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pol ymers. The plasticized pol yner conpositions are usefuyk HehrMAS20dgs end
use applications including adhesives and caul ks. 23 February 2006 WO
03/ 020814 PCT/ US02/ 21469 LI QUI D BENZOATE ESTER COMPCSI TI ONS AND AQUEQUS

POLYMER ONS CONTAI NI NG THE SAME AS PLASTICl Z %QJND OF THE
| NVENTI W&&a&venti on relates to liquid ester COITDEJS%&([IE@ S. More

particularly, this invention relates to m xtures conprising a diester
derived from a dff87RyPRARAH FUGR THEPHERIEi B 2UEYSor a substituted benzoic
acid and a nenBER CCMEMSITIONE oNDAENANG |ITHESTRMDHAE PLAPBICKYERSne gl ycol or ot her
di hydric al cohol and the sane acid. The weight ratio of nopnoester to
diester in the present conpositions is sufficient to cause the

conpositions to be |iqui I%@RQTQNQOMHEéNVFHéT%Nesem di esters are solids

at this tenperature, The |iquid ester conpositions of the present

i nvent i on Thisdnysatien relates o Nguid asten prepositigns. Moreparticulagly, thig v§ienpol yner

conposi tions useful as adhesives. RELATED COPENDI NG APPLI CATI ONS Thi s

appl i cat i malatestoanixtores commtsingra-digstepdertved frotgri dialkylDe zlyes] aadbenrvicAppl i cat i on
Serial No. 09/945,493, filed August 30, 2001. DESCRI PTION OF THE PRI OR ART
Mono- and agld es4 substitoed baneeclc hieid andemonicstepdericledfidn di ladskyrleene gl ycol s such as
di et hyl ene gl ycol and di propyl ene glycol are known conpounds. The use of

these di ghikgleic glyeslor ohét dikydaoalboNbREnd e Winlelicidi Thé adightvatinéts of the
correspondi ng nonoesters as plasticizers for aqueous pol yner conpositions

i s descri hRfodsRy st irQhe préfcht coﬁ-émﬁﬁo&)i@m?ﬂi&en@fo g datter, United States
Patent No. 5,676, 742, whi c?‘n i ssued to

compositions to be liquids at 28° C. All of the present diesters are solids at this

temperature.

The liquid ester compositions of the present invention are particularly suitable

plasticizers for aqueous polymer compositions useful as adhesives.

RELATED COPENDING APPLICATIONS
This application is a continuation-in-part of United States Patent Application Serial

No. 09/945,493, filed August 30, 2001.

DESCRIPTION OF THE PRIOR ART
Mono- and diesters derived from benzoic acid and diatkylene glycols such as
diethylene glycol and dipropylene glycol are known compounds. The use of these
diesters atone and in combination with limited amounts of the corresponding
monoesters as pIasticiierS for aqueous polymer compositions is described in the prior
art. As an example of the latter, United States Patent No. 5,676,742, which issued to

William Arendt on October 14, 1997, describes plasticized aqueous polymer




W liam Arendt on October 14, 1997, describes plasticized mguaaksoosol ymer
23 February 2006 WO 03/020814 PCT/US02121469 conpositions useful as |atex
caul ks. The primary plasticizer in these conpositions is a diester derived

fron1ben§ﬂ¢ﬁ%ﬁ@%gland di et hyl ene and/ or di propyl ene gh%ﬁﬁk?%égﬁh hydr oxyl

groups of” are esterified. In accordance with't ing of the
af orenenti oned pat en%%lf 0 Arendfks_ Phe short .E.or ned from

0SIONS US s.latex cau Tim ﬁl(ia)%ln {lgrigflt}gceacl:“ li)ssu S 1
aqueous pofYREF RGPS Ti'ORE“E STt alTh ng— SKZ AT EE SEIPEr iyt ene- and/ or

di propyl ene gl ycpl. as. pl asti.ci zers, i.s, the great.er suscepfibility of the
1 hat " Lau kb Senis kif it Gyl PRuboPURREBh o ( he” same
pol ymer conposition and a diester_of phthalic acid such as butyl benzyl
pht hal at e Byirepbemgresof theidied are estidfisd endt patent teaches that even though
nonoesters of glycols are not considered effective plasticizers for
certain applications, relatively low |l evels of diethylene glycol (DEG
nonobenzoat e and/ or di propyl ene gl ycol (DPG nonobenzoate in conbination
W th the clracesraneivitythditdachingefitee aforemintioned peteny tophusadti i zer wer e
sufficient to inprove the fungal resistance exhibited by the caul ks

rel ative tghotttrening efdastkafoereed ingranqueduspplycic enzmaitionydoatining zer s al one

W t hout any substantial adverse effect on the processability of the

pol ymer  codip@sbdtés@fidiethiRi© ugdvordipiopylenelidfcolds pldificiepsie eidigiaitérons of t he
gl ycol or diol nonobenzoates in blends containing the correspondi ng

di benzoat egs@poiBNRE 8 FRA chilk tEfiFal @hacR relatiVy & Qs F&ymﬂe@ﬁéin thbe units for
the "hydroxyl nunber" are understood by those skilled in the art to be

m 11T gr amse,0f nBQhRS St Uids dfikieP 6 prdfaAELAd siRRIPhflylbdnylmebr uary 2006

phthalate as the plasticizer.

The Arendt patent teaches that even though monoesters of glycols are not considered
effective plasticizers for certain applications, relatively low levels of diethylene glycol
.(DBG) monobenzoate and/or dipropylene glycol (DPG) monobenzoate in
combination with the corresponding dibenzoate as the primary plasticizer were
sufficient to improve the fungal resistance exhibited by the caulks relative to the
resistance imparted by dibenzoate plasticizers alone without any substantial adverse

effect on the processability of the polymer compositions.

Throughout this patent the concentrations of the glycol or diol monobenzoates in
blends containing the corresponding dibenzoates are expressed in terms of a
“hydroxyl number”. The units for the “hydroxyl number” are understood by those

skilled in the art to be milligrams of potassium hydroxide per gram of sample.




WO 03/020814 PCT/1TS02/ 21469 The rel ationshi p between thg FeBMrP2006 nunber”
and the rel ative concentration of nonobenzoate in a

nonobenzoat e/ di benzoate blend will be explained in greater detail in a
subsequent _section of this specification. The hydroxyl_ nunbers exhibited by
the m xt AY@LGEi et hyl ene gl ycol mono- and di benzoat®I W4 Esed in the

Arendt pat B rela@étgRip lbeieed the HyldRoxPBauthberthing the Sel@fikdichteRtion bP a
concentration of diethylene glycol nonobenzoate in the mxture of from4 to

18 wei ght pesbe@Bhte it 4 mbRobdRASEARPDat ]Slehﬁ'@vﬁ?be?é&biahﬁ&liﬂ HedidiQe@iit that to be

effective, a water-insoluble plasticizer should be absorbed by the

particles ﬂfasg&'te%l][éﬁ{segﬁcﬁx ?'ﬂﬁdp@ciﬁ‘é&ti@ﬂ“eous enmul sion of the polyner. This
absorption typic y results I'n an 1ncrease in viscosity of the polyner

conposition. Data in Table 6 of the aforenentioned Arendt patent
denonstrate significantly less of an increase in viscosity with increasing

pl asticiz concentration.as .the hydrox # n rrlta)er of .the plasticizer is
i ncreas ed?fhﬁmy@rﬁx elém"@ ieglgﬁigﬂiby ﬁt? réﬁmfeﬁ% ‘é‘ﬁ@‘% ER¥OLROPSAONn of the
-corresponding nonobenzoate in a nonobenzoate/ di benzoate bl end. One skilled
in the artdibmzoninsisloscdin thedtrendt DRtent FnecHARILgddo f$-bribiiee®i @bl that the
nonobenzoat es of diethyl ene and di propylene  glycols are not effective
pl ast i ci z€p § cprsentyagon aédtefbﬂsnﬂgﬁbrcyhmn ppes in thomixtge ebfempddo 1§ n t he pat ent
and woul d not enploy these nonobenzoates as pl asticizers in aqueous
pol ymer cowpgldptreons unl ess i nproved fungal resistance was a requirenent
for the final product. The use of the nobnobenzoate of
2,2,4-trinethyl -1, 4-pentanedi ol as a plasticizer for polyvinyl chloride is
described in United States Patent No. 5,006, 585, which issued to 23
February 23pP@@nderstood by those skilled in the art that to be effective, a water-insoluble

plasticizer should be absorbed by the particles of polymer present in an aqueous

emulsion of the polymer. This absorption typically results in an increase in viscosity

of the polymer composition. Data in Table 6 of the aforementioned Arendt patent

demonstrate significantly less of an increase in viscosity with increasing plasticizer

concentration as the hydroxyl number of the plasticizer is increased, which is

equivalent to an increased concentration of the corresponding monobenzoate in a

monobenzoate/dibenzoate blend. One skilled in the art of polymer chemistry would

conclude from these data that the monobenzoates of diethylene and dipropylene

glycols are not effective plasticizers for the aqueous polymer compositions described

in the patent and would not employ these monobenzoates as plasticizers in aqueous

polymer compositions unless improved fungal resistance was a requirement for the

final product.

