SO L RELEASE AGENTS HAVI NG ALLYL- DERI VED SULFONATED END CAPS shostrs

TECHNI €AL FIELD 5 The present ‘invention relates to novel soil 33
rel gase".agents; which ‘are ‘ester oligonmers of a kind which

. readi-ly - be formulated into laundry products such as |aundry
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5 The present invention relates to movel soil release agents,

' which are ester oligomers of a kind which may readily be
formulated into laundry products such as laundry detergents or
fabric conditioners. Thus formulated, they are suitable for use
in a home Vaundry operation. Effective, remguab‘}e 011 release

10 treatment of fabrics is provided. .

s Preparation of the novel soil release agents invelves ester
chemistry and, in the preferred embodiments, radical-initiated
sulfonation chemistry designed to produce substantially linear,

" relatively Tow molecular weight terephthalate ester ol igomers
8 having end-capping moieties each comprising disulfonate or
sulfinate-sulfonate. : '
BACKGROUND OF THE INVENTION
- A substantial proportion of synthetic fabrics now in use are
copolymers of ethylene glycel and terephthilic acid, sold under

20 trade names which include DACRON, FORTREL anmd BLUE € POLYESTER.
The removal of cily seil and oily stains, which are hydrophebic,
from the surfaces of such fabrics, which are likewise hydrophobic
in character, is well recognized to be technically difficult to
achieve using laundry compositions of the type most genera‘ﬂy

25 accessible to consumers.

It has been recognized in the art that the provision of
substances which attach to the _sm'faces' of polyester fabrics and
render them more hydrophilic in character is helpful irn achieving
improved oily sofl and oily stain relesse from such fabrics.

30 Substances which have been used in consumer products as soil

- release agents are generally cupﬂmérs of moderately high (e.g.'z
40,000 to 50,000} - molecular weight, containing ethylene
terephthalate segments randomly interspersed with _polyethylene
glycol segments. See, for example, U.S. Pat. No. 3,962,152, Nicel
35 et al, issued June 8, 1976; a soil release polyester of this type,
 cemmercially known as MILEASE T, is further disclosed in U.S. Pat.
" MHo. 4,116,885, Derstadt et al, issued Sept. 7, 1978; other
commercial variants are PERMALOSE and ZELCON (see Canadian Pat.
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relatively | ow nol ecul ar wei ght terephthal ate ester oligoners 15 havi ng
end-capping noieties each conprisihg' di sul fonate or sul
finate-sul fonate. BACKGROUND OF THE | NVENTI ON
A Supstantial proportion of synthetlc fabrics now in use are

copol yners-of ethylene glycol and terephthalic acid, sold under 20 trade

nanes whi ch include DACRON, FORTREL and BLUE C POLYESTER The renoval
of ofly soil and oily stains, which are hydrophobic, fromthe
surfaces of such,fab I O n
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i mproved oi%y 40 iconsumer oilayndering, and eﬁ@‘%rﬁm‘%uwﬂmﬁtwm%sis sot
Substances whi CBtAYRLAPRETEISETD bk par@TGUlEFTy ﬂﬁﬂ%@?tﬁﬁéﬁeﬁ@lﬁsumﬁm

20,000 1o 208 a@@oa% era'é@&m&aﬁ BitveSter JABF G Bu¥eadtif e ot son
terephthal ate setpasat agendndust y oceum, emmrmﬂmm interfarepca (fricendhe
9: ycol Seg”ﬁ“t Spg@ﬁ@t Ha®F 1,2 %RIEN € bbling ng’éﬁ as erﬁc@@%@%wﬁtﬁ@saﬁf’ et
a | ssue mune '?ease a@eng f@mt'kmerfabr? tm%a@ye?Stﬁatr& ﬂmper%eréﬂées, when -
. they occur, not only decrease the effectiveness of the soil
release agent, but ‘alse reduce the cleaning, softening amd/or
antistatic benefits of other ingredients which may also be present
in the product. Formulability of the scil release agent {s also a
15 ®major consideration, since the limited solubility and/or
dispersibility of art-taught polyesters frequently {mposes serious
 constraints on the range of formulations inte which the soil
release agent may stably be d{ntroduced. Such challenges are
. generally absent from compesiticns used in {industrial textile
qp treatments, but are well-known to manufacturers of fully-
formulated consumer products. ' '
VYarious materials, especially the oligomeric anionic end-
capped esters described by Gosselimk in U.S. Patent 4,721,580,
{ssued January 26, 1988, have been. disclosed for use as sofl
25 release agemts. Thus, useful and relevant background cam be drawn -
from a reading of polyester chemistry, for example as summarized
in the background portion of the Gosselink patent.
Gosselink goes on to describe -particular oligomeric esters
which are useful as soil release agents in laundry products. The
39  ester compositions provided by Gosselink encompass substantially
linear ester oligomers which have one or twe monosulfonated
end-caps, as ﬂ‘!mtnteﬁ by @”e{eZe@eRe@}yﬁ and {Q-Z-C- Rec}stQ' '
respectively, wherein Z s terephthaloyl, R is 1,2-propylene and
each of the groups Q, @’ and Q° {is MO3S{L){CHaCH20)p- or
35 MO3S{CHaCH20)p-. L s C1-Cg alkoxy, M §s a metal cation and x and
¥ are consistent with oligomers of low molecular weight.
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connerC|aIIy known as M LEASE T is further disclosed in U'S. Pat.

No,™ 4,116, 885,

Derstadt et al,- issued Sept. 7, 1978; other

conperci al variants are PERMALOSE “and- ZELCON (see Canadi an Pat.
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1, 100, 262, Becker et al, issued May 5, 1981 and U.S. Pat
4,238,531, Rudy et al, issued Dec. 9, 1989) : The devel opnent
new soil release agents delivering technically outstanding soi
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corrosive and difficult to handle. . :

gosselink has also provided cther oligomeric ester soil
release agents; see, for example, U.S. Patemts 4,702,857, issued
October 27, 1987; 4,711,730, issued December 8, 1987; and
4,713,194, issued February 15, 1987. These soil release agents,
1ike these of the ‘580 patent, contain terephthalate, but have
nenienic, i.e., uncharged, capping groups.

Utility of the foregoing oligomeric ester materials as sofl

release agents in laundry products notwithstanding, the search for.

improved soil release agents has continued, in view of an ongoing
need to further improve the economics, soil release properties and

f@mutabﬂtty of the soil re‘tease agents in specific VTaundry

product matrices.
Soil release agents having allyl-derived or methallyl-derived

- end-caps are not apparently known in the art. At the outset of

the work now described, such incorporation appeared, in chemical
terms, to represent a difficult goal. Thus, sulfonating a simple
olefin, having only one reactive group, and sulfonating an ester
oligomer, containing several different, potentially reactive
groups, are two very different matters. Also, 1i was unclear
whether any soil release benefit might result, or whether instead
the sulfonated ester would then be less effective (e.g., overly
‘soluble and not inclined to deposit on fabrics). '

In view of the foregoing, it would be desirable to provide
improved soil-release ester oligomers.

It is an chject of the present invemtion te provide such
materials, structurally altered especially im ttme composition of
the end-caps.

It is a further ohject of the imvention to provide useful
ol igomeric ester compositions comprisimg the novel oligomers in
admixture with other soil-release effective esters, such as the
monosulfonate end-capped esters specifically disclosed by
Gosselink or obvious variants thereof. '
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rel ease agent nust occur, with m ni mum interference fromthe pr oduct

matri x which is being used as a vehicle to cqonvey the soil rel ease
agenp to the fabric surface. Matrix interferences, when t hey occur,
not oy decrease the effectiveness of the soil rel ease agent, but
al so reduce the cleaning, softening and/or antistatic benefits of
ot her ingredi ents which may al so be presentg - i n the product.

Fornmulability of the soil release agent is also a 15 maj or
consi der ati on,. si ndé is bt dnptharcdbjesdlafbithe tiyventdonwltorprovide useful

di spersibility ofy afiesheygh p%ﬂga%m%rE‘Wﬁ?lﬁ%%%ﬁ@mwsmre| case

constraints on th range of orrm ons 'i Nt
agent may stably be i ntroduced. -SuBACKGRGIEE ges are general ly:

absent frorkn conposi t iseng. Wﬁ L,NEL r@.u];smmgl am@u,l mm@afm, B1 egiphe nghen. but
are well-kngown a er o] e umer
product s. 5 BLEB%\?@EWG&S‘% er?@l‘s 25 %Iaéé/s %M M[zh %?Hi:?géreg?gﬂg i oni c

end- cappednétiated swlfenatien of, ngss&@%kfﬂeﬁ Uinear pglefiins g 721, 580,
i ssued January 2Gje#¥§€. hydevcarbenn sﬁcwc&soa%bdeé@@,u'ﬁaﬁsmmnéwm for-gl ease

oadi ng of pol yodtBpoes HaneE TR GRIes > GHRER (A EARRTaTERHRes ana , pliGiER ©
backgr ound portl(ﬂ‘iswﬂﬂmseo%ﬁlmmmww}ﬁt@ is reactedcowidh| th& Yinesron to
descri be pariéculﬁém VOANRed SAVEKS systen coPF SAnd Bt diS 8hd! i s@froptch .
rel €ase agen ! % é’ s%[]ﬂjna%easuﬁ@nate is referred to as undesirable and
it is stated that the level of this material can be controlled by
adjusting the pH of the reaction. It is further disclosed that "in _
practice, the rate of sulfitation decreases rapidly as the sul-
45 fitation pH rises above 7.0." Also, "the solubility of the olefin
in the agueous isopropanol is adversely affected by the imcreasing
levels of sodium sulfite present® and “sodium sulfite tends to
cause separation of sulfitation reaction mixtures into an aqueous
phase containing sulfite and bisulfite and an %sopropanc] phase
2 containing the olefin®. "
U.S. Patent 4,588,334, Shepherd, Jr. et al, issued May 13,
1886, discloses an ether sulfinate-sulfonate or disulfenate having
the formula ROCHC(SOpM){Z)CHaSO3M or ROCHZC{SO3M)(Z)CHoS03M, or a
mixture of ROCHaCH(Z)CH2SO3M and ROCHZC(SO2M)(Z)CHSO3M, or a
o5  mixture of ROCHaCH(Z)CHaS03M and ROCH2C(SOaM) {Z)CHoS03M; wherein R
is a hydrocarbon group having from about 6 to about 24 carbom
atoms, Z is hydrogen or a methyl group and M is an alksli metal,
awﬂmmim or ammonium cation. The compositions are useful as a
foaming agent and enhanced ¢il recovery surfactant. The most
" 4p preferred compositions are prepared by reacting a Jinear primary
alcohol with a chlorinated compound, spectificeily aliyl chioride,
to form an alkyl allyl ether; this ether is then reacted with
sul fur dioxide and sodfum hydroxide in a solvent such as isopropyl
alcohol/water in the presence of suitable catﬂyst' such as t-butyl
15 perbenzoate, to form a mixture of alkyl allyl ether sul ﬁmtes and
'su‘!f@mates
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30 .ester conpositions provided by .Gosselink enconpass substantially

Iingar‘ ester oligoners which have one or two nonosul f onat ed ' end- caps,
aszillustrated by Q-(-Z-0-ROQyH and {Q Z-0-R-0)[err]Z-Q
respectively, wherein Z is terephthaloyl, Ris 1, 2-prpylene and each

of the groups - Q Q and Q' is I\/D[err]S(L)(CI-l[err]Cl—l[err]O)[err]

or 35 MYerr]S(CH err]CH err]O)[err]--8L=is Cerr]-C[err] al koxy, Mis a
nmetal cation and x and g/ are consistent with oligoners of |ow

mol ecul ar wei ght. U. S. Patent 4,303,774, Nachtkamp et al, issied December 3l, -

ZQeers]gPt/heses pdait, hqsG@mkemktoemr pafifactureclof tmprioeed ajolgirethane
expensive: 2t Akibmed BRI i, RRTRBEC LR plg! 1 plghPl e o "
corrosive and sutfstantinlln disrandtedecular structure and contain both ethﬂene
8 oxide units (hwﬂt {nto polyether chains) and sulfonate groups.
These elastomers contain from about 0.5%-20% by weight of ethylene
oxide-derived units arranged within polyether chains and from
about 0.1-25 milliequivalents, per 100g of solids content, of
sulfonate groups of the formula -S03~ in the form of structural
10 units corresponding to the following formula: e@eXeR, arranged in
end positions and/or side chaims. In the Nachtkamp et al
formulae, X is a polyalkylene oxide chain having from 5-30 chain
membérs, at Teast about 40% of which are ethylene oxide units; and
R s a monovalent hydrocarbon group having from 3-18 carbon atoms
15 and containing at least one sulfonate group $O03-. Examples 1 and
2 show preparation of a polyether monchydric alcchol containing
sulfonate groups derived from allyl alcehol; other Examples
‘include Example 3, wherein umder particular conditions and in
particular proportions, the following are reacted: . polyester of
g@' adipic acid and butanediol, polyether monohydric alcohol
containing sulfonate groups, trimethylol propane, {sophorone
diisocyanate, acetone, isophorone diamine, hydrazine hydrate and
water. ' :
Horton et al, J. Org. Chem., Vol 33, Ne. 1I, pp 4158-4165
95  (1967) disclose extensive studies of solvent, catalyst cation and
catalyst anfon effects in the ion catalysis of sulfite radical-ion
addition to olefins.
Fock et al, U.S. Patent 4,598,141, issued July 1, 1986,
describe a process for the preparation of polyesters with improved
dye affinity. This involves reacting a2 dicarboxylic acid with a

3¢ mixture of diols. The diol mixture used comprises a major portion
- of an alkylene glycol and a minor portien of a polyalkylene ether
having the formula Rmcﬂg@s{cgmce}n(csﬁ?ﬁa}mtﬂgmﬁwgﬁs&gx
wherefn R} is HO-CHpCH(OM)- or HOMZCC(RZ){CHgOM)- wherein RZ is

a5 Methyl, ethyl or propyl; R3 is H- of methyl; X is H-, alkali or

ammonium fon, n is from C te 100, m is from O to 50 and ném is not
less than 1. To grepare the sul fonated compound, radical addition

T




CGosselink has also provided other oligoneric ester soil rel ease

agents; see, for exanple, U S. Patents 4, 702,857, issued Cct ober 27,
1987; 4,711,730, issued Decenber 8, 1987; and 4,713,194, issued
Febirruary 15, 1987. These soil rel ease agents, |i ke-those of the '580
patent, contain terephthalate, but have 10 nonionic, i.e., uncharged,
cappi ng groups.- Utility of thegforegoing oligomeric ester
materials as soil rel ease agents in |aundry products notw thstanding,

the search forof HSO3X njir Bhed presence cofocadalugbnt to reompounds i hawddg the vi ew of
an ongoi ng f@‘mm@@ﬁzgto formisner Im@ne%ﬁzhmaqﬁ re?@éﬂ@cwmmﬁmgl eage

properties and ornulability € Soi agent
| aundry stg%?ﬁ rrat rices. Soi |l rel ease agents haV| ng

al Iyl -derived or niiewet| ¢t aldeli.SedPatent &,/899.%35 Assuedotovemper eit,l y known
in the arlg  Ajggihe d&ﬂéﬂ% Tinea ”b@ Wﬂﬁc%@w @?iﬁéﬂ be&ntiﬂﬁﬂ% A oult

re resen

i ncor poration |nc em
goal . P Thus, Sﬁﬂou%ﬂﬁ;tyl 4 o9 u@?@na eeﬁ?nmﬂﬁ]ﬂg HEQMPSe WBAEY 18 rapaklect i ve
group, and- suI @%rbemgwgﬂmﬂ@t er dﬁspersm 14g carid | qui domedti G N ThE pobiéd! B '

different, ﬁ;%%i add Ya ﬁ%ﬁéﬁf ‘@Qsper\%ﬁmgré?nﬂp%s Hﬁaft’ ﬁaé@‘ﬂ%ééwr &Nt

matters. Al so, % was un% SOl t m ght

result, or whet3Réing nCeRpaa @9“5! t R s dnyaiahlyd @ﬁﬁé‘?ﬂsv\oiﬂ dleasdn ene | ess
ef f ecti veyge. gsul fonatelgontaining orabpe -0{0)~CORL JHOCHZ) (W) (593 )9RD Ofbleke 1)
fabrics). Rl, RZ2 and R3 are each individually hydrogem or a. monovalent
'@rgamc group having a molecular weight in the range from 15 to
sbout 250; and M* is a monmovalemt cation or a monovalent
fractional part of a polyvalent cation, which is associated with
95 the -S03~ portion of the organic sulfonate group. The sulfenation
is introduced by post-sulfonating an ethylenically unsaturated
preformed intermediate polymer using bisulfite salt, metabisulfite
salt or mixtures or precursors of such salts. The preformed
intermediate polymer has numercus 1illustratioms, imcluding
20 Polyesters derived from propylene glycel or prepared using dibutyl
tin oxide or similar catalysts.
Schmitt, EP-A 155,710, published September 25, 1985, dis-
closes al kyoxypolyethoxypropane sulfonates of the general formula
RY{C2Hg0) xCHzClizClizS03Na in which R is alkyl or alkaryl, Y is O or
25 S and x is from 0 to 20. These compositions are prepared by a
two-stage procedure im which the polyethoxylated alcohol or
thiol RY{C2H40)yH is reacted with allyl halide or tosylate in the .
presence of stmng aqueous NalH and some final pmdumict as phase
transfer agent; the resulting allyl ether intermediate 1is
qg Sulfomated in situ with bisulfite. , _
Hodgsen et al, EP-A 180,356, published May 7, 1986, describes
prepamﬁ@n of alkyl, aryl, or alkylaryloxy halides by reacting
the corresponding alkoxy alcohol with a halogemating agent, e.g.,
thionyl chloride, in the presence of a quatermary ammonium _
35 compound as catalyst. The catalyzed reaction apparently improves
yield and reduces the tendency of the polyoxyalkyleme chaim to
cleave. 3

specific

et Has Been Rcﬂlaced

“ﬁiiilw w i



In view of the foré90|ng, it would be desirable to provide ' I mpr oved

soil -rel ease ester oligoners. _ It is an object of the present

i nvention to provide such 30 materials, structurally altered especially

in the conposition of
of the invention to provide useful

t he end- caps. It is a further object
ol i goneric ester conpositions

conprising the novel oligoners in - adnixture with other soil-rel ease

efféctive esters, such as the 35 nonosul f onat e end- capped esters
specifically
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di sgalasehuh Bt al, USasPeténtk 408870808, Oussuedr ihagist 1Bgr eof .

1987, discloses sulfonates, sulfinates, disulfonates and mixed
sulfinate-sulfonates derived by reacting allyl "amine derivatives,
such as dimethylallylamine hydrochloride, with NalSO3 at pH range
2-4, in the presence of perox@dﬁswﬂfat@.'The reaction is initiated
by FeS@@, resulting in a high proportion of sulfinate-sulfeonate,
which can in turn be converted tc the disulfonate using hydrogen
peroxide. The products are characterized as betaine-type
surfactants.

Duddey et al, U.S. Patent 3,821,169, ﬁssuedidume 28, 1974,

disclose a method for preparing cationically dyeable highly
polymeric linear polyester and copolyester resins which comprises
adding to a multi-step polyester or copolyester forming process at

Jeast one compound selected from the group cansistﬁng‘ of
. hydroxyalkylene oxide and hydroxypely(alkylene oxide) d@rﬁvatﬁves

of metallic salts of isethionic acid.

Logim, U.S. Patent 4,156,073, {issued May 22, 1979, dﬁsc?cses
branched (e.g., prepared in the presence of trimelifitic anhydride)
water-dispersible polyester size compositions which imcorporate
reaction product of an aromatic p@Eycarb@xyiic acid anhydride'and
an aliphatic or cycloaliphatic hydroxysulfonic acid alkali metal
salt.

Although the soil-release agents described herein ‘are not
classical "polyesters® in the sense of ha&ing the structure of
ester high polymers, resins or - fibers, they can be termed
polyesters in the somewhat more restricted senmse that a plurality
of ester-bond intercomnected groups is present. Inasmuch as the
above-identified references discleose various well-established
aspects of making polyesters, on one hand, or certain sulfonated
or sulfinated materials, on the other, their disclosures are
imc@rp@rated herein by reference. ‘ '

SUMMARY OF THE INVENTION

In its preferred embodiments, the present inventien provides
novel sulfonated terephthalate ester oligomers which are useful
soil release .agents for use in. leundry pr@ducts. The esters
generally contain a high proportion of free-radical-sulfonated-
allyl or freesradical-sulfonated-methallyl end-caps. The
preferred allyl-derived end-caps are: - :

This Sheet Has Been
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It is yet another object of the invention to prOV|de usef ul synt heses
of the soil-releasing ester oligomer conpositions.

BACKGROUND ART ~S. C Bright, C. E Stubbs and L. Thonpson, J.
App! . Chem 5 Bi otechnol ., 1975,. Vol. 25, pages 901-912, disclose
radi cal - initiated sul fonation of ether-bond free |linear olefins,
i.e., ol efinic hydrocarbons such .ag .1-dodecene, to sinultaneously
form al kane nnnosulfonates al kane sulflnate sulfonates and

al kane ih Qb Poehiul g netablww;g TvpicaBac ded ve

10 olefini S kedﬂsolv Eorle conpr v opano
The al kane sulwﬁﬁ e-sul fongﬁénﬁs rreds Eﬁ@g&%@@&@p?{% ”‘E@m

is stated that the level of this mati'erl al dastesesWifpratel iedypically
adj usting the pH of the reactigmyr |804s fUurdsbsuiatédselmsestiohaduchifny

practice, the rate of sulfitation decrease 15
fitation §H ri ses above 7.0." -Also, "the @8% %hﬁ%e%fﬁ{]%@?gﬁé% n I n
t he aqueous isopropanol is adversely affect%wdi)\tedmﬂhﬁc&ﬁ@mmh :
level s of sodiumsulfite present” and Isodiggnysgpfiatp tends to cause
separation of %Lfltatlon reaction mxtures into an aqueous phase
cont ai ni ng sulqm e and bisulfite and an isopropanol phase 20 cont ai ni ng
t he ol efin" U S. Patent 4,588,534, . Shepherd, Jr. et al, issued
May 13, di scl osg¢ el sul f4saateansial f Onat e hsul fonate
i hy 20 {936 R GL-SLl2R5 Tds8atrenite | CURIL)

! i {note: sulfonate is typically

S03- SO3- associated with cation such as

Nat}.

In the ahove, the disulfonate end-cap (CAPp)} is especially
15 preferred. .

In general, varying proportions of the follewing m@n@suﬁfbnate

~end-cap can also be present:

Abbreviatio Formula lame (Typically derived from)
{CABe) -CHaCHalHy mmmuswﬁf@nate {ALLYL)
20 I
$03- {note: typically associated

with cation such as Nat}
1t is part of the instant invemtion to provide methods for
waximizing the relative proportioms of (CAPg) and (CAPp)
substituted terephthalate esters relative to (@APC} substituted
terephthalate esters.
Allyl groups, which are present in the esters prior to
sm@f@matﬂ@m, are represented hereim as follows:

25

QﬂLLYLE e@HgscHQCHz ai?yﬂ (aiiy? aicah@ih

The methallyl hmﬂog, typically derived from methallyl
alcohol, is also within the scope of the invention; in conmtrast,
higher olefins, higher branched olefins and the like are umswﬁte
ably hydrophobic.

The terephthalate ester ol igomers herein have sabstantiai?y
Tinear backbones; thus they do not, in general, include branching
or crosslinking ¢¥i- or polyvilent monomer groups such as tri-,

30

35
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the formul a ROCH[err]C(SCIerr]I\/p(Z)CH[err]SCIerr]Mor
ROCH[err]C(SCIerr]I\/p(Z)CH[err]SCIerr]M or a m xt ure of

ROCH err]CH(Z)CH err] S err] M and - ROCH[err]C(SCIerr]M(Z)CH[err]Sqerr]M
or a-25 m xture of ROCH err]CH(Z)CH err] S err] M and

ROCH err] C(SO[err]M(Z2)CH err]SO err]M wherein R I s a hydrocarbon
group having from about 6 to about 24 carlgon atons, Zis hydrogen or
a methyl group and Mis an alkali netal, - al kyl ammoni um or anmoni um

cation. The conmjetra-i empoly-eartmayiic asidamonomer groups,ngr dgént tetwh-cahanced
oil recovery S”'ﬁp&%@ﬂc aﬁ@bﬁ@mﬁﬁmﬁ? %"@Hg{ eferred conpositions are prepared

by reacting a | ith a_chlori nat ed corrpound
specifically allyl cgﬁl &he d@refeweﬁ emwwmﬁ»anﬂ@ Kyneay backhonpepf thes et her

i's then react ed gg¢i4dnated, en&'@h?ﬂe@ deruphticaiate esters)ofhyhe OMivestio @s sol vent

Such s t-oht Sf’m%e?b'éﬁ%%‘ peoues, #ﬁih%fgfﬂﬁfiéo? f afii'yfgl yfafe?'héft

sul fi nates and pically deri

{7) -C{CgHg)C- terephthaloyl (dimethylterephthalate)
10 and o :
{PG) -QCH{CHz3 }CH20- oxypropyleneoxy {E,zapmpﬂeme glycol)
or
e@mgcmwaww

Furthermore, the sulfonated ester oligomers will genemny
35 contain nonienic hydmphﬂe units, @specﬁaWy' :
Abbreviation Formula Name {Typically derived
{En} _ a@(mzmg@)n 1CH2CH20- pu‘!yt{@xy@thﬂleme)@xy {ethﬂeme
oxide)
Importantly, in the preferred embodiment, such nonionic
20 -hydmpﬁﬂe units are found substantially situated in particular
positions between the end-caps and the backbome, rather than
interrupting the backbone structure. Thus, zt the molecular level,
the following are {illustrative of the most highly preferred
structures: |
28 {CAPg) - {En)-(T}-(PG)~(T)-{PB)-(T)-(PG)-(T}-{En)-{CAP,)
{CAPg) - (En}-(T)-{PG)~(T)~{PG)-(T}-(PG}-(T}-(En)-(CAPy)
{CAPp)-(En)-(T)-(PG)-(T)-{P&)-(T)-(PC)-(T)-(En)-(CAPY)
" A1l of the foregoing structures correspond with sulfemated esters
which contain a total of four sulfonate or sulfinate groups; in
a0 contrast, the fﬂ'ﬁwim@ structures, having only three sulfonate or
sulfinate groups im total, are less preferred:
(CAPg) - (En)-(T)-(PG) - (T}~ (P&}~ (T)-(PG)-(T)-(En)-(CAPC)
(CAPy) -{En) - {T)-(PE)~{T)-(P&}-(T)-(PG}-(T}-(En}-(CAPe}
Also, Tleast desirably as noted supra, material having only
35 monosulfonate terminal units can be present: -
{CAPc}-{En}-(T)~(PG)}-(T}-(PG)-(T)-(PG)-(T)-{En)-(CAPc)

I}
»-




-5- U S. Patent 4,303,774, Nachtkanp et al, issued Decenber 1,
1981, ts directed to the manufacture of inproved polyurethane

el agstonmers which are soluble or dispersible in water, have a -
substantially |inear nolecular structure and contain both et hyl ene

oxide units (built into polyether chains) and sul fonate groups. These
el astoners contain from about 0.5% 20% by;grei ght of et hyl ene '
oxi de-derived wunits arranged within polyether chains and from

Sbloi‘]gngi é' 2fr30m L' L?ﬂ%@éaﬁ?}t Sthep%acwﬁ OfhSEH | &% eRat @Eéveemustrat?d 1o

u u ruc ura

sulfonate or oupsy Sleebds 1O b OLPL SPiaD GR SOLTPR . L 08 end
positions and/ wwyimdéemgﬁh&; nJhe mbst hfgﬂyN@mfam% amragal backbane
formiae, X 1S feRft Yﬁwx 3Co P the b BENALPRIRIAN el SRR (1),

menbers, at |ea t 40% r e_oxi R
is a nonovas ent Fnym' %rﬂ?@%% %&bﬁ i g %ﬁ =180 08 %TS “%ttBn%“c@SM and
cont ai ni ng at |am@nm&mmonmms@tmme@mmr, heaabbresiatiomd-{B)- 2
show prepar ati oggqfsad, POl yet her m)nohydri c al cohol containi ng

sul fonate groups gerl ved m _al |l al cohol ; ot her e
hel ude Exanple 3, HREH SReTAlabs Yl CHEKROB BENCANCPOESH FOPRIE. Units

such as the following, t@ a limited extent"
{EG) . eGCHZCHgﬂs @xyethﬁeneoxy (ethﬂeme g"ﬂyco?)
and
{Anr) _ optional nonfonic hydrophile,
typically similar to, or
| fdentical with (Ep};

wherein {EG) exemplifies a repeat unit derived from a diol which
is less preferred than 1,2-propylene giycol. Thus, (EG) can
partially replace (PG) backbone repeat units. (Ap’) is used herein
to represent nonionic hydrophile umits, of a kind which can
optionally interrupt the ester backbene at random, leading to
structures such as:

{CAPg) - (En) ~{B}-(An’}-(B}-(En)-(CAPg}

(CAPp) - (En)-{B}-(An’)-{B}-(En} - (CAPp)
#s noted supra, such backbone imterruption is preferably minimal.

The sulfonated ester o]igomers are typically water-scluble or
water-dispersible. Whatever their precise solubility im pure
water,  they are found to formulate well into laundry detergent
compositions, with particularly good formulability beimg associ-
ated with the (CAP;) and (CAPp) substituted esters. Furthermore,
the {improved formulability does not apparently detrimentally
influence the action of the smf@mated ester ol igmers as soil-
release agents. '

Methods of making the novel ester c@np@sﬁtions are also
provided, particularly effective being a radical-initiated
sulfonation of a preformed, allyl-group end-capped, terephthalate
ester oligomer precursor (herefnafter “A.T.E®). Using the above-
introduced abbrevitions, this useful precurser is {l1lustrated at
the molecular level by structures swclm as.
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“particular proportions, the following are reacted: polyester of 20

adi pic acid and but anedi ol , pol yether nonohydric al cohol
containing sulfonate groups, *trinmethylol propane, isophorone
di ksocyanate, acetone, isophorone diamne, hydrazine hydrate and
wat er . Norton et al, J. Og. Chem, Vol 33, No. 11, pp

41_58-4165 25 (1967) discl ose extenstéd 'Studl es of sol vent, cat al yst

2 on o urEE T T PATE ey PR EH Rer it
4,598, 141, isablyd (ALLYL)-{En)-{BBGAR)-(B}-(EdpdALiYA}. a The mmﬁmw usdb
preparat i on OiForp%Wﬁtlﬁé Stméﬂ A, Fh Y5O ¢t naP ﬂ‘m&)ﬁt@é fﬁ@”ﬂf@’ wﬁf@g#g}ﬂ | nvol ves

reacting a dicar
mi xture.used EEeFITENES J‘@ﬁﬁ‘}mﬁﬁfort@’@n consistept sith wjnisizing | the and a
m nor porg i onrgfatéve phoirk Ydnc of tamamecommﬁm/mmal he formula

SerrAGLer 10 (e oeidd BSPN  SHIQ L er ) e o
HOH err] CV(R err] er@?anf:dwwwﬂrwmmp@& F“ﬂi §ﬂ@§d ﬂﬁ‘@?@%"ﬂc estery| or
]IPVODYB t('?[i‘(r)(r)b oipasttions adpbed foX use Hs sei K el eile agew?tgs-tal IO_?O nis
p; g?ar et he sﬁ%ggﬁ 5&8?3%3 e&ﬁ@@n@g dg@f&it%@ﬂem.
The compositions of the ﬁmemign can be described in terms
of the particuiarly sulfonated product of a specific, pmfomﬂed,
 substantially linear ester oligomer, fidentified. simply as
"A.T.E.®". The terminal units of the A.T.E. comprise a high
propertion of allyl or methailyl emd-caps and the repeat units in
35 the backbone comprise terephthaloyl and low molecular weight
diol-derived units. Vo

Surprisingly, there does not appear tc be any specific
disclosure in the Titerature of this type of material, the
composition of which, per mole, is more specifically described as

20 follows. _

The A.T.E. composition comprises {(a), terminal units; (b),
nonienic hydrophile units; {c), repeat units of the aryldicarbonyl
type; and {d), rvepeat units of the low molecular weight diol type.

More specifically, the A.T.E. composition comprises from

o5 about 1 mole to about 2 moles, per mole of the composition, of
terminal units derived from a low molecular weight olefinically
unsaturated component. Preferably, this component is selected from
the group consisting of allyl alcohel and methallyl alcchel. Hest
preferably, substantially all (i.e., about 2 moles) of the

a¢ terminal units are allyl end-caps.

