The L*, a*, and b* values typically are measured using a
spectrophotometer. In particular, the L*, a*, and b* values can be measured using
the spectrophotometer in reflectance mode with a large area view under a cool white

fluorescent light source (a UV filter is used to exclude UV light from the light source)
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and a 10° observer with specular reflectance included in the measurement. The
measurements can be taken with the spectrophotometer’s white calibration tile
placed behind the sample. In order to more precisely quantify the L*, a*, and b*
values, a measurement can be taken on at least five separate 50.8 mm x 76.2 mm x
1.27 mm (2.00 inch x 3.00 inch x 0.05 inch) test plaques made from the polymer
composition, and the measurements can be averaged to yield a single set of L*, a*,
and b* values for the polymer composition from which the plaques are made. As
noted in the examples that follow, the above-described procedure was used by
Applicants to determine the L*, a*, and b* values during their experiments and,
therefore, the L*, a*, and b* values preferably are determined using this procedure.
[0026] As described above, the invention provides an additive composition
consisting essentially of a clarifying agent and a coloring agent. As utilized in
connection with this embodiment of the invention, the term “consisting essentially of”
is used to distinguish the additive composition from a thermoplastic polymer to which
the additive composition has been added. In other words, the term is used to
indicate that the additive composition is formulated in such a way that it is intended
to be added to a thermoplastic polymer, rather than being used by itself in the
fabrication of finished articles. Thus, as used in this context, the term “consisting
essentially of” indicates that, if a thermoplastic polymer is present in the additive
composition, the relative amount of thermoplastic polymer present in the additive
composition is substantially less than the amount of thermoplastic polymer that is
present in a “finished” polymer composition that is to be used in molding or other
processes for producing an article. Accordingly, in certain possibly preferred
embodiments, the additive composition contains about 90 wt.% or less (e.g., about
85 wt.% or less or about 80 wt.% or less) thermoplastic polymer based on the total
weight of the additive composition. In certain other embodiments, the additive
composition contains about 25 wt.% or less (e.g., about 20 wt.% or less, about 15
wt.% or less, about 10 wt.% or less, or about 5 wt.% or less) thermoplastic polymer
based on the total weight of the additive composition. As used in connection with the
additive composition, the term “consisting essentially of” is not intended to exclude
the presence of other additives that are typically used in thermoplastic polymers,
such as nucleating agents, antioxidants, acid scavengers, slip agents, antistatic
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agents, optical brighteners, and polymer processing aids. Thus, the additive
composition of the invention can be a masterbatch containing the clarifying agent,
the coloring agent, a carrier resin, and, optionally, other additives, or the additive
composition can be a non-dusting blend (NDB) containing the clarifying agent, the
coloring agent, and, optionally, other additives.

[0027] As noted above, the invention provides methods for producing
thermoplastic polymer compositions. In a first method embodiment, the method
comprises the steps of providing a thermoplastic polymer, providing an additive
composition comprising at least one clarifying agent and a coloring agent, and
mixing the thermoplastic polymer and the additive composition to produce a
thermoplastic polymer composition. In this method embodiment, the thermoplastic
polymer, the clarifying agent, and the coloring agent can be any of those described
above. Also, in this embodiment, the thermoplastic polymer and the additive
composition are separately provided. In other words, the thermoplastic polymer and
the additive composition are provided in separate forms or compositions that are not
mixed together until the recited mixing step. In this embodiment, the thermoplastic
polymer can be provided in a composition comprising other additives typically used
in polymer processing, such as antioxidants, acid scavengers, slip agents, and
polymer processing aids. The additive composition can also comprise other
additives typically used in polymer processing, such as those described above.
[0028] In a second method embodiment, the method comprises the steps of
providing a thermoplastic polymer, providing a clarifying agent, providing a coloring
agent, and mixing the thermoplastic polymer, the clarifying agent, and the coloring
agent to produce a thermoplastic polymer composition. In this method embodiment,
the thermoplastic polymer, the clarifying agent, and the coloring agent can be any of
those described above. Also, in this embodiment, the thermoplastic polymer, the
clarifying agent, and the coloring agent are separately provided. In other words, the
thermoplastic polymer, the clarifying agent, and the coloring agent are provided in
separate forms or compositions that are not mixed together until the recited mixing
step. As in the other method embodiment, the thermoplastic polymer can be
provided in a composition comprising other additives typically used in polymer
processing. Similarly, the clarifying agent and the coloring agent can be contained in
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separate compositions comprising other additives typically used in polymer
processing.

[0029] Each of the method embodiments described above involves a mixing
step. In each method, the separate components can be mixed using any suitable
technique or apparatus. For example, the components can be mixed in a paddle
blender, ribbon blender, double cone blender, vertical screw mixer (e.g., Nauta
mixer), plough mixer, or high shear mixer. Several of the mixing apparatus listed
above can be operated in either a batch or continuous mode and, therefore, the
mixing step can be performed in either a batchwise or continuous fashion. The
components can be mixed for any suitable amount of time, but generally the
components are mixed until they are substantially uniformly blended.

[0030] The following examples further illustrate the subject matter described
above but, of course, should not be construed as in any way limiting the scope
thereof.

EXAMPLE
[0031] This example demonstrates the production of thermoplastic polymer
compositions according to the invention and certain properties of such polymer
compositions. Several different polymer compositions were prepared using an 11
MFR (Melt Flow Rate) Ziegler-Natta catalyzed polypropylene random copolymer as
the thermoplastic polymer. Each polymer composition labeled as “Sample” was
prepared by incorporating into the thermoplastic polymer 1800 ppm of a clarifying
agent (i.e., Millad® 3988i clarifying agent from Milliken & Company), a standard
stabilization package (i.e., 500 ppm Irganox 1010, 1000 ppm Irgafos 168, and 800
ppm calcium stearate), and one or more coloring agents. The particular coloring
agent(s) used in each polymer composition and the amount of such coloring agent(s)
are set forth in Tables 1, 2, and 3 below. Control polymer compositions (labeled
“Control”) were also prepared and contained the same thermoplastic polymer, the
same additive package, and 1800 ppm of the clarifying agent. Thus, the only
difference between the “Sample” polymer compositions and the “Control” polymer

compositions is the presence of the coloring agent(s).



91.088 -0.140 3.625 0.050 -0.028 0.066 No 19 90.386 0.046 3.375 -0.652
0.158 -0.184 No 20 83.413 2.961 0.823 -7.625 3.073 -2.736 No 21 90. 758
0.071 3.5¥b20/1@2650. 183 0. 016 No 22 86. 088 2. 095 1.518PcA/IB2A126287 - 2. 041
No 23 71.546 6.153 -4.511 -19.492 6. 265

22

[0032] In order to accurately add very small amounts of coloring agents into
the polymer, a blend of the clarifying agent and the desired coloring agent(s) was
first prepared. This blend contained a higher level of the coloring agent(s) than was
ultimately desired, so that it could be more easily measured and blended with the
polymer. To make the blend, the desired coloring agent(s) were added to one
hundred (100.0) gram batches of the clarifying agent to yield a mixture containing
approximately 5.2632 wt.% coloring agent. The resulting mixture was then blended
on a Cuisinart® Classic food processor (Model DFP-14BCN) for approximately 2
minutes. The resulting mixture was further diluted by adding additional clarifying
agent to yield a mixture containing approximately 1.3699 wt.% coloring agent and
then blended on the Cuisinart® Classic food processor (Model DFP-14BCN) for
approximately 2 minutes. The resulting blend of clarifying agent and coloring
agent(s) was then added to the polymer to produce the thermoplastic polymer
composition.