The use of the monobenzoate of 2,2 4-trimethyl-1,4-pentanediol as a plasticizer for

- polyvinyl chloride is described in United States Patent No. 5,006,585, which issued to




WO 03/ 020814 PCT/ US02/ 21469 DiBella on April 9,1991. Beoauggrps)yoiehy!
chloride is processed as a nolten material, any adverse effect” of the
pl asticizer on the viscosity or processability of aqueous polyner

di spersigns is not a consideration. The only criterion for the nmeltin

g
poi nt of YRE/WBI4ticizer is that it be bel ow the nelt FRFUSH2#0f pol yvi nyl
chloride. T resent, . ion_is hased on the fol] ow ng unexpected
findi ngs. 115 &?ﬁaeona‘gmitg { gbﬁ?géecﬁusﬁpmcglfmg%ﬁgfocisﬁc‘{/\gia (?teﬂer cent of a

nonobenzoate of .a specifj.ed ass of dio]s.and glycols . .to a.di benzoate of
These. di or it gny BESe eHet of hEMgEiamion tasvisgSlebr bt @y L it ur o

that is aliquid at this tenperature. Liguid plasticizers are advantageous
rel ative ta¥sLs pelpRerdispaisignsie nptagansderation. dheendy critgriondprihemsiting and bl end.
They also elimnate the need to heat aqueous pol ynmer conpositions during or
fol i owi ng argiit of thaplesticizhias flatis bs bdlovethe msltmg powkofinelyvowhehderiler i but i on of

pl astici zer throughout the polyner conposition and absorption of the

pl asticizer by the enulsified polynmer particles. 2. The reduction in

pl asticizer efficacy with increasing nonobenzoate concentration that is
denonst r at éithe pyesdnin velaioa id basddva tif ollenng inapettdAindinds. patent is not
observed when the concentration of nonobenzoate is increased beyond the

limts taughti, imie hdditfonah afiimulrofbbdut 2OlweigREyRELitioB A ofdithiate i@ i NCr ease
in viscosity at |east equivalent to that achieved using diethyl ene gyl col

di benzoat e asgpbdifedPls®oftlials hlddi¥®lsto MiibERdarobAhes IR SRlely8ls that 990, 214,

i ssued on Novenber 23, 1999 to Arendt et al. discloses mxtures conprising

the di benzoaties gt fDBB ANl In PR Ratdh ¥ Bl ot TRE REpe b AL FRRKNI bi ¢

eutectic freezing pornt tha ow the treezing point o It her

plasticizers are advantageous relative to solid ones because liquids are easier to
transport and blend. They also eliminate the need to heat aqueous polymer
compositions during or following addition of the plasticizer to ensure uniform
distribution of plasticizer throughout the polymer composition and absor;;tion of

the plasticizer by the emulsified polymer particles.

2. The reduction in plastigizer efficacy with increasing monobenzoate
concentration that is demonstrated by the data in the aforementioned Arendt
patent is not observed when the concentration of monobenzoate is increased
beyond the limits taught in this patent. Preferred compositions exhibit an
increase in viscosity at least equivalent to that achieved using diethylene gylcol

dibenzoate as the sole plasticizer.

United States Patent No. 5,990,214, issued on November 23, 1999 to Arendt et al.
discloses mixtures comprising the dibenzoates of DEG and triethylene glycol. These

blends exhibit a eutectic freezing point that is below the freezing point of either




4 23 February 2006 WO 031020814 PCT/ US02/ 21469 conponent idheatyeioosNo
nonobenzoates of these glycols are disclosed or suggested in this patent
as required or optional plasticizers. SUMVARY OF THE | NVENTI ON An aspect of
t he presgobsmwsenti on provides a |liquid ester conposigdrarsogaag i Si ng: at

| east one nonoester represented by the fornula HXC(OR and at |east one
~di est er r epnmentidedteh\yNd inendbenzvattooffhecEYIENB( 09 HsclosedhesuggasteXimnd Y are

i ndividually selected fromthe group consisting of -[OCH2CH2], O, and -WO,
sai d di esilfypatent & reqfiredlodptiafl flastidizediss phenyl or substituted phenyl, R2 is
selected fromthe group consisting of linear al kylene containing 3 or 4
carbon atons, -CH2CH(CH3)CH2 - and -CH2C(CH3)2CH2-; nis 1, 2 or 3, and
wherein said conposition is aliquid at 28 C. The concentration of

nmonobenzoat e required to sUMUARY OF RHEINOENPRSGtiON is typically at |east
about 20 wei ght percent of the nono-/dibenzoate m xture. The present

99. f h
ronobanz oA a¥ a‘aﬁ@%ﬁ%‘%@m@*ﬁ%ﬁmﬂ%ﬁ%@ B &&houfon oBPYRr conposi ti ons
wherein th L& t f 1
erein {he. POk KR ond SondBkARh EEA BV R SRR EARSYR' (10 of 1

pol ynmeri zed viny ers rnc
and copol ymers, ply %ﬁ‘é HetS i Sethd l) e rorSAT R QNEYEISRE "

wherein X and Y are individually selected from the group consisting of

acet at e,

-[OCH,CH,J,0 , and -OR%0-,

said diester is a solid at 28° C,

R' is phenyl or substituted phenyl,

R? is selected from the group consisting of linear alkylene containing 3 or 4 carbon
atoms, -CH;CH(CH3)CH, - and ~CH,C(CH3),CH,-;

nisl,2or3,

and

wherein said composition is a liquid at 28°C.

The concentration of monobenzoate required to yield a liquid composition is typically
at least about 20 weight percent of the mono-/dibenzoate mixture. The present

compositions can contain up to 99 weight percent of the present monobenzoates.

One embodiment may provide plasticized polymer compositions wherein the polymer is
selected from the group consisting of 1) polymerized vinyl esters including but not
limited to polyvinyl acetate, and copolymers of said esters with at least one olefin

such as ethylene and 2) polymerized esters of ethylenically unsaturated carboxylic




such as ethylene and 2) polynerized esters of ethyl enicaklipg $isat ed
carboxylic 5 23 February 2006 WD 03/020814 PCTI US02/ 21469 aci ds such as
acrylic_and nethacrylic acids, including copolyners of these esters with
ol ef i nsWORH208Y ot hyl ene and styrene, and 3) condensRGTIRFHHHMers such as

pol yesters,, an ol yam des., Th l.astici,.zer can co ise . a ligquid benzoic
Do 1 et aiids S8 Ry Brprd et e B e iafe Brveliners StheR Erda iy “or e

present invention provides a pol C osition conpyisin A. an organic
pol ymer dHgfingsu ﬁsﬁthﬁlﬁma'@dfyf?”&i %‘HBS ?QS‘%%B%H? YPETSHC asp‘?ﬂl‘%ﬁﬁs of an ester
conposition that is a liquid at 28C and conprises: at |east one nonoester
r epr esentasd pplyamides. Thy pletisizeneay cyprise, Hquidbenpeip a¢id si@ caMBHOR of epr esent ed
by the formula R (QCYC(OR, wherein X and Y are individually selected
from t he the pragsnicioyastien.i ng of -[ OCH2CH2] O and- OR20-, said diester is a

solid at 28C, R is phenyl or substituted phenyl, R2 is selected fromthe
group consisting of linear alkylene containing 3 or 4 carbon atons,

- CH2CH( 2- and. - CH2C(CH3) 2CH2-;. n is 1, 2 or 3, and wherein said
. conposi AR OEsaS ?fd{ﬁ A LT BenO S RTPPIBRD SEPHFEE| NVENTION The
D benzoate | n%r. eaclili o?gatnic polymer and

B. an amount sufficient to plasticize said polymer of an ester composition that
is a liquid at 28°C and comprises:
at least one monoester represented by the formula HXC(O)R' and
at least one diester represented by the formula R' (O)CYC(O)R!,
wherein X and Y are individually selected from the group consisting of
-[OCH;CH,],0 and -OR’0O-,
said diester is a solid at 28°C,
R' is phenyl or substituted phenyl,
R? is selected from the group consisting of linear alkylene containing 3 or 4
carbon atoms, -CH,CH(CH;)CH,- and —~CH,C{CH,),CH,-;

nisl, 2 or3, and

wherein said composition is a liquid at 28°C.

DETAILED DESCRIPTION OF THE INVENTION
The Dibenzoate Ingredient
The dibenzoates present in the liquid ester compositions of this invention include
(1) the dibenzoates of ethylene glycol, diethylene glycol or triethylene glycol, the
ester being represented by the formula RI(O)C[OCHZCHQ],.OC(O)R' and/or
(2) the dibenzoates of certain diols, the ester being represented by a formula

R'(0)COR*OC(O)R'.