The A.T.E. composition comprises from abwt 1 mole to about 4
moles, more preferably from about 1.5 moles to about 3 moles, most
preferably about 2 moles per mole of the composition, of nomionic
hydm@hﬂe units. These units are derived from an ether

35  component. The ether component is typically comprised of from
about 50% to 100% ethyleme oxide. In the preferred embodiment, the
ether component is compﬁﬁed of from about 80% to 100% ethylene




of HSO[err]X in the presence of catalysts to conpounds having the
fol |l owl ng fornmul a:

R[(grr]CH[err]O (derr]Herr]0-)[err](Cerr]Herr]O-)[err]CH err]CHR  err] -

[err] S di scl osed. . Pierce et al, US. Patent 4,299, 743
| ssued Novenber 10, 5 1981, describe a linear or branched polyner,
containing a plurality of organic gulfonate-containing groups, which
i s capabl e of being dissolved or dispersed in a liquid nmedium The
pol ymer is oxideq mstapreferabiiysnthaliether samponent! cansistsnessentiaidy pol yner

t t
'18 coa '“%fng@ﬁ#hn@ bkf¥es 1,62t 1Yt ARt CHMAbRVRthFenej kSt  ONe

sul fonate-co

-C(OC(Rerr]) H@W%’PF]W%F@%‘M%@P@OE'@M phunlpas oxide,patexisl in the qther |
Rlerr] and Rer rcbmwneme@eﬁsﬂsmldlessmmm 6 &, dpand @; & weno¥er erémple, Cout
a
ggga“' ;ngr O%I[Oer r ﬁéf@e%ﬂ@bﬁe&nﬂo@g pé'eh gﬁnek%w%né%&%%%?d tt@iat the

fractional part résultipgpplyatéer rempinsnhydmrkiiics Ihe Joniardg hydrephile

units have a degree of poiymerization in the range from about 4 to
about 30, wore preferab‘ly' from about 8 to about 20. As noted.
supra, the nonionic hydrophilic units cam in general terms efther
10 interrupt the backbone structure or be situated between the
backbone and the allyl terminal mmts, it is highly preferred that

the latter be the case.
The A.T.E. composition comprises from about 1.1 moles to
~about 20 moles, more preferably from about 1.5 to about 10 moles,
15 most preferably from about 2 moles to about 7 moies, per mole of
the composition, of repeat units derived from am aryldicarbonyl
component. The aryldicarbonyl component is comprised of from about
§0% te 100%, more preferably from about 80% to 100% dimethyltere-
. phthalate. Most preferably, this component consists essentially of
29 @imethyl terephthalate and the resulting aryldicarbonyl repeat
units are substantially terephthalcyl. The essential terephthal-
oyl units can alternatively be made from any of terephthalic acid,
bis-(2-hydroxy-ethyl)terephthalate and bis-(2-hydroxypropyl)tere-
phthalate. The Tlatter two sources of terephthaloyl units, of
95  course, provide at the same time repeat units of type (d}, which
are separately accounted for below. If present, repeat units of
the aryldicarbonyl type which are not terephthaloyl repeat units,
are based on known aryldicarbomyl materials and consist essen-
tially of C, H and O; such aryldicarbonyl repeat units are
40 illustrated by isophthaloyl and phthaloyl. :
' Finally in accounting for the composition, the A.T.E. com-
prises from about 0.1 moles te about 19 moles, more preferably
from about 0.5 moles to about 9 moles, most preferably from about
'] mole to about 6 moles, of repeat units derived from a diol
'35 component selected from the group comsisting of Cz-, C3- and C4
diols (i.e., C3-, C3- and C4 glycols). This cemponent is prefer-
ably selected frém ethylene glycol, 1,2-propylene glycol, and

"



15 the -SO[err]- portion of the organic sul fonate group. The sul fonat.i on
I s introduced by post-sulfonating an ethylenically unsaturated

preformed internmedi ate pol yner using bisulfite salt, netabisulfite

salt or mixtures or precursors of such salts. The preforned

internediate polynmer has numerous illustrations, including 20
pol yesters derived from propyl ene glycollfr prepared usi ng di butyl
tin~oxide or simlar catalysts. Schmtt, EP-A 155,710, published

Sept enber 25, Wﬁﬁnraﬁil Bf the twos! GRS ekQBIRO!tHe hesngBheNRaRensistS ONat es

f th | f
RY(Qer ] E[eé?r] %’%@?ﬁﬂm% ho@rpTepy ene Slysder dhe) rEresPending, renedta kyl or
al karyl, Y is Qndts 28e @xyﬂm%momréﬁaammitm. 20. These conpositions are

prepared by a The \Ebdied 91 9&; e loBt M@w@mﬁ ap it Vitis" ¥ y' at ed
¥

al cohol or [err reacte
hal i de or 505y|@?e’“’i"ﬁ“ﬁﬁ@' erefna eEof WS Ructaret md‘mi&ﬁd sorre
final product d@}aphmm@mc hmrq!w!er undfggant {(c), th@p@t&smmtsng@f alghg! et her

internediate igyiifle Ipé e Unded Ol d Stecular weight
Hodgson et al, % g pu ‘ f escri %

preparation of dﬁﬂ()ﬁmea@ (e sulfip matﬂ 1fenase igyoupsa er |mi§tures t he
-correspondi ng &h&meof. al cohol with a haI ogenating agent, e.g., t hi onyl

chloride, in the P& ﬁ@ reac?m thé. te%%?ruﬁh%g @f%@ f]l’él 35}”%'7?? ound as

catal yst. 1@he cataly

ron ap aren;@y n}ﬂ?roves
reduces t he ter@@ﬁ@}@ﬂf‘ﬂyt WBS%rMyaPRQﬁe@ Yormdiy) tterminal units, the
terminal units (a) of the S.T.E. are substantially saturated. The

sulfinate or sulfonate groups {e)} are covalently attached %o the
terminal units, forming the structures ﬁdenﬁﬁeﬂ herefnabove 1in
summary &s (CAPg), (CAPy) or {CAPc).

The extent of sulfomation is typically from about I mole to
about 4 moles, and the S.T.E. includes compounds containing from
about 3 moles to about 4 moles of -SOxM groups, wherein x is 2
{sulfinate) or 3 (sulfonate). The sulfinate or sulfonate groups
are derived from a bisulfite compenent. The latter is preferably
selected from the group comsisting of HSO3M wherein M is a
conventional water-soluble catiom such as sodium, potassium or a
stable, water-dissociable organic catien. The composition of the
S$.T.E., in terms of the other units presemt (namely (b}, nonionic
hydrophile units; (c), repeat umits of the aryldicarbonyl type;
and {d), repeat units of the Vow molecular weight disl type) is in
accordance with their being derived from the A.T.E.

In a preferred embodiment of the invention, the backbone of
the S.T.E. consists essentially of terephthaloyl repeat units
which alternate with oxyalkyleneoxy repeat units selected from
oxyethyleneoxy repeat units amd oxy-1,2-propyleneoxy repeat umits
wherein the oxyethyleneoxy : oxy-1,2-propyleneoxy mole ratio is in
the range from 0:1 to about 0.9:0.1, more preferably from about
0:1 to about 0.4:0.6; most preferably about 0:1 (i.e., substan-
tially oxy-1,2-propyleneoxy). To this backbone are attached, at

- each end, hydrophilic 'repeat umnits comsisting essentially of
poly{exyethylene)oky units (polymerized ethylene oxide) which have
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Bal | schuh et al, U S. Patent 4,687,602, issued August 18, 1987,
di scl oses sul fonates, sulfinates: disul fonates and m xed

sul fi nat e- sul fonates derived by reacting allyl amine derivatives,
as di nethyl al | yl am ne hydrochloride, with NaHSO err] at- pH range

I n the presence of peroxodisulfate. The- iéaction is initiated by

FeSOferr],

per oxi de.

resulting in a high proportion of sulfinate-sulfonate,
whi ch can in tuam averagendegree dft polymerization’ ofioffremustionty 4 tar shpuh 30,

The

sur fact ant s.
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movid! Wéh%ﬁy Frm %B@ 8CteabsRd20. Ahe oWC]f;igéﬁﬂ
anits are tapnel Cwith 'the above 1dentiFied dul fonate
terminal units; these can have any of the formulae {CAPg), {(CAPy)
and {CAP¢) sumiarized above; most preferably, the relative propor-
tion of {CAPy) and/or (CAPp) is high in comparison with that of
{CAP:) . '

fncther preferred embodiment of the imvention 1llustrates the
high relative proportien of the sulfonated end-caps of the S.T.E.
in relation to the toital of other units present. In this embodi-
ment, the invention encompasses the sodium salt form of a sulfon-
ated oligomeric ester (S.T.E.) composition consisting essentfally
of: . '
{1) a substamtizlly linear oligomeric ester backbone, which is
comprised of from about 85% to about 100% by weight of tere-
phthaloyl and @i(yel,&pmpﬁene@xy repeat units; and '
{11) terminal mofeties covalently attached to said backbone;
wherein said terminal moieties are comprised of from about 70% te

_100% by weight of moieties selected from the group comsisting of

-{Ep) {CAPg), -(Ep){CAPy) and -{En){CAPe} (wherein the abbrevia-
tions are as identified in summary above); wherein n represents an
average degree of polymerization, in the range from about 8 to
about 20; and wherein said ccm@sﬁm@m, the percentage by weight
of the end-cap moieties {(CAPg), (CAPp) and (CAP¢) is in the range
from about 5% to about 40%, more preferably from about 10% to
sbout 30%. | -

In the above-{llustrated embodiment, the mole ratio of all
the doubly sulfomated end-cap moleties, i.e., {CAPg), (CAPg} or
mixtures thereof, in re‘htm‘m to the simgly sulfonated end-cap
moieties (CAP¢), ranges from about 1:5 to about 1:0, more prefer-
ably from about 2:1 to about 1:0, and includes materials at ratios
of from about 5:1 to about 1:0.

The above-identified features of the S.T.E. are in accordance
with the synthesis thereof, which in the preferred embodiment
involves a particular ordered series of steps.

First, allyl alcohol ethoxylate or wmethallyl alcohel
ethoxylate is made or obtained from commercial sources. The

T
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disclose a nme

thod for preparing cationically dyeable highly

pol yneriic |inear polyester and copol yester resins which conprises

adding to a mul

ti-step polyester ar copol yester forning process at

| east. one conpound selected from the group consisting of 15
hydr oxyal kyl ene oxi de and hydroxypol y(al kyl ene oxi de) derivatives

netallic salts
i ssuéd May 22,
presence of tri
conpositions wh

of isethionic acid. Login, U S. Patent 4,15
1979, discl oses br aficked (e.g., prepared in the
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m,\me@%mw%@t 64) DT ik Rirdgify HASEussion. For this
reason, synthesis of suitable ally! alcohol ethoxylate is further
{llustrated in detail in the Examples hereinafter.

The allyl alcohol ethoxylate is reacted under ester-making
conditions. Typically a two-part procedure is used, invelving
first, transesterification under an inert atmosphere; and second,
oligomerization at reduced pressure, of a mixture campﬁsmg the
allyl alcohol ethoxylate and suitable chemical sources of the
aryldicarbonyl repeat units and the low molecular weight diol
repeat which will react to form the ester backbone -{B}- {[e.g.,
dimethyl terephthalate and 1,2-propylene glycbﬂ). The procedure
forms the above-identified allyl end-capped oligomeric ester
{A.T.E.). ' .

In more detail, the transesterificatfon stage typically
involves reacting the calculated proportions of allyl alcshel
ethoxylate and dimethylterephthalate, t@g@ther' with an excess
{e.g., 50-100% molar excess beyond theoretical incorporated diel)
of diol {e.g., I,2-propylene giycol), in the presence of a conven-
tional transesterification catalyst; methanel dis removed by
evaporation or distillation. Suitable tramsesterification cata-
Tysts include metal derivatives such those of zinc, titanium,
antimony and tin; the oxides, alkexides, carbenates, acetates,

~alkyl esters or alkyls can be used. Such catalysts are further

{llustrated by tetraiscpropoxytitanium-(I¥}, mn-butyl{trihy-
droxy)tin-{1¥), and zinc acetate. The practitioner should note
that particular care is taken {e.g., excluding air, mixing well to
avoid hot-spots, and avoiding over-heating} to avoid undesired
side-reactions of the rather reactive allyl groups.

-]
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In its.preferred enbodi nents, the present invention provides novel
sul fonat ed terephthal ate ester oligoners which are useful soi |

agents
free-r

allyl -
Name

as_5

rel ease

of for use in laundry products. The esters generally contain a
hi gh proportion of free-radical-sulfonated- al |yl or

adi cal

-sul fonat ed-nethal Iyl end- caps. The preferred

derived end-caps . are: : =M6 - AbbreV|at|on
(Typical ly derived fron) (CA %
sul fi nat e- sul f onat ghe Ael igomerization stage iww@ ves further react{iﬁgt dhe

sul fonate is typhdidh! ¥¢ the transesterification stage,a280a# ab¥igomdriratdoni on such
temperature which is higher, and at i eo'ﬁéame?ﬂaﬂéhatp?eésﬁré ypically
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which is lower, than the temperature and pressure used in the
transesterification stage. Typically, a small amount of methansl,
and the excess diol, are removed under the reduced pressures.
'Tﬂ’ymtaﬂy, no separate oligomerization catalyst is needed.

For mul a

A radical-initiated olefin sulfonstion procedure is now

carried out. This typically inveives reaction of the A.T.E. with
& source of bisulfite in the presence of water. The bisulfite can
be derived from many alternative sources, such as SOz and base,
metabisulfite salts, etc., and the cation is commonly sodium or

" potassium. The radical-initiated olefin sulfonation used herein is

desirably a low-temperature procedure; aggressive conditiens,
especially heating under potentially hydrolyzing conditions, could
otherwise tend to decompose the A.T.E. or the product S.T.E. Thus,
it 1s highly preferred to use a low-temperature ( 0°C - 100°C)
free radical initiator. ‘
In general, the radical {nitiator used herein is water
soluble or alcohol-water soluble. The preferred initfators are azo
initiators or redox imitiators. Such initiators are well known im

the art. For the purposes of the instant {nvention, redox

initiators are especially preferred since their use is associated
with much shorter reaction times and much Tlower reaction
temperatures relative to any other known initiaters.

Suitable azo initiators are available in commerce under the
trademarks of various manufacturers ( WAKO, OuPONT, ALDRICH) and

include materials chemically identified as Z,Z"ea/zabﬁsm,wsdie '

- methyleneiscbutyramidine)dihydrochloride, 2,2°-azobis(2-amidine-

propane)dihydrochioride, 4,4’-azobis{4-cyancpentaneic acid), and
2,2’ -gzobis{2-methyl-N-(1,1-bis{hydroxymethyl}ethyl)propionamide}.

When using an azo fnitiator, the free-radical initiated
clefin sulfonatfon procedure {s preferably carried out at
temperatures in the range from about 20°C to about 100°C, more
preferably from about 40°C to about 65°C; pressure is in the
range from about 0.5 atm. to ahout 3.0 atm., more preferably from

o
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associated wth cation such
H err] or Na[err]} and 10 (CAP[err]) [err]

di sul f onat e

(note: sulfonate is typically

(ALLYL)

cation such as _ Na[err]).

the above,
pr €f erred.

the di sul fonate end-cap l{€AP[err]) is especially
general , varying proportions of the follow ng

- nonosul f onat eah@wﬁ: Leptn.c 5 abaut 3-3 at%e, Andse Meactinnbiaei in ithe range
from about 5 hrs. DRUEBOUY 90CMs| y mded ipreferabDNFrom abodtCi®l err])

[err] typi calhﬁ} ggsqu%égdmsrmnﬁs%éé)nate (ALLYL) 20

For mul a

(not e:

as

associated with

In
15

W th

cation such as Na[Redeq linitiator systems pre Jdiestoetednby iperselfate A éution to
provide thowfp&smﬁm X cBhAnES  ont PR € viteM SoldlTePREdal O8It of

(CAP[ err]

to (CAP[err}])
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* terephthal ate esters.

When Msimg a redox initiator, the radical initiated ﬂefim :

sulfonation procedure is preferably carried out at temperatures in
the range from about 0°C to about 40°C, and a reaction time of as

little as from about 0.1 hrs. to about 24 hrs. can be used. More:

preferably, the sulfonatfon temperature is in the range from about
10°C to about 30°C, and the sulfonation time is from about C.5
hrs. te about 1C hrs. Pressure is in the range from about 0.5
atm. to about 3 atm., more prefemmy frm about 1 atm. to abeut
1.5 atm.

- An important particularity of the sm‘ﬂlf@matiom stage 1s the
nead to keep the reactants in good comtact. It should be
appreciated that unless care {s taken (temperamre control,
mixing, use of alcohol-water sclvents} there will be a tendency

for the allyl end-capped A.T.E. ester to separate from the aquecus
~ sulfonation reagent, resulting in poorer sulfonation yields.

As moted in the summary, it is possible to vary the propor-
tions of (CAPg), (CAPp) and {CAPe} end-caps in the sulfonated
esters of the invention. Adjustment of the pH used in the above-
outiined sulfomation stage %o Tower pH va‘ﬁlues, and/or use of
excess bisulfite, tends to faver higher levels of (CAPg)
{sulfinate-sulfonate); in contrast at higher pH values, especially
when 1ittle or no bisulfite excess is present, (CAPg} i(mmmsﬂf@s

nate) predominates. In connection with olefim sulfonation pH -

effects, see the disclosures of Bright, Siubbs et al and Shepherd,
referred to supra and incorporated herein by reference. When it is
desired to maximize the proportion of the preferred (CAPp)-
containing esters, an optiomal hydrogen peroxide oxidation step,
carried out after the sulfonation reaction, will indeed success-
fully convert (CAPy} to (CAPp)}. If such an oxidation step is
carried out, the pemxwé is in dilute aqueous form, and. is
typically added atrambient temperature with stirring.

e
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Al lyl groups, which are present in the esters prior to
sul fonation, are represented herein as follows: 30 (ALLYL)

CHerr]-CHCHerr] - al lyl = (allyl alcohol) | The

met-hal |yl honolog, typically derived from nethallyl al cohol, is

also within the scope of the invention; in contrast, hi gher ol efins ,
hi gher branched ol efins and the |ike areiiasuit - ably hydrophobi c. 35
The terephthal ate ester oligonmers herein have substantially | i near

backbones; thus thdp déghtotof ithegebaveal the n8iTLife, bimmnethey preferyed
crossl i nking t Ieipbodiineo loFVeee RiveReToHTaE EHeO PPSdudti CaF ASpiiocbss compris-

-9 ing, in sequence, the following ester-bond forming procedure and -
radical-initiated sulfonation pmcedlwre.

5 Ester-bond-forming procedure:

- a transesterification step, comprising reacting a mixture of
1) about 2 moles of allyl alcohel ethoxylated te an average degree
of polymerization of from about 4 to about 30 (more preferably,
about 8 to about 20); and II) from about 2 to about 7 moles of
dimethyl terephthalate; and III) from about 2 moles to about 14
moles of diel { e.g., 1,2-propylene glycol or mixture thereof with
ethylene glycol provided that the mole fraction of ethylene glycol
does not exceed about 0.4);({note that this represents an excess
over what will ultimately be incorporated into the composition).

The transesterification step is carried out in the presence

of a conventional transesterification catalyst. The transesterifi-
cation temperature is in the range from about 120°C te about 250°C
{more preferably, about 160°C to about 230°C).

. The transesterification pressure is in the range from about
0.75 atm. to about 3 atm., where I atm. = 760 mmlg. Hore
preferably, the transesterification pressure is in the range from
about 1 atm. toc about 2 atm. The transesterification time is from
about 2 hrs. to about 60 hrs., more preferably from about & to
about 25 hrs. _

To complete the ester-bond forming procedure, the trans-
esterification step is followed by an cligomerization step. The
Tatter invelves continuing to react the above-formed mixture under
the following conditions: oligemerization temperature: in the
range from about 170°C to about 250°C, more preferably from about
180°C to about 220°C; oligomerization pressure: in the range from
about 1 x 10 -6 atm. to about 0.5 atm., more preferably about 1 x
10 -4 atm. to about 0.05 atm.; and oligomerizatiom time: from -
about 2 hrs. to about 60 hrs., more preferably from about 5 hrs.
to about 25 hrs.; whereby precursor allyl end-capped c@s@‘iigcmemc
ester (A.T.E.] is produced.
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tetra- or. poly-carboxylic acid nonomer groups, or tri-, tetra- or

pol yhydri c al cohol nononer groups. In the preferred

embodi nent, the |inear backbone.of the sul fonat ed, end-capped
terephthal ate esters of the invention. is 5 conprlsed of alternatlng
groups of the formul ae: Abbrevi ation Fornul a

Name (Tyically derived-from R - [err] (T
-C(gerr]Herr])C . t er epht hal oyl 8ginethylterephthalate) 10 and

g fG) -OCH(CH gfrd) %&%mJﬁniate@beﬁﬁWsﬁm!ﬂdml pa-@empy.! egie gl ycol)

sul fonated est &r7-6r %34 feiad’

units,

especi athe same Alubtmnmesanne of mtann with a conventional bisulfite
Nane (Typlcall¥

the ( é%éﬁdé of a iuw@temmerature free
co(cHerr] CH er—tr"atﬁcii 3 finatﬂjnd?&) ira]t@r seerirelztgd %Oam?/ (a%y$ ﬁ}@ﬂateorg) ond
redox {@0oy tpemsdlfate i/nmetdiccation) dnitdatorstbinlithésitstepsuch

(ethylene 8

oxi de)

noni oni ¢ 2

particul ar

t han
190
15
20
28
38
38

thy %98@@? 4 eTr@Afyd19! Ricontieteanld 4. | Vooid! wikieg g
mm&e 8. h@mgemecms \Qu%ggamng aeqrﬁ@éz%sa r@acaﬁom m?xtum

level of the comventional bisulfite sulfonating agemt is from
about ! mole to about 4 moles , more preferably from about 3 moles
to about 4 moles, per mole of said allyl end-capped ce-oligemeric
ester (A.T.E.); also, the following sulfonation conditions are
respected: :

sulfonation temperature: im the range from about 0°C to about
100°C; sulfonation pressure: in the range from about 0. 5 étm. to
gbout 3 atm.; and sulfonation time: from about ©.1 hrs. to about
90 hrs.

After sulfonation, the sulfonated oligomeric ester composi-
tion (S.T.E.) of the inventionm, dﬁrectﬂy cbtained in aqueous form
{the water content is typically 80% or less}, can be used without
further purification as a soil release agent, e.g., by mixing into

.a liguid detergent composition. In the alternative, the very

simple peroxide oxidation briefly referred to supra can first be
carried out. If desired, the S.T.E. can be conventionally dried,
or can be admixed with oligemeric ester soil release agenis of
types previously described im the art. The more convemiently
handled aguecus form of the S.T.E. is a very well divided suspen-
sion, or, more typically, a clear solution. The assocﬁated_advana
tage of not having to disperse the sulfonated esters prior to
Jaundry product formulation is of considerable benefit to the
formulator.

Despite the rather htgh solubility of the sulfonated 0Wﬁgo=
meric ester of the invention, it functions effectively as a soil
release agent and thus meets the needs of the consumer as well as
being convenient to the formulator. '
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interrupting the backbone structure. Thus, at the nolecular |evel,
the following are illustrative of the nost highly preferred
structures: 25

(CAR[err])-(E[err])-(T)-(PQ-(T)-(PG-(T)-(PG-(T)-(E[err])(CAP[err])
(CAPLerr])-(Elerr])-(T)-(PQ-(T)-(PQ-(T)-(PG-(T)-(E[err])-(CAP[err])
'(NCEAP[?r[]h)-]SE[err])-(T%-(PtG)-(T)-(PG)-E(‘!Q-{PG)-(T);#E[errlj)-(CAP[err]_)
Al-o e foregoing structures cor it t

whi ch contain agt oir&swamuﬁh%m%&é% Oggf'glul F?é;héoggﬁﬁﬁ@,e‘%ﬁrsﬁ
contrast, the peingopvod@ce by Cinlester-bend Forming yprobeduee sand aneddd co-

(CAP[ err]) - ( Ef spec]fie Pydqmcflu{te) difigreqtiy.- !
Also, least degjy, afeVprodess APFis RURTArtGA&F, brmingiynGsul feriayedd

(Cabtert 1) (i SsEymin) B pojoskt) hbeffoBafiboeer, comottion, it )

o AR bR Wty pr, bt )

r1)

reliance upon a chlorinated compound and without relfance upom 2
procedure comprising the order of steps: sulfonation step,
ethoxylation step. A finding of particular interest in terms of
10 the synthesis of the ester compositions is that the preferred
sulfonated oligomeric ester compositions can be made by aqueous
radical-initiated sulfonation of the preformed allyl ester
oligomer (A.T.E.}, which has a backbone composition similar to, or
identical with, that of the final sulfonated material, and which
15 élso includes the above-identified monionic hydrophile umits.

For additional detail comcernimg various low-level opticmal
units which the esters of the invention can contain, as well as im
terms of general synthetic methods, suitable starting-materials,
and disclesure 1in connection with the preparation of laundry
compositions, the practitioner s directed to the following
Gosselink patents, incorporated herein by reference: U.S. Patent
4,721,560, {ssued January 26; U.S. Patent 4,702,857, {ssued
October 27, 1987; U.S. Patent 4,711,730, issued December 8, 1987;
and U.S. Patent 4,713,194, issued February 15, 1987.

In its detergent embodiments, the invention encompasses a
laundry detergent or fabric conditioner composition comprising one
or more conventional surface-active agents selected from
conventional anionic, cationic or nonionic detersive surfactants,
‘and conventional cationic fabric softeners; wherein the
composition additionally comprises at least 0.05% by weﬁght of the
ester composition of the invention.

Liquid laundry detergent compositions, whether comcentrated
or dilute, are especially preferred. Such liquid detergent
compositions can comprise from  about 5% to about 40% of a
conventional amiomic surfactant and from about 0.05% to about 15%
{dry basis, sodium salt form) of the sulfonated oligomeric ester
composition (S.T.Ec). In another embodiment, the liquid detergent
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10 - . Note :that the backbone, which in the above-illustrated
structures is given by: -(T)-(PQ-(T)-(PQ-(T)-(PG-(T)-, can have

varying lengths. The nost highly preferred average backbone | engt h,
in ternms of the nunber of terephthal oyl repeat units (T), is in the
range fromabout 1 to about 7. In referring to such an aver age
backbone conposition hereinafter, the ablgievi ation -(B)- . 1S used.
Mor e general |y, the backbone can incorporate repeat units such as

the fol lowing, cempasifions csmendsenfronlabout Abtoeabouti 40% of aFconventional
Name (Typically &ﬂb&;}/@@uf-fﬂ%ﬂn and frﬁﬁ@bo t 0.05% :z:%“ 9564 | Gl Bdsh®;

(0)'4 eth Ieneox eth ene

typically.siml gs.1.8.) ,,or
hgflnf/;ga} r‘(’)"' tg éﬂfﬁé\#ﬁﬁd by th@h@éﬁ'ﬁb@%rﬁﬁ%ﬂlﬁﬁ @ﬁr@cfeﬁ%ﬂ&“gﬂene :
glycol. Thus, (E® Scahk., substantially ﬁsetr@pic, heavy-duty built mm
laundry detergent cump@sﬁticms -can readily be formulated
comprising:
from about 10% to about 30% of a conventional al kﬂbemzene
sulfonate anionic surfactant, on am acid basis;
from 0% to about 30% of one or more conventional cosurfact-
ants selected from noniomic surfactants, cationic . surfactants,
zwitterionic surfactants and mixtures thereof;
from about 5% to about 30% of a conventional 1iguid detergent
15 builders
from about 0.01% to ab@u‘t 10% of the sulfonated ol {gomeric
ester compositicn;
and from 0% to about 1% of a conventional proteclytic enzyme.
In the above, proteclytic enzyme-comtaining built Tiquid laundry
detergent compositions are eSmciaﬂy superior. More recently
developed enzymes, such as cellulase enzymes, are alse compatible
and can be formulated together with the S.T.E. o
The {invention is further illustrated by the fo'ﬂ@wmg
' examples; percentages are by weight unless otherwise noted.

19
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25" EXAMPLE 1
Step 1:
Preparation of allyl alcohol ethoxylate, having average degree of
polymerization of about 15:
The following procedure is ‘carried out in 2 fume hood; a
30 trapping system is @ptﬁmaﬂy used for additional reassurance in

preventing escape of ethylene oxide vapors.

.Allyl alcchol (8.72 g, 0.15 moles, 9%4%, Aldrich) is placed
in a suitably sized dry, three-necked round bottom flask fitted
with magnetic stirrer, condenser and gas inlet and outlet. The
fiask and contents are cooled under a nitrogen atmosphere to about
0°C. Sodium metal shot (0.17 g, ©.0074 moles, Aldrich) is added
slowly under a codntercurrent of mitrogem. The mixture is stirred

35
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partially replace (PG backbone repeat units. (Alerr]') is used herein
to represent nonionic hydrophile wunits, of a kind which can 20
optionally interrupt the ester backbone at random I|eading to

structures such as: _
(CAP[err])-(E[err])-{B}-(Alerr]')-{B}-(E[err])-(CAP[err]) ' |
(CAP[err])-(Eerr])-{B}-(Alerr]')-{B}-cB3&rr])-(CAP[err]) As noted
supra, such backbone interruption is preferably m ninal. The
sul f onat ed est diord.5gurseat akout 0YRi c ther sticeg -basksiichn egually be used

wter | they b bstiRERHE For te is“‘“”ﬂ{ [Pl SempBCUtdrs s 1110k tf #ice
conposi tions, ot Fog¥nternaratiney bt ?%r%ﬂ%tﬁﬁs@@ 3%& Nis) &@%lmmﬁ at ed
with the (CAP[ %ﬁii)wsaWSW[ The] btﬂttbdtmxmw mtmm Fier trofhuspr et 30

the 1mproyed JSbiisdld dth¥iendO8R1de" Ghs 2P0 HnEiduled dath! £ 5B dtHon

I nfl uence e’ sul'fonate g
rel ease agent s.through a glass W@ﬁcﬁiﬁsaoﬁt@aﬂ wick | ﬁ%@@%ﬂ”eﬁsﬂb@o%om tions

arg a: S0 thgrm&b@mmrtmum Was@éﬁﬂwletpeﬂebﬁl mer ad2-hour "
Lor epnt hal at e PPIS der b oEE 4001 he. Sodhe i@if@rnéh Lpredhil :9 BZ‘PES
t he above- reflux rtmmrabmeasastfmpnsabw HO{6 douebogt 4l Cor
'1lustrated at ayoid foritfg WingT ethér bpyfrbdittss the Clep@ratans Burdng this-
' procedure is in any event never permitted to exceed about '150°C.
Completion of the reaction to an average degree of polymerization
of about 15 is confirmed by measuring volume uptake of ethylene
_ oxide, measuring weight gain of the reaction mixture, or measuring
18 both these quantities. The mixture is cooled {0 room temperature,
and is treated with aqueous HC1 (7.4 cmd, 1M, Fisher). The
product at this stage is neytral. Substantially 211 water present
is removed under aspirator vacuum. The product is filitered teo
remove scdium chloride. Yield is 77.8g (0.106 moles). The I
n.m.r analysis is consistent with the above-identified degree of
polymerization. Thus, 1integrals of the resonances in the
following regions of the spectrum are obtaimed:
integral of resonances at’ delta = §5.18 ppmm,
" CHp=CHCH2O(CHaCH20) pHs
integral A; and integral of resonances at delta = 3.1 to 3.8 ppm,
Cia=CHCH20({CHaCHa0) ol and CHa=CHCHZO(CH2CH20)pH; integral B.
It 1s found that (1/2 integral B)/{imtegral &) = a = 15.3.

“In the 14 n.m.r data above and throughout the specification,
chemical shifts, delta, are expressed in parts per miilion (ppm)
referred to tetramethylisilane {TMS) (deita = © ppm}. In practice,
a secondary reference of known chemical shift, such as hexa-
deuterodimethylsulfoxide (DMSO-dg), canm equally be used in the

n.m.r experiments for convenience, and the THS shifts are them
obtained by difference. '
Step 2:
Reaction of the product ef step 1 with dimethyl terephtha‘? ate and
1,2-propylene glycol {two-stage procedure iavolving transesterifi-
cation and oligomerization stages):

T
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(ALLYL) - (E[errj) (B)-(Eferr])- (ALLYL). (highly preferred) or, |ess desir-
ably, (ALLYL)-(E[err])-(B)-(Alerr])-{B}-(En)-(ALLYL). The conditions used

for preparing the A T.E, as further illustrated in the preferred
enmbodi ments hereinafter, are consistent with minimizing the 5
relative proportion of the (Alerr])-containing materi al .

DETAI LED DESCRI PTI ON OF THE | NVENTION . 23 - The present invention
enconpasses sul fonated oligoneric ester conpositions adapted for
as soil rel ease agefiesproduttaafdstep 1 (19.3r goUL.026 swtés)ads dplacedcint @ or
fabric conditiaoq S WI AP (1Y) can
described in ter: smtab?y sizﬁd B%Irﬁtal be ar ﬁhﬂ{'seqm p‘eg mr{oh ﬁ@?h ¥

specific, prefob&HEners ﬁu@ds‘ﬁ@t g% i iaiet, nifrpggp b i@'r ang) § ged
identified sinpihaisers head which supp@ms a condenser and receiving ﬂask

5 . Dimethyl terephthalate (7.00 g, 0.0360 wmoles, Aldrich),
E,Zaspw'@pﬂene'g'ﬁycﬂ (3.40 g, 0.045 moles, Mallinckrodt, 98%) and
a conventional. transesterification catalyst such as FASCAT 4100
{TH} M&T Chemicals Inc., 0.03 g; 0.1% w/w, are added under a
nitrogen blanket. The mixture is stirred and heated to abeut
140°C, taking about 15-30 minutes. This temperature is maintained
for about 1 hour. The temperatmre is now raised to about 170°C
taking about 15-30 minutes. During the following 41 hours, the
transesterification is continued and methanol together with some
propylene giycol (total 2.8 ml., theory 2.9 ml) distil from the
reaction mixture.

The apparatus {s then cooled to room temperature and the
reaction mixture is tramsferved to a Kugelrohr apparatus. The
Kugelrohr 1s maintained under vacuum (ca. IlmmHg) and the
temperature is raised to about 180-190°C over a 1 hr period. The
reaction mixture is held at this temperature for a total
oligomerization time of about 17 hrs. The product of the
transesterification and oligomerization procedure is cooled to
room temperature. | '
| The reaction is demonstrated to be substantially compiete by
276 WMz 33C n.m.r spectroscopy. Thus, the terminal alcohol-
bearing - carbon atom resonance (delta = 60.7 ppm,
CHz=CHCH20{CHaCH20) 5 1 CHaCH20H, reference = DMSO-dg, 39.5 ppm) due
to unreacted allyl alcohel ethoxylate is at a very low level
{integral = 0.04) as is the 1,2-propylene glycol methyl carbon
resonance of incompletely allyl-end-capped oligomers {delta
19.99 ppm, -OCHCH{OH)CH3, integral = 0.05; reference as above).
The formstion of am A.T.E. ester composition is shown by 13¢C
resonances at delta = 135.5 ppm, integral = 0.91, (-CH2-CH=CHz};
and delta = 116.0 ppm, imtegral = 0.91, {-CHz-CH=CHgz}.