[0033] In order to produce the polymer compositions, the required amount of
the clarifying agent and coloring agent(s) blend was mixed with 1000 grams of the
polypropylene polymer, the standard stabilization package, and an additional amount
of the clarifying agent. The amount of additional clarifying agent used brought the
total of amount of clarifying agent in the polymer composition up to 1800 ppm. All of
the components were mixed using a KitchenAid® Artisan® 5 quart tilt-head mixer set
on the lowest setting (Stir) for approximately 5 minutes. The resulting mixture was
then melt compounded on a Deltaplast 1 inch diameter, L/D 30:1 single screw
extruder with a temperature profile ramping up to 230 °C. The melt-compounded
polymer composition was then injection molded using a 40-ton ARBURG
ALLROUNDER 221K injection molding machine to produce twenty-five 50.8 mm x
76.2 mm x 1.27 mm (2.00 inch x 3.00 inch x 0.05 inch) test plaques with a 230 °C flat
profile barrel temperature and no backpressure. These plaques were then used to
conduct the CIE L*a*b* measurements described below and were also used during

the panel evaluations described below.
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Table 1. Coloring Agent(s) and Coloring Agent Loadings used in Control 1 and

Samples 1-61.
Sample | Coloring Agent(s) Coloring Agent Loadings
Control 1 | None --
1 Pigment Blue 29 / Pigment Violet 15 | 4.5 ppm /3 ppm
2 Pigment Blue 29 / Pigment Violet 15 | 4.05 ppm /2.7 ppm
3 Pigment Blue 29 / Pigment Violet 15 | 9 ppm /6 ppm
4 Acid Blue 74 25 ppm
5 Acid Blue 74 100 ppm
6 Acid Blue 9 25 ppm
7 Vat Blue 6 2 ppm
8 Solvent Blue 97 2 ppm
9 Pigment Blue 63 2 ppm
10 Pigment Blue 29 2 ppm
11 Pigment Blue 29 25 ppm
i Acid Blue 9/ Food Red 7 / Food 0.36 ppm / 0.18 ppm / 0.45 ppm
Yellow 5
13 Solvent Black 7 0.54 ppm
14 Solvent Black 7 2 ppm
15 Solvent Black 7 25 ppm
16 Acid Blue 74 2 ppm
17 Acid Blue 9 1.8 ppm
18 Acid Blue 9 2 ppm
19 Solvent Black 27 2 ppm
20 Solvent Black 27 25 ppm
21 Solvent Black 29 2 ppm
22 Solvent Black 29 25 ppm
23 Solvent Black 29 100 ppm
24 Acid Yellow 17 2 ppm
25 Acid Yellow 17 25 ppm
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Sample | Coloring Agent(s) Coloring Agent Loadings

26 Food Green 3 2 ppm
27 Food Green 3 25 ppm
28 Food Green 3 100 ppm
29 Vat Blue 6 25 ppm
30 Vat Blue 6 100 ppm
31 Solvent Blue 97 25 ppm
32 Solvent Blue 97 100 ppm
33 Food Red 7 2 ppm
34 Food Red 7 25 ppm
35 Pigment Blue 63 25 ppm
36 Pigment Blue 63 100 ppm
37 Pigment Green 7 2 ppm
38 Pigment Blue 15:3 2 ppm
39 Pigment Black 11 2 ppm
40 Pigment Black 11 25 ppm
41 Pigment Black 11 100 ppm
42 Pigment Yellow 147 2 ppm
43 Pigment Red 254 2 ppm
44 Pigment Orange 64 2 ppm
45 Pigment Black 7 2 ppm
46 Pigment Black 7 25 ppm
47 Pigment Black 7 2 ppm
48 Pigment Black 7 25 ppm
49 Pigment Black 7 2 ppm
50 Pigment Black 7 25 ppm
51 Pigment Black 7 100 ppm
52 Pigment Black 7 2 ppm
53 Pigment Black 7 25 ppm
54 Pigment Black 7 100 ppm




WO 2012/ 102805PCT/ US2011/ 065987 31 Sanple L* a* b* AL* Aa* Ab* Enhanced 35
88.388 -1.044 0.313 -2.650 -0.932 -3.246 No 36 80.900 -3.347 -7.970 -10.138
- 3. 235 - mo2a2/Me8037 90. 861 -0.791 3.512 -0.177 -0.679 POTAAZ0NO6B387 90. 261
-1.785 2.320 -0.777 -1.673 -1.239 No 39 90.710

25
Sample | Coloring Agent(s) Coloring Agent Loadings

55 Pigment Blue 29 100 ppm

56 Pigment Violet 15 2 ppm

57 Pigment Violet 15 25 ppm

58 Pigment Violet 15 100 ppm

59 Pigment Blue 15:0 18 ppm

60 Pigment Violet 15 25 ppm

61 Pigment Violet 15 100 ppm

Table 2. Coloring Agent(s) and Coloring Agent Loadings used in Control 2 and
Samples 62-107.

Sample | Coloring Agent(s) Coloring Agent Loading(s)
Control 2 | None -

62 Acid Blue 74 20 ppm

63 Acid Blue 74 35 ppm

64 Acid Blue 74 50 ppm

65 Acid Blue 9 20 ppm

66 Vat Blue 6 5 ppm

67 Vat Blue 6 10 ppm

68 Solvent Blue 97 0.5 ppm

69 Solvent Blue 97 1 ppm

70 Pigment Blue 63 5 ppm

71 Pigment Blue 63 10 ppm

72 Pigment Blue 29 10 ppm

73 Pigment Blue 29 15 ppm

74 Pigment Blue 29 20 ppm

75 Pigment Blue 29 30 ppm

76 Pigment Blue 29 / Pigment Violet 15 | 9 ppm /6 ppm

77 Pigment Blue 29 / Pigment Violet 15 | 12 ppm /8 ppm

78 Pigment Blue 29 / Pigment Violet 15 | 15 ppm /10 ppm
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Sample | Coloring Agent(s) Coloring Agent Loading(s)

79 Pigment Blue 29 / Pigment Violet 15 | 18 ppm /12 ppm
80 Pigment Blue 29 / Pigment Violet 15 | 21 ppm/ 14 ppm
81 Pigment Blue 29 / Pigment Violet 15 | 24 ppm / 16 ppm
82 Solvent Black 7 3 ppm

83 Solvent Black 7 5 ppm

84 Solvent Black 7 10 ppm

85 Solvent Black 7 17 ppm

86 Acid Blue 74 75 ppm

87 Acid Blue 9 35 ppm

88 Acid Blue 9 50 ppm

89 Solvent Blue 67 0.5 ppm

90 Solvent Blue 67 1 ppm

91 Solvent Black 27 5 ppm

92 Solvent Black 29 1 ppm

93 Solvent Black 29 5 ppm

94 Solvent Black 29 10 ppm

95 Food Green 3 5 ppm

96 Food Green 3 10 ppm

97 Pigment Blue 15:3 0.5 ppm

98 Pigment Blue 15:3 1 ppm

99 Pigment Black 11 2 ppm

100 Pigment Black 11 10 ppm

101 Pigment Black 7 0.5 ppm

102 Pigment Black 7 1 ppm

103 Pigment Black 7 5 ppm

104 Pigment Violet 15 35 ppm

105 Pigment Violet 15 50 ppm

106 Pigment Violet 15 35 ppm

107 Pigment Violet 15 50 ppm
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Table 3. Coloring Agent(s) and Coloring Agent Loadings used in Control 3 and
Samples 108-155.

Sample | Colorant Cl Name Colorant Level

Control 3 | None --
108 Pigment Violet 15 / Pigment Blue 29 | 35 ppm /4 ppm
109 Pigment Violet 15 / Pigment Blue 29 | 35 ppm /6 ppm
110 Pigment Violet 15 / Pigment Blue 29 | 35 ppm /8 ppm
111 Pigment Violet 15/ Pigment Blue 29 | 12 ppm /3 ppm
112 Pigment Violet 15 / Pigment Blue 29 | 20 ppm /5 ppm
113 Pigment Violet 15 / Pigment Blue 29 | 28 ppm /7 ppm
114 Pigment Violet 15/ Pigment Blue 29 | 36 ppm /9 ppm
115 Pigment Violet 15 / Pigment Blue 29 | 22.5 ppm /2.5 ppm
116 Pigment Violet 15 / Pigment Blue 29 | 31.5 ppm /3.5 ppm
117 Pigment Violet 15 / Pigment Blue 29 | 40.5 ppm /4.5 ppm
118 Acid Blue 9 23 ppm
119 Acid Blue 74 55 ppm
120 Vat Blue 6 12 ppm /3 ppm
121 Pigment Blue 29 25 ppm
122 Pigment Blue 29 40 ppm
123 Pigment Blue 29 45 ppm
124 Pigment Blue 29 50 ppm
125 Pigment Blue 29 55 ppm
126 Pigment Blue 29 / Pigment Violet 15 | 27 ppm / 18 ppm
127 Pigment Blue 29 / Pigment Violet 15 | 30 ppm /20 ppm
128 Pigment Blue 29 / Pigment Violet 15 | 36 ppm /24 ppm
129 Pigment Blue 29 / Pigment Violet 15 | 42 ppm /28 ppm
130 Pigment Blue 29 / Pigment Violet 15 | 48 ppm / 32 ppm
131 Pigment Blue 29 / Pigment Violet 15 | 54 ppm / 36 ppm
132 Vat Blue 6 / Acid Blue 74 2.3 ppm /7.7 ppm