The di benzoates present in the liquid ester conpositiong3giephfatyp200svention
include (1) the dibenzoates of ethylene glycol, diethylene glycol or
triethylene glycol, the ester being represented by the formula
R (O COCH2CH]"OC(O R and/or (2) the di benzoates of certain diols, the
ester bei % sebruary 2006
When t he ﬂn@‘ﬁ%@gh 'or]}T"agl Eéﬁ%géatggsrqéé er| vegl 0%1&%% F?ﬁ%‘ﬁ?%d:dl ol cgn be
at | east %1 of 1, 3-propanediol; 1, 4 but anedi ol ; 2met hyl - 1, 3- propanedi ol ;
ent yl

and neop egcoI (2,2- dinet hyI , 3-pr opanedl ol). The Mnobenzoate
| ngr edi ent _ The enpzoat uit for e in the i,ons of the
present {\@ blfé ﬁ’é’%é %{qt};ﬂ-?rﬂgana ﬂhﬁgﬂ@gﬁﬂ%ﬁ ?&HZCHZ] "

OC(O R and HOR2 OC( In t he general fornulae of the present nono-and

di benzoat@@ethﬂlﬁ'@mpé%“élm‘)s phenyl or substituted phenyl, R2 is selected
fromthe group consisting of Ilinear al kylene radicals 5a 23 February 2006
WO 03/020814 PCT1US02121469 containing 3 or 4 carbon atons, -CH2CH(CH3) CH2
- and -CH2C(CH3) 2CH2-; and nis 1,2 or 3. In preferred conpositions of the

~ present iThedvibriobenzpite Infirgiismy oat e and at |l east a portion of the
nonobenzoate are derived fromdi et hyl ene glycol, hereinafter referred to

as DEG orThé-matiobstizoatds, stitatiks fopaseéﬁltlﬁlcomb@itmnmaﬂmepresmf mventidnae as MPD. Ot her
nmono-

represented by the general formulae HHOCH,CH;],0C(O)R' and HOR’OC(O)R'.

In the general formulae of the present mono-and dibenzoates, R' represents phenyl or

substituted phenyl, R? is selected from the group consisting of linear alkylene radicals

ba




and di benzoates of the present invention can also be presegijmaRrgiaration
of the Present Ester Conpositions One enbodi nent of the present

nono-/ di ester bl ends wherein both the diester and at |east a portion of

t he nonoester are derived fromthe sane di hydric al cohgl n._b pr epar ed
using a tWé\ﬂff"?zP’Bﬁal esterification reaction using 1) b%%@ﬁ%afﬂgg% d, a

substi t ut i I t 10 } i 2) the

desi T ed i R e S s O R O TR s
reactions I_sg%p:.,as transesterifcation using a benzoate ester in place of
benzoi ¢ acrd can be used to prepare the diester. Dependi ng upon the nolar
rati o of nono- to dibenzoate desired in the final product, the nolar ratio
of the acid or acid halide to the dihydric alcohol in the initial reaction
m xture is typically from1;1 to about 1.7:1, and the reaction is continued
unti | subsli’QFFt%?@alc Bgsftiogs Oﬁt&%prie?ﬁm( ‘i“&‘fn“a’&a’ﬂ%WSEZOP@QE‘f@d‘?aSWen at |east one
of the nonoesters in the present conposjtions is not derived from the sanme
di hydri c atosismef themonsbenpratere derbved &pm digleylons ghisel ksreipafiepredesieded separatel y
and then conbined with the diester. 7 23 February 2006 WO 031020814

PCT/ US02/ 24 460EGIor 2-giethyl-d,3 ipeopapgshiolelrereinagier tefesned tdsIMEa. Qthermeanoar t t hat when
it is desired to renove at |east a portion of the nonoester froma product
m xt ur e wahth dibliezoatey sfelspesdntigventoresinatsp bt piesencan be acconpl i shed usi ng
distillation or other purification technique. Benzoic acids suitable for
use in preparing the nono- and diesters of the present conpositions can be
represented by the general fornmula HQ(O CAr, wherein Ar represents an

unsubst i t WeSr0bn StisSPldctt BgerRidaYsitismdi cal . Substituents that can be

One embodiment of the present mono-/diester blends wherein both the diester and at
least a portion of the monoester are derived from the same dihydric alcohol can be
prepared using a traditional esterification reaction using 1) benzoic acid, a substituted
* benzoic acid or the corresponding acid halide and 2) the desired dihydric alcohol as
reactants. Alternatively, other known reactions such as transesterification using a

benzoate ester in place of benzoic acid can be used to prepare the diester.

Depending upon the molar ratio of mono- to dibenzoate desired in the final product,
the molar ratio of the acid or acid halide to the dihydric alcohol in the initial reaction
mixture is typically from 1:1 to about 1.7:1, and the reaction is continued until

substantially all of the initial acid has reacted.

When at least one of the monoesters in the present compositions is not derived from
the same dihydric alcohol(s) as the diester(s), the monoester is prepared separately

 and then combined with the diester.




present on the phenyl radical include but are not |imtefH.gralkios adi cal s
containing froml to about 4 carbon atons and hal ogen at ons. anpl es of
substituted benzoic acids include but are not limted to ortho-, neta-,

and para- ‘25%‘;3’@312(:! d and the various halogenated bené’%}@@% 13? such as

o-chl orob cid. The preference for unsubstltute acid as a

reactant 119,01, JA%: Rlhdle Lifea I RSHARAL AN 1D t}g%% esters of the

present conpositio I'S based on the cost of this
conpound. Th dr| al.cohg SheS U t for preparing the
pr esent es 5E’db%fﬂ‘f:|18?1n§ %%er ff udeg rq}’g'ﬁSW1¢1yco°”e H%/I ene glycol,

triethyle r edi o A- but

2. et hy| -@%S?eﬁr@'ﬁawet&iasw%ﬁﬁﬁﬁﬁ%a%ﬁ%twaP § Piriiation eIkt o5 of al | of
these dihydric alcohols nmelt at 28 C or above. M ni mum Monobenzoate
Concentrations for Liquid Conpositions Wile the pr esent di benzoates are
effective plasticizers for aqueous_ organi c pol conpositions, a

di sadvant dtpazei¢ atidisyiabli foevse mprerariag therrongopns Saﬁqféhezm?sefﬂor aqueous 23
February 2006 WO 03/020814 PCTI US02121469 pol ynmer conpositions processed
at anbi entcompogi@macarbe remesehted by the genskal ForyuladI(OICHE, wheresssr di esters are at
| east 28 C. This becones an issue when it is desired to transport the

pl asti ci zeepresents bh emydbstitutedidr butatituted paenytrapiohly febstituerdethateoabbent condi ti ons.
The preferred di benzoates of diethylene glycol (DEG and

2- et hyl - ﬁre%er%ﬁmrpﬂ&iymadicélmdcmt ire abt 128ted todIkly] 4aidals dogapAg | vel y. The
correspondi ng nonobenzoates of these and other dihydric al cohols of the

present i BaNT {oQBodtRlchrbBehioms 281 HalogeMAVRY. %xam?l@?oﬁ%‘hbﬁftut@d Benzdipcl udi ng the
af orenenti oned patent to Arendt, suggests t ha hese
acids include but are not limited to ortho-, meta-, and para-toluic acid and the various

halogenated benzoic acids such as o-chlorobenzoic acid.

The preference for unsubstituted benzoic acid as a reactant for preparing both the
dibenzoate and monobenzoate esters of the present compositions is based on the cost

and availability of this compound.

The Dihydric Alcohol

Dihydric alcohols suitable for preparing the present ester compositions include
ethylene glycol, diethylene glycol, triethylene glycol, 1,3-propanediol, 1,4-butanediol,
2-methyl-1,3-propanediol, and neopenty! glycol. The dibenzoates of all of these

dihydric alcohols melt at 28° C or above.

Minimum Monobenzoate Concentrations for Liquid Compositions

While the present dibenzoates are effective plasticizers for aqueous organic polymer

compositions, a disadvantage of these dibenzoates as the sole plasticizer for aqueous




- monobenzoates are not useful plasticizers relative to thg mgrhesaRedi Ng
di benzoates because the nonobenzoates were considered | ess conpati bl e than
t he correspondi ng di benzoates wi th aqueous enul sions containing acrylic

and/ or VW%&?&W; Bolyrrer S. The present invention is %@@S&ggggthe

di scover resent di benzoate/ monobenzoate M are not only

| i qui ds at _.anbi ent t. eratur but . .in ny. .| ances, are equally

of fact | vePHyagt SEPoHERRsRestiny “Ba PRI bR i ato e

correspondi ng._.di benzoat e us lqne. For.this reasqon.the preferred
nonobenz oﬂ\eﬁﬁ( digstersgfe E‘g?f?{ %ﬁ gfﬁﬁfg’ef‘ﬁne%n feehen 1138 ?SHEJ]tBF‘gE@ﬂﬁ ester

conposi tions. The concentrati on of nonobenzoate required tg achieve a bl end
with the themlasidzssaer blepddi withameiganiq pedmer ander pobigniFonditions. &heyng t he

effi cacy of these blends as plasticizers for aqueous pol ymer conpositions
are not spigfpersd dibenzoatehef digthydene ghycol (PEGhenddymetbybbhpowenedwst ers as

pl astici zers. \Wien the nonobenzoate is diethylene glycol (DEQ

nmonobenz o YRD) meltvatr#8PrG rmar3 el esspastivaly. cBircemespandingymoioberizoates 4 wei ght
percent in a blend with DEG 9 23 February 2006 WO 03/ 020814 PCTI US02/ 21469
di benzoat gesesand ethei digliric@lcohdladheprbdegtrinventiat melsbeow R8LC.thoatevér2 C. Pure DEG
nonobenzoat e exhi bits a hydroxyl nunber of 264 and nelting point below --25

C. Met hodge fpbr A€ IR MIng it féroRertiohal jaieat 16 PR&RI sli@lektd Matthessonobenzoat e in a
m xture containing the nono- and di benzoates of a dihydric al cohol include

but are ngbndtedoh@8lare b6t BERI prashtizéls FROERIRISAHREPonANE dibBRdMEd NY the
hydr oxyl nunber of the m xture. The procedure for determ ning the hydroxyl

NUMET OF b R 50 BRMEHIb&Hzodtes et bnGiabrSd RERGHPRRT thih ATTMdsfiHuing! Ocedure E222,

dibenzoates with aqueous emulsions containing acrylic and/or vinyl ester polymers.