As noted here and throughout the specification, 13¢C n.m.r
shifts in parts per million (p.p.m} are referred to tetramethyl-
stlane (0 p.p.m) dsing hexadeuterated dimethylsulfoxide {DMSO-dg)
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"ALT.E.". The terminal wunits of the AT.E conprise a high
proportion of allyl or nethallyl end caps and the repeat units in 15 t he
backbone conprise terephthaloyl <~and |ow nolecular weight

di ol =-derived units. Surpri.singly, there does not appear to
be any specific disclosure in the literature of this type of
material, the conposi tion of mhhcﬂésper ane is nmore specifically

described as 20 fol | ows. conmposition corrgrl ses (a),
term nal units;8s |spcondary reﬁmmm@rhyamwmrv@ un‘ﬂ’hes cryde) preduskathusni ts of

the aryl dicar b%@mmgd is cbdRE; to2 bl Gempereti@dl units of the |ow nol ecul ar
wei ght di ol tyﬁ% 3. More specifically, the A T.E conposition
conprises fro 8 about 1 nole to about 2 noles, per nole of the
conposi ti on ofReaction w©&r thengircduct  of cebepy 3awitho sodiumometabl sdfite inei ght

ol efi ni cal m.@rtmewmﬁémwmmtmew@me d)is conponent is

sel ected f

al cohol . l\/bst e, e%-g é R,mé)wcgug t§ % a{;' s Cf%ﬁésfag‘%wﬂ |yl

mol es)  of thepTﬁﬁed inerndnyg| switably aﬁadammid betttonaflask equipped withhe
o0 vty oA ERTAFRE, | SOAOMEY Ly RO dhs snlah, T
gbout 2 m%l es pRtige ehﬁ? ﬂﬁ%@? &:&i Eﬁl F?rxlié added g?”bp%ilg
units. T%se angont dTanket. Mﬂmcﬁmt&bﬂuﬂﬁt&n {0c384crg, 0.00291 moles,
about 10% excess, Fisher) is added in water (5.0 g) and stirred to
dissolution. A free radical Imitiater (2,2' -azobis(N,N -
dimethyleneisobutyramidine) dihydrochloride, VA-044 (TH) Waco
Chemicals, 0.03 g, 0.0929 millimoles} is added. The mixture is
35  heated with stirring to about 45°C over about 30 minutes, the
temperature being specifically selected to maintain solubility of
the oligomer in the aquecus medium and to prevent visible phase
separation. After a sulfomation reaction time of about 2.75 hrs,
the temperétwre is increased to about 50°C. (The practitioner is
careful with temperature contrel, using it to avoid umdesirable
solubility problems or visible phase separation from developing).
Additional VA-044 (0.05 g, 0.155 millimoles) is added tc the
reaction mixture. Heating is continued for an additional suifona-
tion reaction time of about 19 hrs. Analysis at this stage shows
the reaction to be about complete. The reaction mixture f{s
filtered to remove traces of precipitate, and is transferred to a
Kugelrohr apparatus, where it is heated under aspirator vacuum to
2 temperature of about 100°C to remove water. The apparatus is
then cocled and the tacky preduct is scraped ocut. The weighed
' vield s 3.84 g; note that a substantial amount of material
remains in the flask of the Kugelrohr and that, on reproducing the
synthesis, yields are more typically near theory.

Analysis by I n.m.r and 13C n.m.r spectroscopy is indicative
of a high ( 85% - 95% ) degree of sulfonation of the oligomer
211yl moieties as inferred by disappearance of the I resonances
at delta 5.85 ppm {-CHz-CH=CHaz) and delta = 5.18 ppm
{-CHpCH=CHz) and cthe 13C resonances at deita = 135.5 ppm
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35 conponent . The et her conponent is typically conprised of from
about 50%to 100% et hyl ene oxide. In the preferred enbodi nent, the
et her conponent is conprised of from about 80%to 100% et hyl ene

12, - : oxi de; nost preferably, the ether conponent consists
essentially of ethylene oxide, i.e, it is substantially .
pol y(oxyet hyl ene) oxy. What ever its ﬁl;l vati on, non- ethyl ene oxide
material in the ether conponent consists-essentially of C, H and O;

it cag, df oL exafriHp-CibCHz) laﬁidl l&%prf}pﬂﬁoerl @cwg@ﬁ%Mr afd kK ¥lnether oxi des
honi oni ¢ hydr otpﬁﬁrfsmd ) bhfbde R 64, 1 SoSBRRES. KRFABRarL sopE.
range from aboutna tthe 13¢ apomir 30spentirem pr ot erﬁb%ﬂ frem £5olit $MBo about
20.  As noted  (.Cip-CHp-CHa(S03-}}, fintegral = 0.75; delta = 48.3 ppm
8 {-CHz-Cliz-CH2{S03-}), 1imtegral = 0.75; delta = 64.2 ppm
{-CHa-CH{SO2~}-CH2{S03"}}, integral 0.02; delta = 44.6 ppm
{-CHz-CH{S02-}-CH2{S03"}),  integral = 0.02; delta = 56.7 ppm
{-CHz-CH{SO3-}-CH2{S03"}), integral = 0.23; and deita = 49.2 ppm
{-CHz-CH{S03"}-CH2{S03"}}, integral = 0.23. In the foregoing, the
. m integrals are normalized based upen the sum of the terminal carbon
atom resonances and as noted supra,ll n.m.r data are referred to
tetramethylsilane, delta = C ppm.
' EXAMPLE 2
| . Step 1:
15 Preparation of allyl alcochol ethoxylate having average degree of
p@'ﬁymemzmﬁm of about 1l:

The following procedure is carried out in & fume hood; a
trapping system is optionally used for additional reassurance in
preventing escape of ethylene oxide vapors.

Allyl alcohol (100 g, 1.72 moles, 994%, Aldrich) is placed im
a.suitably sized dry, three-necked round bottom flask fitted with
magnetic stirrer, condenser and gas inlei and ocutlet. The flask
and -contents are cooled under a nitrogen itmspherg to about G°C.

- Sedium metal shot (1.98 g, 0.086 moles, Aldrich) is added sTowly
under a countercurremt of nitrogen. The mixture {s stirred for
1.5 hrs at ebout 0°C. (Other strong bases can equally be used in
substitution for the sodfum). The temperature is allowed to rise
to room temperature, at which stage estsemiaﬂy ne sodium metal
remains visible. The stirred mixture is heated to reflux, at
which stage ethylene oxide gas is introduced inte the solution

20

28

30 through & glass tube at a rate at which it is mostly absorbed by
the mixture rather than being wastefully expelled. Over a €-hour
perfed during which ethyleme oxide addition 1is continued, the
refiux temperature imcreases from about 100°C to about 140°C. To
avoid forming vinyl ether byproducts, the temperature during this

35
: procedure is in any event never permitted to exceed about 150°C.

Completion of the Teaction to an average degree of polymerization




supra, the nonionic hydrophilic units can in general terms either 10
I nterrupt the backbone structure or be situated between the
backbone and the allyl termnal units; it is highly preferred that

the |latter be the case. The A T.E. conposition conprises from
about 1.1 noles to about 20 . noles, nore preferably fromabout 1.5 to
about 10 noles, 15 nost preferably froggabout 2 noles to about 7 noles,
per 1ol e of t he conposition, of repeat units derived from an

aryl di carbonyl gf ab@mCQIIDW%Wﬁﬁ@& BY \dedérds cmbmecwmeaf éthytenepr i sed
of from about

di met hyl tere- oxide, S'ﬁ?%‘ﬁ 100 g‘%’ﬁr@fﬁ‘ lrf% ﬁ? gg%‘%?rpglk ﬁ?ow%% |12'?OSA)

essentially of &&h tﬁusmh@ﬁﬂtﬂ@ epfhehai xture dadﬁwm MNQM|W@PmWRﬁ.car bonyl
repeat . U“édmsa&?eﬁéaséi%ﬂtéqﬁéws ket Qﬂ%ﬂfc QM' Fisherg . CYRE b@«hct

t er epht hal - %% uni ts, can f ¥ @maﬂ i g %

t er epht hal i% actty, this Sta@Sl gs(gevﬂ% Dx&“ ?W Yally o\l yaten em'g gpt s

bi s- (2- hydr oxyprmyéd undercaspirator picubm! alke praduet |{at fidteredots cenaves of _
terephthal oyl = SiHihs: ch¥bride. YAEH 38, o8 9! fi%3%hotele 1 mnm; ok aigagal units

of type (d), whi rately aééounte resent,
repeat units ofusing tmt“@]éﬂ%ﬁ?ﬁso&am%ﬁ yise CRRFiske %’é‘ F\@)t tﬁ%r@ﬁ #9¢%al oyI
repeat units, degrearw mgwﬁ.mmommm ti.carbonyl materials and consi st
essen- ,of C, H and O; 'such aryl di carbonyl repeat units are

30 . |IIu§t@rateféb i sopht hal oyl and phth ﬁ/
R@act on of the prodict of step 1 uﬁt dimethy! terephthalate and

- propylene glycol (two-stage procedure involving tramesteriﬁcae
tion and oligomerization stages): :

The product of step 1 (88.6 g, 0.163 moles) is placed in a

15 dry, suitably sized round ‘bottom fiask equipped with magnetic

stirrer, fitted with gas inlet, nitrogen bubbler and a modified

Claisen head which supports a condenser and receiving flask.

Dimethyl! <terephthalate (43.6 g, 0.225 moles, Aldrich),

1,2-propylene glycol {21.8 g, 0.286 moles, Mallinckrodt, 98%} and

29 & convemtional transesterification catalyst such as FASCAT 4100

(T4) M&T Chemicals Inc., 0.154 g; 0.1% w/w, are added under a

nitrogen blanket. The mixture is stirred and heated to about 140°C

over a period of about 15-30 minutes. This temperature is main-

tained for about I hour. The temperature is now raised to about

g5 170°C, taking about 15 minutes. During the following 18 hours,

the transesterification is. continued and methano! together with

some propylene glycel {(total 15.1g, theory 14.4g) distil from the

reaction mixture.

The apparatus is then cooled to roem temperatmm amd the

a9 reaction mixture {s transferred to a Kugelrehr apparatus. The

Kugelrohr {is maintained under vacuum {ca. Immig) and the

temperature is raised to about 200°C over 2 1 hr. period. The

reaction mixture is held at this temripenwre for a total

oligomerization time of about 5 hrs. The product of the

35 transesterification and ol ﬁgmﬁzatﬁem pr@cadure is c«m‘ﬂeﬂ te

room temperature.

-
@




Finally in accounting for the cdrrposition, the AT.E. com prises from

about 0.1 noles to about 19 noles, nore preferably fromabout 0.5
nmol es to about 9 noles, nost preferably from about 1 nole to about 6
. noles, of repeat units derived froma diol 35 conponent sel ected fromthe
group consisting-of Clerr], Cerr] and (err] diols (i.e., (err],
Clerr] and (ferr] glycols). This corrponeeli? ls prefer- ably selected
from ethylene glycol, 1,2-propylene glyco and
13 ~mxtures OfTﬁehﬁeicW@n ib’tﬁmﬁtﬁﬁ@hbm kmﬁamﬁww@@ﬁm@e@%yst S

essentially of o GPASPY £e odlxcQlony, LinGOHSTTA UbiAr fo°BRIL of

units are OXYypr Of
: Example 1, step with the exception of the degree of polymeriza-

tiom which, as noted, is about 1l.
§ The A.T.E product thus obtained is cooled to room
temperature.
Step 3.
Reaction of the A.T.E product of step 2 with sodium metabisuifite
in water (radical-initiated sulfonation, azo imitiator}:

The product of step 2 (M@ g, 0.0635 moles} is placed in a
dry, suitably sized round bottom flask equipped with wmagnetic
stirrer, fitted with a condenser and gas inlet and outlet.

. Distilled water (200 g, 11.1 moles) {is added under an argon
blanket. Sodium metabisulfite (10.58 g, 0.0557 moles, Fisher) is
added in water (150 g} and stirred to dissolution. 'Nitrogem gas
s bubbled through the sclution for about 20 min. ‘A free radical
inftiator { 2,2’ -azobis(N,N’'-dimethyleneisocbutyramidine) dihydro-
chloride, VA-044 (TM) Waco Chemicals, ©.216 g, 0.668 millimoles,
dissolved in about 60 g of water) is added. The mixture is heated
with stirring to about 35°C, taking about 30 minutes; the tempera-
ture bamg' specifically selected to maintain solubility of the
oligomer in the aqueous medium and to prevemt visible phase
separation. After a sulfomation reaction time at 35°C of about 8
hrs, it is acceptable to imcrease the temperature; Thus, over
about 30 minutes, the témperature is increased to about 45°C.

 {The practitioner remains careful with t.éwemwre control, using
it. to avold undesirasble solubility problems or visible phase
separation from developing.) The sulfonation reactfen is allowed
to continue for an additional 8.8 hr 'peri@d.' The temperature is

" then increased yet again over about 30 minutes, to about 55°C, and

the sulfonation reaction is allowed to continue for a further 30
hrs. Additional sodium metabisulfite (2.23 g, 0.0117 moles) and
VA-044 (0.108 g, 0.334 mﬂHm‘ﬁes) is added to the reaction
mixture. Reactfon at 55-60°C is continued for an additional
sulfonatfon reaction time of about 26 hrs. Analysis at this stage
shows the reaction to be about complete. The aqueous product
solution (79% watér) is filtered to remove traces of precipitate.

T |i‘ﬂi||
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The sul fonated terephthal ate ester oligoner conpositions of 5 t he

I nventton, hereinafter "S. T.E.", conprise (a), termnal units; (b),
noni oni ¢ hydrophile wunits; (c)y repeat wunits of the

aryl di carbonyl type; (d), repeat units of the | ow nol ecul ar wei ght

diol type; and (e), sulfinate groups, sul fonate groups or m xtures '
t hereof. 10 As conpared with the.tsgrm nal units of the A T.E , which
are -~ ol efinically unsaturated, preferab%/ allyl termnal wunits, the
terminal units (a) Aéalybts Sbyf. BH ar.mzs.ubaln&nﬁl Gl hym.gat spetadscop¥heis
sul finate or su greups C t '
termnal units, @@%Qﬁﬁe ?ﬁ J l{n‘i{gﬁ ures |§§§L%F d i?‘@?mﬁiﬁ“ BF the
suimary as (CAPPEQOF?V ﬂ@b[“@ﬂﬁﬁﬁsoﬁs( disappearance 'ert@(tlé”nt of
Zule Enat i oln ids Fogunanddsyat rd@maaem%l%mm@mgecﬂscﬂgp ab@uieziﬂa 0§ £18, pgand Z he

. T.E. includes t [ 8 abpu e about

nmol es of ° en‘%@ E %@\ﬂeﬁg?nqgc r%gamamces BE ?I na{m §3é% Sﬁ%’

(sul f onat e) T%Em‘htﬂﬂﬁl@ 2} cangr deltx ohalls. @r%s@eﬂﬂz CW%E“‘MdéM viurtherym a

bisulfite Comoﬂmﬁmﬁﬁwﬁw Sipehfanké %ﬁhé@'vﬁsom&nceﬁeb%ﬁe@hﬁj Qfbsd he
group consistin

M V\,her el n nventi
wat er - sol ubl e cg@l o% uch é] dbstirh um S‘g@l uﬁ#or dgﬁj 25% ppm
wat er - di ssoci abl{ eCHzr-8ligrLiz{5837)dm. imrﬂonﬁos@t?ﬁin éﬂtt&he- 48.3S FpIE. , in

ternms of the ot I@emzum BH ), (m@ﬁ@ (R), oy OBe®a25- W, @r ogﬁl e
units; (c). Ep?aéw D0)- cgz | ALCRINRTYL RS deita = 44.6 ppm
(-CHz- CH{S@g) gwg{sos M, integral = 0.15; deita = 56.7 ppm
{-CHz-CH{S03")-CH2{S03"}), integral = 0.10; and delta = 49.2 ppm
{-CH2-CH{SO3"}-CH2{S03"}), imtegral = 0.16. In the foregoing, the
integrals are normalized based upon the sum of the terminal carbon
atom resonances and as noted supra, lj n.w.r. data are referred to
tetramethysilane, delta = 0 ppm.

A sample of the aqueous A.T.E. product is titrated using
standard iodometric methods; see "Basic Theory and Practice of
Quantitative Chemical Analysis®, R. B. Fischer and D. G&. Peters,
%, B. Saunders Co., West Washington Square, Philadelphia, PA, 3rd
Edition, 1968, pages 571, 672, 584-580; incorporated herein by
reference. The molarity of oxidizable sulfur-containing groups is
0.024 M.

15

20

EXAMPLE 3
Peroxide oxidation of the product of Example 2:

To a sample of the aqueous A.T.E. product of Example 2 (35@
cm3) 1s added dropwise, at ambient temperature, aqueous hydrogen
peroxide (5.7g, 5%, 8.4 millimoles). The solution is reacted at
about $§°t for about 30 min., and is then coocled to ambient
temperature. A test using peroxide test paper (E M. QUANT, ©-100
ppm range} s negative for peroxide. ‘

The relevant 13C n.m.r data now ocbtatned are as follows:
delta = 25.0 ppm (-ChHz-CHp-CH2{S03"}), integral = 0.75; delta =
48.3 ppm (-CHz-CHp-CH2{S03°}), integral - 0.75; delta = 64.2 ppm
{-CHz-CH{SO2-}-CH2{S03"}), {integral = 0.05; delta = 44.6 ppm
{-CHz-CH{SO02-}-CHa£{S03-}}, integral = 0.05; delta = 56.7 ppm

[ L.
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and (d), repeat units of the | ow nol ecul ar weight diol type) is in

accordance with their being derived fromthe A T.E In a
preferred enbodi nent of the invention, the backbone of the S.T.E
consi sts essentially of terephthal oyl repeat units 30 which alternate

wi t h oxyal kyl e
units and oxy-

oxy-1, 2-propyl eneoxy nole ratio is in

preferably abot

neoxy repeat units selected from oxyet hyl eneoxy repeat
1, 2- propyl eneoxy repeat Unjg s wher ei n t he oxyet hyl eneoxy

0.9:0.1, nore RE Jcmbﬁf cmsamqn integrdl: L @oz;a%utdmé Q. 69.2p

PSR l0s. dassoralnd 4ol PR f?i%iﬁ?"xﬁ%.ts

consi sting esgermalizddyas apted in the| Exaoplest Wéne) oxy units (polynerized
et hyl ene oxi de) which have EXAMPLE &

this backbone

5

ig

is
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Radical-initiated sulfonation of A.T.E using a redox
inftiator and sodium metabisulfite at Tow pH:

Allyl end-capped oligomeric ester, specificaliy that of
Example 2, step 2 hereinabove (100g, 0.0635 moles) is placed in a
dry, suitably sized round bottom flask equipped with & magnetic
stirrer, condenser and gas imlet and outlet. Distilled water
(1580g) is added under a nitrogem blanket. Sodium metabisulfite
{24.15g, 0.127 moles, Aldrich) is added in water (310g) and
stirred to dissclution. Nitrogen gas is bubbled through the
solution for about 30 minutes. The pH, as measured using a
sensitive conventional pHf paper, is about 4.5. The mixture is
cooled in an ice bath to a temperature of about 5°C, at which time
the pﬂ §s adjusted: to about 2.0 using about 15 ml of 15% sulfuric

the range fromO:1 to about

acid. The mixture is removed from the ice bath, and is warmed to '

ambient temperature over about 1 hour. Sedium persulfate (0.605g,
2.54 miilimoles) is then added. Upon dissolution of the sodium
persulfate, FeSO04 in aquecus soclutfen (2.0 ml, 0.013 M) is added.
After stirring for about 1.5 hrs at ambient temperature, residual

bisulfite is determined by titration (see Example Z2 for reference

to the procedure) as being about 17% by weight of the amount

‘originally added. Analysis at 2.0 hrs. indicates 13% residual

bisulfite. At 2.5 hrs., additional FeSO4 (2.C ml, 0.013 M) is
added, and the reaction is allowed to contimue for an additional
16 hrs. The residual bisulfite now measures about 8%. At this
stage, the pH is about 2.1. The pH is raised to about 6.0 using
about 10.0 m! of 5% aqueous NaOll. The total volume is about 560
®! (about 21% solids). Analysis by IH n.m.r {freeze-dried sample
redissolved in DMSO dg) is indicative of a high degree (85%-95%)
of sulfenation of the oligomeric terminal allyl moteties, as
inferred by the disappearance of the IH resonances at delta = 5.85
ppm -(-Clg-Cl=CHz) and delta = 5.18 ppm {-CHp-CH=CHa) and the I3¢
resonances {solvent D0 : DMSO dg 1:1 v/v) at delta ~ 135.5 ppm
{-CHz-CH=CH2)} and ‘delta = 116.0 ppm (-CHp-CH=CHz}. Formation of

e
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14 an average degree of polynerization of fromabout 4 to about 30,
nore preferably fromabout 8 to about 20. The pol y(oxyet hyl ene) oxy

units are capped wth the above-identified sulfonated allyl
ternminal units; these can have any of the formulae (CAP[err]), (CAP[err])
and (CAP[err]) summarized above; nost -preferably, the relative propor-
tion of (CAP[err]) and/or (CAP[err]) is #igh in conparison with that of
(CAP[err]). Anot her preferred enbodi ment_of the inventjon

i | lustrates then S.T.E. preguctevharein abpuhFoiafnths aihd endr@R%aly they- caps

of the S.T.E }fids of theclestéroroligodere havs dbeedl cotveeted nid ssulfimtet .

2 sul fone | sulgonERengchdy FOFa) FF (AL B N SRR .LS”“‘”_

essentially  resonafces, paﬁigwﬁr‘w ﬁl@& Antihe 138 nimeaspestrigoat dedtast er

backbone, i ch iy, 9l mamO Nty H e Sado derwabout 4809 %pby wei ght
of tere- g\,h g@‘ﬁﬁg\‘)ﬁ ng’ﬂ %%;)J) propyl e]rr?eoxy repeat units; Oépgd

(ii) ternminal r@f) g ol&lie dattached to sai d backbone; ~ wherein
said terminal noieties are conprised dEXAMBLENS about 70% to 100% by

wei ght of noieti es [ I 2
(E?err] ) (CAP[err] )-I;éﬁbﬁ E‘de;rﬂri ég& g { nﬁ;&ﬁ@%?éﬁ&gﬂi gagsgéerr wher ei n
the abbrevi a- 013 § Hasta Yigle EM einn
repr esents 18" obtained im Examp‘ie 4§ (280 ml, approximately €.113 H) ﬁs added
dropwise, at ambient temperature, over 0.5 hrs., an aqueous
solution of hydrogen peroxide (259, 10% v/v). The reaction
mixture is stirred at ambient temperature overnight. The reaction
mixture is then heated to about 50°C over a period of about 0.5
15 brs. and {s maintained at 50°C for about 1.0 hr. Analysis by 13¢
n.m.v. (D20 : DMSO dg 1:1 v/v} is indicative of a high (about 90%)
degree of conversion of the sulfinate-sulfonate end caps {CAP) to
disulfonate end-caps (CAPp). Thus, the resonances al delta = 63.9
ppa (acﬁgegﬁ{saga}cwg{swn and delta = 45.2 ppm (-CHz-Cl{SO2-}-
20 CH2{S03"}) disappear and are replaced by new resonances at delta =
58.0 ppm (-CH2-CH{S03-}-CH2{(S03"}) and delta = 49.3 ppm
{-CHa-CH{S03~}-CH2(S03" n

_ The soil release agemts of the type descr!bed hereabove can
25 be used to formulate detergent compositions in the form of
powders, pastes, liquids, bars, gels, and the like. These
compositions are particularly édagt@d for use in Taundering all
manner of fabrics, in the conventional manner. Detergent
cempositions prepared using the sofl release agents herein will
30 generally comprise conventional detersive ingredients of the type
well-known to those skilled in the art. Fellowing are representa-
tive, bmt nonlimiting, examples of such conventional imgredients.
Surfactants - Detergent compositions typically contaim from
ab@mmt 5% to ab@ut 50%, more preferably from about 10% to ab@mt
25%, by weight of detersive surfactanis such as the €y y-Cy3
alkyibenzene sulfonic acids, Cya-Cy¢ a?phaesw‘mfmateﬂ fatty acids,

-
®
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aver age degree of polynerization, in the range fromabout 8 to about
20; "and wherein said conposition,-the percentage by wei ght of the
end-cap noieties (CAP[err]), (CAP[err]) and (CAP[err]) is in the range 25
from about 5% to about 40% nore preferably from about 10%to about
30% In the above-illustrated enbodi nent, the nole ratio of all
the doubly sul fonated end-cap noieties, gi.e., (CAP[err]), (CAP[err]). or

m Xtures thereof, in relation to the singly sul fonated end- cap 30

moi eties (CAP[g} Lﬁg)f ammg@szjetmmm sinmmw #day] th'ﬂ@w kA Rpater-

ably from abo

bou and.,in s at t1.0S of
from about 5: Lljéa%s’a@%f ﬁfonages, and tﬁ?} f@ﬁoﬁqﬂ %ures of
the S.T.E. ar &mﬁﬁ&m@da&e alkyl polvethdxylabest tma’mmgefmf abouti Bh in the

p_referred enbedisgRRt 15 ethﬂ@ﬁ{éﬂ@*@& e Wayl Obé’eénﬁ% r| ehnink Steps.
First, al |yl |, cohol X % % v et hoxyl ate
is nmade 8r odPdfehan dfrﬁ'ﬁ\ ‘@@ﬁ%r{qaﬁ E%u@@?s m‘m@ ona arious
cationic surfactants can also be used. Mixtures of anienic and
nonionic surfactants are quite commonly used in medern laundry
detergent compositions to provide a balanced mix of clay and oily
soil removal properties. Standard reference works, such as the
10 Mc@mtche@n’ s Index, can be veferred to for other types of
conventional detersive surfactants which are typically employed in
Jaundry compositions, and which can be employed with the soil
re'm@ase matem als herein.
Builders - Fully-formulated laundry detergent compositions
9  will aﬂso tymcaMy contain from 5% to 60%, more typically 10% to
36%, by weight, of varfous detergency builder materials %o
sequester water hardness. Again, listings of typical builders can
be had from standard texts amd referemce works. Included ameng
such materials are the alkali metal phosphates, the alkali metal
a2¢ Citrates, various polycarboxylate builders including the aitrile-
triacetates, the water-soluble oxodisuccinate salts, and the
water-soluble salts of tartrate mone- and di- succinate, as
described in U.S. Patent 4,663,071; May 5, 1987, the disclosures
of which are incorporated herein by referemce. These polycarboxy-
a5  late builders are especially preferred for use in the formulation
of low-phosphate detergent compositions. Other types of builder
useful herein are the so-called precipitating builders and the
zeolites, especiaﬂﬁ the 1-10 micron particle size Zeolite A
detergency builders. The Cy4-C,; alkylsuccinates are alse useful
49 38 builder materials, especially im heavy duty liquid composi-
tions. As is extensively described fa the patent literature,
various mixtures of these buiiders can alsoc be empiocyed.
Enzymes - Various detersive enzymes can also be employed 1in
detergent compositions in the manmer well-known im the art.
Inctuded among such materials are the proteases (especfally the
alkaline proteases), amylases, . 1ipases, and mixtures thereof.
Typically, such éhzymes will comprise from about 0.05% to about

0.2% by weight of detergent compositions.
Wi

. 38
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15 synthesis is well-known; note however that the allyl or methallyl
al cohoel et hoxyl ate shoul d not be nmade wi t hout due care, and that

i f

t he sanples are commercially obtained, they should be of good purity.
Unagceptable levels of inpurities such as vinyl derivatives
and/ or pol yethylene glycol can easily result from an | nproperly
control l ed synthesis. Polyethyl ene gl ycg) _levels in parti cul ar
shoul d be controlled since this dihydric, relatively hi gh nol ecul ar

wei ght al cohol

(Alerr]) in the ﬁor'egﬁgt

suitable all yI

can ;;

Hf P

reacted under §3h&ty Mgkt dtars, suﬁﬁ”%é'%&a&c&ﬂb ‘ﬂéb{edﬁmtn)é’o l%ﬁ&&

procedure . is use I nvVo

t t
i nert at mipheﬁgppwao%sec aslgari@g§lsdi ?é% es cg?rclwéﬁémn %&gglrjrgn of

a m xture conprgesfusgst pH adljustﬁml tgantsj apbidalebitghténers; and ﬁnal kel e
afiiak"Getorgent 2ekids FEYOREM W1 11 RGNy ' onkith {d13a! OW

chem cal sourc

mol ecul ar wei gh

10
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carrier materials such as sodium sulfate. Liquid detergent
compesitions will typically comprise an aquesus or aqueous/ﬂcsh@'ﬁ
carrier.

1t is to be understood that the selection of the particular
materials used in the preparation of detergent compositions can
vary considerably, depending on the desires of the formulater.

The formulator will maturally recognize that the soil release
agents of the invention are esters and are thus, by definition,
potentially hydm?yzaﬂe materials, both during and after formula-
tion into a detergent composition. However, they can simply and
conveniently be protected against hydrolysis sc that their per-
f@rmamce as soil release agents is not substamtially impaired by
the pr@ces's of formulation into a detergent compesitien.

Hydrolysis protection during formulatiom, as illustrated in a
process for making preferred liquid, paste or gel-form detergent
composition embodiments of the inveniion, need involve ne more
than the following simple expedient; any aggressively acidic or
alkaline formula ingredients to be used are selected and blended
together in the absence of the sofl release agent so as to form an
ingredient mixture having pH below about 11, more preferably im
the range from about 4 to about 9.5; the soil release agent can
now safely be added (see Example § hereinafter}. In the alterna-
tive, preneutralized forms of otherwise hydrolysis-aggressive
detergent ingredients can be used. As an additional precaution in
making the Tiquid, gel or paste embodiments, it is preferred to

keep formulation temperatures, within practica’i 1imits, on the low

side {e.g., 20°C-80°C}. :

Hydrolysis protection after formulation, as illustrated inm
the preferred Tiquid, paste and gel -form detergent composition
embodiments, is asured by maintaining the composition within the

i

Rijasetisce @éteh%émsc@ip@tsmgns willtame tfqetified as

di ¢ h f
fne, oo b oy, e 0T, oF vy st iundEc: o i
t he Exanpl es headgencaf materials such as bicuches; pspecialdyhperberate bileathest s



repeat which will react to formthe ester backbone -{B}- (e.g.,
di mret hyl terephthal ate and 1, 2-propyl ene glycol). The procedure 20 forns

the above-identified allyl end=capped oligoneric ester 20
(AT.E). In nore detail, the transesterification stage
typically I nvol ves reacting the cal cul ated proportions of allyl

al cohol et hoxyl ate and di net hyl t-eB®pht hal ate, together with an
excess 25 (e. ., 50-100% nol ar excess beyond theoretical incorporated

di ol ) ve-spesified pHorasgesy | Eore pypsessebility of htiquid sempasiof a
conven- tm@ﬁgl ftt ri%“i%mﬁeﬁﬂ cwlme et alnenblaming! @0 mdmd- renoved

by evapo sti.l | at ble transester ati.on cat a-
lysts include é&' %{qev me@%rsre ﬂ%@ W{“Fn@"'@f% i Eﬂ’f %gﬁe'@ $ranti nony
and tin; the 0> ges @d%kbjlmmcaﬁlﬂob&em conpat ihidity reasonsal ﬁgwe‘ﬁssters or

al kyl's can : mqrﬁﬂ.ﬁ@f awh%aer il lustrated

tetrai sopr%poxyt [ tanl u iﬂﬂ% uty oxy) and
zinc acetate. The %@ﬁg%q 3@9 H&ul S‘Fe r granu’ﬂphgq P% &Féﬂq\g ntare is
taken (e.g., exmmpsiitgors fncarperatingvcthe sui‘m%e‘ﬁeawcmgdnhot@fsﬁm dnvenand

avol di ng T "Bghy “ﬂ?e Br@atsr URATFStiGHse elBrditRCRIARS uRfieckbifaryat Ner

pm“ﬁ@mged direct exposure of the soil release agent, espaciaily

10 when hot, to hydrolysis-aggressive ingredients such as concen-
trated aqueous acids or concentrated aqueous bases. When
formulating powder or gramule, i.e., substantially dry forms of

the detergent compositions, advantage can be taken of the fact

that the dry forms of the soi) release agents herein are rela-

15 tively stable to hydrolysis. This is well illustrated by the fact
- that granular salts, even when alkaline {e.g., sodium tripolyphos-
phate}, coated with the dry form of the soil release agents
provided herein, provide an excellemt vehicle for incorporating

same into a granular detergent composit’i@ne .