-3.999 0.211 1.938 No 51 71.786 0.784 9.273 -19.252 0.896 5.714 No 52
90.855 -0.098 3.795 -0.183 0.014 0.236 No 53 88.272 0.051 4.880 -2.766
0.163 1. 320 2he/1948082. 947 0. 325 6. 583 -8.091 0.437 3. 024 PNo/U5201896382 - 0. 526
0.100 -2.026 -0.414 -3.459 No 56
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Sample | Colorant Cl Name Colorant Level
133 Vat Blue 6 / Acid Blue 74 4.6 ppm/15.4 ppm
134 Vat Blue 6 / Acid Blue 74 6.9 ppm /23.1 ppm

135 Pigment Violet 15 / Pigment Blue 29 | 35 ppm /2 ppm

136 Pigment Violet 15 / Pigment Blue 29 | 50 ppm /2 ppm

137 Pigment Violet 15 / Pigment Blue 29 | 50 ppm /4 ppm

138 Pigment Violet 15 / Pigment Blue 29 | 50 ppm /6 ppm

139 Pigment Violet 15 / Pigment Blue 29 | 50 ppm /8 ppm

140 Pigment Violet 15 / Pigment Blue 29 | 44 ppm/ 11 ppm

141 Pigment Violet 15/ Pigment Blue 29 | 52 ppm /13 ppm

142 Pigment Violet 15 / Pigment Blue 29 | 49.5 ppm /5.5 ppm
143 Pigment Violet 15 / Pigment Blue 29 | 58.5 ppm /6.5 ppm
144 Pigment Violet 15/ Pigment Blue 29 | 67.5 ppm /7.5 ppm

145 Acid Blue 9 26 ppm
146 Acid Blue 9 29 ppm
147 Acid Blue 9 32 ppm
148 Acid Blue 74 60 ppm
149 Acid Blue 74 65 ppm
150 Acid Blue 74 70 ppm
151 Vat Blue 6 14 ppm
152 Vat Blue 6 16 ppm
153 Vat Blue 6 18 ppm
154 Vat Blue 6 20 ppm
155 Vat Blue 6 / Acid Blue 74 9.2 ppm / 30.8 ppm
[0034] CIE L*a*b* color values were determined for each sample using a

GretagMacBeth Color-Eye 7000A spectrophotometer. Measurements were taken in
reflectance mode with a large area view using a cool white fluorescent light source
and a 10° observer with specular reflectance included in the measurement. A UV
filter was used to exclude UV light from the light source. The spectrophotometer’s
white calibration tile was placed behind the test plaques during the measurements.



91.061 -0.106 3.565 0.023 0.006 0.006 No 57 90.983 -0.001 3.410 -0.055
0.111 -0.149 No 58 90.589 0.279 2.893 -0.449 0.391 -0.666 No 59 83.622
- 8. 057 - AWO@012/1028036 - 7. 945 -11.519 No 60 91. 067 -0. 060P8TARL010/065297 0. 052
-0.085 No 61 90.834 0.298 3.384 -0.204 0.410
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Measurements were taken on five separate 50.8 mm x 76.2 mm x 1.27 mm (2.00
inch x 3.00 inch x 0.05 inch) test plaques made using the polymer composition, and
the five measurements were averaged to yield a single set of L*, a*, and b* values
for the polymer composition. The L*, a*, and b* values for each sample are reported
in Table 4, 5, or 6 below. The AL*, Aa*, and Ab* values for each sample are also
reported in Table 4, 5, or 6 below. The AL*, Aa*, and Ab* values were determined
by respectively subtracting the L*, a*, and b* values for the relevant control from the
L*, a*, and b* values for the sample.

[0035] In addition to the CIE L*a*b* measurements described above, the
plagues were also presented to a panel of evaluators for qualitative comparison to
the relevant control. In particular, each panelist was presented with two plaques,
one made using one of the above-described samples and the other made from the
relevant control, laid flat against a white surface in an area lit by a cool white
fluorescent light source. Each panelist was then asked to determine if the plaque
made from the above-described sample was, compared to the relevant control, more
visually appealing, less visually appealing, no different, or substantially colored. The
sample plaques rated as more visually appealing by a majority of the panelists are
identified in Table 4, 5, or 6 with a “yes” in the “Enhanced” column. Those sample
plagues that were rated as less visually appealing, no different than the control
plaque, or substantially colored are identified in Table 4, 5, or 6 with a “no” in the

“Enhanced” column.

Table 4. L*, a*, b*, AL*, Aa*, and Ab* values and enhancement determinations for

Control 1 and Samples 1-61.

Sample L* a* b* AL* Aa* Ab* Enhanced
Control 1 | 91.038 | -0.112 | 3.559 - - - -

1 91.067 | -0.114 | 3.489 | 0.029 | -0.002 | -0.070 Yes

2 91.011 | -0.116 | 3.428 | -0.027 | -0.004 | -0.131 Yes

3 90.966 | -0.124 | 3.351 | -0.072 | -0.012 | -0.208 Yes

4 90.584 | -0.175 | 3.421 | -0.454 | -0.063 | -0.138 Yes

5 88.929 | -0.329 | 2.750 | -2.109 | -0.217 | -0.809 Yes




-0.175 No WO 2012/ 102805PCT/ US2011/065987 32 Table 5. L*, a*, b*, AL*,
Aa*, and Ab* val ues and enhancenent determ nations for Control 2 and

Sanpl es 6RO0202/108wEpl e L* a* b* AL* Aa* Ab* Enhanced ComrCralS2®10439800
-0.129 3.790 - - - - 62 90.207 -0.297 3.086 -1.093 -0.168 -0.704 Yes 63
89.516 -0.455 2.515 -1.784 -0.326 -1.205 Yes 64 88.721 -0.597 1.918 -2.579
-0.468 -1.872

Sample L* a* b* AL* Aa* Ab* Enhanced
6 90.474 | -0.455 | 3.124 | -0.564 | -0.343 | -0.435 Yes
7 90.912 | -0.293 | 3.395 | -0.126 | -0.181 | -0.164 Yes
8 90.069 | -0.621 | 1.926 | -0.969 | -0.509 | -1.633 Yes
9 90.898 | -0.188 | 3.323 | -0.140 | -0.076 | -0.236 Yes
10 90.988 | -0.116 | 3.531 | -0.050 | -0.004 | -0.028 Yes
" 90.622 | -0.218 | 2.702 | -0.416 | -0.106 | -0.857 Yes
12 90.951 | -0.123 | 3.563 | -0.087 | -0.011 | 0.004 No
13 90.930 | -0.109 | 3.582 | -0.108 | 0.003 | 0.023 No
14 90.662 | -0.086 | 3.591 | -0.376 | 0.026 | 0.032 No
15 87.470 | 0.106 | 3.534 | -3.568 | 0.218 | -0.025 No
16 90.908 | -0.140 | 3.568 | -0.130 | -0.028 | 0.009 No
17 90.960 | -0.149 | 3.612 | -0.078 | -0.037 | 0.053 No
18 91.088 | -0.140 | 3.625 | 0.050 | -0.028 | 0.066 No
19 90.386 | 0.046 | 3.375 | -0.652 | 0.158 | -0.184 No
20 83.413 | 2.961 | 0.823 | -7.625 | 3.073 | -2.736 No
21 90.758 | 0.071 | 3.575 | -0.280 | 0.183 | 0.016 No
22 86.088 | 2.095 | 1.518 | -4.950 | 2.207 | -2.041 No
23 71546 | 6.153 | -4.511 | -19.492 | 6.265 | -8.070 No
24 91.119 | -0.144 | 3.868 | 0.081 | -0.032 | 0.309 No
25 91.033 | -0.551 | 6.015 | -0.005 | -0.439 | 2.456 No
26 90.951 | -0.171 | 3.588 | -0.087 | -0.059 | 0.029 No
27 88.898 | -1.069 | 2.945 | -2.140 | -0.957 | -0.614 No
28 82.785 | -5.980 | 1.021 | -8.253 | -5.868 | -2.538 No
29 89.474 | -1.588 | 1.529 | -1.564 | -1.476 | -2.030 No
30 85.281 | -2.041 | -2.889 | -5.757 | -1.929 | -6.448 No
31 83.293 | -3.440 | -8.775 | -7.745 | -3.328 | -12.334 No
32 60.336 | -8.482 | -43.568 | -30.702 | -8.370 | -47.127 No
33 90.995 | -0.066 | 3.668 | -0.043 | 0.046 | 0.109 No
34 90.504 | 0.498 | 4.424 | -0.534 | 0.610 | 0.865 No