The present inventton is based on the discovery that the present dibenzoate/
monobenzoate mixtures are not only liquids at ambient temperature, but, in many
instances, are equally effective plasticizers for many aqueous polymer emulsions as
the corresponding dibenzoate used alone. For this reason the preferred

mionobenzoate(s) can constitute up to 99 percent of the present ester compositions.

The concentration of monobenzoate required to achieve a blend with the
corresponding dibenzoate that is a liquid at 28° C and the efficacy of these blends as
plasticizers for aqueous polymer compositions are not suggested in the prior art

relating to benzoate esters as plasticizers.

When the monobenzoate is diethylene glycol (DEG) monobenzoate, a minimum

monobenzoate concentration of about 34 weight percent in a blend with DEG




For exanple, pure DEG dibenzoate contains no unreacted hydegyyl-go@ps, and
therefore exhibit a hydroxyl nunmber of 0. Know ng the hydroxyl nhunber for a
parti cul ar nonobenzoat e/ di benzoate bl end, the relative concentration of

nonobenz i he bl end can readily be cal cul ated or I froma
“Apdalel SR

curve of oxyl nunber vs. weight percent npnobenzoa
parti cul ar dp&iz0ste Ratduired idtalty siblond/that ik Gat 10T Clihee DEG

nonobenzoat e/ di benzoat e bl ends exenplified in the aforenmentioned patent to
Arendt 1 ang@nddeRsBatb2xBibita Bar ¥l nlRiber df268 S Hati® Poidi Bedw D5 mMONobenzoat e
concentration in the blend of fromabout 4 to about 18 weight percent.
Optional Ester Ingredients In addition to the nonobenzoat e/ di benzoat e

m xtures descri bed hereinbefore, the present ester conpositions can

i nclude up 0, . aht . . ‘ . di benzoate

al one or ml\%'(‘3 ﬁgse%y\géft&w@%%!& ngﬁépng%rﬁ%ﬁ%%@@go?ég¥(ga%11§r?ce tt e 10 23
February 2006.\WD 03/02081 CT/ USO 469 desj rabl roperties, of the
coter  conpBBATEREE Bar and 4S9 SadHiAge tde nr b A IohimfR oo

di benzoate freezes at 28 C. The presence of DPG nono-and.di benzoates will
al so depr e9gat/ligh F@%@?tﬂsjaas@siaﬂcf gSUpEE By aymien gt PEEidho- and

di benzoates. Pol yner Conpositions Suitable for Use wth the Present
Plasticizers Preferred classes of nononmers used to prepare aqueous pol yner
conpositions suitable for use with the present liquid ester_ conpositions
as pl asti cTheeareceilpre fardeteiining thedydroxyl nnmpereda compopnd pramixge rs such as
vinyl acetate and copol yners of these esters wth olefins such as

et hyl ene, dpcribsd e ASTM tastmdeetlure 13282, mettediBcal | y unsat urat ed aci ds,

For example, pure DEG dibenzoate contains no unreacted hydroxyl groups, and
therefore exhibit a hydroxyl number of 0. Knowing the hydroxyl number for a
particular monobenzoate/dibenzoate blend, the relative concentration of
monobenzoate in the blend can readily be calculated or obtained from a curve of

hydroxyl number vs. weight percent monobenzoate for the particular ester pair.

The hydroxyl numbers for the DEG monbbenzoate/dibenzoate blends exemplified in
~ the aforementioned patent to Arendt range from 12.1 to 58.4. This is equivalentto a
DEG monobenzoate concentration in the blend of from about 4 to about 18 weight

percent.

Optional Ester Ingredients

In addition to the monobenzoate/dibenzoate mixtures described hereinbefore, the
present ester compositions can include up to 70 weight percent of dipropylene glycol

(DPG) dibenzoate alone or mixtures of DPG mone- and dibenzoates to enhance the

10




such as acrylic and nethacrylic acids, and nono- or pol yRyli hegphol s,
condensati on polyners such as pol yesters and pol yam des, and 4)” copol yrrers
derived fromethylenically unsaturated acids or their esters and

ethylenlqﬁbb¥mwﬁﬁaturated hydr ocar bons such as ethyngggngagz Lyrene.
qu e

Because they are liquid at 25 C, the liquid ester co of this

| nvention gre 1Pk ﬁ'{l F)érﬁéjsl dt 'i}le_yF o}rﬁj%ﬁorfsﬁﬁartﬁﬁﬁrlﬁ%m ﬁ%%’l@i? ymer

di spersi ons or si ons Rese aqueols poly 05|t| s are useful in

NUNEr ous c gg%fnz %gGa 1 elﬂlé()%laff{’? ze§ at iSB (é ean'QSﬁnC%L(j)% D@%tr?ono %& Q%Fﬁzgﬁég hesi ve S,

caul ks, rpri‘nt “var es and f oor és for a

vari ety of atlo In add n to ueo dIS n d enul si ons
of pol yrreré’vf‘al%1 eﬁfeé%gﬁfreqzinéﬁf”a eé’fiscod"ff‘%ﬁ?fsﬁﬁﬁ ﬁgﬁ’ ?@B{éﬁ for use
with other forms of polyners, including but not Ilnlted to sol utions of
the polyners in organic |liquids such as nethanol and solids that are
processed as nolten materials. 11 23, February 2006 WO 03/ 020814

PCTI US02/ 2bdigmer Gomgposisionsfaitatiefos Hspwitythe Prosesit Blagticizgisned at | east in part by
the intended end use of the polyner conp05|t|on Pol ymers of vinyl esters
such as vi Byferrad elasserofammoners usegrte pparo fquesns pelyast eampovitiens ol ef i ns such as
ethylene or with esters of acrylic or methacrylic acid are preferred

mat eri al s fubimblathrersd witisthe Pagentliquideston tormpusitiomads phistidizarsAngdwditbut el ating to

t he di benzoates of DEG and DPG as plasticizers in conbination with smal
amount s of ark 6t InMifel &S PO Bxiersnok Bevid atdtate glidsopdipnds aftieeesedi sper si ons of
acrylic polyners useful as |atex caul ks. The acconpanyi ng exanpl es

- denonst r at gidh BRfihdSEPKREhyleBY, 2 esirs 8@bd Bbh ethplefiRAlylunQBurated acids,

such as acrylic and methacrylic acids, and mono- or polyhydric alcohols, 3)
condensation polymers such as polyesters and polyamides, and 4) copolymers derived
from ethylenically unsaturated acids or their esters and ethylenically unsaturated

hydrocarbons such as ethylene and styrene.

Because they are liquid at 25° C, the liquid ester compositions of this invention are
particularly suitable for use with aqueous polymer dispersions or emulsions. These
aqueous polymer compositions are useful in numerous end-use applications, including
but not limited to adhesives, caulks, coatings, inks, overprint vamishes and floor

polishes for a variety of applications.

In addition to aqueous dispersions and emulsions of polymers, the present liquid ester
composition are suitable for use with other forms of polymers, including but not
limited to solutions of the polymers in organic liquids such as methanol and solids

that are processed as molien materials.
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such'as increased open time that can be achieved. Open thRpharffidened as
the maximumtinme interval follow ng application of an adhesive layer to a
surface during which the layer will bond to a surface placed in contact

W th ther‘ggg:g@zig%/lgésTh_e increase in open time is typi ?é@%ﬂ%fm eved with no

change o einset time. Set time is define M ni mum ti me

peri od reql'il‘lg%ée 3%5%9{ sef%”te&‘wﬂ%éc}é r%ﬁf?l&(?ﬁmgast{lg pét bg%ﬁrﬁ&ge& BhaGQ0LARL W th the

adhesi ve tron o I Clzer esive conprising a

di spersed [ p d h of the
adhesi ve. %&K ﬁg %’bom&ﬁnﬁs&&e&s ucggsed@%g?t%{eg?dsﬁ%bgg\nﬁl% exanpl es
represent p erred o |nents t he esent |nvent|o and shoul d not be
i nterpret e8¥§‘§sel$tﬁ{5t‘1“ﬁ‘g£ s sugh8 g ¥lf”%?rf’rd‘5tﬁ" e Ofﬁcqlf?é’r?ﬂ? 8Hp8hyi ng cl ai ms.
Unl ess ot hervvl se specified all parts and percentages are by weight and all
measur emenfdd agdrefprgdmadiaidpradigisct ed  under anbient conditions. 12 23
February 2006 WO 031020814 PCT/ US02121469 Exanple 1 This exanpl e descri bes
the preparation of the present benzoate ester blends using diethylene

gl ycol as the dihydric alcohol. M xtures containing benzoic acid,

di et hyl ene Thy¢ sforzmeatiched p@entue Arghdt rplatinggnthe dileszndtes ofDEGiasd BPGwmsr e, of
zirconui mcarbonate as a catalyst were heated at tenperatures wthin the
range of f phasticizéf ih cordtafationiwithamak arabwits «f ghe opeghomdishmivabtnzogie reans, a
mechani cal stirrer, water-cool ed condenser, and a trap for collecting the
condensed discloses aqueous dispersions of acrylic polymers useful as latex caulks.