20 The following examples illustrate typical laundry detergent -
compesitions which employ the soil release agents of the present
{nvention at concentrations of from at least about 0.05%,
typically up to about 3%, preferably about 0.3% to about 1%, by

~ weight. In Examples 7 and 8, the abbreviation “TMS/TDS" refers to.
25 the tartrate menosuccinate/tartrate di swccﬁﬂat_e builder prepared

in the manner described in U.S. Patent 4,663,071, above.
EXAMPLE 6
A heavy duty mm cump@sﬁti@n @f the present inveation is
~as follows:

s Component .  Active Neloht %

€;5 linear alkylbenzene sulfonic acid ' 4.40
Cy3.5 linear alkylbenzene suifonic acid - 4.40
Cis-15 alkyl polyethoxylate (2.25) sulfonic acid 8.80
Cys-15 alkyl polyethoxylate {6.5)* _ - 3.52
a5 Ciz 2lkyl trimethyl ammonium chloride - 0.53
Sodium cumene sulfonate 3.18

Ethanel F3 i.23

iR




- 16 - The oligomerization stage involves further reacting the
produet of the transesterification stage, at an oligonerization

tenperature which is higher, and-at an oligonerization pressure whi ch
i sl ower, than the tenperature and pressure used in the 5
transesterlflcatlon stage. Typically, a small anount of nethanol, and
the excess diol, are renmoved under the, mgduced pressures. .Typi cal ly,

no separate ollgonerlzatlon catal yst is needed.

radical -initiat edppdplagédig] sul fonation procedure is now3.00 carri ed

out. This typ, cab I nvol ves reaction of the AT.E. wth 10 a source of
bisulfite in tWeﬁ ‘11’%“5 Ence of water. The bisulfite can J@%Mderlved from

'har¥ al t er nat i Mamosthanobaminguch as SO[err] and base, mdt8di sul fite
"adi onl S {1 aeas e T Y Rerein is | dasigably
Iom#tenpeﬁ%tur@@ BW&E@@@@E aggressive conditions, 788
Cig-14 Fatty acid ' 3.08
Citric acid - 3.52
Sodium formate ¢.78
Calcium formate : 6.11
10 Tetraethylene pentamine ethoxyiate {15-18) 1.54
Water _ 54.666
Soil release agent®* ' _ 0.50
Dye ' . 0.08
Perfume - _ 0.25
15  Protease®*® | 0.82

#f1cohol and mon@ethoxyiated alcohol removed
#aMixed anfonic ester oligomers according to Example.l
aetymg active enzyme/g (@ 40 mg active enzyme/g stock)
The ingredients listed above are added to a mixing tank with
20 a single agitator in the order which they appear below. Before
‘addition of dye, perfume, and proteclytic énzyme, the pH of the
mixture is adjusted such that a 10% by weight soﬂwtiom in water
has a pH of ab@ut 8.5.

25 ﬂﬂky? p@%g@th@xyﬂate paste mﬁxtwre 17. 80
Ciz alkyl polyethoxylate (2.25) sulfonic acid 50.00

~ Ethanol 40-b 7.00
Scdium hydroxide : ' 6.00

1,2 Propanediol . 12.25

30 Vater . 24.75
Sodium cumeme sulfomate (45%) 5.45
Ethanol (52%) 1.34

1,2 Propanediol : - - 8.85
Brightener premix : 4.11

35 Brightener 2.76
| Monoethanolamine 7.69
’Thns Sheet Has Been
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15 especially heating under potentially hydrolyzing conditions, could

ot herwi se tend to deconpose the A T.E. or the product S. T.E Thus, It
is highly preferred to use a |owtenperature ( O[err]C - 100[err]C

free radical initiator. In general, the radical initiator used
herein is water 20 soluble or al cohol-water soluble. The preferred .-
initiators are azo initiators or r@gox initiators. Such initiators are
wel I known in the art. For the purposes of the instant invention,

r edox | ni tiCa}arsatoohol pphyethbiyl ape dbcB)*ed since thei 38usle is

associ ated - ' much shorter reaction tines andgingich |ower
reaction 25 tenperatures rélative.to any other known initlators.

Suitabl e azo iisti niéeahed relyekhoxyiate ﬁvsgﬁbrmerce under tha.%4 t rademar ks
of various nmarggreethanelamide WAKO, DUPONT, ALDRICH) and . 1.3c| ude
mat eri al s.gchenj [ ddl efe 2,2 -azobis(N,N -di-

nmet hyl enei%ob%&%ﬁxﬂi mﬁd&ggil oride, 2,2' -azobis(2- gﬁ@di no- 30
propane) di hydr S um hiydeoxide 450%), obi s(4- cyanopent anoi ¢ aci dB:8%nd 2,2

- azobi s(2- et hy] - Nrdehr lalRYT GaNtbine XsuTFbidd deldhidexpr opi onam deds

cui Tonat | on’ proseniab s fku, boehg SELFATE ARG ™ ° | A8Folir o in tne

range from abobgs-29[fetty @t about 100[err]C, nore 35 prdk@ably from

about 40[ agr] Gi¢y9e alepat 65C, pressure is in the rangg,ég om about 0.5
atm to about &9 A bucclRatesP#.GEF P Y from 9.03
Sodium formate {30%) 1.50
Calcium formate (1@%} : 1.06
€3y alkyl trimethylammonium chloride (37%) 1.43 .
15 Tetraethylene pentamine ethoxylate {15-18) (80%) - 1.93
Hater o ' 25.34
Soil release agent ' 1.10
Bye . 0.08
Perfume ' ©0.25
20  Protease®*® 0.82

*41cohol and moncethoxylated alcohol removed

“ing active enzyme/g (@ 40 mg active enzyme/y stock)
The above formula is clear, stable, and homogeneous.

-EXAMPLE 7
25 A granular detergent composition for household laundry use s
as follows:
Sodium C;;-C45 alkylsulfate
_ Sodium C;5; Tinear alkyl benzene suifomate 5.7
30 Cy4-Cy5 alkyipolyethoxylate (5.5} 1.0
Sedium toluene sulfonate . 1.0
TMS/TDS sodium salt (86/14 wt. ratic) - 25.0
Sedium N-hydroxyethylethylenediaminetriacetate : 2.0
Soil release agent® 0.9
35 Sodium carbonate ' 20.3
Sodium silicate | | 5.8

*y

n .
i
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- 17 - about 1 atm to about 1.5 atm, and a reaction time in the

range - fromabout 5 hrs. to about 90 hrs., nore preferably from about
10 hrs. to about 30 hrs., is used. Redox initiator systens
are*illustrated by persulfate / Culerr] 5 and persulfate in conbi nation
with a water-soluble netal salt of Fe[err], .Mh[err] or Co[err].

When using a redox initiator, the radical3g nitiated ol efin
sul f énati on procedure is preferably carried out at tenperatures in
t he range from Zbtyethyifese gl walo{Avge M. H40mereR.CB0GMd a reactiloB tinme of as

10 little as fsbdmmaﬂﬂﬁteo watlf Sand'# sefldhecid Nrs. camgigndtSesl-100807 €
preferably, the*&ﬁgoggrast !nc%%réiemgpte@r %;al%ﬁrp? I, In the range from about _
The components other than the Soil Release Agent are added
5 together with continuous mixing with sufficient extra water (about
40% total) to form an aqueous slurry which is then spray dried;
the Soil Release Agent is then admixed in dry f@rm to cemplete the
composition.
' In the composition of Example 7, the following substitutions
10 can be made: |
~ {a) for THS/TDS:
{1) an equivalent amount of THS alone, and
{2} an equivalent amount of TDS alone.

EXAMPLE 8
15 A liquid detergent composition for household laundry use is
' prepared by mixing the following ingredients:
Cy3 2lkylbenzenesulfonic acid 10.5
Triethanolamine cocoalkyl -sulfate _ 4.0
2 Cy4.y5 alcohol ethoxy-7 | . 12.0
Csg-1s alkyl momocarboxylic acids : 15.0
THS/TDS triethanolamine salt (85/15 TMS/TDS) 5.0
- Diethylenetriaminepentakis (methﬂemeph@sph@mc acid} 0.8
Soil release agent® 1.5
25  Triethanolamine 2.8
Ethanol , ' 8.6
1,2-propanedio] 3.0
Hater, perfume, buffers and miscellaneous Balance to 100%
#01igomers according to Example 3
30 EXAMPLE 9

The compesitfon of Example 8 is prepared, but with the
substitution of an equivalent amount of sodium 2,2’ -oxadisuccinate
for the THS/TDS. '

35

3
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10[err]C to about 30[err]C, and the sul fonation tine is fmm@g Uigg®. 5

hrs. to about 10 hrs. Pressure is in the range fromabout 0.5 atm
to about 3 atm-, nore preférably «fromabout 1 atm to about 15 1.5 atm
An* |rrportantmhgémhg%naggd the sul fonation stage is the - need to
keep the re HIWE W [@pod contact. It should be appreci at ed
that unl ess- Mien (tenperature control, m xi ng, use of
al cehol - wat er " SOrveEt ff€re will be a tendency 20 for the allyl
end-capped A.T.E. ester to separate fromthe aqueous sul fonation
reagent, resulting in poorer sulfonati@QlAINS el ds. As noted in the
summary, it is possible to vary the propor- tions of (CAP[err]),

(CAP[err]) and (CAR[ erﬁ?ﬂf@ndﬁ@daﬂdgﬁmmﬁﬁsﬁm \c@rmsé%ﬁ@n, charasdeeizedof t he
i nvention. Adjust mant of the out | i_ned

H th b
sul fonation sadsat ol ?oﬁwrég?s\/;%es‘“ e i)r\é ”’q'f %of 4 prefacred,

?IsaH‘ T in:[a?e Suﬁﬁ%ﬁ%&p&faﬂ&%@éﬁ Qkﬂ{}eépiﬁﬁé’rﬁkﬁnmﬁﬁin&%@ esbem ally

when little or no @S Uirhh e mB¥eE €852 imd16Y eﬁﬁé?eram?ﬁf[méa,) of NGapRf4Ni f O-
nate) predom nates. In connection olefin sulfonation pH 30

ef fects, see the disclunits esharfacBeriiged ﬁst Uthat dhewl azed ﬁbﬁhﬁle&ﬂy
referred to supra and incorporated herein by reference. [

Pt
desired to naximze uﬂ@ﬁ@ﬂmbﬁfbp&m &W‘i@ﬂ upis me@rébheﬁeﬁ“@@ﬁ{ﬂr r])-
containing esters, an c‘)rp ﬂﬂhyd fgm'i) a%ﬂom dation step,

(Eb) from 1 mole to 4 moles, preferably 2 moles, of nonifenic
‘hydrophile units, further characterized in that they are
poly{oxyalkylene}oxy units and 'iiﬁ that 50% by weight or
more, préferably 100% of any such unit is derived from
ethylene oxide; said nonfonic hydrophile units
preferably being -{0CHzCH2}s-500-, more preferably
- (OCHzCHz) 42003 |

{c) from 1.1 moles to 20 moles, preferably 2 to 7 moles, of
repeat units characterized in that. they are arﬂdfcarn
bonyl repeat units, and in that 50% by weight or more,
preferably 80% to 100%, most preferably 100% thereof
gre terephthaloyl; and

{d) from 0.1 moles tc 19 moles, preferably 2 ¢oc 14 m@‘ﬂes,_ of
repeat units characterized in that they are oxyalkylene-
exy repeat units derived from a diol component se'ﬂect_ed
from Cp-, C3- and Cq glycels, preferably 1,2-propylene
glycol or a mixture of ethylene glycol and 1,2-prepyl-
ene glycel further characterized by an ethylene glycol :
1,2-propylene glycol mole ra‘ci@:- in the range from 0:1 to

o
.

‘A D



carried out after the-sulfonation reaction, wll indeed, -success-
fully.convert (CAP[err]) to (CAP[err]). If such an’ oxi dati on

carried out, the peroxide is in dilute ‘agueous for SheetiHas;
typitally added at canbi ent tenperature with stirring..

- 18 - In Iight of the above, the S. T.E , in}|d} in

enbodi nent. of the invention is the product of a process conprls- I ng,
i n sequence, the follow ng ester-bond form ng procedure and radi cal
-initiated sul fonation procedure: - Ester-bond-form ng procedure:

a transesterification 8(%0.1caore pseferablyatil tg G4nd .64 wﬁdcﬁu?fam‘teéj 1) about
2 nol es of allyl- al cohol ethoxylated to an average degre
product further being characterized in that it is
sulfonated to the extent of chemically medifying the
terminal units, (a),'by: |
{e} from 1 mole to 4 mbies, preferably 2 to 4 moles, most
preférabﬂy 4 moies,lof terminal unit substituent groups
of formula -SOxM wherein x is 2 or 3 and M is a
 conventional water-soluble cation, preferably sedium or

potassium.

2. A sulfonated @Tig@m@fic ester composition according teo
Claim 1 which is further characterized im that it coméists_ef the
sulfonated product of said preformed, substantially linear ester
oligomer wherein the pref@rmed.' substantially linear - ester
cligomer is the product of transesterifying and @Eig@mﬁrizimg a
mixture of (I} ethoxylated amly] alechol, preferably 2 moles allyl
alcohol eth@xj?ate.aezu; {11} 2 to 7 moles dimethyl terephthalate
and (EKI) 1,2-propylene glycol or mixture thereof with ethylene
glycol in a molar amount exceeding the  molar ammwnt of
dimethylterephthaiate; and wherein the sulfonated product is
produced by su?f@watﬁng-the preformed, substamtﬁaﬂﬂy ]imear ester
oligomer, preferably with sodium bisulfite, whereby the sulfonated

terminal substituent groups {e) are introduced.

3. A sulfonated oligomeric ester composition according to
either Claim 1 or Claim 2 which is further characterized in that
it é@mprises the sulfonated product of said preformed,

r )
®
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of polynerization of from about_4 _to about 30 (nore preferably,

about
8 to about 20); and 11) from about 2 to about—7moles of 10 di nmet hyl
terephthalate and 111) fron1abdmk8&xﬂ@&@§mg bout 14 nol es of di ol
(’e.g., 1,2-propylene glycol or njj Wi th et hyl ene gl ycol

provi ded that
about 0.4);(n
ul ti mately be
transesterifi
conventi onal

tenperature i
(more prefera
transesterifi
about 3 atm,
transesterifi
about 2 atm

about 60 hrs.

To conmplete t
esterificatio
i nvol ves cont

the nole fraction of§
ote that this represents o axauEs

incorporated into the conposition). 15 . The
cation step is carried out in the presence of a
tsubsismtt iy f | Wakdron estdral yhigomdh e whevain estther | freformed,

does not exceed
over what wil|l

cation

s in the range from about 120%err]C to about 250[err]C

supstaabbelly 16opar e3n ol igowan
R 50 GG IR AR A I A

%%ﬁbﬁ%@ CEOREIE 1 pfdreTof JOHC eth@iated a1fpOiicingt;
r@?ém%weé BheABS Va0 M BdeRet thbRylate &m?omnﬁ Res7

he ester-bond formng procedure, the trans-
med ee @ insthiyd| teoephthilaterand| (Jdhed taddi molestbi- pfﬁlpﬂene
inuing to react the above-forned ni xture under

$ Jafledy] C) . The

atm to
t he

25

Iatter

t he
fol | owi ng corfiliyeslons: migtie thenesfiiyish ewmrﬁh’@ﬁﬁ provided bat th@ range

from about 17

OMeJ %f tmoa'ﬂes ol#t g y5c8£ eexrcL&s m % abjﬂgs @% Oﬁmgawﬁft

terephthdlate; (I)-{III} being reacted in the presence of a

conventional transesteri{fication catalyst at a transésterification

temperature of 120 9C to 250.0C, preferably 160 9C to 230 OC; at a
tra@sesterificaﬁion pressure of 0.75 atm. to 3 atm., preferably 1
atm. to 2 atm., for & transesterification time of from Z hrs. to
60 hrs., preferably 5 hrs. to 25 hrs.; followed by

é step of oligomerization, characterized in that 1t comprises

further reacting the mixture resulting from said tramsesterifi-

cation at an oligomerization temperature of from 170 9C to 250 oC,

preferably 180 ©C ¢c 220 OC;, at an oligemerization pressure in
:tha'ramge from 1 x 10“5 atm. to 0.5 atm., preferably 1 x 10-4 atm.
to 0.05 atm., for an oligomerization time of fr@ﬁ about 2 hrs. to
60 hrs., preferably 5 hrs. to 25 hrs., whereby methanol and the
excess of glivcol are removed, and |

whereby said preformed, substantially Tinear ester oligomer

ts achieved in a smﬁfanatiomeandy form.

4. A sulfonated oligomeric ester composition acéerdimg to
any of the preceding Claims, further characterized im that the

I3
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- 30 180[err] C to about 220[err]C, oligonerization pressure: in the range
from - about 1 x 10[err] atm to about 0.5 atm, nore preferab[y_abﬁur 1
X - 10[err] atm to about 0.05=atm; and ollgonerlzrﬁ§5& (

about, 2 hrs. to about 60 hrs., nore preferably from about I

about 25 hrs.; whereby precursor "al 'yl end-capped co- O|IQJWL

(A.T.E.) is produced. . - 1A

In a*radical-initiated olefin sulfonation procedure, the AT E
material is now treated by at | east one step of sulfonating- t he sane
in the presenceudfursesntainisgt intsc fa) earei pnaduced M fai nradica’ﬂ indtiatedat i ng

reagent, in the_presence of a lowtenperature fre
~ olefin sulfonation reaction = having at ﬂeast one step of

sulfonating said preformed, substamtially linear ester oligomer,
preferably in the allyl form, in the presence of water, with a Tow

" temperature, freeeradicai sulfonation initiator, preferably an azo
initiator, and a conventiomal bisulfite sulfonating reagent,
preferably sodium bisulfite; and wherein the sulfonation reaction
is preferably furtﬁer characterized in that the reactants are
effectively cocontacted in an aqueous reactionm mixture, the level
of said conventional bisulfite sulfomating égemt is from 1 mole to
4 moles per mole of said pref@me@, substantially linear ester
cligomer and the following sulfonation comditions are respected:
sulfonation temperature: 00C to 10009C, preferably 40 o te 65 OC;
sulfonation pressure: 6.5 atm. to 3 atme,.preferabﬂy=i atm. to 3
atm.; and sulfonation time period: 0.1 hrs. to 90 hrs., preferably
10 hrs. to 30 hrs. .

8. A sulfenated @Tigomerig ester composition according to
any of the preceding Claims, fm?ther characterized in -that it
results from 2 process having transésterifﬂcaticm. ol igomerization
and sulfcnation steps together with an additional step of
oxidizing said terminal unit substituemt groups of formula -SOyM
whereim x is 2 ahd'ccwcurrentiy increasing the pr@p@yti@n of said
terminal unit 3ubstituent'gr@ups of formula -SOyM wherein x is 3,

preférabﬂy by means of hydrogém peroxide.

3




5 -radical sulfonation initiator selected fromazo initiators and
redox (e.g., persulfate / netal cation) Initiators; in this step, t he
reactants are effectively cocontamgggm@ﬁsgwmwzgy:gn1X|ng to make a

honbgeneous appearing aqueous rea jxja”i | evel - of the
conventional bisulfite sulfonatin ERLn
about 4 noles, nore preferably fr S TYOT ¢

about 1 mole to
to about 4 nol es,

per nole of said allyl end-capped co- ollgonerlc . ester (A T.E); also,
the following sulfonation conditions are- respect ed: sul fonati on
tenperature: in thg, ramge sbifum sitFoRd AF k GulFonatd L1 igdmeridtseer,) C

sul fonation pressure: in the range fromabout-0.5 atm to about 3

atm ; and sul f eccording té may 6ff Shalmisolds, hiarnecterized dbdibet 1t corgdsts s.

After sul fonation, the sul fonated ol igoneric ester conposi- tion

(S.T.E.) of th@5$%§ﬁﬂt¥dﬁi directly obtained in aqueous form20 (the

bur i 11 cati on as-a SH | SrisbecbEN R fihetr of BindFia BA YaspBite, whagh 'S
detergent conposition. 44N coli-136d CoRalerif, dsle to/Ci00% by %?,lte aer OXI de
oxidation briefly referred to supra can first be carried out.

desired, the S.T.E caterephtimlorntnd mayily 2cpriopyienddxy repeat amibs adm xed
W th ollgonerlc ester soil release agents of types previously
described in the ad. The nore conveniently :

{11) terminal moieties covalently attached to said backoﬁe;
wherein said terminal moleties are comprised of from 70%
to 100% of mmieties selected from the group cbmsistimg
of’: ..

- {En} - (CHz-CH{SO3Na}-CHz(S03Na)},
- (En)- (CHz-CH{S02Na)-CH2(S03Ma}),
and _ o ‘
~(En) - (CHz-CHp-CHa {SO3Na))

wherein (Ep) fs poly(oxyethylene)oxy and n is from 8 to 20 and the
end-cap | moleties  -{CHp-CH{SOgNa}-CHz{SO3Ka}}, - {CHaz-CH{SO2Na}-
CHz{S03Na}} and -(CHp-Clia-CHz{SO3Na}) are from 5% tq 40%, more
sreferably 5% to 30%, most preferably 10%-30% by weight of the
total composition; and wherein the mole ratio of the doubly
sulfonated end-cap moieties: e(ﬁﬁgs@H{S@3Ma}SCHg{SO§Na}) and
- (CHa-CH(SOzNa)-CH2{S03Na}} in relation to the singly sulfonated
end-cap moieties: -{CHz-CHz-CH2{SO3Na}), is preferably in the
range from 1:5 to 1:0, wore preferably 5:1 to 1:0.

7. In a process for preparing sulfonated ester c@mmcsitions

'usefuﬂ as functional materials, especially soil release agents, in

-3
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handl ed aqueous formof the S.T.E. is a very well divided suspen-
sion, or, nore typically, a clear solution. The associ ated advan- tage -
of not haV|nﬁmggﬁggm?gafiwg‘y.sulfonated esters prior to 30 | aundry
prdduct - forﬁf‘dﬁ 0 | f*, .consi derabl e benefit to the formul at or.
Despite the rquM*.ﬂ" ubility of the sulfonated oligo- meric
ester of the IPHPENTTO ‘*‘unctlons effectively as a soi'l: - rel ease-
agent and thus neets the needs of the consumer as well as 35 bei ng
convenient to the formul ator.

- 20 - detemamtsumsytmbe ammeenrem Sprockss e tdte 1east el arity of

ester bond forming procedmre and at least one sulfonation:

pr@cedure, the improvement whereby a particuﬂar terminally
~ sulfonated, substantially linear cc»aﬂﬁgém@ric ester composition
is secured as product without reliance upen a chlorinated compound
‘and without reliance upon a procedure having a sulfomation step
followed by an ethoxylation step;. said improvement being
characterized by the ordered sequence of:
a) in an esierabomd forming procedure,
2 tranéesterﬁfﬁcaticn step, comprising reacting a mixture of
I} 2 moles of allyl alcoho? ethoxylate 8 - 20; |
I} 2 to 7 woles of dimethyl terephthalate;
and _
I11) 2 to 14 moles of a CQ=C§ glycols
the reactants (I)S(III) being transesterified in the presence
of a comvemtﬁ@na] transesterification catalyst at a
transesterification temperature of 120 ©C tc 250 OC , at a
transesterification pressure of 0.75 atm. to 3 atm., for a
transesterification time of 2 hrs. to 60 hrs.;
followed by an o?ﬂgomerizati@n step comprising further
reacting the transesterified mixture at an @Eigmﬁerization
temperature of 170 9C to 250 ©C, at an oligomerizatien
pressure of 1 x 10 -6 atm, to 0.5 atm., for an
oligomerization time of 2 brs. to 60 hrs.;
thereby producing an allyl end-capped co-oligomeric ester
| precurser; |

and

®y
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bei ng produced by an.ester-bond forn1ng procedure and-a-tadi cat=——"""—
initiated Iom/tenperature ol efin sul fonation procedurg,
speckfic order. Quite differently=fromthe process of s
the” process arrives at a particular, termnally sulfojjige
substantially linear co-oligoneric ester, conpositicrElwEhGYE il
reli-ance upon a chlorinated conpound and wi thout reliance upon a
procedure conprising the order of steps: sulfonation step,

et hoxyl ation step. A finding of particular interest in terns of 10 t he
synthesis of tBbg WSk aradteuTp it atudsol 6fsn tsodfonablonppeicedured sul fonat ed
oligoneric ester conpositions can be made by aqueous radical -initiated
sul fonation of tkt lepstfonerstep ofl suWow@n@rsaidl allyl podresppedA. T.E. ), which
has a backbone conp05|t|on imlar to, or identical with, that of the

final sul fonated n&PdHiigemeric, esten @r]ecuI@ra| i, the, oresence afe above-i dentifi ed

noni oni ¢ hydr ophi | cerning
“various | owlevel %Bﬁyd th a Tow tern?ewjz%ﬁl dhﬂle%e es%aéfgéofﬂh?ﬁgﬁl nvention can
contain, as well a%mﬂatw and %r ESnveht BRRE bASuIFIEE 361 foRatimb el ?ent%u' table

startlng materi al s, and disclosure in connection wth

preparation of | aumﬁemiﬁ@zhe raacpartist arensffect ively moemitattedndén is directed -
to the followng Gossel i nk patents, |ncorforated her ei n by

reference: U S. PafrRguecus repction mixturejand shereinaphmdovelsef said s  patent

&Zgﬁbg??’& |13§$6d convent @na?%ﬁsuféte su%émagiw% ageatte& 1 m@%ll 730, issued

to 4 moﬁe; per mole of said allyl end-capped

@@soiignmarﬁc ester precursor and wherein the f@ii@wing
sulfanation conditions are respected:
sulfcnatien'temperature: 00C to 1009C; sulfonation pressure:
0.5 atm. to 3 atm.,; and sulfonation time perfod: 0.1 hrs.
to 90 hrs.

8. A detergent compesitien, preferably ‘m the form of a
built Taundry detergent, comprising at least about @.@E%'by weight
of a sulfonated oligomeric ester composition according to any of

the pfecedﬂmg Claims.

9. A built laundry detergent composition in accordance with
Claim 8, which is further characterized in that it contains from
about 5% to abcut-soz by weight of a detersive surfacfant_and from
about 5% to about 60% by weight of detergency builder, the buitder

preferably being a polycarboxylate buiider, zeolite builder,

phosphate builder or a2 mixture thereof.

*%
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and U. S. Patent 4,713,194, jssued February 15, 1987. 25 Inits

det ergent enbodi nents, the invention enconpasses a | aundry det er gent
or fabric condﬁhméhgnﬂsﬁ piscedd conpri si ng one or nore

conventlonal surlbiRticHBE L | agents selected from conventi ona
anionic, cationi iﬁw]f PR gl det ersive surfactants, and conventiona
cat’i onic fabric sof rs, wherein t he - conposition additionally
conprises at |east 0.05% by weight of the ester conposition of the

i nvention. Li quid l.aundry detergent conpositions, whether

concentr at ed 1or Adibuife, Tiauéd dapmiviyal detergemt§ ceomdsitioncChin | i quid

det er gent conpositions can conprise from about 5% to about 40%
of a coRteondansemithneidhee of Flrims 8nandafd whersinatheubuiddesdstao about

composi i on {28 FeatioxyTate B3ne charasar iren in thet Hiqis copRreget
ene or more of: oxodisuccinate salts, tartrate monosuccinate
salts, taftrate disuccinate salts, and mixtures thereof; and
wherein the detersive surfactant is further éharacterized in that
it is'a conventional anionic surfactant, nenionic surfactant er

mixture thewe@f.

*3




-.21 - conposi tions conprise fromabout 5%to about 40% of a’

conventional - noni oni c surfmg%;@gﬁeej,k lcapout 0.05%to abougé’&%
figpnat ed ol i goneric ester .

(dry basi s, sodi um salt for x-g‘ |
cofrposi ti on (S.T.E). m #

Wy the desirable R &
formul ability characteristics’ of !

s ., Substantially _
I sotropic, heavy-duty built Iliquid - - I aundry detergent conpositions
can* readi| y be” fornulated conpri si ng: from about 10%to

about 30% of a conventional al kyl benzene 10 sul fonat e ani oni ¢ surfactant,
on an acid basi sSOIL RELEASE AGENBSnHAVENGOALLYL-RERIVED SHLFONATEDrENDOCAPS

conventional cosurfact- ants sgl @ct@ﬂe@é@m noni oni ¢ surfactants,
cationic surfactants, zwitteri #ant s and m xtures thereof
from about 5% to about 30% of a con ﬁtl qui d detergent 15 bui | der;
from about 0.01%to about 10% of the aas'moﬁm ed oligoneric ester
conposi ti@n; The prEdéht’ (B0 Fefited tol W@l J0PCFYFlseORnts,

roteolytic en
£ y mﬁ/ ch are particular sulfonated Timear terephthalate ester

oligomers (S.T.E. oligomers). The S.T.E. sligomers are especially
suitable for formulation into laundry products such as laundry
detergents or fabric conditioners. Thus formulated, they provide
10 effective soil release treatments for fabrics Jaundered in the
heme. The $.T.E. oligemers can be made by radicel-initfated sul-
fonation of an allyl end-capped oligomeric ester precursor, and in
the preferred embodiments, comprise a high @r@p@rtiom of disulfon-

ate or sulfinate-sulfonate end-capping groups.
5. : _ .
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it re-anoE ASEeLYE ¢ ridme- dontai ning b
. { .GONROS)LLons. ar gazcdspeciial |y Super ..
sugh iél@ﬁg;-;@l..lﬁ,n.qse enzymes. ¥ &

get hekamisth..t.he S. T. E.

wei ghtl (il &s: |0W'1n9 ' / éxanpl.es; rpercentages-are by
1 ieStept iR praparatienof al |yl I | EXANPLE
e R e coholethoxytate, hau s
degree of - p pZ& f y. & CohoL SLhxy 0. JHa 19 average
orocedure is car B4y 'ﬁé&g@é ARENTRT MRS ALLYL -DERIVED summ-@nﬁw%a%ﬂg_.._.;-...__u______5

( In a funme .hood; a 30 trapping syst
. . ’ m
optionally used for additional reassurance ihn- BfevgntyngeesLZpe of

et hyl ene oxi de vapors. - Al lyl al
ey ( _ . _ 'yl al cohol-(8.72 g, 0.15 noles, 99+%
rich) is placed Jin a suitalepaiciedity, three-necked round bott(Z)m

fldsk fitted W th magnetic stirrer d |

?gt I gt . The 35 f Thes Rreseat QWEW“Q %eﬁét%%%'l ﬁ@%ﬁag@dgg@tsé i ehtsg'??ms here
Lo gdggé agffighr]a?e eSeEh UBl Tueheds skt a (&ind which. By rﬁﬁg Y %odri Eh)

(o 20000 SN o AR HRHRLE buch 491 Lioep cetbmentactar e |

fabric conditicners. Thus formulated, they are suitable for use
in a home laundry operation. Effective, renewable soil release
10 treatment of fabrics is provided.
preparation of the novel scil release agents involves ester
chemistry and, in the preferred embodiments, radical-initiated
sulfonation chemistry designed to produce substantially 1inear,
relatively low molecular weight terephthalate ester oligomers
15 having end-capping moieties each comprising disulfonate or
' syl finate-sulfonate.
_ BACKGROUND OF THE INVENTION _
A substantial propertion of synthetic fabrics now in use are
copolymers of ethylene glycol and terephthalic acid, sold under
20 trade names which include DACRON, FORTREL and BLUE C POLYESTER. '
The removal of oily soil and oily stains, which are hydrophobic,
from the surfaces of such fabrics, which are Tikewise hydrophebic
in character, is well recognized to be technically difficult to
achieve using laundry compositions of the type most generally
25 accessible to consumers. -
. It has been recognized in the art that the provision of
substances which attach to the surfaces of polyester fabrics and
render them more hydrophilic im character is helpful in achieving
improved ofly soil and oily stain release from such fabrics.
30 Substances which have been used 4p consumer products as soil
release agents are generally copolymers of moderately high (e.g..
40,000 to 50,000) wolecular weight, containing ethylene
terephthalate segments randomly interspersed with polyethylene
glycol segments. See, for example, U.S. Pat. No. 3,962,152, Nicol
35 et al, issued June 8, 1976; 3 soil release polyester of this type,

. commercidlly known as MILEASE T, is further disclosed in U.S. Pat.

No, 4,116,885, Derstadt et al, fssued Sept. 7, 1978; other -

commercial variants are PERMALOSE and' ZELCON (see Canadian Pat.
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- 22 - for 1.5 hrs at about O[err]C. Qher strong bases can equally.

be used I n substitution for the sodium The tenperature is allowed
torise to roomtenperature, at which stage essentially no sodi um
met al remains visible. The stirred mixture is heated to reflux, at
5 whi ch stage ethylene oxide gas is introduced into the solution :
through a glass tube at a rate at which it is nostly absorbed by t he
m xture rather than being wastefully expekled. Over a 2-hour peri od
during which ethylene oxide addition is continued, the ~reflux

tenperature i nchtoabad0i268m Basker et18].erhsgusdt ¥ayab o J9BY A0pel 5. PatroNs. 10

avoi d formng vi g, g‘qh%ﬂd?ygtp@pdqgg@d ddec d.empmyyat ure during thi s
procedure is in any_event ?ever per tted tg eed abou 150“3 ﬁng

Conpl etion of the r'@‘fctﬁ*%’ﬁ oryent gver%e reﬁ? B¥5ePURRES | ABE 1V
about 15 is contechnimlby cutstamdimgy sobl wnedeaspt phrFforiance st raffectively

3 in consumer ~laundering and fabric care compositions i{s not
straightforward. Te be particularly useful, efficient adsorption
and surface coverage of polyester fabric surfaces by the soil
release agent must occur, with minimum interference from the
product matrix which is being used as a vehicle to convey the soil

10 release agent to the fabric surface. Matrix interferences, when
they occur, not only decrease the effectiveness of the soil
release agent, but also reduce the cleaning, softening and/or
antistatic benefits of other ingredients which may also be present
in the product. Formuiability of the soil release agent is also a

15 major consideration, since the Tlimited solubility and/or
dispersibility of art-taught polyesters frequently imposes serious
constraints on the range of formulations intc which the soil
release agent may stably be introduced. Such challenges are
generally absent from compositions used in findustrial textile

2p treatments, but are well-known to manufacturers of quy«
formulated consumer products.