Yes 65 90.153 -0.683 2.797 -1.147 -0.554 -0.993 Yes 66 90.995 -0.537 3.158
-0.305 -0.408 -0.632 Yes 67 90.617 -0.849 2.705 -0.683 -0.720 -1.085 Yes 68
91. 022 -OWRQ@P123102808 -0.278 -0.138 -0.642 Yes 69 90. 944 POTARB013/065987 - 0. 356
-0.149 -0.715 Yes 70 90.718 -0.332 2.938
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Sample L* a* b* AL* Aa* Ab* Enhanced
35 88.388 | -1.044 | 0.313 | -2.650 | -0.932 | -3.246 No
36 80.900 | -3.347 | -7.970 | -10.138 | -3.235 | -11.529 No
37 90.861 | -0.791 | 3.512 | -0.177 | -0.679 | -0.047 No
38 90.261 | -1.785 | 2.320 | -0.777 | -1.673 | -1.239 No
39 90.710 | -0.314 | 3.582 | -0.328 | -0.202 | 0.023 No
40 88.047 | 0.077 | 4.795 | -2.991 | 0.189 | 1.236 No
41 79.674 | 0709 | 7.142 |-11.364 | 0.821 | 3.583 No
42 91.102 | -0.538 | 5.691 | 0.064 | -0.426 | 2.132 No
43 90.423 | 0.932 | 4.161 | -0.615 | 1.044 | 0.602 No
44 90.603 | 0.586 | 6.054 | -0.435 | 0.698 | 2.495 No
45 89.659 | -0.071 | 3.950 | -1.379 | 0.041 | 0.391 No
46 78.475 | 0.158 | 4.812 |-12.563 | 0.270 | 1.253 No
47 88.793 | 0.010 | 4.694 | -2.245 | 0.122 | 1.135 No
48 72.733 | 0.795 | 9.086 |-18.305| 0.907 | 5.527 No
49 90.542 | -0.088 | 3.852 | -0.496 | 0.024 | 0.293 No
50 87.039 | 0.099 | 5497 | -3.999 | 0.211 | 1.938 No
51 71.786 | 0.784 | 9.273 |-19.252 | 0.896 | 5.714 No
52 90.855 | -0.098 | 3.795 | -0.183 | 0.014 | 0.236 No
53 88.272 | 0.051 | 4.880 | -2.766 | 0.163 | 1.321 No
54 82.947 | 0.325 | 6.583 | -8.091 | 0.437 | 3.024 No
55 89.012 | -0.526 | 0.100 | -2.026 | -0.414 | -3.459 No
56 91.061 | -0.106 | 3.565 | 0.023 | 0.006 | 0.006 No
57 90.983 | -0.001 | 3.410 | -0.055 | 0.111 | -0.149 No
58 90.589 | 0.279 | 2.893 | -0.449 | 0.391 | -0.666 No
59 83.622 | -8.057 | -7.960 | -7.416 | -7.945 | -11.519 No
60 91.067 | -0.060 | 3.474 | 0.029 | 0.052 | -0.085 No
61 90.834 | 0.298 | 3.384 | -0.204 | 0.410 | -0.175 No




-0.582 -0.203 -0.852 Yes 71 90.202 -0.519 2.276 -1.098 -0.390 -1.514 Yes 72
91.207 -0.160 3.316 -0.093 -0.031 -0.474 Yes 73 90.987 -0.179 3.091 -0. 313
-0. 050 - OW62912YI®28084 90. 904 -0. 206 2.878 -0.396 -0.077 POTAB201YME598D 90. 637
-0.252 2.480 -0.663 -0.123 -1.310 Yes 76
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Table 5. L*, a* b*, AL*, Aa*, and Ab* values and enhancement determinations for
Control 2 and Samples 62-107.

Sample L* a* b* AL* Aa* Ab* Enhanced
Control 2 | 91.300 | -0.129 | 3.790 - - - -
62 90.207 | -0.297 | 3.086 | -1.093 | -0.168 | -0.704 Yes
63 89.516 | -0.455 | 2515 | -1.784 | -0.326 | -1.275 Yes
64 88.721 | -0.597 1.918 -2.579 | -0.468 | -1.872 Yes
65 90.153 | -0.683 | 2.797 | -1.147 | -0.554 | -0.993 Yes
66 90.995 | -0.537 | 3.158 | -0.305 | -0.408 | -0.632 Yes
67 90.617 | -0.849 | 2.705 | -0.683 | -0.720 | -1.085 Yes
68 91.022 | -0.267 3.148 -0.278 | -0.138 | -0.642 Yes
69 90.944 | -0.278 | 3.075 | -0.356 | -0.149 | -0.715 Yes
70 90.718 | -0.332 | 2.938 | -0.582 | -0.203 | -0.852 Yes
71 90.202 | -0.519 2.276 -1.098 | -0.390 | -1.514 Yes
72 91.207 | -0.160 3.316 -0.093 | -0.031 -0.474 Yes
73 90.987 | -0.179 | 3.091 -0.313 | -0.050 | -0.699 Yes
74 90.904 | -0.206 | 2.878 | -0.396 | -0.077 | -0.912 Yes
75 90.637 | -0.252 | 2.480 | -0.663 | -0.123 | -1.310 Yes
76 91.078 | -0.127 3.213 -0.222 0.002 -0.577 Yes
77 90.998 | -0.143 | 3.118 | -0.302 | -0.014 | -0.672 Yes
78 90.911 | -0.150 | 2.975 | -0.389 | -0.021 | -0.815 Yes
79 90.859 | -0.164 | 2.847 | -0.441 | -0.035 | -0.943 Yes
80 90.711 | -0.178 2.744 -0.589 | -0.049 | -1.046 Yes
81 90.768 | -0.179 | 2.727 | -0.532 | -0.050 | -1.063 Yes
82 90.896 | -0.096 | 3.822 | -0.404 | 0.033 0.032 No
83 90.452 | -0.072 | 3.793 | -0.848 | 0.057 0.003 No
84 89.638 | -0.020 | 3.757 | -1.662 | 0.109 | -0.033 No
85 88.507 | 0.045 3.670 | -2.793 | 0.174 | -0.120 No
86 87.650 | -0.778 | 1.210 | -3.650 | -0.649 | -2.580 No
87 89.268 | -1.495 1.676 -2.032 | -1.366 | -2.114 No




91.078 -0.127 3.213 -0.222 0.002 -0.577 Yes 77 90.998 -0.143 3.118 -0.302
-0.014 -0.672 Yes 78 90.911 -0.150 2.975 -0.389 -0.021 -0.815 Yes 79 90. 859
-0.164 2. 8020120104803 - 0. 035 -0.943 Yes 80 90. 711 -0. 178 PCTA%2010/06897 - 0. 049
-1.046 Yes 81 90.768 -0.179 2.727 -0.532 -0.050
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Sample L* a* b* AL* Aa* Ab* Enhanced
88 88.682 | -1.558 | 1.195 | -2.618 | -1.429 | -2.595 No
89 90.181 | -2.128 1.777 -1.119 | -1.999 | -2.013 No
90 90.954 | -0.699 | 3.162 | -0.346 | -0.570 | -0.628 No
91 89.527 | 0.970 3.016 -1.773 1.099 -0.774 No
92 91.110 | 0.025 3.597 | -0.190 | 0.154 | -0.193 No
93 90.166 | 0.511 3.161 -1.134 | 0.640 | -0.629 No
94 88.918 1.081 2.670 -2.382 1.210 -1.120 No
95 90.621 | -0.576 | 3.389 | -0.679 | -0.447 | -0.401 No
96 89.943 | -0.978 | 3.062 | -1.357 | -0.849 | -0.728 No
97 91.168 | -0.536 | 3.337 | -0.132 | -0.407 | -0.453 No
98 90.846 | -1.237 2.741 -0.454 | -1.108 | -1.049 No
99 91.089 | -0.092 | 3.795 | -0.211 0.037 0.005 No
100 90.128 | -0.019 4.222 -1.172 0.110 0.432 No
101 90.559 | -0.095 | 3.911 -0.741 0.034 0.121 No
102 90.377 | -0.044 4.261 -0.923 0.085 0.471 No
103 90.295 | -0.051 4280 | -1.005 | 0.078 0.490 No
104 91.080 | 0.038 3.394 | -0.220 | 0.167 | -0.396 No
105 91.000 | 0.091 3.274 | -0.300 | 0.220 | -0.516 No
106 91.263 | 0.057 3.588 | -0.037 | 0.186 | -0.202 No
107 91.177 | 0.128 3.548 -0.123 0.257 -0.242 No

Table 6. L*, a*, b*, AL*, Aa*, and Ab* values and enhancement determinations for
Control 3 and Samples 108-155.