The accompanying examples demonstrate the improved level of desirable properties
such as increased open time that can be achieved. Open time is defined as the
maximum time interval following application of an adhesive layer to a surface during
which the layer will bond to a surface placed in contact with the adhesive. The
increase in open time is typically achieved with no change or a decrease in set time.
Set time is defined as the minimum time period required for an adhesive to bond to a
surface in contact with the adhesive. The addition of a plasticizer to an adhesive
comprising a dispersed polymer generally maintains or decreases the set time of the

adhesive.

EXAMPLES
The compositions described in the following examples represent preferred
embodiments of the present invention and should not be interpre_ted as limiting the
invention defined in the accompanying claims. Unless otherwise specified all parts
and percentages are by weight and all measurements and analyses were conducted.

* under ambient conditions.
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water formed as a by-product of the esterification reactiqrpmhie2008 ar

rati os of diethylene glycol to acid (BA DEG Ratio) used in the
preparations are recorded in Table 1. The vaporized water forned as a

by- product of the reaction was condensed and renoved from reaction
mxture YEPHPHHE trap. The progress of the esterificatit b"#@z‘@u on was
noni tored by periodically nmeasuring both the acid content of the reaction
m xture and the volume of condensgd, watgr collected in the trap. The
reacti on was discontinued when the cohcentrati on of benzoic acid was about
0.1 wei ght_percent. . The hydroxyl..nu r he fin r..products

pr epar ed, pgl Bt ?e %S(frgbe§ %lgp %g%lr!(i:thqné’t?g% P ré\%/gerlﬂgnﬁ?zoptgf %‘Lernbt?&gfml et hyl ene gl ycol
nonobenzoai.e, (DE corr nding to these values and the state of the
final esteé‘a@}('lie‘hq.%y@%?séﬁﬁﬁ‘g‘%‘cﬁ‘kcogﬁbi ent temperature (23-25 C.), are also
recorded in Table 1. 13 23 February 2006 WO 03/020814 PCTI US02/ 21469 TABLE
1 Preparation of Diethylene Gycol Mnobenzoate (DEGVB) /Di benzoate

M xtures Pl asticizerBA: DEG Rati oOH No. W % DEGQVBSt ate @ Anpi ept Tenperature
Aa2: 111. 93dbityres @ptaining brazeie adddisthyleng plyed 3pd By weight pergspt basedyy ¢
conposition evaluated for conparative purposes The ester m xtures

exenpl i fi eeh this mikare of 2ivanuig cankents as g colelyet wareheaicd @t gEipergturci e

within the range of from 170 to 250° C in a reactor equipped with heating means, a
mechanical stirrer, water-cooled condenser, and a trap for collecting the condensed
water formed as a by-product of the esterification reaction. The molar ratios of
diethylene glycol to acid (BA:DEG Ratio) used in the preparations are recorded in
Table 1. The vaporized water fofmed as a by-product of the reaction was condensed

and removed from the reaction mixture using the trap.

The progress of the esterification reaction was monitored by periodically measuring
both the acid content of the reaction mixture and the volume of condensed water
collected in the trap. The reaction was discontinued when the concentration of

benzoic acid was about 0.1 weight percent.

The hydroxyl number of the final ester products prepared, together with the calculated
weight percent of diethylene glycol monobenzoate (DEGMBY) corresponding to these
values and the state of the final ester (liquid or solid) at ambient temperature (23-25°

C.), are also recorded in Table 1.

13




sane general nmethod used to prepare the diethylene glycol; gpheky200eXAMPLE 2
This exanpl e denonstrates the difference in initial freezing tenperature
bet ween sanpl es of diethyl ene glycol dibenzoate containing the
correspondj.ng. nonobenzoate alone or in conbination vvithngae nobenzoat e
of di pr opy?gﬂ'gmﬂf‘ycol. The initial freezing tenper at urdd"OPYHME ester

m xtures were determ ned by placi ngagrgtien-gram sanple of the m xture into
a 4-dramvial. The vial was then inmersed in a water bath maintained at a

tenperature - g@g@q hd: 1406l e of DEG

di benzoat e c%%?a%%@‘&gﬁfgﬁgﬁl&%?%%“?&@%ﬁ% enzg tel.gen'?'%ﬁtés)ﬁ%%%l%% m xture is
a solid at 28..C. Th enp ture e t .l owered in

i ncrenments Pﬁafmizeé. %’%@P at ur gﬁ%w&t h%l?%%?@n%@%ﬂhlén?ms al | oned

to stabilize and maintained for 24 hours prior to eathP¥&diiction in bath

tenperature., 14 23 February 2006 03/ 020814 PCTI USO 469 The
temeratur&aat whi ch thegi‘li rst evi\é\ggnce of iSOI id mat e%joﬁi} ot her than the
seed particle was observed was recorded as the initial freezing
tenperatur® The test satfiiles werd%reparedpy conbi nildtf%n esterification
reacti on product prepared as described in Exanple 1 and containing 95
percent di & hyl ene gl ycolt4 di benz3at e (DEG ¥Yi benzoat e)Ligwd 4 percent
di et hyl ene gl ycol nonobenzoate (DEG nonobenzoate) with one of the
f ol | owi ng est mior ax kpopdsition nealiatbdfor domparative prpoBss and C. (A) An
esterification reaction product containing 5 percent DEG di benzoate and 94
percent of DEG nonobenzoate. The quantity of A was sufficient to achieve a
t ot al

The ester mixtures exemplified in the following examples were prepared using the

same general method used to prepare the diethylene glycol esters.

EXAMPLE 2
This examplé demonstrates the difference in injtial freezing temperature between
samples of diethylene glycol dibenzoate containing the corresponding moncbenzoate

alone or in combination with the monobenzoate of dipropylene glycol.

The initial freezing temperatures of the ester mixtures were determined by placing a
ten-gram sample of the mixture into a 4-dram vial. The vial was then immersed ina
water bath maintained at a temperature of 16° C. The sample was the;l seeded with a
particle of DEG dibenzoate containing 4 percent of DEG monobenzoate. This ester
mixture is a solid at 28° C. The temperature of the water bath was then lowered in
increments of 2° C. The temperature of the liquid in the vials was allowed to stabilize

and maintained for 24 hours prior to each reduction in bath temperature.
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concentration of DEG nonobenzoate |isted in Table 2. (B)stlbaanmodeur es
containing the esterification reaction product (A and an esterification
reaction product (C) of dipropylene glycol (DPG and benzoic acid

cont ai ni ent (DPG dibenzoate and 95 percent nzoate The
Yo Bubfheent (PO P RS GpRagnzoat e

concentr total nonobenzoate in all of the ester urées (B)

eval uat ed THASmPaIuRat Wiich the\iRé litlerRe bEQNH matid] JARGHARARRGAIZ 0at e i n these
m xtures constituted 10, 20 or 30 percent of the total nonobenzoate; (C) a

M XtUr e Of @Rl elbd docalid\as!rERfdell Aunk fiid feAh ERpGIhe! Call on reacti on

product of enzoi ¢ acid and 2-net hyl -1, 3- propanedi ol (MPD) containing 93
percent of MPD nonobenzoate. MPD nonobenzoate constituted 10 percent of
the total nonobenzoate. content listed in Table 2. 15 23 February 2006 WO

03/ 020814 PCT/ US02/,21469 The reaction produc ont ai.nin percent of DEG
nonobenzoa SR eé%Prﬁf’ar%‘QP(t"P B]Ilbfm e egts%@:gﬁ?r% %?‘iu%ﬂ p%)fiﬁ% nobenzoat e(s)

in the sanples together. with the ipitial freezing,.t erature of the
sanpl es arkFeRE 8‘“(?“&?4 1‘4‘&5@'??@@ ningn a?rpﬁfcgn&“i%@ﬂg )écﬁGVB % DPG\VB
%PDVB I nitial Freezi n% No. Tenperature 1 66 33 0 0 14 2 %3 29 7 0 10 3
66 26 7 0O dibenzoate (DEG dibenzoate) and 4 percent diethylene glycol monobenzoaie (DEG

monobenzoate) with one of the following ester compositions identified as A, B, and

C.

(A) An esterification reaction product containing 5 percent DEG dibenzoate and 94
percent of DEG monobenzoate. The quantity of A was sufficient to achieve a total

concentration of DEG monobenzoate listed in Table 2.

(B) three mixtures containing the esterification reaction product (A) and an
esterification reaction product (C) of dipropylene glycol (DPG) and benzoic acid

containing 5 percent {DPG) dibenzeate and 95 percent DPG monobenzoate.