Various materials, especially the oligomeric anienic end-
capped esters described by Gosselink in U.S. Patent 4,721,580,
issued January 26, 1988, have been disclosed for use as soil
a5  release agents. Thus, useful and relevamt background can be dravn
from a reading of polyester chemistry, for example as summarized

in the background portion of the Gosselink patent.
Gosselink goes on te describe particular oligomeric esters
which are useful as soil release agents in laundry products. The
3g  oster compositions provided by Gosselink encompass substantially
Tinear ester oligomers which have dne or two mwonosulfonated
end-caps, as itlustrated by Q°’-{-Z-0-R-O}yH and {Q-Z-0-R-0}xZ-Q’
respectively, wherein Z is terephthaloyl, R is 1,2-propylene and-
each of the groups Q, Q° and Q" is MO3S{L){CH2CH20)p- or
a5  M035(CHaCH20}p-. L 1s C1-Cg alkoxy, ¥ is a metal cation and x and

Ty are- cmsistent with @'Hgomers of ‘Iow mo'ﬂecmar weight

This is the replacement shaat
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oxi de, measuring weight gain of the reaction m xture, or neasuring

*both these quantities. The m xture is coaled to roomtenperature,

and is treated with aqueous HCI (7.4 cnferr], 1M Fisher). The

product at this stage is neutral. Substantially all water present S
renoved under aspirator vacuum The product is filtered to renove
sodiumchloride. Yield is 77.8g (0.106 goles). The [err]H 20 n.mr
analysis is consistent with the above- i dentified degree of

pol ymeri zati on. ﬂi@ugmms@fsew 2hé GoSiel iﬁ!h%sté@smamﬂ@%y ﬂcﬂbe tra@ner

ﬁgggg\é\nnggsregl Xpe s%vgbﬁe?as‘l%eag r%’n@s@ﬁ@%om %bne sgecaﬁcaﬂy ﬁ%&rated of

CH[ er r ] =CHCH[ el ¥ Qﬁ@l—l[remﬂi@i[ ehlqrinitedr ]sﬂartm@ materdaby aknokn - 40d bent egr al
of ., resonances &g.

éaanﬂ &W -
% e 1] ~cho 2“1 %ﬁt cqfr@rf dod “Hieegplisoneric ester | gotls { oung
that (1/2 int a@e&s@hgénmt espeg| fdk') example, 1RS3. Patents 4,702,857,n iskged[ err] H
LT, 0 A O AR er S
t et r anet hyl si I%ﬁ@(?ﬂ/ﬁ)“@ﬁ@ tFﬁ EURTY p by 198 T@ﬁ%ﬁ@% re‘iease algﬁﬁ"%’econdary

reference of KrigentigdenbtathesHis8s , patunty asntednaterephthalate, but have

deut er odi et hyd@%,ﬁ%qu% (W@E&r E#ﬁwpﬁg} ually be used in the

n.mr expapi nen of contenien Shl fts are then
obt ai ned by differlifitity ofsthe gp@qgumg oligomeric ester materials as soil

release agents in laundry products notwithstanding, the search for
improved soil release agents has continued, in view of an oengeing
need to further improve the economics, soil release properties and
formutability of the soil release agents in specific Taundry
product matrices.

Soil release agents having allyl-derived or methallyl-derived
end-caps are not apparently known in the art. At the ocutset of
the work mow described, such incorporation appeared, in chemical
terms, to represent a difficult goal. Thus, sulfenating a simple
otefin, having only one reactive group, and sulfonating an ester
oligomer, containing several different, potentially reactive
groups, are two. very different matters. Alsec, it was unclear
whether any soil release benefit might result, or whether instead
the sulfonated ester would then be less effective {e.g., overly
soluble and not imnclined to deposit on fabrics).

In view of the foregeing, it would be desirable to provide
improved soil-release ester oligomers.

it 1s an object of the present iavention to provide such
materials, stmctui‘a‘ﬂy altered especially in the composition of
the end-caps.

It is a further object of the invention te provide useful
oligomeric ester compositions comprising the novel oligomers inm
admixture with other scil-release effective esters, such as the
monosulfonate end-capped es_tar's specifically disclosed . by

.. Gosselink or obvious variants thereu_f. .-
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Reaction of the product of step 1 with dinmethyl terephthal ate and

*1, 2-propyl ene glycol (two-stage procedure -involving transesterifi- cation
and ol i gomeri zati on stages): -
23 - The product of step 1 (19.1 g, 0.026 noles) is placed in a
dry, suitably sized round bottomflask equi pped with magnetic

stirrer, fitted with gas inlet, nitrogen $ubb|er and a nodified

Clai sen head which supports a conden$Set "and receiving flask.

D - propyl ene glyear (hIsh Goulitogufics & SHEdnedtlfls pltld Cllerat
convent i onal t ri¥pthesesoff theaseognreleasingsesten 4 igamer compes Bions .
B BA&KGRPUND ARY

S. C. Bright, C. E. Stubbs and L. Thompson, J. Appl. Chem.
s Biotechnol., 1975, Vol. 25, pages 901-912, disclose radical-
fnitiated sulfonation of ether-bond free linear olefins, i.e.,
olefinic hydrecarbons such as l-dodecene, to s{muitane@usly form
alkane monosulfonates, alkane sulfinate-sulfomates and alkane
disulfonates. Sodium metabisulfite {s reacted with the linear
10 Otefinina mixed solvent system comprising water and iscpropanol.
The alkane sulfinate-sulfonate is referred to as undesirable and
1t 1s stated that the level of this material can be controlled by
adjusting the pH of the reaction. It is further disclosed that "in
. practice, the rate of sulfitation decreases rapidly as the sui-
y5 fitation pH rises above 7.0." Also, “the solubility of the olefin
im the aqueous isopropanoi is adversely affected by the increasing
Tevels of sodium sulfite present” and "sodium sulfite tends to
cause separation of sulfitation reaction mixtures inte an agueous
phase containing sulfite and bisulfite and an {isopropanel phase

2 containing the olefin”.
. U.S. Patent 4,588,534, Shepherd, Jr. et al, issued May 13,
1986, discloses an ether sulfimate-sulfonate or disulfonate having
the formula ROCH2C{SO2M)(Z)CH2S03M or ROCH2C{SO3M)(Z)CHeSO3M, or a
‘mixture of ROCH2CH{Z)CH2S503M and ROCHC{SO2M)(Z)CHaSO3M, or a
25 mixture of ROCHoCH{Z)CH2S03M and ROCH2C{SO3M)(Z)CHySO3M; wherein R
is a hydrocarbon group having from about 6 to about 24 carben
atoms, Z is hydrogen or a methyl group and ¥ is an alkali wetal,
alkylammonium or ammonium cation. The compositions are useful as a
foaming agent and enhanced o011 recovery surfactant. The most
T preferred compositions are prepared by reacting a linear primary
alcehol with a chlorinated compound, specifically allyl chloride,
to form an alkyl allyl ether; this ether is then reacted with
sulfur dioxide and sodium hydroxide in a solvent such as isoprepyl
alcohol/water in the presence of suitable catalyst such as t-butyl
35 perbenzoate, te form 2 mixture of alkyl allyl ether sulfinates and

- sulfonates. - e

This is the veph,ac@m@m'sh@t. :
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(TM M&T Chemcals Inc., 0.03 g; 0.1%ww, are added under a ni t rogen
* bl anket. The mixture is stirred and heated to about 10 140[ err] C, taking
about 15-30 minutes. This tenperature is maintained for about 1 hour.
The tenperature is now raised to about 170[err]C t aki ng about 15-30
mnutes. During the follow ng 41 hours, the transesterification is
conti nued and net hanol together with Song propyl ene glycol (total 2.8
mL, theory 2.9 m) distil fromthe 15 reacti on m xture. The

apparatus is then uﬁoﬁ ﬁe’qt%g‘%r@%@ t??é?%@ﬁﬂi?ﬁp % af hﬁsswﬁd l%&%éw‘ qQ mxture

Is transferred to r 'appar a
mai ntai ned unti8i. Iacdimertedcdo thanpanpfactywg of hBﬂPmV@d tRotpEethanee i s

rai sed to abouglasbéhetdOkieich] Groveslubld & mpeMMe The wiler, rifaget aon

m-xture i e

o1 goneri zat | ofioepfhat iyt ngab GEREGGeH S ructits, afa coffd, botg ethyjane

transest esi fi cenidenunissnd{milyointei pelyetherpcheinglr and sutfoonted growps. room
tenperature. These elastomdhe cb@mhlﬁiamlmd@rmmwwduéi@hmf%tm%mu@t ially

comml et b 2yttt hott] Sraledt SRRCATIERRY b ad ErtL 1

60. 7
ppm CH[ eshout COIGHREr m} (i e iontentsy cper] 000gr of - $adrid$ Cegndent], Cigifer r ] OH,
reference = D“&meﬁa%rbmﬁg éf rwa) fotiEla -S031 AnUekE Fohe braktdct@tagohol

ethoxyl at igl S at'ﬁts corré’spong\%ng ¥0 the follewing formula: -0-X-R, arranged in
' end positions and/or side chains. In the Nachtkamp et al
formulae, X is & polyalkylene oxide chain having from 5-90 chain
members, at least about 40% of which are ethylene oxide units: and
R 1s a monovalefit hydrocarbon group having frem 3-18 carbom atoms
15 and containing at Teast one sulfonate group SO3-. Examples 1 and
2 show preparation of a pelyether monohydric alcohol centaining
sulfonate gmups' derived from allyl alcohol; other Examples
include Example 3, wherein under particular conditions and in
particular proportions, the following are reacted: polyester of
20 adipic acid and butanediol, poliyether monohydric aicchol
containing sulfonate groups, trimethylel propane, isophorone
diisocyanate, acetone, isophorone diamine, hydrazine hydrate and
water,

Horton et al, J. Org. Chem., Vol 33, No. 11, pp 4158-4165
25 {1967) disclose extensive studies of soclvent, catalyst cation and
catalyst anion effects in the fon catalysis of sulfite radical-ion

addition to olefims.
Fcck_ et al, U.S. Patent 4,598,141, issued July 1, 1986,
‘describe a process for the preparation of polyesters with improved
dye affinity. This iavolves reacting a dicarboxylic acid with a

20 mixture of diols. The diel mixture used comprises a major porticn

of an alkylene glycol and a minor portion of a polyalkylene ether

- having the formula  RICH20-(C2H40-)n{CaH70-)CHaCHRICH2-SO03X

wherein Rl is HO-CHaCH(OH}- or HOH2CC{RZ)(CH20H)- wherein RZ {is
 methyl, ethyl or propyl; R3 is H- or methyl; X is H-, alkalf or

35
= . ammonium fon, n is from 0 to 100, m is from O to 50 and nem is.mot

less than 1. To prepare the sulfonated compound, radical addﬁit_ioh'

© This ,i:g the vgpaacem@mﬁ Sﬁ@@fi .
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5

(integral. = 0.

‘resonance of

19.99 ppm -OCH err]CH OHCH err], integral = 0.05; reference as above).

04) as is the 1,2-propylene glycol nethyl carbon 30
I nconpletely allyl-end-capped oligoners (delta =

The formation of an A T.E. ester conposition is shown by [err]C

resonances at delta = 135.5 ppm integral = 0.91, (-CHerr]CHCHeerr]);

and delta = 116.0 ppm integral = 0.91, g-CH[err]-CH-CH[err]).

As noted here and throughout the specifi

afion, [err]Cn.mr 35

t
as secondary r &pbloeing. f@PWMeni@ﬁﬁ@“(cZM@)@KW%}m%

hi f \ oy i
gi:aaz kg Bé;Fﬁfpﬁﬁpghéﬁhexaggﬁgggl aéeﬁ#ﬁ%ﬁﬁéfg%f@%@?ﬁgﬁg&ﬁﬁgﬁdfgir])
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disclosed. . , .

Pierce et al, U.S. Patent 4,289,743, i{issued November 10,
1981, describe a linear or branched polymer, containing a
plurality of organic sulfonate-containing groups, which is capable
of being dissolved or dispersed in a liquid medium. The polymer is
useful as a pigment dispersant and as film-forming polymer in
coating compositions, and invariably contains at Tleast one
sul fonate-containing group: -C{0)-C{RIIHC{RZ){R3)(S03)-M* wherein
RI, RZ and R3 are each individually hydrogen or a monovalent
organic group having a wmolecular weight in the range from 15 to
about 250; and M* is a monovalent cation or a monovalent
fractional part of a polyvalent cation, which is associated with
the -S03- pertion of the organic suifonate group. The sulfonation
is introduced by post-sulfonating an ethylenically unsaturated
preformed intermediate polymer using bisulfite salt, metabisulfite
salt or mixtures or precursors of such salts. The preformed
intermediate polymer has numersuys i{Tlustrations, including
polyesters derived from propylene glycol or prepared using dibutyl
tin oxide or similar catalysts.

SQhﬁﬁtt, EP-A 158,710, published September 25, 1985, dis-
closes alkyoxypolyethoxypropane sulfonates of the general formula
RY{C2H40) xCH2aCK2CH2803Na in which R is alkyl or alkaryl, Y is 0 or
S and x is from © to 20. These compositions are prepared by a
two-stage procedure in which the polyethexylated alcohol or
thiol RY{CzHsB)xH is reacted with allyl halide or tosylate in the
presence of strong aqueous NaOH and some final product as phase
transfer agent; the resulting allyl ether intermediate is
sulfonated in situ with bisulfite. .

Hodgson et al, EP-A 180,356, publiished May 7, 1986, describes
preparation of alkyl, aryl, or alkylaryloxy halides by reacting
the corresponding alkexy alecchel with a halogenating agent, e.g.,
thionyl chloride, in the presence of & quaternary ammonium
compound as cataiyst. The catalyzed reaction apparently improves

. yield - and reduces the tendency of the pg]y@xya]kyﬂene chain to :

- cleave. -8
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obtained is cooled to roomtenperature. Step 3. Reaction of the

product of step 2 with sodium netabi'sulfite in 5 wat er
(radical-initiated sulfonation, azo initiator): The A T.E
product of step 2 (5.00 g, 0.00265 noles) is placed in a dry,
suitably sized round bottom fl ask equi pped with magnetic stirrer,
fitted wth a condenser and gas inlet_and outlet. Distilled water

(20 g, 1.11 nol es) S added under an 107 “argon bl anket. Sodium
met abi sul fite %iéﬁ“ﬂ at 02@% eﬁ§ 5 687blﬁ(ﬁbmlfl &8%@&%&%& Fi sher)

is added in wateraé 8'stiPre ol it on ¥ree
radi cal i ni 1984 o %sc‘legesz sn&fmtgw w“ifmates. disul foprtesei adomiyedini di ne)

di IhlydrOIChl ;” | Sl £1nate= QA% ondthY) derVéd by reacﬂ?@”hﬂ@ﬁl Sami@neo@erﬁvaﬁvggﬁ% :
m,Ilinmoles) is e re d i Lri 0 abou
45[err] C ovetis Eb%%*@%&ﬁﬁﬁ@igﬁ% hly%mé']mf@%b %&Wﬂ@sﬁ% @%@@% ically
sel ected g 0 n&idat i mhscﬂmmﬂcetgﬁ péeroxedisul fateo| Theoraeet jon ﬁmén&ﬁ@@ms medi um
e of Pabout s e 4 B e Coaee o et
Loe O] OOl ocah Th, s, b opbSrIRE. O HhE diRviOEuRCaR e, gt o1

using it to am@didmdeﬁ’he abpreducts swe ubdHairagtepized! eas obetaisé-ype phase

separation fr pi ng) . Addi tional VA-044 (0.05 g, 0.155
mllinmoles) is toth reac ur ating_is continued for
T ) Su|$ gy et patent' Srball 165! Fisuel “Junad2b. 1394,

disclose a method fhr preparing cationically dyeabie highly
polymeric 1inear polyester and copolyester resims which comprises
adding te a multi-step polyester or copeivester forming process at
least one compound selected from the group consisting of

15 hydroxyalkylene oxide and hydroxypoly{alkylene oxide} derivatives
of metallic salts of isethionic acid.

Login, U.S. Patent 4,156,073, issued May 22, 1879, discloses
branched {(e.g., prepared in the presence of trimellitic anhydride)
water-dispersible polyester size compositions which imcorporate

20 reaction product of an aromatic polycarboxylic acid anhydride and
an aliphatic or cycloaliphatic hydroxysulfonic acid ailkali metal
salt.

Although the soil-release agents described herein are not
classical "polyesters® in the sense of having the structure of

25 ester high polymers, resins or f{ibers, they can be termed
polyesters in the somewhat more restricted sense that a plurality
of ester-bond interconnected groups {is present. Inasmuch as the
above-identified references disclose various well-established
aspects of making polyesters, on ome hand, or certain sulfonated
or sulfinated materials, on the other, their disclosures are

3 incorporated herein by reference.
SUMMARY OF THE INVENTION
In its preferred embodiments, the present invention provides
novel sulfonated terephthalate ester oligomers which are useful
soil - release agents for use in laundry products. The esters

‘38
L generally - contatn a high propertien of free-radical- sw'ﬁf@natedo
allyl or freesradical- su?fbnatedemethaETyi end caps The

_ -Weferred ally?l -derﬂveﬂ end -Caps are:

‘T ms w@ m@ «@pﬁ@@@m@m shoet -

E)



tion reaction time of about 19 hrs. Analysis at this stage shows 25 the

Teaction to be about conplete. The reaction mxture 1is filtered to
renove traces of precipitate, and is transferred to a Kugel r ohr
apparatus, where it is heated under aspirator vacuumto a tenperature
of about 100[err]C to renove water. The apparatus is t hen cool ed and
the tacky product is scraped out. The wei ghed 30 yield is 3.84 g; note
that a substantial amount of material =~ & -remains in the flask of the

Kugel rohr and that, .on repro uci t he syn hesi s, y el J ._ nmor e
typical |y near ApPeRYigtion gg-m!-’jlgnal ysi s-89tet-+RY 411y, deri ke ¥
spectroscopy i it&Ml cat ive =€HzCHe$--»aCWg gh (s@ﬁ%@@-saﬂf@ﬁ%&) (mgl;)ee of

sul fonation of the oligomer al | rr?l et{h@ gﬁﬁwmﬁérﬁdt%ca”

di sappearance of the [err]Hre onanc s
(-CH err]-CHCHerr]) and delS0a = 80 rs pB%ﬂCiated(W@[@mPW@-l[@érr] )
and the gerr]C resonances at deI ta = 1R&t;5suliminate is typically

' .associated with cation such

as Ht or Nat)

and
10 (CAPp) ~CHoCHo——CH2 disulfonate {ALLYL)
I {note: sulfonate is typically
S03- S03° associated with cation such as
Nat}.

In the above, the disulfonate end-cap (CAPp) is especially
15 preferred.

In gemeral, varying propertions of the following monosulfonate

.end cap can also be present:

&CAP;;} _ RCHZCHZCHQ m@nos@ﬂ fonate (AMYU
° $§63- . {note: typically associated
with cation such as Nat)

It is part of the instant invention to provide methods for
maximizing the vrelative proportions of (CAPy}) and (CAPp)
substituted terephthalate esters relative to {(CAPg) substituted
terephthalate esters.

Allyl groups, which are present in the esters prior to
sw‘ﬂf@maﬁ@n, are represemteﬂ herein as f@ﬂ@ws. :

(RLMU amg CH=CHa : a;ﬂﬂ Qaﬂﬂ ﬂcahc'n

The methallyl homolog, typically derived from wmethallyl
alcohol, is.alse within the scope of the invention; in contrast,
higher olefins, higher branched olefins and the like are unsuit-
ably hydrophobic. :

The terephthalate ester oligomers herein have substantiany

linear backbones; thus they do mot, in general, include branching
- _cmss“m'mki-mg tFi- ‘cr. poiy#a‘ﬁemt: monomer groups such -a's.tri-a{,__' .'

25
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- 25 (-CHerr]-CHerr]=CH err]) and delta = 116.0 ppm

< (-CHerr]-CHCHerr]) and further confirnmed by the appearance of new
resonances, particularly those in t he 13C n.mr spectrum at.
delta = 25.0 ppm (-CHerr]-CHerr]-CH err]{SO[err]}),

integral = 0.75; delta = 48.3 ppm5
(-CHerr]-CHerr]-CHerr](SOerr])), integral = 0.75; delta =64.2 ppm
(-CH[err]-CH{SO[err])-CH[err]{SO[err]})’,gi‘ntegral = 0.02; delta = 44.6

ppm (=CH err]-CH(SO[ err]}s err]l{Serr ' ra ,= 0.02; delta
= 3667I tppm 4;%5:;;9 ?Sa{%%égm% rQ‘H’é‘f}[ gkﬁ"ﬁgza‘{eﬁf"é‘gr" | = 0.23;
an elta = 0 mic alcoho hprarr g SO[err]}-CHerr]{SO[err]}),
based upon the suriof f nEFEAPRId hmbbbbentl the LG e e 8

, S s gnd .as
not ed supr a, [ &l fanagedy @ﬂéﬁﬁpﬁgerﬁ@?@&et%ﬁm o t@FrEWﬁfﬂnsﬁlsane,
delta = Osppmecomprised of alternating groups of the formulaeEXAMPLE 2 -Step 1:
15  Preparatiggn.Q nyﬁg:rﬁnhﬁfhm et hoxy| giage &V 12971 AY BERYRE dpgREE Of -

pol yneri zati ot of —a@pou ; Thé™ TOW Ng procedure 1s carried

out in a fume hood; a 0 tr@appi_. ng systemis optionally used for
addi ti onal reassurance iﬂ&l ﬂﬂ preventi ng escape of ethylene oxide vapors.

{T) -C{CgHyg)C- terephthaloyl [dimethylterephthalate}
10 and -
{P&} ~-QCH{CH3 ) CH20- oxypropyleneoxy {1,2-propylene glycol)
or
-0CH2CH(CH3)0-.
Furthermore, the sulfonated ester oligomers will generally
15 contain noni

Abbreviation Fermula Name (Typically derived from)
{En) -0(CHaCH20) - 1CH2CH20- poly{oxyethylene)o _ (ethylene
oxide)

Importantly, in the preferred embodiment, such nonionic
20 hydrophile units are found substantially situated in particular
positions between the end-caps and the backbone, rather than
interrupting the backbone structure. Thus, at the moclecular level,
the following are illustrative of the most 'highly preferred
structures: )
25 {CAP3}-(En)-(T)-(PG)-(T)-(PG)-{T}-(PE)-(T}-{En)-(CAP,)
(CAPg) - (En)-(T)-(PG}-(T)-(PG)-(T}-(PG)-(T)-(En)-(CAPH)
{CAPy) - (En)-{T)-(PG)-(T}-(PG}-(T)-(P&}-{T}-(En) - (CAPp)
Al1 of the foregoing structures correspond with sulfonated esters
which contain a total of four sulfonate or sulfinate groups; im
30 contrast, the following structures, having only three sulfonate or
sulfinate groups in total, are less preferred:
{CAPa)-(En)-(T)-(PG)-{T}-(PE)-(T)-(PG)-(T}-(En)-(CAPc)
(CAPY) - (En)-(T)-(P6)-{T)-(PE)-(T)-(PG)-(T)-(En)-(CAPc)
Also, Teast desirably as noted supra, material having only
35 monosul fonate terminal units can be present:
_@Cﬂ?c)=(En)eﬁT)e(P@}°(T)*(PG)=(W)=(PG)°(T)E(En)f(tﬁ?c)

This is the repiacement shset
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20 . Allyl alcohol (100 g, 1.72 noles, 99+% Aldrich) is placed in
< a suitably sized dry, three-necked round bottomflask fitted with
magnetic stirrer, condenser and gas inlet and outlet. The flask and
contents are cool ed under a nitrogen atnosphere to about O[err]C.

Sodi um nmetal shot (1.98 g, 0.086 noles, Aldrich) is added slowy 25 under
a countercurrent of nitrogen. The mxture is stirred for 1.5 hrs at
about O[err]C. (Qther strong bases canl8qually be used in
substitution for the so m.. The tenperature js | owed tQ.rise to
room t enper at ur e, tev\/rﬁcg@g @Sg@a@i@ggt i high ntp s@lﬂ u?ﬁ%ﬂﬁi]““mted r emai ns

visible. The structwdsniscyiven by hER)t ERE): (T F-EPE)LT) -APEIBQT) -, Whinc hawat age

et hyl ene oxi de | du o} gl ass
tub>e1 at a rat eV%ﬁ% %1'&% gl s?ﬁ\rféésé"?ktt E@Lﬁﬁﬁ%eh#’%ﬁ?%d a\{eﬁé&r ﬁ%@?@“ & at her
than bei ng wasltengthi yinet@yas | afy the @Wbef‘aﬂﬁ WB%HM aloyl eppdid veiifisi 68 .whi ch
et hyl ene @xi deis?tdﬁl tueoraam? ¢rui aboirdl tdabout 7. RS ke@ert« %asfuum nl NCr eases

N e

never permtte‘&ﬁ use®xceed about 150[err]C. Conpl etion of the reaction
to an average degrgsreOlgeisHaYTR' ithe! b&dkbone cam incorporate repeat units

such as the following, to a Timited extent:

o Abbreviation  Formla Mave (Tvpically derived from)
{EG) -0CHaCH20- oxyethyleneoxy (ethyleme glycol)
° and '
{An) optional nonionic hydrophile,

typically similar te, or
identical with (Ep);
wherein {(EG) exemplifies a repeat unit derived from a diol which
is less preferred than 1,2-propylene glycel. Thus, (EG) can
partially repiace (PG} backbone repeat units. (Aps) is used herein
to represent nonionic hydrophile units, of a kind which can
optionally interrupt the ester backbone at random, leading to
structures such as:
(CAPg)-(En)-{B}-{An’)-{B}-{En)-{CAPy)
(CAPy)-{En)-{B}-(An’)-{B}-{En) - (CAPp)
As noted supra, such backbone interruption is preferably minimal.
The sulfonated ester oligomers are typically water-soluble or
water-dispersible. Whatever their precise solubility in pure
water, they are found to formulate well into laundry detergent
compositions, with particularly good formulability being associ-
ated with the {CAPp} and (CAPp) substituted esters. Furthermore,
the improved formulability does not apparently detrimentally
influence the action of the sulfonated ester oligomers as soil-
release agents. '
Methods of making the novel ester compositions are also
- provided, particularly effective being a radical-initiated
sul fonation of z preformed, allyl-group end-capped, terephthaiate
. ester oligomer precursor (heréimafter "A.T.E®}. Using the "above- -
. introduced. abbreviattons, this - usefuﬂ precursor. is iﬂﬂustrated at '
. the ma?ecuiar ieve? by structures such as:

15
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26 of about 11 is confirnmed by neasuring vol ume uptake of ethylene
* oxi de, neasuring weight gain of the reaction m xture, or neasuring
both these quantities. The mxture is cooled to roomtenperature,
and is treated with aqueous HCl (15 cnferr], 1M Fisher). The product 5

at this stage
under aspirat
chloride. Yi

t he met hod of
pol ymeri zatio
step 1 with d

is neutral. Substantially all water present is renoved
or vacuum The product is_ f |tered to renopve sodi um
eld is 886 g, 1.63 noles. err]H n.mr anal ysis usi ng

@Lamp)l Qeﬁ;d{a}q«egwmmy highty fwem&@pe@r, Tess @8gfee of

ﬂ@?’ h@%t’i&r’ ﬁwh

uct of

$;{&n) ~(En)- (%@Eifl n owghe pé\% st age

procedure i nvofori preparingdbe dA.iTiEcas furthen |i&hmﬁnmtedl iy chher prefeimosd St ages) :

The -product Ofem‘bb@ﬁnneﬂnt£ 8@»@%‘@&?&7‘163&:'50"

sui tably’ S|ze

19

is

29

25

390

35

dmr'&nge propor{%n ca? thee %HW)D con ain%ng mat%ria]
DETAILED DESCRIPTION OF THE INYENTION

The present invention encompasses sulfonated oligomeric ester
compositions adapted for use as soil release agents in Taundry
preducts such as detergents or fabric conditioners.

The compositions of the invention can be described in terms
of the particularly sulfonated preduct of a specific, preformed,
substantially Tinear ester oligomer, identified simply as
"A.T.E.". The terminal units of the A.T.E. comprise a high
proportion of allyl or methallyl end-caps and the repeat units in
the backbone comprise terephthaloyl and low molecular weight
diol-derived units. -

Surprisingly, there does not appear to be any specific
disclosure in the literature of this type of material, the
compesition of which, per mole, is more specifically described as
follows.

The A.T.E. composition comprises {a), terminal units; (b},
nonionic hydrophile units; (¢}, repeat units of the aryldicarbonyl
type; and {d), repeat units of the low molecular weight diol type.

Hore specifically, the A.T.E. composition comprises from
about 1 mole to about 2 moles, per mole of the composition, of
terminal units derived from a low molecular weight olefinically
unsaturated compenent. Preferably, this component is selected from
the grcup@aonsﬁstﬁng of allyl alcohol and methallyl alcohol. Most
preferably, substantially all ({.e., about 2 moles] of the
terminal units are allyl end-caps.

The A.T.E. composition comprises from about ! mole to about 4
moles, more preferably from about 1.5 moles to about 3 moles, most
preferably about 2 meles per mole of the composition, of nonionic
hydrophile units. These units. are derived from an ether
component, The ether component is typically comprised of from

about 50% to 100% ethylere oxide. In the preferred embodiment, the ..
~ ether component is comprised of from about 80% to 100% ethylene -

kﬁgtﬁwpl arar hnﬁhﬁhﬁéﬁag ey -
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stirrer, fitted with gas inlet, nitrogen bubbler and a nodified

* O aisen head which supports a condenser and receiving flask.

D net hyl terephthal ate (43.6 g, 0.225 nol es, Aldrich),

1, 2- propyl ene glycol (21.8 g, 0.286 noles, Mllinckrodt, 98% and 20 a

conventional transesterification catalyst such as FASCAT 4100 (TM MT
Chemcals Inc., 0.154 g; 0.1%ww, are a&dgd under a ni trogen bl anket.
The mixture is stirred and heated to abo 140[err] C over a period of

bout 15-30 m : ' t ' D= i ned for ut 1
hour . The « omparas, sdst reRRRETR WP dihief Reflsopent. cohBIASTallpa MY * 1o
mnutes. Duri ﬁg tihxleng puidengi-e8 Hodsssubstantiatly peln{ewrethylene)myion is
continued and wkitewep!itsodsrd febiony hbn- ethylemRxpieoRePdf ThYha! etiept al

15.1g, th 1.S1 ] r ary LN xture, . - The
appa?at us.eiogyt %ém %%f'ecgﬁ%fgté &3%%%}?&? of & ?ih@i%h@ s %P'é%WMﬁ’ mxture
i s transfe¥red ineludeurgertesrroxigparaatber alkniene oxidewgrovided that the

mai nt ai ned  un@esul tYAF PoTyether remt i-BYdro@idic! Nehe nonidMEPRIdRbAHITe! S

1275550 SoVnfEOMIY hOGH oF e BRIGE e o Serg, oA 88" 1) e

of about 5 Bbaut 3Phcmons pueferablyf fromecabeBt 8 ttoarabeut 20i.f i Asitdeated and

ol i goneri zat i OByPFQCENHIBnioRI€ WPURBHITR units EHPTH IRABANALAGE either

39 interrupt the backbone structure or be situated between the
backbone and the allyl terminal units; it is highly preferred that
the latter be the. case.

The A.T.E. composition comprises from about 1.1 moles to

about 20 moles, more preferably from about 1.5 to about 10 moles,

15 most preferably from about 2 moles to about 7 moles, per mole of
the composition, of repeat units derived from an aryldicarbeny!
component. The aryldicarbonyl component is comprised of from about

50% to 100%, more preferably from about 80% to 100% dimethyltere-

phthalate. Most preferably, this component consists essentially of

20 dimethyl terephthalate and the resulting aryldicarbonyl repeat
units are substantially terephthaioyl. The essential terephthal- )
oyl units can alternatively be made from any of terephthatic acid,
bis-{2-hydroxy-ethyl)terephthalate and bis- {2-hydrexypropy1 )tere-
phthalate. The Tatter two sources of terephthaloyl units, of

25  tourse, provide at the same time repeat units of type (d), which
are separately accounted for below. I1f present, repeat units of
the aryldicarbonyl type which are not terephthaloyl repeat units,
are based on known aryldicarbony! materials and ceonsist essen-
tially of €, H and 0; such aryldicarbony! repeat units are

30 {1lustrated by isophthaloyl and phthaloyl.

Finally in accounting for the compositicn, the A.T.E. com-
prises from about 0.1 moles to about 19 moles, more preferably
from about 0.5 meles to about 9 moles, most preferably from about
1 mole to about 6 moles, of repeat umits derived from a diol

. component selected. from the group consisting of C2-, C3- and C4
diels {i.e., C3-, C3- and Cq gﬂyc;a’ﬂs_h. This component is prefer-
ably selected frém ethﬂéﬁe ‘glycol,. 1,2-propylene’ g}yco‘ﬁ, and

35
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27 The reaction is denonstrated to be substantially conpl ete by
270 MHz [err]C n.mr spectroscopy, giving results simlar to those of

Exanple 1, step 2 with the exception of the degree of polyneriza- tion
whi ch, as noted, is about 11. 5 The A T.E product thus obtained
Is cooled to room t enper at ur e. Step 3. Reaction of the

A T.E product of step 2 with sodium netabisulfite in water
(radical-initiated sulfonation, azo im#3ator): 10 The product of

2 (1 i I i dry, i tabl i zed d
E;te ItO om ]£| ggkgwgﬁﬁgggogﬂo %ﬁsﬁg{gﬁeﬁp‘%cegrewn%iy, thisrXompsogénta cquissltge roun

essentially of 1,2-propylene glycol; the corresponding repeat

units are oxypropyleneoxy repeat units. )

The sulfonated terephthalate ester oligomer compositions of

5 the invention, hereinafter “S.T.E.*, comprise {(a}, terminal units;

(b}, nonionic hydrophile units; (c), repeat units of the

aryldicarbonyl type; {d), repeat units of the Tow molecular weight

diel type; and (e}, sulfinate groups, sulfonate groups or mixtures
thereof.

As compared with the terminal units of the A.T.E., which are
olefinically unsaturated, preferably allyl terminal units, the
terminal units (a) of the S.T.E. are substantially saturated. The
sulfinate or sulfonate groups (e) are covalently attached to the
termiral units, fbrming the structures {dentified hereinabove in
summary as {CAPy), {CAPp) or {CAP¢).

The extent of sulfonation is typically from about ! mole to
about 4 moles, and the S.T.E. includes compounds containing from
about 3 moles to about 4 moles of -SOxM groups, wherein x is 2
{sulfinate) or 3 (sulfonate). The sulfinate or sulfonate groups
are derived from a bisulfite component. The latter is preferably
selected from the group consisting of HSO3¥ wherein B is a
conventional water-soluble cation such as sodium, potassium or a
stable, water-dissociable organic cation. The composition of the
S.T.E., in terms of the other units preseat (namely (b), nenionic
hydrophile units; {(c), repeat units of the aryldicarbenyl type;
and {d), repeat units of the iow molecular weight diol type} is in
accordance with their being derived from the A.T.E.