Sample L* a* b* AL* Aa* Ab* Enhanced
Control 3 | 9124 | -0.13 | 3.688 - - - -
108 91.06 | -0.004 | 3.282 | -0.182 | 0.126 | -0.406 Yes
109 91.02 | -0.004 | 3.186 | -0.221 | 0.126 | -0.502 Yes
110 90.97 | -0.02 | 3.083 | -0.274 | 0.11 | -0.605 Yes
AN 91.13 | -0.093 | 3.458 | -0.113 | 0.037 | -0.23 Yes




-1.063 Yes 82 90.896 -0.096 3.822 -0.404 0.033 0.032 No 83 90.452 -0.072
3.793 -0.848 0.057 0.003 No 84 89.638 -0.020 3.757 -1.662 0.109 -0.033 No
85 88. 50AW0.2025102806 /0 -2. 793 0.174 -0.120 No 86 87.650 POTUAR011/083087 - 3. 650
-0.649 -2.580 No 87 89.268 -1.495
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Sample L* a* b* AL* Aa* Ab* Enhanced
112 91.12 | -0.058 | 3.266 | -0.119 | 0.072 | -0.422 Yes
113 91 -0.043 | 3.148 | -0.237 | 0.087 | -0.54 Yes
114 90.97 | -0.025 | 3.049 | -0.272 | 0.105 | -0.639 Yes
115 91.13 | -0.047 | 3.409 | -0.114 | 0.083 | -0.279 Yes
116 91.11 | -0.017 | 3.289 | -0.127 | 0.113 | -0.399 Yes
17 91.03 | 0.022 | 3.129 | -0.207 | 0.152 | -0.559 Yes
118 90.14 | -0.835 | 2532 | -1.106 | -0.705 | -1.156 Yes
19 88.86 | -0.556 | 1.928 | -2.384 | -0.426 | -1.76 Yes
120 90.35 | -1.073 | 2.341 | -0.895 | -0.943 | -1.347 Yes
121 90.67 | -0.285 | 2.361 | -0.576 | -0.155 | -1.327 Yes
122 90.49 | -0.31 2.123 | -0.753 | -0.18 | -1.565 Yes
123 90.34 | -0.335 | 1.987 | -0.901 | -0.205 | -1.701 Yes
124 90.25 | -0.355 | 1.776 | -0.996 | -0.225 | -1.912 Yes
125 90.17 | -0.374 | 1587 | -1.073 | -0.244 | -2.101 Yes
126 90.67 | -0.201 2.5 -0.569 | -0.071 | -1.188 Yes
127 90.53 | -0.213 | 2.442 | -0.707 | -0.083 | -1.246 Yes
128 90.47 | -0.225 | 2.086 | -0.774 | -0.095 | -1.602 Yes
129 90.29 | -0.246 | 1.889 | -0.954 | -0.116 | -1.799 Yes
130 90.13 | -0.263 | 1.643 | -1.107 | -0.133 | -2.045 Yes
131 90 -0.279 | 1.386 | -1.243 | -0.149 | -2.302 Yes
132 90.81 | -0.377 | 3.113 | -0.429 | -0.247 | -0.575 Yes
133 90.35 | -0.618 | 2.637 | -0.892 | -0.488 | -1.051 Yes
134 89.83 | -0.83 | 2.207 | -1.415 | -0.7 | -1.481 Yes
135 91.09 | -0.005 | 3.403 | -0.151 | 0.125 | -0.285 No
136 91.03 | 006 | 3.214 | -0.211 | 0.19 | -0.474 No
137 90.98 | 0.062 | 3.144 | -0.266 | 0.192 | -0.544 No
138 90.91 | 0.048 | 3.064 | -0.336 | 0.178 | -0.624 No
139 90.87 | 0.041 | 2969 | -0.37 | 0.171 | -0.719 No
140 90.82 | -0.002 | 2.849 | -0.418 | 0.128 | -0.839 No




1.676 -2.032 -1.366 -2.114 No WD 2012/ 102805PCT/ US2011/ 065987 33 Sanple L*
a* b* AL* Aa* Ab* Enhanced 88 88.682 -1.558 1.195 -2.618 -1.429 -2.595 No
89 90. 181Wo201b2®28D5777 -1.119 -1.999 -2.013 No 90 90. 952CTAISEAI/ 0859852
-0.346 -0.570 -0.628 No 91 89.527 0.970 3.016 -1.773
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Sample L* a* b* AL* Aa* Ab* Enhanced
141 90.71 | 0.027 | 2.767 | -0.533 | 0.157 | -0.921 No
142 91.03 | 0.045 | 3.043 | -0.214 | 0.175 | -0.645 No
143 90.88 | 0.081 | 2935 | -0.357 | 0.211 | -0.753 No
144 90.8 0.109 | 2.839 | -0.444 | 0.239 | -0.849 No
145 89.76 | -1.246 | 1.932 | -1.478 | -1.116 | -1.756 No
146 89.49 | -1.394 | 1.735 | -1.749 | -1.264 | -1.953 No
147 89.43 | -1.423 | 1.657 | -1.816 | -1.293 | -2.031 No
148 88.43 | -0.662 | 1.508 | -2.813 | -0.532 | -2.18 No
149 88.33 | -0.645 | 1.559 | -2.912 | -0.515 | -2.129 No
150 88 -0.698 | 1.331 | -3.239 | -0.568 | -2.357 No
151 90.15 | -1.239 | 2.065 | -1.095 | -1.109 | -1.623 No
152 89.93 | -1.458 | 1.788 | -1.31 | -1.328 | -1.9 No
133 89.7 | -1.627 | 1537 | -1.546 | -1.497 | -2.151 No
154 89.57 1.8 1.324 | 167 | -1.67 | -2.364 No
155 89.3 1.06 | 1.782 | -1.946 | -0.93 | -1.906 No
[0036] In order to aid in the analysis and comparison of the results, the CIE

L*a*b* measurements and the visual evaluations were used to generate plots of the
Aa* and Ab* values and the absolute a* and b* values for each plaque. The plot of
the Aa* and Ab* values is depicted in Figure 1. In the plot depicted in Figure 1, the
plagues which were determined to be more visually appealing than the relevant
control are represented by a dot (e) located at the coordinates of the appropriate Aa*
and Ab* values and those plaques which were determined to be less visually
appealing, no different than the control, or substantially colored are represented by a
circle (o) located at the coordinates of the appropriate Aa* and Ab* values. As can
be seen from an examination of Figure 1, those plaques which were determined to
be more visually appealing than the relevant control fall within a particular area of the
plot. This area is bound by the line segments A, B, C, and D, and each line segment
can be defined by one of the following equations:



1.099 -0.774 No 92 91.110 0.025 3.597 -0.190 0.154 -0.193 No 93 90. 166
0.511 3.161 -1.134 0.640 -0.629 No 94 88.918 1.081 2.670 -2.382 1.210

-1. 120 NowO2020108803 - 0. 576 3.389 -0.679 -0.447 -0.401 NeCPaA/se@194387 0. 978
3.062 -1.357 -0.849 -0.728 No 97 91. 168
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(A)  Ab* =0 — (2.8571 X Aa*)
(B)  Ab* = —1.5231 + (5.8461 x Aa*)
(C)  Ab* = —2.6000 — (1.0909 X Aa*)
(D)  Ab* =0 + (1.2727 X Aa”).

Thus, the area in which the more visually appealing plaques fall can be defined as
those points in which the Aa* and Ab* values satisfy each of the following

inequalities:

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.5231 + (5.8461 X Aa*)
Ab* > —2.6000 — (1.0909 X Aa*)

Ab* < 0 + (1.2727 X Aa*)

when Ab* is not zero. Within this area, Applicants believe that the area bound by
line segments A, E, F, G, and D is more preferred, where each line segment is

defined by one of the following equations:

A)  Ab* =0 — (2.8571 x Aa*)

(

(E)  Ab* = —1.325 + (7.4 X Aa”)

(F)  Ab* = —2.5385 — (2.3077 X Aa®)
(G) Ab* = 1.8+ (7.3333 X Aa®)

(D)  Ab* =0 + (1.2727 X Aa®).

This area can be defined as those points in which the Aa* and Ab* values satisfy
each of the following inequalities:

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.325 + (7.4 X Aa*)
Ab* > —2.5385 — (2.3077 X Aa*)
Ab* < 1.8 + (7.3333 X Aa®)
Ab* < 0 + (1.2727 X Aa*)



-0.536 3.337 -0.132 -0.407 -0.453 No 98 90.846 -1.237 2.741 -0.454 -1.108
-1.049 No 99 91.089 -0.092 3.795 -0.211 0.037 0.005 No 100 90.128 -0.019
4.222 -1.M02012/1018950. 432 No 101 90.559 -0.095 3.911 -0. PET/U32@34638121 No
102 90.377 -0.044 4.261 -0.923 0.085 0.471
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when Ab* is not zero. Applicants also believe that the area bound by line segments
A, H, J, K, and D is even more preferred, where each line segment is defined by one

of the following equations:

(A)  Ab* =0 — (2.8571 X Aa*)

(H)  Ab* = —0.8 + (7.4 X Aa®)

(J)  Ab* = —1.75— (2.3077 X Aa*)
(K)  Ab* = 0.9 + (7.3333 X Aa®)
(D)  Ab* =0 + (1.2727 X Aa”).