The concentration of total monobenzoate in all of the ester mixtures (B) evaluated
was nominally 34 weight percent, and DPG monobenzoate in these mixtures

constituted 10, 20 or 30 percent of the total monobenzoate;

(C) a mixture of esterification reaction (A) and an esterification reaction product of
benzoic acid and 2-methyl-1,3-propanediol (MPD) containing 93 percent of MPD
monobenzoate. MPD monobenzoate constituted 10 percent of the total monobenzoate

content listed in Table 2.
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4 67 2480 12 563 3105 12 MB = nonobenzoate DB = dijaeng, 260AMPLE 3
M xtures consisting essentially of the nono- and di benzoates of

2-met hyl -1, 3- propanediol (MPD) were prepared by reacting benzoic acid with
MPD in a I ratio of 2.1 : 1 using the procedure i i h Exanpl e
1. This p%ggl{i:"s%ont ai ned 94 percent MPD di benzoate gﬁ%“%gﬁ@’em MPD
nonobenzoate. This reaction product was then conbined with three different
amount s of T80reBSiBPrddue@loh@Ring @eichRtdf DECHHSHober04tk Madhise@as’a pPer cent MPD

di benzoate and 93 percent MPD nonobenzoate to achieve the total
nonobenzoatggencentrations listed in Table 3, which also contains the
initial freezing tenperatures of the resultant m xtures. 16 23 February
2006 WD 031020814PCT11JS02121469 Table 3 Sanple No.% MPD % MPD I niti al
Freezi ng D benzoat eMonobenzoat eTenperature (C) 66930<15 76633<15 86435<15

The concentration of monobenzoate(s) in the samples together with the initial freezing

temperature of the samples are recorded in Table 2.

Table 2
Sample % DEGDB % DEGMB % DPGMB %MPDMB Initial Freezing
No. Temperature
1 66 33 0 0 14
2 63 29 7 0 10
3 66 26 7 0 12
4 67 24 8 0 12
5 63 31 0 5 12

- MB = monobenzoate

DB = dibenzoate

EXAMPLE 3
Mixtures consisting essentially of the mono- and dibenzoates of 2-methyl-1,3-
_propanediol (MPD) were prepared by reacting benzoic acid with MPD in a molar
ratio of 2.1 : 1 using the procedure described in Example 1. This product contained 94
percent MPD dibenzoate and 2 percent MPD monobenzoate. This reaction product
was then combined with three different amounts of an esterification reaction product
containing 7 percent MPD dibenzoate and 93 percent MPD monobenzoate to achieve
the total monobenzoate concentrations listed in Table 3, which also contains the initial

freezing temperatures of the resultant mixtures.
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EXAMPLE 4 This exanpl e dermonstrates the performance of ph&fghhRfoRR! er
conpositions of the present invention as plasticizers for agu€ous adhesive
conpositions containing polyvinyl acetate and an ethyl enel vinyl acetate
copol ynmer_. _The olyner conpositions eval uated were an mul si on
contalnlﬂgoggo ght percent of polyvinyl acetate, %ﬁ#@%@%” s Vinac(r)
XX-230 from Air Products and icals (1), and 2) an aqueous enul si on
cont ai ni ng 55 meight percent of an ethylene/ vinyl acetate copol yner,

avai |l abl e Iex(r) 4q9F rom Apry\Bpoducts a als (I1).
Plasticize éﬁer conp Eg% rebg ared ;ﬁ ﬂaghé ester
conposition 4 of the pr ng Exanpl of “ER with one of the

two precedi ng aqueous polyne enuIS|o¥i (I or 1) u§5 g a propeller-type
m xer with a*l ade speed of 0 RPM e mxing tinB"was 10 minutes. The
concentrations of plasticizer were 6,12 and 1S melgh; percent, based on
total enulsidn wei ght for bot4p enuIS|oﬁ% 17 23 Febrt ?y 2006 WO 03/020814
PCT/ US02121469 The viscosities of the polymer conp03|t|ons wer e nmeasured
to evaluate the efficacy of Qe ester3%onpositions 88 plasticizers. These
viscosity values are recorded in Table 4. The effect of the plasticizers
on the open and set tines of the adhesive conpositions was al so

determ ned. As used in this specification, "open tinme" refers to the tine
interval during which the expos€dAMRIfEs¢e of the adhesive under eval uation
remains sufficiently "tacky"” to achieve substrate failure, as evidenced by
renoval of Thik baple deionstatds tie prforiintad preferred ester compositions of the

present invention as plasticizers for aqueous adhesive compositions containing

polyvinyl acetate and an ethylene/vinyl acetate copolymer.

The polymer compositions evaluated were an aqueous emulsion containing 55 weight
percent of polyvinyl acetate, available as Vinac® XX-230 from Air Products and
Chemicals (I), and 2) an aqueous emulsion containing 55 weight percent of an
ethylene/ vinyl acetate copolymer, available as Airflex® 400 from Air Products and

Chemicals (II).

Plasticized polymer compositions were prepared by blending ester composition 4 of
the preceding Example 1 or 7 of Example 2 with one of the two preceding aqueous
polymer emulsions (I or IT) using a propeller-type mixer with a blade speed of 750
RPM. The mixing time was 10 minutes. The concentrations of plasticizer were 6, 12

and 18 weight percent, based on total emulsion weight for both emulsions.
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surfaces of sheets of Kraft paper which had been bonded y4Rflgr.FESHgEM
pressure using the adhesive being evaluated. The term"set tinme" refers to
the mninmnumtine interval between 1) application of the adhesive on the
surface of one substrate followed by inedi ate cont ac;P ' th second
subst r at ¥ UWPeBedi um pressure, and 2) achi evenent o C\év}&fsfgﬁméfﬁg substrat e
failure of the bonded surfaces of the Kraft paper. The vi sf%osit of each

pl ast i ci zedhpwisspsities efshgrAlTMGT SAMPRSEIONE WeTE MEasuERIdR FYalts tBHeticacy 9l t i ons
using a Brookfield Mddel RVT visconeter. The spindle speed_was 20 RPM
Measur enentts ealer e@mpasitionz4s hissticizerso (Thesgivisepsiy saivas are teeprést g fablebrposi ti ons.
The results of the viscosity neasurenents are recorded in Table 4. The

emul si ons dheleffqt afthé plhstieizers an theiopenandfsetaiinea of He adhesiveePnipesitions pr ecedi ng
specification and the concentration of plasticizer was 18 wei ght percent,
based on t ks hled édteritiecght of the plasticized emul sion. 18 23 February 2006
WD 03/ 020814 PCT/ US02/ 21469 Table 4 Viscosity of Aqueous Pol yner Emul sions
Pol ynmer Pl asticizer Viscosity (nPa_s) Emul si onbType i Aa4700 | 15500

As used in this specification, “open time” refers to the time interval during which the
exposed surface of the adhesive under evaluation remains sufficiently “tacky” to
achieve substrate failure, as evidenced by removal of fibrous material from mating
surfaces of sheets of Kraft paper which had been bonded under medium pressure

using the adhesive being evaluated.

The term “set time” refers to the minimum time interval between 1) application of the
adhesive on the surface of one substrate followed by immediate contact with the
second substrate under medium pressure, and 2) achievement of complete substrate

failure of the bonded surfaces of the Kraft paper.

The viscosity of each plasticized polymer composition was measured under ambient
conditions using a Brookfield Model RVT viscometer. The spindle speed was 20
RPM. Measurements were made 24 hours following preparation of the compositions.
The results of the viscosity measurements are recorded in Table 4. The emulsions and
plasticizers are identified as described in the preceding specification and the
concentration of plasticizer was 18 weight percent, based on the total weight of the

plasticized emulsion.
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| 46400 | 75300 | Nonel700 |1 Aa32000 11126000 I1426500 11 7@@%[}&31}1\@%1500 a-
Sanple A from Exanple 1; evaluated for conparative purposes onl'y. b=based
on wei ght of enul sion c=Sanple nunbers from preceding tables 2 and 3 The
data in Table 4 denonstrate that the viscosity inparted to an aqueous
pol ymer VEMXR2884h by di et hyl ene gl ycol dibenzoate al of&€TE%Bt¥adver sel y
affected by the presence of the cqfﬂglg§pondi ng nonobenzoate. | n many
i nstances the viscosity of the enulsion is substantially increased,
i ndi cating absorption ofy,{he. i.cizer by the enmulsified
pol ymer particles. Det er\rﬁsﬁgitwcg‘g&é%gﬁ frgrlep%ﬁowy pound wei ght Kraft
paper that_had previously been stored,.f.or .at, l.east 24 hours at anbient
t enper at ug%: 4 Jhuni dityﬁﬁé%mfht into\;slf‘?0 s(”f%ﬁzuri ng 1.5 by 12 inches
(3.7 by FMSieM ) and | TBRF 12 inches (2.5 by 30.5 cm). One of the |
inch-wide strips, hereinafter referred to as the "narrow strip", was
centered onltop of one of the 1.5 i nch-wi §80st rj ps, hereinafter referred
to as the "hide strip" ahd the two strips ®¥% cl anped together at one
end. The nalrower strip 4as then pulled a Ofromthe wider one at an
angl e of abbut 180 degreks, and a #14 wire33und Meyers rod was pl aced

i

None 1700
iI A? 32000
I 1 26000
iI 4 26500
Il 7 40000
i None 1500

a= Sample A from Example 1; evaluated for comparative purposes only.

b=based on weight of emulsion

c=Sample numbers from preceding tables 2 and 3

The data in Table 4 demonstrate that the viscosity imparted to an aqueous polymer
emulsion by diethylene glycol dibenzoate alone is not adversely affected by the
presence of the corresponding monobenzoate. In many instances the viscosity of the

emulsion is substantially increased, indicating absorption of the monobenzoate

plasticizer by the emulsified polymer particles.