In a preferred embodiment of the invention, the backbone of
the S.T.E. consists essentially of terephthaloyl repeat units
which alternate with oxyalkylenecxy repeat units selected from
oxyethyleneoxy repeat units and oxy-1,2-propyleneoxy repeat units
wherein the oxyethyleneoxy : oxy-1,2-propyleneoxy mole ratio is in

 the range from 0:1 to about 0.9:0.1, more preferably frem about
0:1 to about ©.4:0.6; most preferably about 6:1 {i.e., substan-
tialiy @xyeEQZupkopy?enecxy). To this backbone are attached, at

- gach @nd{- hydrophilic 'repeat units consisting essentially of -
poly(oxyethylene}oky units (polymerized ethyleme oxide) which have

14
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stirrer, fitted with a condenser and gas inlet and outlet. Distilled
*water (200 g, 11.1 noles) is added under an argon bl anket. Sodi um

nmet abi sul fite (10.58 g, 0.0557 noles, Fisher) is 15 added in water (150
g) and stirred to dissolution. Nitrogen gas | I s bubbl ed t hrough the
solution for about 20 mn. A free radical initiators (

2,2' -azobi s(N, N -di net hyl enei sobut yram &nﬁe) di hydr o- chloride, VA-044
(TM Waco Chemicals, 0.216 g, 0.668 m| i noles, di ssol ved in about 60

g of water) isyAqeedge Uésrég %?Uﬁaﬂyhérifisﬁoﬁd@@q?romv@bb@%% 'tBL&h}%ﬁt tf,about

35 C, taki bouyt tes’ the t er a- ure being
spgagirH cal | 3 Is@?q%‘g?qrggeqag %Efgﬁésgf‘t éoﬁe%ﬂgq?tt $0-of'hg paly(oxyethylegelaxy in the

aqueous nedi unenigsd aré o cappedv avith vithe blaboyiadentified sapésmiednalipifter a

| f [ ' [ B, 8 h |t ] cceptabl e
To i norense t haTuRl oiFS; Fhesis cBh e Sny2BP the rorputze[Oneal ¢ (ERelC
t enperat use i&d i@r@;bﬁ@@rﬁ@ﬁ%g@mﬂms&rﬁqe@grab'ﬁy, thairel phiixe tpropamer

remai ns caref ution 6 (CAPIICaAd oe(CAPR) Y _,m?ﬁlmgcomparisdn Woth AW Gf

undesi rabl e ?ﬁé gbj&l ity problens or visible phase separation from
devel opi ng.) 5% | fonation reaction is all owed to continue for an
addi tional 8.9 hr Anetherdpreferred: enhodinentref the joventiererillusératasciheyet again

DLl Foned o SEMRERLIeopRBGRIon Al Gulidted et VL, [ cact o
S AL 0 Tl 5300, LTS alber wielend) b W RSShieT,
m | linoles) ismealidcdet thventioncensohpnsses the sodium sait form of a sulfon-
ated oligomeric ester (S.T.E.) composition consisting esseatially
of:
{1} a substantially linear oligomeric ester backbone, which is
comprised of from about 85% to about 100% by weight of tere-
phthaloyl and oxy-1,2-propyleneoxy repeat units; and
{11) terminal moieties covalently attached to safd backbome;
wherein said terminal moieties are comprised of from about 70% teo
100% by weight of mofeties selected from the group consisting of
~{Ep)(CAPg}, -(En)(CAPy) and -{Ep)(CAPc) (wherein the abbrevia-
tions are as identified in summary above); wherein n represents an
average degree of polymerization, in the range from about 8 to
about 20; and wherein said cmp@sitﬁ@n, the percentage by weight
of the end-cap moieties (CAPy)}, (CAPy) and (CAP¢} 1s in the range
from about 5% to about 40%, more preferably from about 10% teo
about 30%. ' :
In the above-illustrated embodiment, the mole ratis of all
the doubly sulfonated end-cap moieties, 1.e., {CAPg), (CAPy} or
mixtures thereof, in relation to the singly sulfonated end-cap
moieties (CAPc), ranges from about 1:5 to about 1:0, more prefer-
ably from about 2:1 to about 1:0, and includes materials at raties
of from about $:1 to about 1:0.
The above-identified features of the S.T.E. are in accordance
- with the synthesis thereof, which in the preferred embodiment
involves a particular ordered series of steps. - oo
First, . allyl alcohol ethoxylate or methallyl. alcohel. -
ethoxylate is made or obtained from commercial sources. The

is
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m xture. Reaction at 55-60[err]C is continued for an additional
“sul fonation reaction tine of about 26 hrs. Analysis at this stage 35

shows the reaction to be about conplete. The 'aqueous product sol ution
(79% water) is filtered to renove traces of precipitate.

- 28 - Analysis by [err]Hn.mr. and [err]C n.mr. spectroscopy
S I ndi cative of a high (85%- 95% degree of sulfonation of the

oligoner allyl noieties as inferred by dﬁéﬂilppear ance of the Eje&r} '|[_Ia 5 18
r an e =
b 5 (S B b Rts  Ro adte; hlvevet That thp Nk RroBethal Y1del o =
135.5 ppm alcohel ethoxylate should not be made without due care, and that
i€ the samples are comemﬁaﬂy‘ obtained, they should be of good
’ purity. Unacceptable 1levels' of {impurities such as vinyl ~
5 derivatives and/or polyethylene glycel can easily result from am
improperly controlled synthesis. Polyethylene glycol levels in
particular shouid be controlled, since this dihydric, relatively
high molecular weight alcohel can act as a source of units of the
type tdentified as (Ap) in the foregoing discussion. For this
reason, synthesis of suitable allyl alcohol ethoxylate is further
#1lustrated in detail in the Examples hereinafter.

The allyl alcohol ethoxylate is reacted under ester-making
conditions. Typically a two-part procedure is used, involving
first, transesterification under an inert atmosphere; and second,
oligomerization at reduced pressure, of a mixture comprising the
allyl alcohol ethoxylate and suitable chemical sources of the
aryldicarbonyl repeat units and the low molecular weight diol
repeat which will react to form the ester backbone -{B}- (e.g.,
dimethy! terephthalate and 1,2-propylene glycol). The procedure
forms the above-identified allyl end-capped oligemeric ester
{A.T.E.). '

In more detail, the transesterification stage typically
involves reacting the calculated proportions of allyl alcohel
ethoxylate and dimethylterephthalate, together with an excess
{e.g., 50-100% molar excess beyond theoretical incorporated diol)
of diol {e.g., 1,2-prepylene glycol}, in the presence of a conven-
tional transesterification catalyst; wmethanol is removed by
evaporation or distillation. Suitable transesterification cata-
Iysts include metal derivatives such those of zinc, titanium,
antimeny and tin; the oxides, alkexides, carbomates, acetates,
alkyl esters or alkyls can be used. Such catalysts are further
11lustrated by tetraisopropoxytitanium-(I¥), n-butyl(trihy-
droxy)}tin-(I¥), and zinc acetate. The practitioner should note
that particular care is taken {e.g., excluding air, mixing well to
avoid hotesp@ts,. and avoiding over-heating) to aveid undesired
side-reactions of the rather reactive allyl groups. S
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(iCJ-l[err]-CJ-lza-l[err])- and delta = 116.0 ppm (-CHerr]-CH=CH err]) and

* further confirnmed by the appearance of new resonances, particularly
t hose in t he [err]C n.mt spectrum at delta = 25.0 ppm
(-CHerr]-CHerr]-CH err]{SO[err]}), integral = 0.75;, delta = 48.3
ppm (-CHerr]-CHerr]-CH err]{SO[err]}), integral = 0.75;, delta =
64.2 ppm (-CHerr]-CH(SO err]) - err]{SO[err]}), integral 0. 15;
delta = 44.6 ppm (-CH err]-CH err])-CHerr]{SOerr]}), nt egr al

[
= 0. 15, del t = 7 . - . { 1
- 0.15; delta, = %e gl Rperization- e huéhksCharnb - Gebenhd (SR err]))

(-CH err]-CH @ffdé’%g]d?%il[h@?rtﬁ’%%érgfﬁaﬁ‘?“nt%@?eal 3t 0 1) fopperi At iph, egoi ng,

the 15 i nt edemjesature wbiohalis zeighbescndupbran kdigomarizktidee pressureal car bon
at om r esonancggsdng o, 4R thigorktird, Bd prifideiifed Sheried Lo

tetranet hysil ane, delta, = m _ A's e e aqueous A T.E
product i% ti ttrmséamﬁﬁ@ti“#%ta%'aWFﬂ]Ii"@d%rﬁ@ﬁ?@mﬂ‘@tthﬂ @etg@@ ¥ Basi c
Thgory gnd Praad i tie afxc@és diQUanire aenoved Carderc 2he Areduged sﬁne;ﬁare& Fi scher
and D. Pet : [ uar e,

Phi | adel phi a, Ttcally, no Wep&@&?ﬁ‘@ﬁﬁé%@f“?%@’g?? ‘3%,8@”53?1- 590:

i ncor porat ed her eifn tpgdical-initiated cplafin TisEl fiopptiont prosedyre diis amre

sul fur-cont ai gaPdedr utRs Tids typicalQyOfivoMesErdiibidn of Xhe A.T.E. REtRXi de

oxi dat i onleg f tahgouﬂ%rcg do%biﬁ]fﬁ%a%”ﬁuezbresence of water. The bisulfite can
be derived from many alternative sources, such as S0p and base,
metabisulfite salts, etc., and the catien is commenly sodium eor
potassium. The radical-initiated olefin sulfonation used herein is
desirably a Tlow-temperature procedure; aggressive conditions,
15 especially heating under potentially hydrolyzing congditions, could
otherwise tend to decompese the A.T.E. or the preduct S.T.E. Thus,
it is highly preferred to use a low-temperature ( 0°C - 100°C}

free radical initiator. '
In general, the radical inftiator used herein i{is water
30 Soluble or alcohol-water soluble. The preferred initiators are azo
initiators or redox fnitiaters. Such imfitiators are well kaown in
the art. For the purposes of the {nstant {imnventien, redox
initiators are especfally preferred since their use is associated
with much shorter reaction times and much Tower reaction

28 temperatures relative to any other known initiators.

-Suitable aze initiators are available in commerce under the
trademarks of various manufacturers { WAKO, DuPONT, ALDRICH) and
include materials chemically identified as 2,2'-azobis(N,N’-di-
methyleneisobutyramidine)dihydrochloride, 2,2’-azobis{2-amidino-

30 propane}dihydrochloride, 4,4’-azobis{é-cyanopentanoic acid), and
2,2’ -azobis{2-methyl-H-(1,1-bis{hydroxymethyl}ethyl)propionamide}.

When using an azo initfator, the free-radical initiated
olefin sulfonation procedure s preferably carried out at
temperétures in the range from about 20°C to about 1006°C, more

35  bpreferably from about 40°C to about 65°C; pressure is in the
range from.about 0.5 atm. to.about 3.0 atm., more preferably from

o
s
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To a sanpl e of t he aqueous A . T.E. product of Exanple 2 (350 cnerr])

*is added dropw se, at anbient tenperature, aqueous hydrogen per oxi de
(5.79, 5% 8.4 mllinoles). The solution is reacted at 30 about 45[err]C
for about 30 mn., and is then cooled to anbient tenperature. A test
usi ng peroxide test paper (E.M QUANT, 0-100 ppmrange) is negative
for peroxide. The rel evant [e¢r]C n.mr data now obtained are as
fol | ows: delta = 25.0 ppm (-CH[errF-CH[err]-CH[err]{Sqerr]}),

i nt egral

_ | 8 ;&:@u%Q: t%gmf tg4abow681rﬁ% REMD, (afd b Crdate fohl efnel 146" FddgzL er 1)),
'(f' tcﬁ?re?r]- '(ng',f’@r‘?’?ﬁ't SHPEY ]%9%% 0, hrs. . iworaaraferably) fiyom agayt 40 = 44. 6
ppm (- CHhers ¢ [toChlfe®€) 30 b3 .,Cif ased { SO[err])), integral = 0.05; delta =
56,7 ppm Redox imitiator systems are 1llustrated by persuifa@g / Cut -
8 and persulfate in combinatien with a water-seluble metal salt of
Fe2+, Mn2+ or Col+,

When using a redox initiator, the radical initiated olefin
sulfonation procedure is preferably carried out at temperatures in
the range from about 0°C to about 40°C, and a reaction time of as
Tittle as from about 0.1 hrs. to about 24 hrs. can be used. More
preferably, the sulfonation temperature is in the range from about
10°C to abeut 30°C, and the suifomation time is from about 0.5
hrs. te about 10 hrs. Pressure is in the range from about 0.5
atm. to about 3 atm., more preferably from about 1 atm. to about
1.5 atm.

An important pafrticu*ﬂarity of the sulfonation stage is the
need to keep the reactants in goed contact. It should be
appreciated that unless care {s taken (temperature contrel,
mixing, use of alcohol-water solvents) there will be a tendency
for the allyl end-capped A.T.E. ester to separate from the aqueous
sulfonation reagent, resulting in poorer sulfonation yields.

As noted in the summary, it is possible to vary the propor-
tions of (CAPg), (CAPp) and (CAPg) end-caps in the sulfonated
esters of the invention. Adjustment of the pH used in the above-
outlined sulfonation stage to lower pH values, and/or use of
excess bisulfite, tends to favor higher Tlevels of (CAP,)
{sulfinate-sulfonate); in contrast at higher pH values, especially
when 1ittle or no bisulfite excess is present, (CAP:) (monosu’ilfén
nate) predominates. In conmection with olefin sulfonation phH
effects, see the disclesures of Bright, Stubbs et al and Shepherd,
referred to supra and incorporated herein by reference. When it is
desired to maximize the proportion of the preferred (CAPy)-
containing esters, an optional hydrogen peroxide oxidation step,
‘carried out after the sulfonation reaction, will indeed success-
fully convert (CAPg) to (CAPp). If such an oxidation step. is
carried out, the peroxide is in dilute aqueous form, and fis -
typically added atcambient temperature with stirring. -
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(-éH[err]

-CH(SO err])-CHerr](SOerr]), integral = 0.2; and delta
* ppm (-CHerr]-CH(SO err])-CH err](SO[err]-)), integral = 0.2
integrals are normal i zed as noted in the Exanples supra. -
EXAVMPLE 4 5 Radical -initiated sulfonation of A T.E us
r edox initiator and sodium netabisulfite at | ow pH:
end-capped oligoneric ester, specifigally that of Exanpl
2 herei nabove (100g, 0.0635 noles) is placed in a dry, suitab

round bottom fl asknequgitPed WhehasovepoRRd i §. 110, , ﬁ%'afn'&a gn?g
d unde

gas inlet an
nitrogen bl an

i s added
gas 1is

pH, as neasur
4.5. The %i xt

Sar B 1 o e orosht A rheass o

49. 2
t he

ng -a
Al lyl

e 2, step
ly sized
r and
ra

Al dri ch)

in viagerin §8aende, 4hel followisgiester-bohd fwmﬁmobwdemr;e afd t rogen
bUbb'r@Qica@b{aﬁﬂmthfonatmns hotelifp; fOr about 30 mnute

sensi t[ve conventional pH paper, is

%,sgerq%@ndgfom@%mgachﬁre&n ice bath to a tenperature of

s.. The
about
about

5[err]C, at whi tiansesterificationestep), icompeljsing edadtdngaonixtdrd ofsi ng about 15
m of 15% sul fyyr | g
o o s e 00 R SRy
e

is warnmed to
(0.605¢g, 20

sodi um
added.
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dimethyl terephthalate; and III) from about 2 moles to about 14
moles of diol { e.g., 1,2-propylene glycol or mixture thereof with
ethylene glycol provided that the mole fraction of ethylene glycol
does not exceed about 0.4);(note that this represents an excess
over what will ultimately be incerporated into the composition).

The transesterification step is carried out in the presence
of a conventional transesterification catalyst. The transesterifi-
cation temperature is in the range from about 120°C to about 250°C
{more preferably, abeut 160°C to about 230°C).

The transesterification pressure is in the range from about
0.75 atm. to about 3 atm., where 1 atm. = 760 mmHg. More
preferably, the transesterification pressure is in the range from
about 1 atm. to about 2 atm. The transesterification time is from
about 2 hrs. to about 60 hrs., more preferably from about 5 to
about 25 hrs.

To complete the ester-bond forming procedure, the trans-
esterification step is followed by an oligomerization step. The
Tatter involves continuing to react the above-formed mixture under
the following conditions: olfgomerization temperature: in the
range from about 170°C to about 250°C, more preferably from about
180°C to about 220°C; oligomerization pressure: in the range from
about 1 x 10 -8 atm. to about 0.5 atm., more preferably about 1 x
10 -4 atm. to about 0.05 atm.; and oligomerization time: from
about 2 hrs. to about 60 hrs., more preferably from about 5 hrs.

bat h, and
rsul fate
t he

pabsutl Bate, abeeSE0s rind 11 pofremusboad! 2tieoabéik 0 fdlesOeP1l3 M is

to about 25 hrs.; whereby precursor allyl emd-capped co-oligomeric

ester (A.1.E.) is produced.
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After stirring for about 1.5 hrs at anbient tenperature, residual

bisulfite is determned by titration (see Exaple 2 for reference to
t he procedure) as being about 17% by wei ght of the anpbunt 25 originally
added. Analysis at 2.0 hrs. indicates 13% residual bisulfite. At 2
hrs., additional FeSerr] (2.0 m, 0.013 M is added, and the

reaction is allowed to continue for an additional 16 hrs. The

resi dual bisulfite now nmeasures about- 8%= At this stage, the pHis
about 2.1. The pHis rajised to about 6.0 about 10.0 m of 5%

aqueous NaCH.

Thel® ot aradispiniaitiated alefao sw'ﬁfgonatiw PEpRsdErey10hheol i ds) .

Anal ysis by [#/m.EHmatérial (fs' fee erebteé bySatmbsst one stepedf Subfomatingn DVBO

dlerr]) is in

@’L@t g%@ﬁvﬁg%hﬁ p&s%ﬁg? eq%r @gte€r85w{ftﬂ5a/‘)comrfﬁntti?wgﬂ E{/’éu{} ﬁ&at ion of

t he ol igomeri

di sappear ancesWfforatdng emapemr.e%n&memaem@elof ad =1@i-gemesaturpphivee
(- CH err Js- CH (ddeédt] subbttatiint Qnﬂ:iﬁtézs seneeted Criaar ako %@tﬁm ] andand the

S e opHUEN (0 g s b 2

(-CH err] - CH-1g e'ﬁaqtpnts Reeneffeshiveily cocontacted (e.g., good mixmg to

[err]C

135.5 ppm
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make a homogeneous appearing aqueous reaction mixture) and the
Tevel of the conventional bismfite sulfonating agent is from
about 1 mole to about 4 moles , more preferably from about 3 moles
to about 4 moles, per mole of said allyl end-capped co-oligomeric
ester (A.T.E.}; also, the following sulfonation conditiens are
respected: _

sulfonation temperature: in the range from about 0°C te about

- 100°C; sulfonation pressure: in the range from about 0.5 atm. to

about 3 aim.; and sulfonation time: from about 0.1 hrs. to about
90 hrs.

After sulfonation, the sulfonated oligomeric ester composi-
tion {3.7.E.) of the invention, directly cbtained in agueous form
{the water content is typically 80% or less}, can be used without
further purification as & soil release agent, e.g., by mixing' into
a liquid detergent composition. In the altermative, the very
simple peroxide oxidation briefly referred to supra cam first be
carried out. If desired, the S.T.E. can be conventionally dried,
or can be admixed with oligomeric ester soil release agents of
types previously described im the art. The more conveniently
handled aqueosus form of the S.T.E. is a very well divided suspen-
sion, or, more typically, a clear solution. The associated advan-
tage of not having to disperse the sulfonated esters prior to
laundry product - formulation is of considerable benefit to the
formulator.

Despite the rather high solubility of the sulfonated eligo-
meric ester of the invention, it functions effectively as a soil
release agent and thus meets the needs of the consumer as well as

. being convenient to the formulater.

I
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- 30 - an S.T.E. product wherein about 90% of the allyl end-caps at
* the ends of the ester oligoner have been converted to sulfinate-
sul fonate end-caps (CAP[err]) is. confirmed by integrals of the new
resonances, particularly those in the [err]C n.mr spectrumat delta =
63.9 ppm (-CHerr]-CHSOerr])-CHerr](SO[err]) and delta = 45.2 ppm
(-CHerr]-CH(SO[err])-CH err] (SO[err]))sg .
EXAMPLE 5 -Per oxi de oxidation of the product of Exanple 4:
IR ETLCa"{spbiar e O, ptorms v uab, B pbcdnginy o011
:izbi eﬁ[rp '? emoépg}gupg@duggtg{b%Ilatgaesﬁgébgﬁ&ﬁm%ug%gure and 4 JP@&\%“ of .
hydrogen per dnitdated Jsy, tfm%mw)e'ﬂeﬁmesui!femamrpro;ediurm xtmurtmtﬁ ﬁte;{ regd
fo about 501 E%gié‘%;?d?-ﬁeﬂﬁﬁﬁé‘tdgf?ﬂﬁgﬁﬁa"f’%@“”‘e ProcBs¥_ b, Sok BT tE D e
50[err] C $or apdfs the Mﬁe.ss/imﬁj i 4t Bypﬁ"é%;‘] @r, termipally syifpeatedo . DMVBO
dierr] 1:1 v/ spbstantiadlgatlinearof cooligpheliaboeste®0%ompositisiegwtthaot
conversion of Q84! dobh 2] GhTHhIOR Cofdtnd ARG §{LABEE Vel 1ank€ upon a
: procedure comprising the order of steps: sulfonation Step,
- ethoxylation step. A finding of particular interest in terms of
the synthesis of the ester compositions is that the preferred
sulfonated oligomeric ester cempositions can be made by aqueous
radical-initiated sulfonatfon of the preformed allyl ester
cligomer (A.T.E.), wiich has a backbone composition similar te, or
identical with, that of the final sulfonated material, and which
15 alse includes the above-identified monionic hydrophile units.

For additional detail concerning various low-level cptional
units which the esters of the invention can contain, as well as in
terms of general synthetic methods, suitable starting-materials,
and disclosure im comnection with the preparation of Taundry
compositions, the practiticner is directed to the follewing
Sosselink patents, incorporated herein by reference: U.S. Patent
4,721,580, issued January 26; U.S. Patent 4,702,857, issued
October 27, 1987; U.S. Patent 4,711,730, issued December 8, 1987;
and U.S. Patent 4,713,194, {ssued February 15, 1987.

In its detergent embodiments, the invemtion encompasses 2
laundry detergent or fabric conditioner composition comprising onme
or more conventional surface-active agents selected from
conventional anfonic, cationic or nonionic detersive surfactants,
and conventional cationic fabric softeners; wherein the
composftion additionally comprises at least 0.05% by weight of the
ester composition of the inven‘tﬁ@n.

Liguid laundry detergent compositioms, whether concentrated
er dilute, are especially preferred. Such Tiquid detergent
compositions can comprise from about 5% to about 40% of a
conventional anionic surfactant and from about 0.05% to about 15%
{dry basis, sgd'ium Saﬂt form) of the sulfonated oligomeric ester
ccmposi_tiqn {S.T.E2). In another embodiment, the Tiquid detergeat
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di sul fonate end-caps (CAP[err]). Thus, the resonances at delta = 63.9
ppm (-CH err]-CH(SOerr])-CHerr](SOerr])) and delta = 45.2 ppm '
(-CHerr]-CH(SO err]}- 20 CH err](SO[err]}) disappear and are repl aced by

new resonances at delta = 58.0 ppm
(-CHerr]-CH SO err]}-CHerr](SAerr]}) and delta = 49.3 ppm
(-CHerr]-CH(SO[err]}-CH err](SO[err]}) The soil rel ease

agents of the type described her eabove~ &n” 25 be used to fornulate

det er gent Comgﬁi@%fﬁgns :gﬂw%giggﬁré@;moupfsxctg abodgai@%r 3¢ aPEchve i.onﬂ qui ds,

bars, gels, ns are-dpar cularly
ry

adapt ed for useetieniqsueiactant and from abauhQefS% b abpulApEs(dryibesisne
conventional  GRAYAsalt. r g€Nthe sul FoRALEBOSIigbirSc NEsTBRT @psSitigh t he soi |
rej ease agents gﬁ; EI nwll 30 generalty conprise conventional detersive

I ngredi ents of (¥He t)ype wel | -known to those skilled in the art.

Fol | owi ng mre reprAssisted by thet desirabie fioom!abildtncharachepistdcafoBuch

conventional i ediept s. nt r C itions
Cypical |y cont @tlﬂén gerig@e, subst nti%ng ot AplE ﬁeav/ymﬁty 861t COTERRS

0 0
about 10%to ab#dry %etemtabgg‘%é?gﬁt?g&? b%a%{ e?%@@ngtrﬁ? grcft%fgﬁ'g@% uchomas
the (Jerr]-( ecedprising: al kyl benzene sulfonic acids, Cerr]-(err]
al pha-sul fonated f@fdsy aB64td50% to about 30% of a conventional alkylbenzene
16 sulfonate anionic surfactant, en an acid basis;
from 0% to about 30% of cne or more conventional cosurfact-
ants selected from nonionic surfactants, cationic - surfactants,
zwitterionic surfactants and mixtures thereof;
from about 5% to about 30% of a conventional liquid detergent
15 builder; _
from about 0.01% to about 10% of the sulfonated oligomeric
ester composition; '
and from 0% to about 1% of a coaventional proteclytic enzyme.
In the above, proteolytic enzyme-containing built ligquid laundry
detergent compositions are especlally superior. Hore recently
developed enzymes, such as cellulase enzymes, are alse compatible
and can be formulated together with the S.T.E. o
The invention is further {llustrated by the following
examples; percentages are by weight unless otherwise noted.
EXAMPLE 1

20

25
Step 1:

Preparation of allyl alcohel ethoxylate, having average degree of
polymerization of about 15:

The follewing procedure fs carried out in a fume hood; a
trapping system is optionally used for additiomal reassurance in
preventing escape of ethylene oxide vapors.

Allyl alcohel (8.72 g, 0.15 moles, 99+%, Aldrich) is placed

~in a suitably sized dry, three-necked round bottom flask fitted
with magnetic stirrer, condenser and gas inlet and outlet. The
flask and centents are cooled under a nitrogen atmesphere to about
9°C. Sodium metal shot (0.17 g, 0.0074 moles, Aldrich) is added:
 slewly under a cofintercurrent of fmtmgem. The mixture is stirred

30

" 38
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31 der

r]-Cferr] al kyl pol yethoxyl ated sul fonic acids, tallow al kyl
* sul - fates, olefin sulfonates, and the like. Nonionic surfactants,
typically, (err]-Clerr] alkyl polyethoxylates containing fromabout 5

to about 15 ethylene oxide units, nmay also be enployed. Anmne ~oxi des
and the common soaps are also conventional. Various cationic
surfactants can al so be used. M xtures,pof anionic and noni oni ¢

surfactants are quite comonly used in dern | aundry det er gent

conpositions

déet ersi ve surftactavnt Semperefura] catt whickalsty @r&k@mmlyn no sodiuh GieRElT Y

conpositions,
materi al s her
conposi ti®ns
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| ndex, can bd® Eitubipen for th%rf’@dmmﬁeme temperatupe is allowadopo arise onal

g@ﬁ%ﬁn\é‘hb{‘ﬂb?@” h@ ?ﬁé’%&d&ﬂﬂ‘%t‘}r} Wﬁ%@% &8 Irgﬂ:'fglriaﬁetergent

which stage ethylene oxide gas is introduced into the solution
through a glass tube at a rate at which it is mostly absorbed by
the mixture rather than being wastefully expelled. Over a 2-hour
period during which ethylene oxide addition is continued, the
reflux temperature increases from about 110°C to about 140°C. To
avoid forming vinyl ether by-products, the temperature during this
procedure is in any event never pérmitted to exceed about 150°C.
Completion of the reaction to an average degree of polymerization
of about 15 is confirmed by meas@rﬁng volume uptake of ethylene
oxide, méasurimg weight gain of the reaction mixture, or measuring
both these quantities. The mixture is cooled tc room temperature,
and is treated with agueous HC1 (7.4 cms, 1M, Fisher}. The

product at this stage is neutral. Substantially all water present

is removed under aspirator vacuum. The product §s filtered to
remove sodium chloride. Yield is 77.8g {0.106 moles). The 1§
n.m.r analysis is consistent with the above-identified degree of
polymerization. Thus, {imtegrals of the resonances in the
following regions of the spectrum are obtained:

integral of resonances at delta = 5.18 ppin,
CH2=CHCH20(CHaCH20) pHs

integral A; and integral of resonances at deita = 3.1 to 3.8 ppm,
Clig=CHCH20{CH2CH20) nH and CHa=CHCH20{CH2CH20)xH; integral B.

It is found that (1/2 integral B)/(integral A) = n = 15.3.

In the 1K n.m.r data above and throughout the specification,
chemical shifts, delta, are expressed in parts per million (ppm)
referred to tetramethylsilane {TMS) {delta = 0 ppm). In practice,
2 secondary reference of known chemical shift, such as hexa-
deuterodimethylsulfoxide (DMSO-dg), can equally be used in the
n.m.r experiments for convenience, and the TMS shifts are then
obtained by difference.

Step 2:

_Reactﬁon of the product of step 1 with dimethyﬂ terephthaiate and
1,2-propylene glycsl (two-stage procedwre invoﬂving transesterifﬁe ]
-cation and @Wﬂgomer%zatiom stages) ) -
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will also typically contain from5%to 60% nore typically 10%to

30% by weight, of various detergency builder materials to sequester
wat er hardness. Again, listings of typical builders can be had from
standard texts and reference works. |ncluded anong such materials
are the alkali netal phosphates, the alkali netal 20 citrates,
various pol ycar boxyl ate buil ders includi 9 the nitrilo- triacetates,

the water-soluble oxodisuccinate salt and the wat er - soI ubl e

2l Lo, Of Lartrale raiOpedi b UG BT, 925 026 noldEP Uy Bkl S
i ncor por at ed hefi@.n Sﬁﬂlﬂb&! eﬁhﬁ?@e”’““ﬂhé@ét%l fasl asujppeds with Jgagnetiic) der s
are especially prober, Fdtfedr withe gad {n1etf aiitidgehi bubbler anéfalmidipfe@sphate

e oot Cormop v Ot BRI, by, g RO 5,

1-10 micraen plimethyle t@rmth{h&mtﬂﬁ@ g, d@t@ﬁ@en@@iﬂ%w | §kdrdch), The

Clerr]-Clerr] ahlay Fébazéﬁéa Pﬁo&r@ N useABUkLeT1RN, mmd@wddd?rgex?t@@ al's,
gh%io

especially in heav %? e&ﬁ?ﬁﬁsgﬁ%%a”%rqaﬁﬁbsﬁn “ﬁ‘iﬂé@ Egscg g@%lb\ljle: )cgers

described in th# ﬁ ﬁ
can al so be enp{t)edaT Chemicals IEozy9:03 -gidl.i8us/wetage skddedennderes can

?'hzoapte enpl Oyeﬂv rgen Maﬁﬁ‘étergﬁ@t mﬁ@@f@sw | G Prdd) énaegtagﬁégggowbém‘épgw in

t he alygal i ?\é@ %prwg% 89“,% % a@@g Sje b@ §em%‘f8£ f F”é’&“ Wﬁéﬂr eof . Y
for about 1 hour. The temperature is now raised to about 170°C
taking about 15-30 wminutes. Ouring the foliowing 41 heours, the
transesterification i{s continued and methamol together with some
propylene glycel (total 2.8 mi., theory 2.9 ml) distil from the
reaction mixture. .

The apparatus is then cooled to room temperature and the
reaction mixture s transferred to a Kugelrohr apparatus. The
Kugelrohr fs maintained under vacuum {ca. IlmmHg) and the
temperature is raised to about 180-190°C over a 1 hr periocd. The
reaction mixture is held at this temperature for a total
oligomerization time of about 17 hrs. The product of the
transesterification and oligemerization pmcedure is cooled to
room temperature.

The reaction is demonstrated to be swbstantiany complete by
270 MHz 13¢ n.m.r spectroscopy. Thus, the terminal alcohol-

" bearing <carbon' atom resonance ~(delta < 60.7 ppm,
Clig=CHCHa0({CH2CH20) ¢ 1CH2CH20H, reference = DMSO-dg, 38.5 ppm) due
to unreacted allyl alcohol ethoxylate is at a very low level
{integral = 0.04) as is the 1,2-propylene giyca‘ﬂ. methyl carbon
resonance of incompletely allyl-end-capped oligomers (delta =
19.99 ppm, -OCHZCH{OH)CH3, integral = 0.05; reference as above).
The formation of an A.T.E. ester composition is shown by 13C
resonances at delta = 135.5 ppm, integral = 0.81, (-CH2-CHsCHz); .
and delta = 116.0 ppm, integral = 0.91, {-CHz-CH=CHz). '

As noted here and throughout the specification, 13C n.m.r.
shifts in parts per million {p.p.m} are référred to tetramethyl-

~ .silane (0 p.p.m) dsing hexadeuterated dimethylsulfoxide {DMSQ-dg) -
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Typi cal ly, such enzynmes will conprise fromabout O 05%to about 0, 2%
-by wei ght of detergent conpositions..

32 Optional Adjuncts - Detergent conpositions will also typic-
ally contain fromO0.1%to 30% by weight, of various conventi onal

adjunct materials such as bl eaches, especially perborate bl eaches;

bl each activators, such as tetraace?ngthylenedianine; suds 5
suppressors, such as various silicnes a nicrocrystalline waxes;

perfunes; pH agy %%Eéﬁlﬁrfgfé?hﬁenc@p?drc%nwmgﬁﬂee” cont Eﬁ?ﬁddctkfh

G anul ar deter sol

Wi ca
carrier mat er@b&@@nedsiﬁwm k%é‘ﬂ?%%mps%'?#“’é%e L| qui d ‘det er gent
Step 3.