This area can be defined as those points in which the Aa* and Ab* values satisfy

each of the following inequalities:

Ab* < 0 — (2.8571 X Aa*)
Ab* > —0.8 + (7.4 X Aa®)
Ab* > —1.75 — (2.3077 X Aa®)
Ab* < 0.9 + (7.3333 X Aa®)
Ab* < 0 + (1.2727 X Aa*)

when Ab* is not zero.

[0037] As noted above, the CIE L*a*b* measurements and the visual
evaluations were used to generate plots of the absolute a* and b* values for each
plague. The plot of the a* and b* values is depicted in Figure 2. In the plot depicted
in Figure 2, the plagues which were determined to be more visually appealing than
the relevant control are represented by a dot (e) located at the coordinates of the
appropriate a* and b* values and those plaques which were determined to be less
visually appealing, no different than the control, or substantially colored are
represented by a circle (o) located at the coordinates of the appropriate a* and b*
values. As can be seen from an examination of Figure 2, those plaques which were

determined to be more visually appealing than the relevant control fall within a
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particular area of the plot. This area is bound by the line segments L, M, N, and P,

and each line segment can be defined by one of the following equations:

(L) b*=34— (14196 % a*)
(M) b*=31+(9xa"
(N) b=1-a

(P)  b*=3.6174+ (0.7449 x a*).

Thus, the area in which the more visually appealing plaques fall can be defined as
those points in which the a* and b* values satisfy each of the following inequalities:

b* < 3.4 — (14196 X a*)
b*>3.1+ (9 xa’)
b*>1—a*

b* < 3.6174 + (0.7449 X a*).

Within this area, Applicants believe that the area bound by line segments L, Q, R, S,
and P is more preferred, where each line segment is defined by one of the following

equations:

L) b*=34— (14196 X a*)
Q) b* =3.35+(10.25 X a*)
R) b*=1.0313 — (1.7187 X a*)
S)  b*=5.1+ (46364 x a*)
P) b*=3.6174+ (0.7449 x a*).



a* b* AL* Aa* Ab* Enhanced Control 3 91.24 -0.13 3.688 - - - - 108 91.06
-0.004 3.282 -0.182 0.126 -0.406 Yes 109 91.02 -0.004 3.186 -0.221 0.126
-0.502 Ye®O02a2/1928097 -0.02 3.083 -0.274 0.11 -0.605 YesPLTWSAM103598D. 093
3.458 -0.113 0.037 -0.23

39

This area can be defined as those points in which the a* and b* values satisfy each
of the following inequalities:

b* <3.4— (14196 X a*)
b* > 3.35 + (10.25 X a*)
b* >1.0313 — (1.7187 X a*)
b* < 5.1+ (4.6364 X a)
b* < 3.6174 + (0.7449 X a*).

Applicants also believe that the area bound by line segments L, T, U, V,and P is
even more preferred, where each line segment is defined by one of the following

equations:

L)  b*=3.4— (14196 x a*)

(

(T)  b* =42+ (10.25 X a*)

(U)  b*=18- (17187 x a*)

(V) b* = 4.6+ (46364 X a*)

(P)  b* =3.6174 + (0.7449 X a*).

This area can be defined as those points in which the a* and b* values satisfy each
of the following inequalities:

b* < 3.4— (14196 X a*)

b* > 4.2 + (10.25 X a*)

b* > 1.8 — (1.7187 X a*)

b* < 4.6 + (4.6364 X a)
b* < 3.6174 + (0.7449 X a*).

[0038] All references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference to the same extent as if each
reference were individually and specifically indicated to be incorporated by reference
and were set forth in its entirety herein.
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[0039] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the subject matter of this application (especially in the context
of the following claims) are to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by context. The terms

‘comprising,” “having,” “including,” and “containing” are to be construed as open-
ended terms (i.e., meaning “including, but not limited to,”) unless otherwise noted.
Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein
can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is intended merely to better
illuminate the subject matter of the application and does not pose a limitation on the
scope of the subject matter unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as
essential to the practice of the subject matter described herein.

[0040] Preferred embodiments of the subject matter of this application are
described herein, including the best mode known to the inventors for carrying out the
claimed subject matter. Variations of those preferred embodiments may become
apparent to those of ordinary skill in the art upon reading the foregoing description.
The inventors expect skilled artisans to employ such variations as appropriate, and
the inventors intend for the subject matter described herein to be practiced otherwise
than as specifically described herein. Accordingly, this disclosure includes all
modifications and equivalents of the subject matter recited in the claims appended
hereto as permitted by applicable law. Moreover, any combination of the above-
described elements in all possible variations thereof is encompassed by the present
disclosure unless otherwise indicated herein or otherwise clearly contradicted by

context.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for producing a thermoplastic polymer composition, the
method comprising the steps of:

(a)  providing a thermoplastic polymer;

(b)  providing an additive composition comprising:

(i) at least one clarifying agent selected from the group consisting
of trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate,
lithium 2,2"-methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate
compounds, and acetal compounds conforming to the structure of Formula (1)

R4 Rio Ro

wherein R+, Ro, Rs, R4, Rs, Re, Rz, Rs, Ro, and Ry are each independently

selected from the group consisting of hydrogen, alkyl groups, alkoxy groups,

alkenyl groups, aryl groups, and halogens; and wherein Ry1 is a hydroxyalkyl

group selected from the group consisting of —CHOH and —CHOHCH2OH;

and

(i) a coloring agent; and

(c)  mixing the thermoplastic polymer and the additive composition to
produce a thermoplastic polymer composition,

wherein the thermoplastic polymer and the additive composition are
separately provided; wherein the amount of clarifying agent in the thermoplastic
polymer composition is from about 100 ppm to about 5,000 ppm based on the total
weight of the thermoplastic polymer composition; wherein the amount of coloring
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agent present in the thermoplastic polymer composition is sufficient to produce a
thermoplastic polymer composition exhibiting a Aa* value and a Ab* value satisfying

each of the following inequalities

Ab* <0 — (2.8571 X Aa®)
Ab* > —1.5231 + (5.8461 x Aa*)
Ab* > —2.6000 — (1.0909 x Aa*)

Ab* < 0 + (1.2727 X Aa”)

wherein Ab* is not zero; wherein the Aa* value and the Ab* value are
calculated by measuring an a* value and a b* value exhibited by a 1.27 mm (50 mil)
plague made from a control thermoplastic polymer composition, measuring an a*
value and a b* value exhibited by a 1.27 mm (50 mil) plaque made from the
thermoplastic polymer composition, and subtracting the a* and b* values for the
plague made from the control thermoplastic polymer composition from the a* and b*
values for the plaque made from the thermoplastic polymer composition; wherein the
control thermoplastic polymer composition contains the thermoplastic polymer and
the clarifying agent but does not contain the coloring agent; and wherein the L* value
of a 1.27 mm (50 mil) plaque made using the thermoplastic polymer composition is

about 88 or greater.

2. The method of claim 1, wherein the thermoplastic polymer is a
polyolefin.
3. The method of claim 2, wherein the thermoplastic polymer is selected

from the group consisting of polypropylene homopolymers, polypropylene random
copolymers, and mixtures thereof.

4, The method of any one of claims 1 to 3, wherein the clarifying agent is

an acetal compound conforming to the structure of Formula (l).
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5. The method of claim 4, wherein the clarifying agent is selected from the
group consisting of (a) a compound of Formula (I} in which R+, Rz, Rs, R4, Rs, Re, Ry,
Rs, Ry, and Ry are each hydrogen and Ry1 is —CHOHCH,OH, (b) a compound of
Formula (1) in which R4, Rz, R4, Rs, Re, R7, Re, and Ryp are each hydrogen, Rs and Rg
are each a methyl group, and R4y is =CHOHCH>OH, (c) a compound of Formula ()
in which Ry, R4, Rs, Rs, Rz, and Ry are each hydrogen, Rz, Rs, Rs, and Rg are each a
methyl group, and Ry is —CHOHCH,OH, and (d) mixtures of at least two of (a), (b),
and (c).

6. The method of claim 5, wherein the clarifying agent is a compound of
Formula (I) in which Ry, R4, Rs, Rs, Rz, and Rqp are each hydrogen, Rz, Rs, Rs, and
Rg are each a methyl group, and Ry1is —=CHOHCH,OH.