Determination of Open Time

Fifty pound weight Kraft paper that had previously been stored for at least 24 hours at
ambient temperature and humidity was cut into strips measuring 1.5 by 12 inches (3.7
by 30.5 cm.) and 1 by 12 inches (2.5 by 30.5 cm.). One of the 1 inch-wide strips,
hereinafter referred to as the “narrow strip”, was centered on top of one.of the 1.5
inch-wide strips, hereinafter referred to as the “wide strip” and the two strips were
clamped together at one end. The narrower strip was then pulled away from the wider
one at an angle of about 180 degrees, and a #14 wire-wound Meyers rod was placed
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19 23 February 2006 WO 03/020814 PCTI US02121469 on the x4pRefaspsd@ce of
the narrower strip at the clanping point. The narrow strip was "~ then laid
over this Meyers rod. A second Meyers rod without a wire w nding and

exhibiting the sane dianeter as the # 14 wire-wound r secured
behind th ngzp%f‘\/\/ound rod and in contact with what m;gc%ﬁshalﬁﬂgs\nl y the

| ower surface of the, n ow strip.of paper.. The t rods were separated by
t he narrOV\Prer‘BEPpeéf‘Ffaﬁ? gf\r/ﬁf“? Wmf"ﬁreﬂ%ﬂ-tﬁ%@wl?wl?th CIREQESTRIYR t he | ower
surface of the narrow strip and the wre- und rod in contact with both
the upper %gR Rityey I%M@fewrag ‘gf“?‘cf’?f“gﬁ-‘berﬂ?go hR A Wil WipdER Y t he narrow

strip. The purpose of the wireless rod was to prevent the narrow strip

f r om r et ur exhifitineghe samesliamgtes a3 thp B4 wirgswounsd rod apthen preusgs B‘“ebrm‘{)‘h‘é prior to
application of the adhesive. About 3 grams of the adhesive to be eval uated
wer e deposiiretvoned 1ol andiesortedt withvhatwas asiginghethaiaer surfaceofths acent to the
clanp and applied as a continuous coating on this strip using a #16

Wi r e- woundndvisyestrip efqdpero Thewyvofrodsrwarbepareted be theeaudow papehsiripundecur ed end of
the wide strip, leaving a small uncoated area at the free end of this
strip. A sihepomebeil din @hactveth tholoerdurfacecd izl natrow Btripfand the vdagthesi ve
application. Wien the tine interval to be evaluated as open tine had

el apsed, tRBurdd¥bd thidnta@abih botheRadppbesirioe dfite wias stapvarst the owerner e br ought
together. The resultant assenbly was then pulled as a single unit to the

~free end Oéuﬁfla&%f\me%nﬁwsm. THE purfose vB e Wadlekd Yol o AWt thAlgfowTDder at e

pressure. This operation resulted in the |lower surface of the narrow paper

Strip contaed kBl radind s AP ORARH oB%é)th‘gfrcﬁgE&%¥ﬁiérg§§%ﬂic§%l owing a

“ten- secon rval I pS wer apa raspi ng them at
t he‘ uncoat (%Qhe adhesive.

About 3 grams of the adhesive to be evaluated were deposited on the exposed surface
of the wide strip adjacent to the clamp and applied as a continuous coating on this
strip using a #16 wire-wound Meyers rod moving from the secured end to the
unsecured end of the wide strip, leaving a small uncoated area at the free end of this

strip. A stop watch was started following completion of the adhesive application.

When the time interval to be evaluated as open time had elapsed, the two #14 rods,
separated by the narrow strip, were brought together. The resultant assembly was then
pulled as a single unit to the free end of the wide strip over a 2-second interval and
under moderate pressure. This operation resulted in the lower surface of the narrow
paper strip contacting and becoming bonded to the adhesive layer. Following a ten-
second interval the two strips were pulled apart by grasping them at the uncoated
areas. If 80 to 100 percent of failure occurred on the substrate, as evidenced by the

transfer of fibrous material from the narrow paper strip to the adhesive layer, the
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areas. If 80 to 100 percent of failure occurred on the §§q§$ﬁﬁﬁf§00@s
evidenced by the transfer of fibrous material fromthe narrow paper strip
to the adhesive layer, the 20 23 February 2006 WO 03/ 020814 PCTIU802/21469
adhesive is st|II consi dered "open", i.e. capable of adhering the t

strips ofVP&EIH t oget her. Once a bonded pair of stri g&iexfi’ 4‘ﬁlng
substrate failure had been prepared, additjonal pairs of strips were
assenbl ed,adbesincdgistdbranpidsmds aperfHe- eapakle phadiprig the o sses of BaRST i cati on of t he
adhesi ve and contact between the wide and narrow strips was increased in
five secortdgdtiererval s until no fibrous material was observed in the
adhesive | ayer when the strips were pulled apart. The presence of fibrous
material on the adhesive is indicative of at |east partial substrate
failure. In subsequent tests the initial time interval of five seconds

bet ween t henclabeiidediphi® BBstitfs eRleibiting bubatfdle faflure hadbden pteparkdiiakdditiondl or a gi ven
sanpl e was decreased until the actual tine interval between application of

t he adhesigigs aNifsRRrORSAIAL édated ahd BeHIeS | T tnktSifitervil tRtwdd@  substrate
failure, could be determned to the nearest second. This val ue was recorded

as the " O%@Ehéah&%f thc[ﬁﬁl@srnm AALRRt Bltweilthel WI¥R arBlarlolBRips@ses Teasur ed using

t he sane t sanples and equi pnent described in the preceding test for

measur | g i0eRed e sdbnd i gleﬁalsrﬁﬁﬁlaﬂ?)%ﬁﬂ%ﬁgﬂgﬁﬁvo%sé@% iagRl i ed over  the

exposed sur ace 0 strip usin 6 W re-wund Meyers rod,
starting

The # 14 VPR G SR RBYE IRl By SR Blebals FplkRRuRRE S 16 PP
Wi re-wou ndhe ad%es?\pedls mgacatlve of at least partial substrate failure. In subsequent tests the
initial time interval of five seconds between the observations of partial and no
substrate failure for a given sample was decreased until the actual time interval
between application of the adhesive and the observation of adhesion loss, i.e. no

substrate failure, could be determined to the nearest second. This value was recorded

as the “open time”.

Determination of Set Time

Set time was measured using the same test samples and equipment described in the
preceding test for measuring open time. In this instance the adhesive was applied over
the exposed surface of the wider strip using the # 16 wire-wound Meyers rod, starting
near the clamp used to join the narrow and wide sheets of paper. The # 14 wire-
wound Meyers rod was located directly behind the # 16 wire-wound rod and on the
opposite side of the narrower strip of paper, which separated the two rods. A layer of
the adhesive to be evaluated followed by the narrow strip of paper was applied to the
wider strip by pulling both rods, together with the narrow strip of paper between

them, over the wide sheet as described in the preceding section of this example.
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opposite side of the narrower strip of paper, which sepng%ﬁgm&hgkao r ods.
A | ayer of the adhesive to be evaluated followed by the narrow strip of

paper was applied to the wder strip by pulling both rods, together with

the narr ip of paper between them over the wd descri bed

in the p?@@é%@ﬂ§4section of this exanple. 21 23 Febru§$§%§@g€ﬁ€k)03/020814

-PCT/ CFS02121469 A stopwatch was started follow ng application of the

adhesi ve andtRgN3faE QU RABAS in?ﬁﬂpli&ﬁpﬂ- bf dﬁﬁe LG ve & aﬂ&i&%@ I}ﬁﬁe?er layers
equi red 30 a

were pulled apart at a rate tha seconds to traverse the

g O bR TRAE ARG YR YRR Do ARG PRINERDlIE yP2PeT S1 T PS

during pul I'i'fig was ab e pa strips we el ng pulled
apart, the matjing surfaces of the strips were examn determ ne the
per cent age S‘i‘ff’n"fsit‘gg?‘?rs‘F ﬁ’?ftqe%@} (éftﬂéetsavlgég Fm% Syayad; éﬁ? Blﬁedl?eﬁ‘geﬁn%léﬁ t her paper
strip and becane bonded io t he adgg ive. The "set tinme" is the shortest
time inter PACr SHRSANIPE RUHPHRSABARALY - bet ween the narrow and wi de paper
strips, required to achieve from80%to 100 % fiber tear in the paper
strips, considered conplete substrate failure. The results of the open
time and set tine evaluations are recorded in the fol | owing Table 5. Table
5 Set and il thEipapss strips wetedsing pulledeparpdieymasting Rursey ofithesfripsavereTi e (Sec.) @

examined to determine the percentage of fibers that were at least partially torn from

either paper strip and became bonded to the adhesive. The “set time” is the shortest

time interval, measured from contact between the narrow and wide paper sirips,

required to achieve from 80% to 100 % fiber tear in the paper strips, considered

complete substrate failure.