Reaction of the product of step 2 with sodium metabisulfite in -
'5 water {radical-initiated sulfonation, azo initiator):

The A.T.E. product of step 2 (5.00 g, 0.00285 meles) is
placed in a dry, suitably sized round bottom flask equipped with
magnetic stirrer, fitted with a condenser and gas inlet and
cutlet. Distilled water (20 g, 1.11 moles) is added under an
argon blanket. Sodium metabisulfite (0.554 g, 0.00291 moles,
about 10% excess, Fisher) {s added in water (5.0 g) and stirred to
dissolutfon. A free radical {nitiator (2,2'-azebis(N,N'-
dimethyleneisobutyramidine) dihydrochloride, VA-044 (TM) Waco
Chemicals, 0.03 g, 0.092% miliimoles) is added. The mixture is
heated with stirring to about 45°C over. about 30 minutes, the
temperature being specifically selected to maintain soclubility of
the oligomer in the agueous medium and to prevent visible phase
separation. After a sulfonation reaction time of about 2.75 hrs,
the temperature is increased to about 50°C. (The practitiomer is
careful with temperature contrel, using it to aveid undesirable
solubility problems or visibie phase separation from developing).
Additional VA-044 (0.05 g, 0.155 millimocles) s added to the
reaction mixture. Heating fs continued for an additiomal sulfoma-
tion reaction time of about 19 hrs. Analysis at this stage shows
the reaction to be about complete. The reaction mixture is
filtered to remove traces of precipitate, and s transferred to a
Kugelrchr apparatus, where it is heated under aspirator vacuum to
a temperature of about 100°C to remove water. The apparatus is
then cooled and the tacky product is scraped out. The weighed
yield s 3.84 g; note that a substantial amount of material
remains in the flask of the Kugeirehr and that, on reproducing the
synthesis, yields are more typically near theory.

Analysis by 1H n.m.r and 13C n.m.» spectroscopy is indicative
of a high { 85% - 95% ) degree of sulfonatien ef the oligomer
allyl moieties as inferred by disappearamce of the XH resonances

~at .delta = 5.85 ppm (-CHp-CHwCHp) and delta = 5.18 ppm
(-CHaCH=CHp) and cthe 13C . resonances at delta = 135.5 ppm’
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conpositions wll typically conprise an aqueous or aqueous/al cohol 10
“carrier. It is to be understood that the selection of the

parti cul ar materials used in the preparation of detergent conpositions
can vary consi derably, depending on the desires of the fornulator.

The formulator will naturally recognize that the soil release 15 agents
of the invention are esters and are thus, by definition, potentially
hydrol yzabl e materials, both during and & ter fornul a- tioninto a

d Jf th ' a conyeniently be
rotectod agar katergHEael 8’ Fovea, iV 1RER PR r-tn Mg aRE NG |

rel ease agent scenfimad by tiheaanpeatrdnge i ofp aew adsinands, parnttdcyireote thood .
formul ation ingp atget engent LCHPOSkidctPum at  defta Yl Ol !E'OS pB&-ﬁe’eCt I on

! : : for makin ferred
Ul d, paste. SiOgBr Ik gelntesral conBeiBrt| N tanbod: St sPRN e
i nvent i on,5 neeg-OHaveHavEHA (S0 ¢ Tn&eg#ﬁanat ?ﬁhﬁS@l |€}B’W‘:9 ?npﬂg egﬁg@ﬂlsggt iar .
DY SO0 SRS - p s L LT b KT T 3018 B30 21
so as to form &rFH2-CH{SP2id-EHR{SRI "} )S;i?%;h%ﬁng.qatﬁg@gélﬁbéﬁﬁ ll&z;rg;ge
preferably in {-CHy-CH{8033n0tz (SOPTY) Ablitegrhlt @ @284 tand. Beltehe &P t -
et AN (IY-BREPL QBT ARpRI Y S 0o BiFSH, bt e
hydr ol ysi sgaggi#éegrals are normalized based upon the sum of the terminal carbon

atom resonances and as noted supra,iH n.m.r data are referred to

tetramethylisilane, delta = 0 ppm.

EXAMPLE 2
'Step i:
15 Preparation of allyl alcohol ethoxylate having average degree of
pelymerization of about 11:

The following procedure is carried out in a fume hood; a
trapping system is optionally used for additional reassurance in
preventing escape of ethylene oxide vapors.

Allyl alcohol (100 g, 1.72 moles, 99+%, Aldrich) is placed in
a suitably sized dry, three-necked round bottom flask fitted with
magnetic stirrer, condenser and gas inlet and outlet. The flask
and contents are cooled under a nitrogen atmosphere to about 0°C.

Sodium metal shot (1.98 g, 0.086 moles, Aldrich) is added slowly
under a countercurrent of nitrogen. The mixture is stirred for
1.5 hrs at about 0°C. (Other strong bases can equally be used in
substitution for the sodium). The temperature is allowed to rise
to room temperature, at which stage essentially no sodium metal
remains visible. The stirred mixture is heated to reflux, at
which stage ethylene oxide gas is introduced imto the solution
through a glass tube at a rate at which it is mostly abserbed by
the mixture rather than being wastefully expelled. Over a 6-hour
peried during which ethylene oxide addition is continued, the
reflux temperature imcreases from about 100°C to about 140°C. Teo
‘aveid forming viny] ether byproducts, the temperature-dufing this
: pr@cedure_ﬁs im-ény event never permitted to -exceed abeut 150°C.
" Completion of the Feaction to an average degree of polymerization.
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detergent ingredients can be used. As an additional precaution in

“making the liquid, gel or paste enbodinents, it is preferred to keep
formul ation tenperatures, within practical limts, on the | ow si de
(e.g., 20[err]C-80[errPC). 35 Hydrol ysis protection after
formulation, as illustrated in the preferred Iiquid, paste and
gel -f orm det ergent conposition enbodlnents i s assured by maintaining
t he conposition within the - 33

- conposi -
Lions, i1 s oRedn 6 R soRafEse F”ez@ﬁ%ﬁ%ﬁfﬁ fipe ubtak® ot gy fene” ™
et hanol ani ne (qide c measgy iny welight lgwiol afnthe regtéseatxiatre) @w heaser g
both these quantities. The mixture is cooled to room temperature,
and is treated with agueous HCY (15.cm3, IM, Fisher}. The product
5 at this stage is neutral. Substantially all water present is
removed under aspirator vacuum. The'pr@duct is filtered to remove
. sodium chleride. Yield is 836 g, 1.63 moles. IH n.m.r analysis
using the method of Example 1 is consistent with the average
degree of polymerization of about 11.
19 Step 2:
Reaction of the product of step 1 with dimethyl terephthalate and
propylene glycol (two-stage procedure involvimg tramsesterifica-
tion and oligomerization stages):
The product of step 1 (88.5 g, 0.163 moles) is placed in a
15 dry, suitably sized round bottom flask equipped with magnetic
stirrer, fitted with gas inlet, nitrogen bubbler and a modified
Ciaisen head which supports a condenser and receiving flask.
Dimethyl terephthalate (43.6 g, 0.225 moles, Aldrich),
1,2-propylene glycol (21.8 g, 0.286 moles, Mallinckrodt, 98%) and
20 @ conventional transesterification catalyst such as FASCAT 4100
(TH) M&T Chemicals Inc., 0.154 g; 0.1% w/w, are added under a
nitrogen blanket. The mixture is stirred and heated to about 140°C
over a period of about 15-30 minutes. This temperature is main-
tained for about 1 hour. The temperature is now raised to about
‘28 170°C, teking about 15 minutes. During the following 18 hours,
the transesterification is continued and methanol together with
some propylene glycol (total 15.1g, theory 14.4g) disti{l from the
reaction mixture. _
The apparatus is then cooled to room temperature and the
3¢ reaction mixture is transferred to a Kugelrohr apparatus. The
Kugelrohr 1is maintained under vacuum {ca. IlmmHg) and the
‘temperature is raised to about 200°C over a 1 hr. peried. The
reaction mixture is held at this temperature for a total
. oligomerization time of about 5 hrs. The product of the
a5 transesterification and oﬂigomerizatﬁ@n pr@cedure is cooled to
~ room temperatume ) : :

o
[
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e.g., 0.1%by weight; for bleach conpatibility reasons, |levels above

-about 3% are preferably avoi ded. When fornul ati ng bar, powder or
granul e fornms of detergent conposi tions incorporating the soil release
agents of the inven- tion, the formulator will |ikew se generally
avoi d unnecessary prol onged direct exposure of the soil rel ease agent,
especially 10 when hot, to hydrolysis-aggressive I ngredi ents such as
concen- trated aqueous’ acids or - @béncentrated aqueous bases.

When formul ati ng powder or, granul.e, i e., substantially dry.forns of
t he detergent conpos iB%Fi%fh\?érée%’és%a?ﬁdo&t%ﬁxéﬂbﬁnwﬁz{* sewptete by o
the dry forns of 220hEHzsd3¢ n.mlespetagszopy, gévingnresutts similar to thoseadfy

a0 S U A L SR Mk s

granul ar salts, év , Ka > phat e),
coated with the tiop shdch o notedsdp|abolt ddse agents provi ded herein,
provide an gxcel | enttheehisct & f @roduBEorthsat ohitdined i5andoodled 0 td gbedml ar
det ergent conposjtion.. 20 The followi ng exanples illustrate typical
| aundry deter gen%empemws%‘rrposi tions which enploy the soil release agents of
t he present Stepv@dnti on at concentrations of fromat |east about 0.05%

- typi ﬁ;ﬂl ! y, up E; 0 ﬁéi&'ﬂﬁo;ﬁ%dﬂhgeﬂﬂiﬁbémgmoﬂftﬁe@% Efﬁwtét?_%geiumlﬁ(etaBqu[%fi'tzeE) .
O 0 AT it ST I PR LBl 1 RIaeglS S 0 S he
10 The product of step 2 (100 g, 0.0635 moles) is placed in a
dry, suitably sized round bottom flask equipped with magnetic
stirrer, fitted with a condenser and gas inlet and outlet.
Distilled water (200 g, 11.1 moles} is added under an argon
blanket. Sodium metabisulfite (10.58 g, 0.0557 moles, Fisher) is
added in water (150 ¢} and stirred to dissoiution. Nitrogem gas
is bubbled through the solution for about 20 min. A free radical
inftiator { 2,2"-azobis(N,N’-dimethyleneisobutyranidine) dihydro-
chloride, YA-044 (TM) Waco Chemicals, 0.216 g, 0.668 millimoles,
dissolved in about 60 g of water) is added. The mixture is heated
with stirring te about 35°C, taking about 30 minutes; the tempera-
ture being specifically selected to maintain solubility of the
oligomer in the aqueous medium and to prevent visible phase
‘separation. After a sulfonation reaction time at 35°C of about 8
hrs, it is acceptable to increase the temperature. Thus, over
about 30 minutes, the temperature is {imcreased to about 45°C.
{The practitioner remains careful with témperatmre control, usﬁtg
it to aveid undesirable solubility preblems or visible phase
separation from developing.) The sulfonation reaction is allowed
to continue for an additional 8.9 bhr 'pem@dl. The temperature is
then increased vet agaim over about 30 minutes, te about 55°C, and
the sulfonation reaction is alliowed to continue for a further 30
hrs. Additional sodium metabisulfite (2.23 g, 0.0117 moles) and
VA-044 (0.108 g, 0.33§ millimoles} is . added to the reaction
mixturé. Reactfon at 55-60°C is continued for an additional
sulfonation reaction time of about 26 hrs. Analysis at this stage
shows the reaction to be about complete. -The aqueous product .
 solution (79% watér) is filtered to remu'\fe traces of precipitate.

15
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in the manner described in U S. Patent 4,663,071, above.

EXAMPLE 6 A heavy duty liquid conposition of the present

i nvention is as follows: 30  Conponent

Active Weight % Clerr] linear alkylbenzene sulfonic acid

4.40 Cerr] linear alkylbenzene sulfonic acid 4.40
(err] alkyl polyethoxylate (2.25) sulf gé)ic acid 8. 80

Cerr] "al kyl polyethoxylate (6.5)* 3.52 35 (ferr] .
?loﬁ)a/tlt et“' met hyl arﬂ%&ﬁ}ﬁ@ Gy oy dﬁ.m.r.&afg 13¢ ukguhag.‘:’olspectré%gwmfgumane sul
indicatiye of a high (85% - 95%) degree of sulfonation of the
eligomer ally! moieties as inferred by disappearance of the IH
resonances at delta = 5.85 ppm ‘(c-CHg«tﬂsCHg) and delta = 5.18 ppm
5  {-CHaCH=CHp) and the 13C resonances at delta = 135.5 ppm
{-CHp-CH=CH2) and delta = 116.0 ppm (-CHp-CH=CHy) and further
confirmed by the appearance of new rescnances, particularly those
in the 3¢ on.mr spectrum at delta = 25.0 ppm
{-CHz-CHz-CH2{S03")}}, integral = 0.75; delta = 48.3 ppm
{-CHz-CHz-CH2{S03"}), 1integral = 0.75; delta 64.2 ppm
{~CH2-CH{S02"}-CH2({S03"}), integral = 0.15; delta = 44.6 ppm
(-CHa-CH{S02-}-CH2{S03"}), imtegral = 0.15; delta = 56.7 ppm
(-CHz-CH(SO3")-CHz(S03"}), integral = 0.10; and delta = 49.2 ppm
{-CH2-CH{SO03"}-CH2{S03"}), integral = 0.10. In the foregoing, the
integrals are normalized based upon the sum of the terminal carbon
atom resonances and as noted supra, 1y n.m.r. data are referred to
tetramethysilane, delita = 0 ppm.

A sample of the aqueous A.T.E. product is titrated using
standard iodometric methods; see "Basic Theery and Practice of
Quantitative Chemical Analysis”, R. B. Fischer and D. §. Peters,
¥. B. Saunders Cs., West Washington Square, Philadeiphia, PR, 3rd
Edition, 1968, pages 571, 572, 584-590; incorporated herein by
reference. The molarity of oxidizable sulfur-containing groups is
0.024 WM.

ig

18

20

EXAMPLE 3
Peroxide oxidation of the product of Example 2:

To a sample of the aqueous A.T.E. product of Example 2 {350
cm3) is added dropwise, at ambient temperature, aqueous hydrogen
peroxide (5.7g, 5%, 8.4 willimoles}. The solution is reacted at
about 45°C for about 30 min., and is then cooled te ambient
temperature. A test using peroxide test paper (E.M. QUANT, 0-100
pom range) is negative for peroxide.

The relevant 13C n.m.r data now obtained are as follows:

delta = 25.0 ppm (-CHz-CH2-CH2{S03-}), integral = 0.75; delta =
48.3 ppm {-CHz-CHz-CH2{S03-}), integral = 0.75; delta = 64.2 ppm
{-CHz-CH{S02°)}-CH2{S03"}), integral = 0.05; delta - 44.6 ppm -
{-CH2-CH{SO2-}-CHa{S03"}), 1integral = 0.05; delta = 56.7. ppm’

25
30
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1,2 Propanedi ol 3.00

Sodi um
fatty

- Bri ght ener 0.114
Monoet hanol am ne 1.63

- Pot assi um hydr oxi de ' 1.00 5
hydr oxi de 2.88 derr]
acid ° 3.08 Ctric acid . °
3.52 Sodi um f or mat e - 29 -

Cal cium formate
Tet r aet hyl ene {pERz-SH{ 308~ bGHe(§M3alle (ateora) = 0.2; and delta “143@ ppm
Sqi-bHg-elestge) AHe(80s*)), integral = 0.2; the integrals are

54. 666

Dye
0.25 15

* Al cohol and nonoet hoxyl at ed al cohol F&HBkEe

Pr ot

ngrmalized as noted in the Examples supra. 0.08

0.78

Wat er

0.50
Per f ume
-0. 82

**M xed ani oni ¢ ester

ol i goner s gaccor di nadic1ExPtRbted] sulfondtibAy ot iAVE.Eenzyimy ga( @elexny active

enzyme/ g Stoc

mxing ta

pH of the

35

nk w
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15

20
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eiagor apd ool BRSO EITNE ot RPBIGCT i cr ?ﬁﬂgdaﬁ)ﬁeir

bel ow. Before  Allptdesd-capesd d;iﬂégowmu#éteranosppﬁtﬁismyt|fcha

Example 2, step 2 hereinabove (100g, 0.0835 moles) is placed in a
dry, suitably sized round bottom flask equipped with a magnetic
stirrer, condenser and gas inlet and outlet. Distilled water
{150g) is added under a nitrogen blanket. Scdium metabisulfite
{24.15g, 0.127 wmoles, Aldrich) is added in water (310g) and
stirred to dissolution. Nitrogen gas is bubbled through the
solution for about 30 winutes. The pH, as measured using a
sensitive conventional pH paper, is about 4.5. The mixture {is
cooled in an ice bath to a temperature of about 5°C, at which time
the pH is adjusted to about 2.0 using about 15 ml of 15% sulfuric

acid. The mixture is removed from the ice bath, and is warmed to '

ambient temperature over about 1 hour. Sodium persuifate {0.605g,
2.54 millimoles) is then added. Upon dissoclution of the sodium

persulfate, FeSO4 in aqueous solution (2.0 ml, 0.013 M) is added.

After stirring for about 1.5 hrs at ambient temperature, residual
bisulfite is determined by titration (see Example 2 for reference
tec the procedure) as being about 17% by weight of the - amount
originally added. Analysis at 2.0 hrs. indicates 13% residual
bisulfite. At 2.5 hrs., additional FeSOg (2.C mi, 0.013 M) is
added, and the reaction is allowed to continue for anm additional
16 hrs. The residual bisulfite now measures about 8%. At this
stage, the pH is about 2.1. The pH is raised to about 6.0 using
about 10.0 m! of 5% aqueous NaOH. The total volume is about 560
m] (about 21% solids}. Analysis by IH n.m.r (freeze-dried sample
redissolved in DMSG dg) is indicative of a high degree {85%-95%)
of sulfonation eof the oligomeric terminal allyl moieties, as
inferred by the disappearance of the Iff resonances at delta = 5.85

ppi. (-CHp-Cli=CH) and delta = 5.18 ppm (-CHz-CHeClp) and the 13¢.
. resonances (solvent D20 : DMSO ds 1:1 v/v¥) at deita = 135.5 ppm'_

& CHg CH*CIHIZ) and ﬁe‘ﬂta - HS @ ppm ( tﬂg CHBWZ) F@mation of °. _
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24.75

, ' - 3
Sodi um cunene sul fonate (45%

m xture is adjusted such that a 10% by wei ght solution in water has a
- pH of about 8.5. 25 Al kyl pol yet hoxyl ate paste m xture '

17. 60 C err] al kyl polyethoxylate (2.25) sulfonic acid 50. 00

Et hanol 40-b 7. 00 Sodi um

hydr oxi de 6. 00 1,2

Pr opanedi ol 0 - 12.25 30 Wat er

5. 45

Et hanol (92% ap S.T.E. product wherein about 90% of the allyl end -cip34t the 1,2

_Propanedlol

premi x
2.

76
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ends of the ester oligomer have been gonyerted 0-¢3° s ifinﬁ?éé | ght ener

rg

= 63.9 ppm (-CHp-CH{SO2-}-CH2{803-}} and delta = 45.2 ppm
{-CHa-CH{S02~}-CH2{S03"}}.
EXAMPLE §

Peroxide oxidation of the product of Example 4:

Te a sample of the substantially clear aqueous S.T.E. product
obtained in Example 4 (280 ml, approximately 0.113 M) is added
dropwise, at ambient temperature, over 0.8 hrs., an aqueous
solution of hydrogen peroxide {25g, 10% v/v). The reaction
mixture is stirred at ambient temperature overnight. The reaction
mixture is then heated to about 50°C over a period of about 0.5
hrs. and is maintained at 50°C for about 1.0 hr. Analysis by 13¢C
n.m.r. (D20 : DMSO dg 1:1 v/v) is indicative of a high (about 90%)
degree of conversion of the sulfinate-sulfonate end caps {CAPa) to
disulfonate end-caps {CAPp). Thus, the resonances at delta = 63.9
Ppm (aCstgﬁ{Soga}sﬁﬂg{503°}) and delta = 45.2 ppm {-CH-CH{SU02-}-
Clia{S03-}) disappear and are replaced by new resonances at deita =
58.0 ppm (-CHz-CH(S03-)}-CH2{S03-}) and delta = 49.3 ppm
(-Chiz-CH{S03"}- Cﬂz{ws M '

The soil release agents @f the type described hereabove can
be used to formulate detergent compositions im the form of
powders, pastes, liquids, bars, gels, and the Tlike. These
compositions are particularly adapted for use im laundering all
manner of fabrics, in the conventional manner. Detergent
compositions prepared using the soil release agents herein will
generally comprise conventional detersive ingredients of the type
well-known to those skilled in the art. Following are representa-
tive, but nonlimiting, examples of such conventional ingredients.

SUT ;ﬁ‘n;‘%: - Detergeﬂt composftions typicaliy contain from
about 5% te about 50%, more preferably from about 10% to about
25%, by weight of detersive surfactants such as the Cy;-Cyy

aﬁky?benzene sulfonic acids, tng“ng aipha sulfonated fatty acids.

g
®

ner
MbswiFohabeolendricaps {CAPy) 1s confirmed by integrals of the new 7 g9

resonances, particularly those in the 13C n.m.r spectrum at delta -

. This is the replacement shsat
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- 35 Cerr] alcohol polyethoxylate (6.5)*

T Water - . 51. 05
al cohol pol yet hoxylate (6. 5)* . 1.94
Monoet hanol am ne 1.31 5
Pot assi um hydr oxi de (45% 2.22
Sodi um hydr oxi de (50% 3. 65
Cerr] linear al kyl benzene sulfonic acBy (96% 4.58

Qerr] linear ald;‘ SRV ofyethblyAqtde A6 Forsd ' Lias, tatlow a'ﬁgy‘gBS:gﬂl

(err] fatty a itd
Ctric acid fates, olefin sulfonates, and the like. Nonionic sur&ﬁ@nts,

Tartratfe succi ﬁmﬂ§3%9~@u alkyl poiyethoxylates containing froma
Sodi um orrrat ;

Cal ci um formate 15 ethylene oxide amits, may alsc be employe .Oﬁm“e
Clerr] al Byl te%ides hindanthenicsmmarn| snapde ar@7%ajso conventional. 1.V4Bicls

Tetraet hyl ene QeNéme S@-FatHIREY | @in® af 46 -bEBUséBO Mixtures of arkﬁg?agc%md

Wat er
rel ease agent nonfonic surfactants are quite commonly used in modern laundry

detergent compositions to provide a balanced mix of clay and oily

sofl removal properties. Standard reference works, such as the

1g ‘HcCutcheon’s Index, can be referred to for other types of

conventional detersive surfactants which are typically employed in

laundry compesitions, and which can be employed with the soil
release materials herein. .

Builders - Fully-formulated laundry detergent compositions

15 will alse typically contain from 5% to 60%, more typically 10% to

30%, by weight, of various detergency builder materials to

sequester water hardness. Agaim, listings of typical builders can

be had from standard texts and reference works. Included among

such materials are the alkali metal phosphates, the alkali metal

" ag  ¢itrates, various polycarboxylate builders including the mitrile-

triacetates, the water-soluble oxodisuccinate salts, and the

water-scluble salts of tartrate monc- and di- succinate, as

described in U.S. Patent 4,663,071 May 5, 1987, the disclosures

of which are incorporated herein by reference. These polycarboxy-

95 late builders are especially preferred for use in the formulation

of low-phosphate detergent compositions. Other types of builder

useful hereim are the so-called precipitating builders and the

zeclites, especially the 1-10 micren particie size Zeolite A

detergency builiders. The C;4-C;; alkylsuccinates are alse useful
3¢ @8 builder materials, especially in heavy duty liguid compesi-
tions. As is extensively described in the patent literature,
various mixtures of these builders can also be employed.

Enzymes - Various detersive enzymes can also be employed in
detergent compositiens in the manner well-known in the art.
Included among such materials. are the proteases {especially the
alkatine pmteases}, amylases, lipases, and mixtures therecf.

38

38. 50
derr]

Soi |

Typﬁcaﬂy, such e*nzymes will comprise from abcm; 0. @5% to about .

0. 2% by weight of detergemt comp@sitﬁmms
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Dye . 0. 08

" Per funme 0.25 20

Pr ot ease** _ 0. 82

* Al cohol® and nonoet hoxyl ated al cohol renpved **ng active enzynme/g (@
40 nmg active enzyne/ g stock) The above formula is clear, stable,

and honopgeneous. EXAMPLE 7 25

A granul ar detergent conp05|t|on for houg%hold | aundry use is as
fol | ows:

] [ - G al kyl sul fa
9 L3 Adibagtslr re Bl Ripach gpn gt also tpte- 5 5
30 derr]-gd @Wy @hk@/ﬁlﬂpﬁf%ﬂww m, (by. 83ight, of various conventiobaD

Sodi um t ol uene g h &s bleach iall b
TVE/ TDS sodiu 3146 n@%&%ria‘ls suc as eaches, espectally perborat %Igaches,  sodi um

. ra
N- hydr oxyet hyl é’ﬁﬁ%%néﬂéi&ﬁf?ﬁbr i %@t ate tetraacetylethylepediamine; sjuds; ol ease
agent * 5 suppressors, such as various silicones @dMmicBocrystiidinewa@sbonat e

20. 3 perfumes; pH adjusting agents; optical brighteners; and the like.
Granular detergent compositions will ¢ypically contain solid
carrjer materials such as sodium sulfate. Liquid detergent
compositions will typically comprise an aqueous or aquesus/alcohol

10 carrier.

it is to be understood that the selection of the particular
materials used in the preparation of detergent compasitions can
vary considerably, depending on the desires of the formulator.

The formulator will naturally recognize that the soil release

15 agents of the invention are esters and are thus, by definition,
potentially hydrolyzable materials, both during and after formula-
tion inte a detergent composition. However, they can simply and
conveniently be protected against hydrolysis so that their per-
formance as soil release agents is not substantially impaired by

20  the process of formulation into é'detergent composition.

Hydrolysis protection during formulation, as illustrated in a
process for making preferred ligquid, paste or gel-form detergent
composition embodiments of the {nventiom, need {invelve no more
than the following simple expedient; any aggressively acidic or

25 glkaline formula ingredients to be used are selected and blended
together in the absence of the soil release agent so as to form an
ingredient mixture having pH below about 11, more preferably in
the range from about 4 to about 9.5; the soil release agent can
now safely be added {see Example & hereinafter). In the alterna-

30  tive, preneutralized forms of otherwise hydrolysis-aggressive
detergent ingredients can be used. As an additional precautien in
making the liquid, gel or paste embodiments, it is preferred to
keep formulation temperatures, within practical limits, on the low
side (e.g., 20°C-80°C). ' _

35 Hydrolysis pmtection after formulatfon, as illustrated in -
the preferred Hquid ‘paste and - gel-form detergent composition' :
embadiments, ﬁs a$sured b,y maintammg the cmmpcsﬁti@n withm the

T‘f‘h«s is the ff@paa@,@m@m sm& '
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- 36 -. Pol yet hyl ene glycol (Avg. MW approx. 8000) 1.0

"Sodi um sul fate, water and m scel | aneous Bal ance to 100%
*Aigomers according to Exanple 2 The conponents other than the
Soi | Rel ease Agent are added together with continuous mxing with
sufficient extra water (about 40% total) to form an aqueous slurry
which is then spray dried; t he Soi% Rel ease Agent is then admi xed in
dry formto conplete the conposif? %“ In the conposition of

Exanpl e 7, thegfolls %eélﬁﬂsﬁt@é‘% entpér #Docesﬁw ?@Erﬁd?i%ﬁd cogpésq)- for

TMS/ TDS:
(2) an equi val'daes.a nits @onq@gegqowe have an alkanolamine, e.g., mono-

EXAVPLE 8 ethanolamthel {freferrdd} arogethariasize] ippbsdndr athi Qs qeadd, | aundry
use 1s e.g., 0.1% by weight; for bleach compatibility reasons, levels -
5 above about 3% are preferably avoided.

When formulating bar, powder or granule forms of detergent
compositions incorporating the soil release agents of the inven-
tion, the Formulator will likewise generally avoid unnecessary
prolonged direct exposure of the soil release agent, especially
when hot, to hydrolysis-aggressive ingredients such as concen-
trated aqueous acids or concentrated aqueous bases. When
formulating powder or granule, f.e., substantially dry forms of
the detergent compositions, advantage can be taken of the fact
that the dry forms of the soil release agents herein are rela-
15 Hve;?y stable to hydrolysis. This is well i1lustrated by the fact

that granular salts, even when alkaline {e.g., sodium tripolyphos-

phate), coated with the dry form of the soil release agents
provided herein, provide an excellent vehicle for incorporating
same into a granular detergent composition.

20 The following examples illustrate typical Taundry detergent
compositions which employ the seil release agents of the present
invention at concentrations of from at Tleast about 0.05%,
typically up to about 3%, pi‘efemb‘ﬂy about 0.3% to about 1%, by
weight. In Examples 7 and 8, the abbreviation “"TMS/TDS® refers to

35 the tartrate monosuccinate/tartrate disuccinate builder prepared
in the manner described in U.S. Patent 4,683,071, above.

EXAMPLE 6
A heavy duty liquid composition of the present {nvention is
as follows:

10

30 ﬂw ‘Hnear alkylbenzene sulfonic acid 4.40
€11.8 linear alkyibenzene sulfonic acid 4.40
Ci4-15 alkyl polyethoxylate (2.25) sulfonic acid 8.80
Cyg-13 alkyl polyethoxylate (6.5)* 3.52

35 Ciz alkyl trimethyl ammonium chloride o 0.53
Sodium cumene sulfonate 3.15

Ethamel ~ = o - o 123
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prepared by m xing the foll ow ng ingredients: Cerr]

" al kyl benzehesul fonic acid 10.5 Tri et hanol am ne
cocoal kyl sulfate 4.0 20 C err] al cohol ethoxy-7
12. 0 Clerr] al kyl nmonocarboxylic acids 15.0
TMVS/ TDS tri et hanol am ne salt (85/15 TMS/ TDS) 5.0 _

Di et hyl enetri am nepent aki s (nethylenegﬁﬂ§9hon|c aci d) 0.8 - Soi |
rel ease agent* 1.5 25

Tri et hanol am S prgp ane o‘E 208 Et hanol
8.6 ngr(ggg .

Wat er, perf ungri ?Weé‘rs and ni scel | aneous Bal anceB-2¥ 100%

“*digoners acHorodtlamol amipganpl e 3 30 f o 8 1.63 5 thth
EXAMPLE 9 Pﬁ, osition of* Exanpl e is prep ut wit e
substitution P?taasls]iuem 0?9 anount of sodium 2, 2' - oxodi ?[I@@l nat e for
the TVS/ TDS. Sedium hy droxide 2.88 -

‘ ﬁggmig fatty acid 3.08
Citric acid 3.52
Sedium formate 0.78
Calcium formate 6.1

18 Tetraethylene pentamine ethoxylate (15-18) 1.54
Hater _ 54.666
Soil release ageni®* : 0.50
Dye o _ g.08
Perfume . 8.25

15  Protease*** 0.82

*Alcohot and monocethoxylated alcohol removed
**#lixed anfonic ester oligomers according to Example 1
**emg active enzyme/g (@ 40 mg active emzyme/y stock)
The ingredients 1isted above are added to a mixing tank with
20 a single agitator in the order which they appear below. Before
addition of dye, perfume, and proteolytic enzyme, the pH of the
mixture is adjusted such that a 10% by weight so?uti@m in water
has a pﬁ of about 8.5.

25 Aﬂkyﬂ poiyeth@xyﬁate paste mixture 17.60

Cis 23lkyl polyethoxylate (2.25) sulfenic acid 50.00
‘Ethanol 40-b ' : 7.00
Sedium hydroxide §.00

1,2 Propanediol 12.25

30 Hater 24.78
Sodium cumene sulfonate (45%) 5.45
Ethanol {92%) 1.34

1,2 Propanediel 0.85
Brightener premix ' 4.11

35 Brightener 2.76

‘Monoethanolamine - : L . 7.69

T e
L1
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37 . CLAI M5

1. A sulfonated

ol i goneric ester conposition, characterized in that it conprises the
sul fonated product -of a prefornmed, substantially |inear ester oligoner
. containing, per nole, (a) from1l nole to 2 noles, of terminal units

characteri'zed in that

they are ol efinically unsaturated; said

termnal units being allyl Q[sgeghallyl,
€i2-35 alcohol polyethoxylate {6.8)* 38.50
Hater 51.05
€y12-15 alcohol polyethoxylate {6.5)*% 1.94
Honoethanotamine ’ 1.31 )
‘8 Potassium hydroxide (45%) 2.22
' Sodium hydroxide (50%) 3.65
€y13 1inear alkyl benzene sulfonic acid (96%) 4.58
€1:.5 Vinear alky! benzene sulfomic acid (97%) 4.53
Cys-34 Fatty acid 3.08
10 Citric acid 8.59
Tartrate succinates {39.0%) 9.03
Sodium formate {30%) 1.90
Calcium formate {10%) 1.06
Cyy alkyl trimethylammonium chloride (37%) 1.43
15  Tetraethylene pentamine ethoxylate (15-18) (80%) 1.93
 WHater 25.34
Soil release agent 1.10
Dye ' 0.08
Perfume 0.25
20 Protease* 0.82
*ilcohol and monoethoxylated alcohol removed
*img active enzyme/g (@ 40 mg active enzyme/g stock)
The above formula is clear, stable, and homogeneous.
EXAMPLE 7
25 4 granular detergent composition for household laundry use is
as follows:
Component Weight Percent
Sodium Cy4-Cy5 alkylsulfate 13.3
Sodium Cy5 linear alkyl benzene sulfonate 5.7
30 Cq5-Cs; alkylpolyethoxylate (6.5) 1.0
Sodium toluene sulfonate 1.0
THMS/TDS sodium salt (86/14 wt. ratio} 25.0
Sodium N-hydroxyethylethylenediaminetriacetate 2.0
Soil release agent® ' 0.9
35 Sodium carbonate 20.3
5.8 °

‘Sodium silicate

o
13
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(b) < from1l nole to 4 noles, of nonionic hydrophile units, further
characterized in that they are poly(oxyal kyl ene)oxy units and I n

t hat 100% by wei ght of any such unit is derived from ethyl ene o
oxi de; (O from1l.1 noles to 20 noles, of repeat units characterized
I n that they are aryl di carbonyl repeat units, and in that 50% by
wei ght or nore, are terephthalsgyl; and (d) from0.1 nol es
to 19 noles, of repeat units characterized in that they are

oxyal oyl encoxporyemeptensgtendetigy Wt ten o) e Eure of
et hyl ene gl yc§¥&§ﬁosui}atf %FB&?M@C% ég%qus and Bahmemt%la%s t her eof ,
sai d sul f onat &@fl igemahscacchbodinpclo Bximple 2 characterized in that it is
sul fonat ed to themt@ﬂ on@ht < DERAIC Ahby “the o1 Rei%ibfxgém e g -nal

t , | tit t
;m)u;s of forﬁ?ﬁ%her wit contlnwserpyx]?mwgg# éf‘gﬁf%i?@t gx na tgﬁlo(am 1'1: 1’1 wen

conventional %@k ¢otal) to form an aquecus slurry which is then spray dried;

the Soil Release Agent is then admixed in dry form to complete the
composition.