7. The method of any one of claims 1 to 6, wherein the clarifying agent is
present in an amount of about 1,000 ppm to about 2,500 ppm.

8. The method of any one of claims 1 to 7, wherein the coloring agent is a
pigment.
Sl A method for producing a thermoplastic polymer composition, the

method comprising the steps of:

(a)  providing a thermoplastic polymer;

(b)  providing a clarifying agent selected from the group consisting of
trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate, lithium
2,2'-methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate compounds,
and acetal compounds conforming to the structure of Formula (1)
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R4 Rio Ro

wherein R4, Ry, Rs, R4, Rs, Rg, R7, Rs, Ro, and Ry are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein R11 is a hydroxyalkyl group selected from
the group consisting of —=CH-OH and —CHOHCH,OH;

(c) providing a coloring agent; and

(d)  mixing the thermoplastic polymer, the clarifying agent, and the coloring
agent to produce a thermoplastic polymer composition,

wherein the thermoplastic polymer, the clarifying agent, and the coloring
agent are each separately provided; wherein the amount of clarifying agent present
in the thermoplastic polymer composition is from about 100 ppm to about 5,000 ppm
based on the total weight of the thermoplastic polymer composition; wherein the
amount of coloring agent in the thermoplastic polymer composition is sufficient to
produce a thermoplastic polymer composition exhibiting a Aa* value and a Ab* value

satisfying each of the following inequalities

Ab* < 0 — (2.8571 x Aa®)
Ab* > —1.5231 + (5.8461 X Aa")
Ab* > —2.6000 — (1.0909 X Aa*)

Ab* < 0 + (1.2727 x Aa®)

wherein Ab* is not zero; wherein the Aa* value and the Ab* value are
calculated by measuring an a* value and a b* value exhibited by a 1.27 mm (50 mil)
plaque made from a control thermoplastic polymer composition, measuring an a*
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value and a b* value exhibited by a 1.27 mm (50 mil) plaque made from the
thermoplastic polymer compasition, and subtracting the a* and b* values for the
plaque made from the control thermoplastic polymer composition from the a* and b*
values for the plaque made from the thermoplastic polymer composition; wherein the
control thermoplastic polymer composition contains the thermoplastic polymer and
the clarifying agent but does not contain the coloring agent; and wherein the L* value
of a 1.27 mm (50 mil) plaque made using the thermoplastic polymer composition is

about 88 or greater.

10.  The method of claim 9, wherein the thermoplastic polymer is a

polyolefin.

11.  The method of claim 10, wherein the thermoplastic polymer is selected
from the group consisting of polypropylene homopolymers, polypropylene random
copolymers, and mixtures thereof.

12.  The method of any one of claims 9 to 11, wherein the clarifying agent is

an acetal compound conforming to the structure of Formula (1).

13.  The method of claim 12, wherein the clarifying agent is selected from
the group consisting of (a) a compound of Formula (l) in which R4, Rz, Rs, R4, Rs, R,
R7, Rs, R, and Ry are each hydrogen and Ry is —CHOHCH2OH, (b) a compound of
Formula (1) in which R4, Rz, R4, Rs, Rs, Rz, Rg, and R are each hydrogen, Rs and Rg
are each a methyl group, and Ry is =CHOHCH,OH, (c) a compound of Formula (1)
in which Ry, R4, Rs, Re, R, and Ryp are each hydrogen, Rz, Rs, Rs, and Rg are each a
methyl group, and Ry is —CHOHCH,OH, and (d) mixtures of at least two of (a), (b),
and (c).

14.  The method of claim 13, wherein the clarifying agent is a compound of
Formula (1) in which R1, R4, Rs, Rs, R7, and Ry are each hydrogen, Rz, Rs, Rs, and
R are each a methyl group, and Ry1is —=CHOHCH-OH.
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15. The method of any one of claims 9 to 14, wherein the clarifying agent
is present in an amount of about 1,000 ppm to about 2,500 ppm.

16. The method of any one of claims 9 to 15, wherein the coloring agent is

a pigment.

17.  An additive composition comprising:

(a)  aclarifying agent selected from the group consisting of trisamides,
aluminum 2,2'-methylenebis-(4,6-di- teri-butylphenyl) phosphate, lithium 2,2'-
methylenebis(4,6-di- tert-butylphenyl) phosphate, monocarboxylate compounds, and
acetal compounds conforming to the structure of Formula (l)

()

wherein R4, R;, Rs, Rs, Rs, Re, R7, Rg, R, and Ryp are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein R+1 is a hydroxyalkyl group selected from
the group consisting of —CH>,OH and CHOHCH,OH; and

(b)  acoloring agent,

wherein the additive composition contains about 90wt% or less of a
thermoplastic polymer based on the total weight of the additive composition,

wherein the coloring agent is present in the additive composition in an amount
such that a thermoplastic polymer composition exhibits a Aa* value and a Ab* value

satisfying each of the following inequalities



47

Ab* < 0 — (2.8571 X Aa*)
Ab* > —1.5231 + (5.8461 X Aa")
Ab* > —2.6000 — (1.0909 X Aa*)

Ab* < 0 + (1.2727 X Aa®)

wherein Ab* is not zero; wherein the thermoplastic polymer composition
comprises a thermoplastic polymer and the additive composition in an amount
sufficient to provide about 100 ppm to about 5,000 ppm of the clarifying agent in the
thermoplastic polymer composition, based on the total weight of the thermoplastic
polymer composition; and wherein the Aa* value and the Ab* value are calculated by
measuring an a* value and a b* value exhibited by a 1.27 mm (50 mil) plaque made
from a control thermoplastic polymer composition, measuring an a* value and a b*
value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic polymer
composition, and subtracting the a* and b* values for the plaque made from the
control thermoplastic polymer composition from the a* and b* values for the plaque
made from the thermoplastic polymer composition; wherein the control thermoplastic
polymer composition contains the thermoplastic polymer and the clarifying agent but
does not contain the coloring agent; and wherein the L* value of a 1.27 mm (50 mil)
plague made using the thermoplastic polymer composition is about 88 or greater.

18.  The additive composition of claim 17, wherein the clarifying agent is an

acetal compound conforming to the structure of Formula (I).

19.  The additive composition of claim 18, wherein the clarifying agent is
selected from the group consisting of (a) a compound of Formula (I) in which Ry, Ra,
Rs, R4, Rs, Re, R7, Rs, Re, and Rig are each hydrogen and Ry1 is —CHOHCH2OH, (b)
a compound of Formula (l) in which R4, Rz, R4, Rs, Rs, R7, Re, and Ryp are each
hydrogen, Rs and Rg are each a methyl group, and R41is —CHOHCH2OH, (c) a
compound of Formula (1) in which R4, R4, Rs, Re, R7, and Rig are each hydrogen, R,
Rs, Rs, and Rg are each a methyl group, and R11is =CHOHCH>0OH, and (d) mixtures
of at least two of (a), (b), and (c).
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20. The additive composition of claim 19, wherein the clarifying agent is a
compound of Formula (1) in which R4, R4, Rs, Rs, R7, and Ry are each hydrogen, Rz,
Rs, Rs, and Rg are each a methyl group, and Ry is =CHOHCH,OH.

21.  The additive composition of any one of claims 17 to 20, wherein the

coloring agent is a pigment.

22.  The additive composition of any one of claims 17 to 21, wherein the
coloring agent is present in the additive composition in an amount of about 0.02% to
about 10%, by weight, based on the total weight of clarifying agent and coloring

agent present in the additive composition.

23. A method for producing a thermoplastic polymer composition, the
method comprising the steps of:

(a)  providing a thermoplastic polymer;

(b)  providing an additive composition comprising:

(i) at least one clarifying agent selected from the group consisting
of trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate,
lithium 2,2'-methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate
compounds, and acetal compounds conforming to the structure of Formula (1)

wherein Ry, Rz, Ra, R4, Rs, Re, R7, Rs, Rg, and Ry are each independently
selected from the group consisting of hydrogen, alkyl groups, alkoxy groups,
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alkenyl groups, aryl groups, and halogens; and wherein R1; is a hydroxyalkyl

group selected from the group consisting of ~CH.OH and —CHOHCH:OH,;

and

(i) a coloring agent; and

(c)  mixing the thermoplastic polymer and the additive composition to
produce a thermoplastic polymer composition,

wherein the thermoplastic polymer and the additive composition are
separately provided; wherein the amount of clarifying agent in the thermoplastic
polymer composition is from about 100 ppm to about 5,000 ppm based on the total
weight of the thermoplastic polymer composition; wherein the amount of coloring
agent present in the thermoplastic polymer composition is sufficient to produce a
thermoplastic polymer composition exhibiting an a* value and a b* value satisfying

each of the following inequalities

b* <3.4— (14196 x a")
b*>31+(9%xa")
b*>1-a"

b* < 3.6174 + (0.7449 X a”)

wherein the a* value and the b* value are determined by measuring an a* value and
a b* value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic
polymer composition; and wherein the L* value of a 1.27 mm (50 mil) plaque made

using the thermoplastic polymer composition is about 88 or greater.