The results of the open time and set time evaluations are recorded in the following

Table 5.
Table 5
Set and Open Times for Plasticizers
Polymer Plasticizer Set Time (Sec.) @ Open Time (Sec.) @
Emulsion Type® _ Concentration (%) Concentration (%)
6 12 18 6 12 18
I A* 7 5 4 5 s 15
I 1 8 6 4 5 15 25
I 4 5 5 4 5 20 25
I 7 6 5 4 5 10 20
I None® 10 10 10 ND ND ND
I A® 5 5 5 20 20 20 7
I 1 6 6 7 20 15 20
II 4 7 4 4 20 20 20
I 7 6 5 5 15 20 20
11 None? 9 9 9 5 5 5
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Qpen Tinme (Sec.) @ Enul sionTypebConcentration (% ConcenbhatchRrk 006
6121861218 | Aa7545515 1186451525 1455452025 | 765451020 | None' 101010NDNDND
| 1 Aa555202020 111667201520 114744202020 |17655152020 |1 None' 999555 22 23

February 2006 WD 03/020814 a=eval uated for conparative rpnoses b=Sanpl e
nunber s f‘?’gﬁ?"&o@éedi ng tables 2 and 3 ND=Val ue not delf(%?j‘fﬁ%ﬂ%d%

PCT/ US02/ 21469 The data in Table 5 denonstrate that the presence of

di et hyl ene® §Y3/aed SODFAMPBRLYERIPOSTSh a bl end with di et hyl ene gl ycol

di benzoat e does not adversely affect desirable properties, such as set
tinme and diySampleumbes fiopdresgtingiahles 2 #K Lone i nstances open tine is
increased and set tinme is maintained or inproved. These data al so
denonst r atMP=Value not determined

The data in Table 5 demonstrate that the presence of diethylene glycol monobenzoate
in a blend with diethylene glycol dibenzoa_te does not adversely affect desirable
properties, such as set time and open time, of the adhesive. In some instances open
time is increased and set time is maintained or improved. These data also demonstrate
that plasticizers wherein the monobenzoates of DPG or MPD at least partially replace

DEG in blends of DEG mono- and dibenzoates exhibit effective performance.
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that plasticizers wherein the nonobenzoates of DPG or MR @bl 835006
partially replace DEG in blends of DEG nono- and di benzoates exhibit
effective performance. 23 23 February 2006 W03020814 PCT/ US02/21 469 THAT
VWHCHIS CLAIMED IS: 1. Aliquid ester conposition conprising: at |east one
nonoester represented by the fornmula HXC(O R and at |east one diester
represented by the formula R (OCYC(OR, wherein X and Y are

|11 ONgopaRBLEcted, Trom the oroup consisting of pd SRR L0 M
R2 is selected fromthe group consisting of linear alkylene containing 3 or
whor ei n 1A WERGH FEGCAMIEOR ot  on of al| nonoesters i at |east 20 hei ght
percent 1of  Adiqdidesteticompogithai ¢dnyprisirgnd wherein said conposition is a
e e - Ry
conposi ti on atleastains gidster cémesented\betheifermiaRAICYCE@R, a portion of Y are
i dent i C\%kerein X and Y are individually selected from the group consisting of
. -[OCH,CH_,],0, and -OR?O-,

said diester is a solid at 28°C,

R'is phenyl or substituted phenyl,

R? is selected from the group consisting of linear alkylene containing 3 or 4 carbon

atoms, -CH,CH{CH3)CH.- and -CH,C(CH),CH-;

nis1,2o0r3,

wherein the combined concentration of all monoesters is at least 20 weight percent of

said ester composition. '

and

wherein said composition is a liquid at 28°C.

2. A composition according to claim 1 wherein said monoesters constitute from

20 to 99 weight percent of said ester composition.

3. A composition according to claim 1 wherein X and at least a portion of Y are
identical.
4. A composition according to claim 3 wherein X and at least a portion of Y are

selected from the group consisting of -OCH,CH,OCH,CH,0- and
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4. A conposition according to claim3 wherein X and at |eashnapohded On of Y
are selected fromthe group consisting of -OCH2CH2OCH2CH2O- and 24 23
February 2006 W03020814 PCTI US02121469 - OCH2CH(CH3) CH2O-. 5. A conposition
according to claim4 wherein X and Y are -OCH2CH2OCH2CH2O- and sai d
conposition additionally conprises a mxture of the nono-and di benzoates
of di propylene glycol. 6. A conposition according to claim 3 wherein both X
and Y a (CH3) CH2O-. 7. A conposition accordi to claim1 wherein
R is ph@?\%%%g& A pol yner conposition conpri si ngP&j_rPL%ngyég i ¢ pol yner
and B. an anount sufficient to plasticize said polynmer of an ester
conposition that is a liquid at 28C and conprises: at |east one nonoester
represented by the fornula HXCCOR and at |east one diester represented
by the fOoCHCHOR:)EHICYC(O R, wherein X and Y are individually selected
fromthe group consisting of -[OCH2CH2],,O and -OR 20_, said diester is a
solid at 28C, R is phenyl or substituted phenyl, R2 is selected fromthe

gg:ggH consi shicomposition ﬁkﬁztﬁfdil@d t@gdgj;eztmtéiﬁ Ridng Y3arer 4 carbon atons,
- (%@lﬁ%bc?ﬂgfﬂg ar% %ﬁ)compo_si’tion additionally comprises a mixture of the

mono-and dibenzoates of dipropylene glycol.

6. A composition according to claim 3 wherein both X and Y are
* -OCH,CH(CH;3)CH,O-.

7. . A composition according to claim 1 wherein R' is phenyl.

8. A polymer composition comprising

A..an organic polymer and

B. an amount sufficient to plasticize said polymer of an ester composition that
is a liguid at 28°C and comprises:

at least one monoester represented by the formula HXC(O)R' and

at least one diester represented by the formula R' (O)CYC(O)R!,

wherein X and Y are individually selected from the group consisting of
-JOCH,CH},0 and -OR20-,

said diester is a solid at 28°C,

R'is phenyl or substituted phenyl,

R? is selected from the group consisting of linear alkylene containing 3 or 4
carbon atoms, -CH,CH(CH3)CH,- and -CH,C(CH,),CH,- ;
nis1,2o0r3,and

wherein said composition is a liquid at 28°C,
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nis 1, 2 or 3, and wherein said conposition is a |iqui dsaepABly 2805 23
February 2006 W03020814 PCTI US02121469 9. A polynmer conposition according
to claim8 wherein said organic polymer is selected fromthe group
consisting of vinyl esters and copolyners of these esters with olefins,
esters derived fromethylenically unsaturated acids and nono-or pol yhydric

~.al cohol s, polyesters, polyam des and copol yners derived fromethylenically

unsat ur i or esters thereof and ethylenica ted
hydr ocar gﬁ%&%?gf A conposition according to cl ai mbb)h e elfé& he conbi ned

concentration of all. nonoesters is at |east 20 wei ght percent, based on
the total weight of said ester conposition. 11. A conposition according to
cl aim 10 wherein said nonoesters constitute from 20 to 99 wei ght percent
of sai d ®st er Apotyoei edmposition acgordiogposirim Grwhereinrsdidaygémic pblginer 8 wherei n X

| _ 0a acsordiog _ v h
i m 137 FoRPE SR st B VB g chfon el BRRRS SR he or oup

consi st plsfinefestabsideGHDtEMCHAPenically unsaDHAGH (CII3) Lid2@ono-bd polghgdricposi ti on

accor di cl aj LWHasaid e ogitiagn dditi.onally
conpris g%oit‘mﬂsé, rf%l ,'%E:’ %ﬁ%%ﬁ@h@gg’t eag'dofSc toﬁ#'ﬁ'?'%égil (Zenr e e§| ;f/rg %\ . etéggn'%"lgo nposi tion
accor di Hgsatgrateldaicids 12 ealees dhierecbandchetiylamidally wnsetuPgied hydrocarbons.

10. A composition according to claim 9 wherein the combined concentration of
all monoesters is at least 20 weight percent, based on the total weight of said ester
composition.

. A composition according to claim 10 wherein said monoesters constitute

from 20 to 99 weight percent of said ester composition.

12. A composition according to claim 8 wherein X and at least a portion of Y
are identical.
-13. A composition according to claim 12 wherein X and at ieast a portion of Y

are selected from the group consisting of -OCH,CH,OCH,CH,0O- and
-OCH,CH({CH;)CH,0-.

14. A composition according to claim 13 wherein said ester composition
additionally comprises the mono-and dibenzoates of dipropylene glycol.

15. A composition according to claim 12 wherein both X and Y are
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23 February 2006 W03020814 PCT/US02121469 - OCH2CH( CH3)@H26 uard §006A
conposition according to claim8 wherein R is phenyl. 17. A conposition
according to claim8 wherein said polyner is present as an aqueous

di spersion. 27

wWO003020814 PCT/US02/21469
-OCH,CH{CH3)}CH,0-.
16. A composition according to claim 8 wherein R' is phenyi.

17. A composition according to claim 8 wherein said polymer is present as an

aqueous dispersion.
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