In the composition of Example 7, the following substitutions

10 can be made: '

{a) for TMS/TDS:

{1) an equivalent amount of TMS alone, and -

{2} an equivalent amount of TDS alone.

EXAMPLE 8

15 ) ]iqwid detergent composition for household laundry use is

' prepared by mixing the fellowing ingredients:
€45 alkylbenzenesulfonic acid 10.5
Triethanolamine cocoalkyl sulfate 4.0

2 Cy4-y5 alcohol ethoxy-7 12.0
Cia-18 alky! monocarboxylic acids 15.0
THS/T0S triethanolamine salt (85/15 TMS/TDS) . 5.0
Diethylenetriaminepentakis (methylenephosphonic acid) 0.8
Sotl release agent* _ 1.5

25  Triethanolamine 2.8
Ethanel 8.6
i,2-propanediol 3.0
Hater, perfume, buffers and miscellaneous Balance to 100%
*0t igomers according to Exampie 3

30 EXAMPLE 9

The composition of Example 8 is prepared, but with the
substitution of an equivalent amount of sodium 2,2’ -oxodisuccinate
for the TMS/TDS. '

35
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sol uble cation, preferably sodium or potassium
A sul fonated ol igoneric ester conposition acc
which is further characterized in that it consists oftnispas
product of said preforned, substantially linear ester [OEHENIE
substantially linear ester_gligoner is the gissiusM
transesterifying and oligonerizing a f’xt ure of (1) ethoxyl a
2 to 7 noles dinmethyl terephthalate and (111)
propyl ene glycol or mxture thereof with ethylene glycol in a nol

- 38 2.

pr ef or med,

al cohol ,

(rn

CLAIKS

1. A sulfonated oligomeric ester composition, characterized

in that it ‘cumprises the sulfonated preduct of a preformed,

substantially linear ester oligomer containing, per mole,

{2} from 1 mole to 2 moles, preferably 2 moles, of terminal

units characterized in that they are olefinically

unsaturated; said terminal units preferably being allyl

or methalilyl, most prefefabﬂy allyl;

(b} from 1 mole to 4 moles, preferably 2 mo]es; of nenienic

hydrophile units, further characterized in that they are

poly{oxyalkylenejoxy units and in that 50% by weight or

more, preferably 100% of any such unit is derived from

ethylene 6xide; said nonfonic hydrophile units

‘preferably being -(OCHaCH2),-540-, more preferably

-{0CH2CH2) g 2003

(c) from 1.1 moles to 20 moles, preferably 2 to 7 moles, of

repeat units characterized in that they are aryﬂdicar=

benyl repeat units, and in that 50% by w@iéht ér more,

preferably 80% to 100%, most preferably 100% thereof

are terephthaloyl; and

{d} from 0.1 moles to 19 moles, preferably 2 to 14 moles, of

repeat units charactefized in that they are oxyalkylene-

oxy repeat units derived from 2 diel component selected

from Cz-, C3- and C4 glycols, preferably 1,2-propylene

giycol or a mixture of ethylene glycol and 1,2-propyl-

ene gliycol further characterized by an ethylene glycol :

I,ijr¢py1éne glycel mnie ratio in the raﬁge_fram 0:1 to

Il .

d aj m 1
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anount exceedi ng the nol ar anmount of dinethylterephihalate; and wherein the
- sul fonated product is produed by sulfonating thgsRh&fRisTRaRepidREt antial ly

| i near ester oligoner, whereby the sul fonated terpij B fllent groups
(e) are introduced. 3. A sul fonat ed ol i goner mﬂﬁlﬂﬂm ok llsi tion
according to either daim1 or daim2 which is f Haracteri zed in
that it conprises the sulfonated prod%ﬁ:t of said preforned, substially

l'i near es'f[ er oligoner wherein the preforned, substantially |inear ester
ol i goner is a stop of transesterification, characterized in that

o 7 mbl e i metnyl B el KRN Frstbrdiy, G R, s Rand sfegaelg L)) 2

glycol or mixture thgraqks Welkingt hpbefe @arseterifidovirethathatt the nunber
of. moles of glycol exceeds the nunber of noles of dinethyl terephthal ate;

(1) - being reacted sill fohgtedr esetie mdtent afnwhenicahly modafidegt bhé fication
catalyst at a transesterification temerature of 120 [err]C 250 [err]C at a
transesterification pemdsalanitsh BR)7BY¥:atm to 3 atm, for a

transesterification tine of from?2 hrs. to 60 hrs.; fol]l]owed b a
step of oligoneri 48t &rem éhﬁ?q&ct’:@r? i@aeﬁ’n R m@fy @o&f‘br+§@ s, host
preferably 4 moles, of terminal unit substituent groups

of formula -SOxM wherein x is 2 or 3 and M is a
conventional water-soluble cation, preferably sedium or

potassium.

2. A sulfonated oligomeric ester composition according to
Claim 1 which is further characterized in that it consists of the
sulfonated product of said preformed, substantially linear ester
oligomer wherein the preformed, substantially Tlinear ester
oligomer is the product of tramsesterifying and oligemerizing a
mixture of (I} ethoxylated allyl aicohel, preferably 2 moles allyl
alcohol ethoxﬂaté 8-20; (II) 2 to 7 moles dimethyl terephthalate
and {III) 1,2-propylene glycel or mixture thereof with ethylene
glycol in a wolar amount exceeding the molar amount of
dimethylterephthalate; and wherein the sulfonated product is '
produced by sulfomating the prefbrmed, substantially 1inear ester
ngomer,. preferably with sodium bisulfite, whereby the sulfonated

terminal substituent groups {e) are introduced.

3. A sulfonated oligomeric ester composition according te
either Claim 1 or Claim 2 which is further characterized in that

it. comprises the sulfenated product of said prefarmed,

r'
L3
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further reactingthemixture resulting fromsaid transesterification at an
- ol igomerization_ ratise of from 170 [err]Cto 250 [err]C, at an

39 ol i grnfsShesyH gssuer in the range from1 x 10[err] atm to 0.5
atm, for on tinme of fromabout 2 hrs. to 60 hrs., whereby
met hanol h ka8 gl ycol are3§ermved, and wher eby said preforned,
substantially ear ester oligoner iS5 achieved in a sul fonation-ready
form

substantially Jlinear ester goligomer wherein the preformed,
substantially linear ester o‘ﬂigm@er is made by

a step' of transesterification, characterized in that it
é@mprises reacting a mixture of {I) ethoxylated allyl alcohel,
preferably 2 moles allyl alcohol ethoxylate 8-20; (II) 2 to 7
meles dimethy] terephthalate and {III) 2 to 14 moles 1,2-propylene
glycol or mixture thereof with ethylene glycol, provided that the
number of moles of glycol exceeds the number of moles of dimethyl
terephthalate; (I)-{I11) being reacted in the presence of a
conventional transesterification catalyst at a transesterification
temperature of 120 9 to 250 9C, preferably 160 ©C to 230 ©C; at a
transesterification pressure of 0.75 atm. to 3 atm., preferably 1
atm. te 2 atm., for a transesterification time of from 2 hrs. to
60 hrs., preferably 5 hrs. to 25 hrs.; followed by

2 step of oligomerization, characterized in that it comprises
further reacting the mixture resulting from said transesterifi-
cation at an oligomerization temperature of from 170 ©C te 250 ©C,
preferably 180 9C to 220 ©C;, at an oligomerization pressure in
the range from 1 x 10-6 atm. to 0.5 atm., preferably 1 x 10-% atm.
to 0.05 atm., for an oligomerization time of from about 2 hrs. to
80 hrs., preferably 5 hrs. to 25 hrs., whereby methano! and the
excess of glycol are removed, and

whereby said preformed, substantially linear ester oligomer

is achieved in a sulfonation-ready form.

4., A sulfonated oligomeric ester composition acéording to

any of the preceding Claims, further characterized in that the

L3
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4. A sul fonated oligonmeric ester conposition accoxmﬂg—t—ﬁ*arry*of"t—he

: precedl ng Cains, further characterized in that the sul phur- _contg

units (e) are produced by a radical-initiated ol ef i rfhi§aReEras act i on
ﬂ ester
4&idi cal

at | east one step of sulfonating said prefornmed, subs}if§fs
oligoner, in the presence of water, wiggh a | ow tenper s

sulfonation initiator, and a conventional bisulfite to suI fonatl ng reagent,
preferably sodium bisulfite; and wherein the sulfonation reaction is
further characterized in that the reactants are effectively cocontacted in

~an aqueous re?&ﬁtf%mp ko ﬁﬁm\l’aﬁ wntsf'? {eﬁ‘@hﬂﬁ{ro&@deﬁ Bfm%/ SPdi PNl nftiigtla 1 L €

sul fonati ng agen rom es per e of said pre or ned,

substanti al | yg]deigs mm{atﬂiw geaditiemd nabingl Okt OWiedst Siehé Onglep orpfcondi tions
are.respected: sulfonation tenperature:« O[err]C to 100[err]C, sul fonation

pressure: 0. 5sultfonattiog Ssadtinprefoemet, sstlfsbanttiably flimearpesierdol otethrs. to 90

hrs. 5. A sul fonated ol igoneric ester conposition according to any of
the proceedi gpfaraidy fruthhaliohierset t@%@rﬁﬁnﬁﬁé&f vaterediith @ 19%%ma

Foget hor wi t hCSAPoRRITE1 dnes-rerntsg! ore BTt n Ak, EMRFeRay Y 2" =" °PS
substituent Oiptgedy, T com§ BohdV Hﬂé xsub%m?atw FoRenE enty

i ncreasing the propor’tl sald termnal unit substituent groups of
preferably sodium bisulfite; and wherein the sulfonation reaction

js preferably further characterized in that the reactants are
effectively cecontacted in an aqueous reaction mixture, the level
of said conventional bisulfite sulfonating agent is from 1 mole to
4 moles per mole of said preformed, substantially linear ester
eligomer and the following sulfonation conditions are respected:
sulfonation temperature: 09C to 100CC, preferably 40 ©C to 65 9C;
suﬂf@nat%gn pressure: 0.5 atm. to 3 atm., preferably 1 atm. to 3
atm. s and sulfonation time period: 0.1 hrs. to 90 hrs., preferably
10 hrs. to 30 hrs. . )

§. A sulfonated oligomeric ester composition according teo
amy of the preceding Claims, further characterized in that it
resulgs from a pr@cess having transesterification, oligomerization
and sulfonation steps together with an additional step of
oxidizing said terminal unit substituent groups of formula -SOxM
wherein x is 2 aﬁd concurrently ﬁncreasﬁng the pf@p@ftﬁ@n of said
terminal unit substituent groups of formula -SOyM wherein x is 3,

preferably by means of hydrogen peroxide.

(LTI '.T R
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fornula -SO err] M wherein—x—is 3, preferably by neans of hydrogen peroxide.

40

essentlally
backbone,

6.
accordi ng

The S, u
; 1"1-5, characterized in that it consists
a substantially linear oligoneric ester

41

6. The sodium -salt form of a sulfonated oligomeric ester,
according to any of £lamms 1-5, characterized in that it consists
essentially of

(1) a substantially linear,oligomeric ester backbene, which

is comprised of from 85% to 100% by weight of
teréphthaibyl and oxy=1;2~propyﬂeneoxy repeat units;

and

{13} terminal moieties covalently attached to said backeone;

wherein said terminal moieties are comprised of from 70%
to 100% of moieties selected from the group consisting
of:

- {En) - (Cliz-CH{SO3Na} -CH2{SO3Na} ),
n(En)«(CHgsCH{Sﬁgﬂa}FCH2{803Na}),

and

={En) - (Cliz-CHp-CHz2{S03Na}) ;

wherein (Ep) is poly{oxyethylene)oxy and n is from 8 to 20 and the
end-cap moieties  -{CHz-CH{SO3Na}-CHz{SO3Na}},-(CHs-CH{SOzNa}-
CHz{S03Na}} and -{CHp-CHp-CH2{SO3Na}} are from 5% tq 0%, more
preferably 5% to 30%, most preferably 10%-30% by weight of the
total compesition; and wherein the mole ratioc of the doubly
syl fonated end-cap wmoieties: o(tHg=CH{Su3Na}=CH3{SO3N3}) and
-{CHa-CH{SO2Na}-CH2{SOzNa})} in reiation to the singly sulfonated
end-cap moieties: -({CHy-CHz-CHp(SO3zNa}), {s preferably in the
range from 1:5 to 1:0, more preferably 5:1 to 1:0.

7. In a process for preparing sulfonated ester compositions

useful as functional materials, especially soil release agents, in

Y
L3

&®

Y salt formof a sulfonated oligoneric ester,
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I's conprised of from85%to 100% by wei ght of

s and oxy-1,2 -propyl eneoxy repeat units; and
noi eties covalently attached to said backone;

term nal noieties are conprised of from 70%

noi eties selected fromthe group consis{ing . -
(E[err]) - (CHerr]-CHSOerr]Na} -CHerr](SOerr]Na)),
-(E[err])-(CHerr]-CH(SO err]Na)-CH err] (SO err]Na)), and
-(E[err])-(CH[err]-CH[err]{SC{err]hb}) wherein(Eferr]) is

Py Loyt ! el Aphul Jold OB B ZRe el 36" GEPUIRLChES *

J ﬁ[es: ]r - O St &-bhide} rorith@ ' okbotdupé ' lable} )atan fleast Crby 1 kunfmt%ﬁ]
: procedure, the improvement whereby a particular terminally
sulfonated, substantially linear co-oligomeric ester composition
{s secured as product without reliance upon a chiorinated compound
and without reliance upon a procedure having a sulfonation step
followed by an ethoxylation step; said improvement being
characterized by the ordered sequence of:
a) in an ester-bond forming protedure,
2 transesterification step, comprising reacting a mixture of
[} 2 moles of allyl alcohol ethoxylate 8 - 20;
[1) 2 to 7 moles of dimethyl terephthalate;
and .
[1I}) 2 to 14 moles of a C3-C4 glycol;
the reactants {I)e(III) being transesterified in the presence
of a conventional transesterification catalyst at a
transesterification temperature of 120 9C to 250 OC , at a
transesterification bressure~of 0.75 atm. to 3 atm., for a
transesterification time of 2 hrs. to 60 hrs.;
followed by an eligomerization step comprising further
reacting the transesterified mixture at aﬁ ol igemerization
temperature of 170 OC to 250 OC, at an oligomerization
pressure of I x 10 -5 atm. to 0.5 atm., for an
oligomerization time of 2 hrs. to 6C hrs.;
thereby producing an ally! end-capped co-oligomeric ester
precursor;

and

®y
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{SO err]Na}) are from5%to 40% by wei ght of—the-total conposition, and
wherein the male ratio of the doubly sul fonat d-cap npieties
-(CHerr]-CH{SO err]Na}- CH err]{S err] Na}) "afi i CH{ SO er r ] Na}
-CH err]{SOerr]Na})in relation to the singly 48 ’ Lm - cap noieties
-(CHerr]-CH 7. The sodium salt of 8% IMEHER EO8&| | goneric ester
according to Claim6 wherein the end cap nnletles
-(CHerr]-CHSOerr]Na}-CH err]{SO err]Na}),

-(CHerr]-CH{SOerr]Na}-CH err](SOerr]Na) and -(CH err]- ratio of doubly

Sy nated end oy LGk e R Plo T AN | T er ) ane

sul fonat ed end- cap o ik ahe” AidhEsf buffchtial-saie o169 Ghsldadher 11N)) s i

the,range fromb5:1 to a process for preparing sulfonated
ester conpositions c@sﬂfigbmmcfmet meairsmt on ithespresemmpecf al | y soi |l rel ease

agents, 1in water, with a low temperature, free-radical sulfonation
inftiator and a conventiamﬁﬂ bisuifite sulfonating reagent;
wherein the reactants are effectively cocontacted in
an aqueous reaction mixture and.wherein the level of said
conventional bisulfite sulfonating agent is 1 mnie.
to 4 moles per mole of said allyl end-capped
co-oligomeric ester precursor and wherein the following
sulfonation conditions are respected:
sulfonation temperature: 0OC to 1000C; sulfonation pressure:
0.5 atm. to 3 atm.,; and suifenation time period: 0.1 hrs.
to 90 hrs. | |

8. A detergent composition, preferably in the form of a
built laundry detergent, comprising at least about 0.05% by weight
of a sulfonated oligomeric ester composition according to any of

the preceding Claims.

8. A built Taundry detergent composition in accordance with
Claim 8, which is further characterized in that it contains from
about 5% to about 50% by weight of a detersive surfactant and from
about 5% to about 60% by weight of detergency builder, the builder
preferably being a polycarboxylate builder, zeolite builder,

phosphate builder or a mixture thereof.

*y
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41 det er gent_conmpesttions;—wherein the process has at | east one
‘ester-bond formng -rocedurecgand at least one sulfonation
procedure, theThipj . Mreby a particular terminally sul fonated,
substantial ly Ij Offieri c ester conposition is secured as product
wi t hout rel i ance {AkiI N8 liniktER nat ed conggund and wi thout reliance upon a
procedure having a sulfonatlon step folll'owed by an ethoxylation step;
said inprovenent bejng

i0. A built Tiguid Tlaundry detergent composition in
accordance with either of Claims 8 and 9, wherein the builder is a
poiycarboxyﬁéte further characterized in that it is comprised of
ene or more of: oxodisuccinate salts, tartrate wmonosuccinate
salts, tartrate disuccinate salts, and mixtures thereof; and
wherein the detersive surfactant s further characterized in that

i1t is a conventional anionic surfactant, nomionic surfactant or

mixture thereof.

o
®
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charaeterlzed by the ordered sequence of: a) in an ester-bond form ng

“ procedure, a transesterification step, conprising reacting a m xture
~of ) .2 noles of allyl alcohol ethoxylate 8 - 20; 1) 2to 7
nol es of di nethyl terephthal ate; and [11) 2 to 14 noles of a

Clerr]-Clerr] glycol;

t he presence

oligonerization step conprising further
m xture at an ol igonerization
ate an ol i goneri zation

5

10

15 .

the reactan#$ (I1)-(111) being transesterified in

of a conventional transesterification catalyst at a
transesterification tenperature of 120 [err]C to 250 [err]C, at a
transesterification pressure of 0.75 atm to 3 atm, for a

transesterificat 8pIL RENBASPIAGENTS HAVING AQYDUDERIVED suwﬁmimvm $psan

ABSTRACT

The present invention relates to novel soil release agents,
which are particular suifomated Tinear terephthalate ester
oligomers {S.T.E. oligomers). The S.T.E. oligomers are especially
suitable for formulation into laundry products such as laundry
detergents or fabric conditioners. Thus formulated, they provide
effective soil release treatments for fabrics laundered in the
home. The S.T.E. oligomers can be made by radical-initiated sul-
fonation of an allyl end-capped oligomeric ester precursor, and in
the preferred embodiments, comprise a high proportion of disulfon-
ate or sulfinate-sulfonate end-capping groups.

T

reacting the transesterified
tenperature of 170 [err]C to 250 [err]C,

Tiis o the roplacement shast
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- pressure of 1 x 10[err] atm to 0.5 atm, for an oligonerﬁzatlgﬁ tinme
of*2 hrs. to 60 hrs.; thereby producing an allyl end-capped
*co-oligoneric ester precursor; and o
42 b) in a radical-initiated o3®&fin sul fonation procedure, at | east
one step of sulfonating said allyl end-capped :

I. A sulfonated oligomeric ester composition, characterized
in that it comprises the sulfonated product of a preformed,

substantially linear ester oligomer containing, per mole,

(8). from 1 mole to 2 moles, of terminal units characterized in that
they are olefinically unsaturated; said terminal units being allyl
or methallyl,

{b) from 1 mole to 4 moles, of nonionic hydrophile units, further
characterized in that they are poly{oxyalkylene)oxy units and in
that 100% by weight of any such unit is derived from ethylene

oxide;

{c) from 1.1 moles to 20 moies, of repeat units characterized in that
they are aryldicarbonyl repeat unifs, and in that 50% by weight
or more, are terephthaloyl; and

(d) from 0.1 moles to 19 moles, of repeat units characterized in that
they are oxyalkyleneoxy repeat umits derived from a diol
component selected from C; glycols, 1, 2 — propylene glycol or a
mixture of ethylene glycol and 1, 2 — propylene glycol; and
mixtures thereof, said sulfonated product further being
characterized in that it is sulfonated to the extent of chemically
modifying the terminal units, (a), by:

(&) from 2 to 4 moles, of terminal unit substituent groups of forniula
—SO,M wherein x is 2 or 3 and M is a conventional water-

soluble cation, preferably sodium or potassium.

D R Y T
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co-oligoneric ester precursor, in the presence of water, with a | ow
tenperature, free-radical sulfonation initiator and a conventi onal

bi sul fite sul fonating reagent; wherein the reactants are effectively
cocontacted in an aqueous reaction m xture and wherein the |evel of
sai d conventional bisulfite sulfonating agent is 1 nole to 4

nol es per nole of said allyl end-capped co-oligoneric ester precursor
and wherein the foll ow ng sul fonation conditions are respected:

sul fonation tenperature: O[err]C togg00[err]C, sul fonation pressure:

0.5 atm to 3 atm,; and sulfonatlon time period: 0.1 hrs. to 90 hrs.
9. A detergent conposition, preferably in the fornlof a built |aundry

det er gent, (‘Zorrpr Igs{ﬁ?ona%edl ﬁxg%ﬁxe%g t 0 05% % t Claim

1 which is further characterized in that it consists of the sulfopated
mdluct of said preformed, substantially linear ester oligomer wherein
the preformed, substantially linear ester oligomer is the product of
ransesterifying and olipomerizing a mixture of (I) ethoxylated allyl
glcohol, () 2 to 7 moles dimethyl terephthalate and () 1,2 —
propylene glycol or mixture thereof with ethylene glycol in a molar
amount exceeding the molar amount of dimethylterephthalate; and
wherein the sulfonated product is produced by sulfonating the
preformed, substantially linear ester oligomer, whereby the sulfonated
terminal substituent groups () are introduced.

3. A sulfonated oligomeric ester composition according to either
Claim 1 or Claim 2 which is further characterized in that it comprises
the sulfonated product of said preformed, substantially linear ester
oligomer wherein the preformed, substantially linear ester cligomer is
made by
a step of transesterification, characterized in that it comprises
acting a mixture of (I) ethoxylated allyl alcohol, (II) 2 fo 7 moles
dimethy}l terephthalate and (IIT) 2 to 14 moles 1,2 - propylene glycol or
mixture thereof with ethylene giycol, provided that the number of moles
of gﬂyc@lhexbeeds the number of moles of dimethyl terephthalate; (T) —
(IIl) being reacted in the presence of a conventional mm)s&stemﬁcamn
ansesterifi perature of 120 °C to 250 °C, at a
tremsesterification pressure of 075 atm. to 3 atm., for a
ransesterification time of from 2 hrs. to 60 hrs. ; followed by _
g step of oligomerization, characterized in that it COmpriscs
further reacting the mixture resulting from said transesterification at an
temperature of from 170 °C to 250 °C, at an

oligomerization
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7

of a sulfonated oligoneric ester conposition according to any of the
precedi ng C ai ns. 10. A built laundry detergent conposition in
dccordance with Caim.9, which is further characterized in that it
contains from - - -about 5% to about 50% by wei ght of a detersive surfactant
and from about 5% to about 60% by wei ght of detergency buil der.

43 .
39

oligomerization pressure in the range from 1 x 10 atm. to 0.5 atm., for
an oligomerization time of from about 2 hrs. to 60 hrs., whercby
methanol and the excess of glycol are removed, and

whereby said preformed, substantially linear ester oligomer is achieved
in a sulfonation-ready form.

4, A sulfonated oligomeric ester composition according to any of
the preceding Claims, further characterized in that the sulphbur-
containing units (e} are produced by a radical-initiated olefin sulfonation
reaction having at least onc step of sulfonating said preformed,
substantially linear ester oligomer, in the presence of water, with a low
Eempwatmé, free-radical sulfonation initiator, and a conventional
bisulfite sulfonating reagent, preferably sodium bisulfite; and wherein
the sulfonation reaction is further characterized in that the reactants are
effectively coconfacted in an agueous reaction mixture, the level of said
conventional bisulfite sulfonating agent is from 1 mole to 4 moles per
mole of said preformed, substantially linear ester oligomer and the
following sulfonation conditions are respected: sulfonation temperature:
0°C to 100°C, sulfonation pressure: 0.5 atm. to 3 atm.,; and sulfonation
time period: 0.1 hrs. to 90 hrs.

5. A sulfonsted oligomeric ester composition according to any of
the preceeding Claims, further characterized in that it results from a

together with an additional step of oxidizing said. temminal umit
substituent groups of formula -SOM whercin x is 2 and concurrently
increasing the proportion of said ferminal unit substituent groups of
formula -SO,M wherein x is 3, preferably by meams of hydrogen

peroxide.
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11. A built Iliquid laundry detergent conposition I n accordance

‘Wi th>either of Clainms 9-and 10 wherein the builder is a polycarboxylate
‘further characterized i'n that it is conprised of one or nore of:

oxodi succinate salts,  tartrate nofBsuccinate salts, tartrate

di succinate salts, and mxtures thereof; and wherein the detersive
surfactant is further characterized in that it is a conventional anionic
surfactant, nonionic surfactant or mxture thereof. 12. A sul fonat ed

oligoneric estr co osi tion Og dloligomeric estepherein said
sul f onat ed produc F Sgdi)@%sgffrre tﬁs%an@@#e Ilgin r ester

ol | gorey ¢ 21 -5 cﬂaﬁ@t@ﬁzﬂf metmnw cBhdigtsini t's
(b) %Egésﬁdg Sai %nyngiltgﬁ?ng hycfrophl |l e units, said unit .being

(OCH ér r] Cisseuthaligr 68 O
(§) a substantially linear oligomeric ester backbone, which
s cowprised of from 85% to 100% by weight of
terephthaloyl and oxy=1,2ae-propy’!lemeoxy repeat units;
and . |
{i1) terminal mofeties covalently attached to said backone;
wherein said terminal moieties are comprised of from 70%
to 100% of moieties selected from the group consisting
of:
-{Eq) - (CHz-CH{SO3Ma} ~CHiz{SO3Na}},
- (En}-{CHz-CH(SOgNa)-CHa(S03Na}),
and . '
~(En)-(CH-CHp-Cliz(S03Na))
wherein (E) is poly(oryeftylens)axy end n is fiom 8 0 20 and fhe end-cap muieties - (CHy-
CHI{SO;Na}-CEL{SONa}), - (G - @{{SON%}" CH{SONa}) and - (CHr CHp -G
{SONa}) are fitam 5% 10 40% by weight of the total composifion; and wherein the mole atio of
sulformted endcap moicties ((RECH{SONa)- CHL{SONa}) and {CHe-
CH{SONa} -CH,{SO;Na}) in reation o the singly sulfioneted
CH,{SO:Ne}), isin themnge fiom 1:510 1.0.

7. sullfoneate BOCOIding

cap moicties (GEW{W}%{W}), {Gﬂr@l{m}%{m) end (Ol
CHCHLSO; })mﬁm?ﬁb%bj’w@@f@m orIposition ;
satio of doubly sulfonated endcap moicties {M{m}%{m}} el {%
CH{SONa)-CHL{SORa)) in rision o singly suboets
%{M})smmmﬁmﬁwlﬂ

8 In a process for preperiog sulfbneied ester compositions
especially soil release agenis, in
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(c)' 2 to 7 noles of said aryldicarbonyl repeat units conprising

80% to 100% t er epht hal oyl and - (d) 2 to 14 noles of said -
'oxyal kyl eneoxy repeat units sel ected : from 1,2 propyl ene
gl ycol, ethylene glycol or a mxture -- t hereof, whrein the
ratio of ethylene glycol to 1, 2 propyl ene gl ycol nole
ratiois from0:1 to 0.9:0.1 41 (e) 4 noles of said termnal unit
substituent groups of fornula -Sgerr] M

detergent compositions, wherein the process has at least one
ester-bond forming procedure and at Tleast one sulfonation
procedure, the improvement whereby a particular terﬁﬁnaliy
sulfonated, substantially linear co-oligomeric ester composition
i{s secured as product withuﬁt reliance upon a chlorinated compound
and without reliance upon a procedure having 2 sulfonation step
followed by an ethoxylation step; said {improvement being
characterized by the ordered sequence of:
a) in an ester-bond forming precedure,
a transesterification step, comprising reactimg a mixture of
I) .2 moles of allyl alcohol ethoxylate 8 - 20; '
11} 2 to 7 moles of dimethyl terephthalate;
and '
I11) 2 to 14 moles of a Ca-Cq glycol;
the reactants (I}-{III) being fransesterified in the preséace
of a C@nventﬁ@naﬁ transesterification catalyst at a
transesterification temperature of 120 OC to 25C OC , at a
transesterification pressure of 0.75 atm. to 3 atm., for a
transesterification time of 2 hrs. to 60 hrs.;
followed by an oligomerization step comprising further
reacting the transesterified mixture at an oligomerfzation
temperature of 170 OC to 250 9C, at an oligomerization
pressure of I x 10 -6 atm. to 0.5 atm., for an |
oligomerization time of 2 hrs. to 60 hrs.s
thereby praddcing an allyl end-capped co-oligomeric ester
precurser; '

and

b
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b) in a radﬁcaiainitiated olefin sulfodation procedure,
at least one step of sulfonating said allyl end-capped
co-oligomeric ester precurser, in the presence of '
water, with a low femperature, free-radical sulfonation
fnitiator and a conventional bisulfite sulfonating reagent;
wherein the reactants are effectively cocontacted in
an aqueous reaction mixture and wherein the level of said
conventional bisulfite sulfonating agent is 1 moieu
to 4 moles per mole of said allyl end-capped
co-cligomeric ester precurser and wherein the following
sylfonation conditions are respected:
sulfonation temperature: 08C to 1000C; sulfonation pressure:

6.5 atm. to 3 atm.,; and sulfonation time period: 0.1 hrs.
. to 90 hrs.

9. A detergent composition, preferably in the form of a
built laundry detergent, comprising at least about 0.05% by weight
of a sulfonzted oligomeric ester composition according te any of
the pfecedimg Clafms.

10. - A buiit Jaundry detergent composition in accordance with
Claim 9, which is further characterized in that it contains from
about 5% to about .50% by weight of a detersive surf&ctant and from
about 5% to about 60% by weight of detergency builder.

]
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.11@ & built Tiquid 1laundry detergent composition fn
accordance with either of Claims 9 and 10 gherein the builder is a
pﬂycarﬁoxﬂ ate further characterized in that it is comprised of
one or more of: oxodisuccinate salts, tartrate wmonosuccinate
salts, tartrate d%succiﬁate salts, and mixtures thereof; and
wherein the detersive surfactant is further characterized in that
it is a conventional anionic surfactant, nonionic surfactant or

“mixture thereof.

12. A sulfonated oligomeric ester composition according to Claim 1,
wherein said suifonated product of a performed substantially linear
ester oligomer comprises:

{a) 2 moles of terminal allyl units

) 2 moles of said nonionic hydrophile unmits, said unit being

- (OCH;CHz)as0

{c) 2 to 7 moles of said aryldicarbonyl repeat units comprising
80% to 100% terephthaloyl and

(@ 2 to 14 moles of said oxyalkylencoxy mepeat-units selected
from 1,2 propylene glycol, ethyleme glycol or a mixture
thereof, wherein the ratio of ethylene glycol to 1, 2 propylene
glycol mole ratio is from 0:1 t0 0.9:0.1

(€ 4 moles of said terminal unit substituent groups of formula
-SOM

This Is the repldcemont shzst

(LT P



5

15 .

44

SOIL RELEASE AGENTS HAVING ALLYL-DERIVED SULFONATED END CAPS

ABSTRACT

The presemt invention relates to novel soil release agents,
which are particular sulfonated 1linear terephthalate ester
oligomers (S.T.E. oligomers). The S.T.E. oligomers are especially
suitable for formulation inte laundry products such as laundry
detergents or fabric conditioners. Thus formulated, they provide
effective soil release treatments for fabrics laundered in the
home. The S.T.E. oligomers can be made by radical-initiated sul-
fonatfon of an allyl end-capped oligomeric ester precursor, and in
the preferred embodiments, comprise a high proportion of disulfon-
ate or sulfinate-suifonate end-capping groups.
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