24. The method of claim 23, wherein the thermoplastic polymer is a

polyolefin.

25. The method of claim 24, wherein the thermoplastic polymer is selected
from the group consisting of polypropylene homopolymers, polypropylene random
copolymers, and mixtures thereof.
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26. The method of any one of claims 23 to 25, wherein the clarifying agent
is an acetal compound conforming to the structure of Formula ().

27. The method of claim 26, wherein the clarifying agent is selected from
the group consisting of (a) a compound of Formula (1) in which Ry, Rz, Rs, R4, Rs, R,
Rz, Rg, Ro, and Ry are each hydrogen and Ry is —CHOHCH20H, (b) a compound
of Formula (1) in which R4, Ra, R4, Rs, Rs, Rz, Rg, and Ry are each hydrogen, Rs and
Rg are each a methyl group, and R4 is =CHOHCH,0H, (c) a compound of Formula
(1) in which R4, R4, Rs, Rs, R7, and Ryp are each hydrogen, Rz, Rs, Rs, and Rg are
each a methyl group, and R1yis —CHOHCH>OH, and (d) mixtures of at least two of
(a), (b), and (c).

28. The method of claim 27, wherein the clarifying agent is a compound of
Formula (I) in which Ry, R4, Rs, Rs, R7, and R1o are each hydrogen, Rz, Rs, Rs, and
Rg are each a methyl group, and Ry1is =CHOHCH,OH.

29. The method of any one of claims 23 to 28, wherein the clarifying agent
is present in an amount of about 1,000 ppm to about 2,500 ppm.

30. The method of any one of claims 23 to 29, wherein the coloring agent

is a pigment.

31. A method for producing a thermoplastic polymer composition, the
method comprising the steps of:

(a)  providing a thermoplastic polymer;

(b)  providing a clarifying agent selected from the group consisting of
trisamides, aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate, lithium
2,2'-methylenebis(4,6-di- tert-butylphenyl) phosphate, monocarboxylate compounds,
and acetal compounds conforming to the structure of Formula (1)
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R Rio Ro

wherein Ry, R, Rs, R4, Rs, R, Rz, Rs, Rg, and Ry are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein R+ is a hydroxyalkyl group selected from
the group consisting of —CH>OH and —CHOHCH.OH;

(c)  providing a coloring agent; and

(d)  mixing the thermoplastic polymer, the clarifying agent, and the coloring
agent to produce a thermoplastic polymer composition,

wherein the thermoplastic polymer, the clarifying agent, and the coloring
agent are each separately provided; wherein the amount of clarifying agent present
in the thermoplastic polymer composition is from about 100 ppm to about 5,000 ppm
based on the total weight of the thermoplastic polymer composition; wherein the
amount of coloring agent in the thermoplastic polymer composition is sufficient to
produce a thermoplastic polymer composition exhibiting an a* value and a b* value
satisfying each of the following inequalities

b* < 3.4 — (14196 x a*)
b*>3.1+(9x%xa’)
b'>1-a

b* < 3.6174 + (0.7449 x a*)

wherein the a* value and the b* value are determined by measuring an a* value and
a b* value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic
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polymer composition; and wherein the L* value of a 1.27 mm (50 mil) plague made
using the thermoplastic polymer composition is about 88 or greater.

32. The method of claim 31, wherein the thermoplastic polymer is a

polyolefin.

33. The method of claim 32, wherein the thermoplastic polymer is selected
from the group consisting of polypropylene homopolymers, polypropylene random

copolymers, and mixtures thereof.

34. The method of any one of claims 31 to 33, wherein the clarifying agent
is an acetal compound conforming to the structure of Formula (1).

35. The method of claim 34, wherein the clarifying agent is selected from
the group consisting of (a) a compound of Formula (1) in which Ry, Rz, R, Rs, Rs, R,
R7, Rs, Rg, and Ry are each hydrogen and Ry; is —CHOHCH,OH, (b) a compound
of Formula (1) in which Ry, Rz, R4, Rs, Rs, Rz, Re, and Ryo are each hydrogen, Rs and
Rs are each a methyl group, and Ry, is —=CHOHCH:OH, (c) a compound of Formula
(I) in which Ry, Ry, Rs, Rs, Rz, and Ry are each hydrogen, Rz, Rs, Rs, and Ry are
each a methyl group, and Ry is —=CHOHCH,0OH, and (d) mixtures of at least two of
(a), (b), and (c).

36. The method of claim 35, wherein the clarifying agent is a compound of
Formula (1) in which Ry, R4, Rs, Re, R7, and Ry are each hydrogen, Rz, Rs, Rs, and
Rg are each a methyl group, and R11is =CHOHCH:OH.

S - The method of any one of claims 31 to 36, wherein the clarifying agent
is present in an amount of about 1,000 ppm to about 2,500 ppm.

38. The method of any one of claims 31 to 37, wherein the coloring agent

is a pigment.
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39.  An additive composition comprising:

(a)  aclarifying agent selected from the group consisting of trisamides,
aluminum 2,2'-methylenebis-(4,6-di-tert-butylphenyl) phosphate, lithium 2,2'-
methylenebis(4,6-di-tert-butylphenyl) phosphate, monocarboxylate compounds, and
acetal compounds conforming to the structure of Formula (1)

(1)

wherein R4, R, Rs, R4, Rs, Rs, Rz, Rs, Re, and Ry are each independently selected
from the group consisting of hydrogen, alkyl groups, alkoxy groups, alkenyl groups,
aryl groups, and halogens; and wherein Ry is a hydroxyalkyl group selected from
the group consisting of —CH,OH and —CHOHCH;OH; and

(b)  acoloring agent,

wherein the additive composition contains about 90wt% or less of a
thermoplastic polymer based on the total weight of the additive composition,

wherein the coloring agent is present in the additive composition in an amount
such that a thermoplastic polymer composition exhibits a a* value and a b* value
satisfying each of the following inequalities

b* < 3.4 — (14196 X a*)
b*>31+(9%a")
b*>21-a"

b* <3.6174 + (0.7449 X a*)
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wherein the thermoplastic polymer composition comprises a thermoplastic
polymer and the additive composition in an amount sufficient to provide about 100
ppm to about 5,000 ppm of the clarifying agent in the thermoplastic polymer
composition, based on the total weight of the thermoplastic polymer composition;
and wherein the a* value and the b* value are determined by measuring an a* value
and a b* value exhibited by a 1.27 mm (50 mil) plaque made from the thermoplastic
polymer composition; and wherein the L* value of a 1.27 mm (50 mil) plaque made
using the thermoplastic polymer composition is about 88 or greater.

40. The additive composition of claim 39, wherein the clarifying agent is an
acetal compound conforming to the structure of Formula ().

41.  The additive composition of claim 40, wherein the clarifying agent is
selected from the group consisting of (a) a compound of Formula (1) in which R4, Rz,
Ra, R4, Rs, Re, R7, Rs, Re, and Ry are each hydrogen and Ry is —CHOHCH,OH, (b)
a compound of Formula (1) in which R+, Rz, R4, Rs, Rs, R7, Re, and Rip are each
hydrogen, Rs and Rg are each a methyl group, and Ry1is —=CHOHCH20H, (c) a
compound of Formula (1) in which R4, R4, Rs, Re, R7, and Rip are each hydrogen, R,
Rs, Rs, and Rg are each a methyl group, and R4y is =CHOHCH,OH, and (d) mixtures
of at least two of (a), (b), and (c).

42.  The additive composition of claim 41, wherein the clarifying agent is a
compound of Formula (1) in which Ry, R4, Rs, Rs, Rz, and Ry are each hydrogen, R,
Rs, Rg, and Rg are each a methyl group, and Ryyis —CHOHCH,OH.

43. The additive composition of any one of claims 39 to 42, wherein the

coloring agent is a pigment.

44.  The additive composition of any one of claims 39 to 43, wherein the
coloring agent is present in the additive composition in an amount of about 0.02% to
about 10%, by weight, based on the total weight of clarifying agent and coloring
agent present in the additive composition.
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45. A thermoplastic polymer composition produced by the method of any
one of claims 1 to 16 and 23 to 38.



