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SOIL RELE&SE AGENTS HAVING ALLYL-DERIVED SULFONATED END CAPS
J. J. Scheibel
E. P. Gosselink
TECHNICAL FIELD -

The present invention relates to movel soil release agents,
which are ester oligomers of a kind which may wreadily 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, remgwabie 011 release

treatment of fabrics is provided.

Preparation of the novel soil reﬁemse agents involves ester
chemistry and, in the preferred embodiments, radical-initiated
sulfonation chemistry designed te produce substantially linear,

" relatively Tow molecular weight terephthalate ester ol igomers

having end-capping moieties each comprising disulfonate or
sul finate-sul fonate. '
BACKGROUND OF THE INVENTION
- A substantial proportion of synthetic fabrics now in use are
copolymers of ethylene glycel and terephthilic acid, sold under
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 generaﬂiy
accessible to consumers.
It has been recognized in the art that the provision of
substances which attach to the_swrfaces of polyester fabrics and

qﬁww%gi?”
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render them more hydrophilic in character is helpful in achieving

improved oily sofl and oily stain relesse from such fabrics.
Substances which have been used in consumer products as sofl

- release agents are generally cupnﬂym&rs of moderately high (e.g. »

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
et al, issued June 8, 1976; a soil release polyester of this type,

. commercially known as MILEASE T, is further disclosed in U.S. Pat.
~ Wo. 4,116,885, Derstadt et al, issued Sept. 7, 1978; other

commercial variants are PERMALOSE and ZELCON (see Canadian Pat.
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Wo. 1,100,262, Becker et al, {ssued May 5, 1981 and U.S. Pat. Ne.
4,238,531, Rudy et al, issued Dec. S, 1980).

The development of mew soil release agents delivering
technically outstanding soil release performance cost-effectively
in consumer laundering and fabric care compositions is not
straightforward. To be particularly useful, efficient adsorption
and surface coverage of polyester fabric surfaces by the soii
release agent must occur, with minimum interference from the
product matrix which is being used as a vehicle to convey the sofl
release agent to the fabric surface. Hatrix interferences, 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 aiso a
major consideration, since the Ilimited 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

treatments, but are well-known ¢c 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

‘release agents. 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
ester compositions provided by Gosselink encompass substantially
linear ester oligomers which have omne or two monosulfonated
end-caps, as ﬂ"!mtnted by @’’-{-Z-0-R-C}yH and {QeZaG»RQO}xZeQ' '
respectively, wherein Z is terephthaloyl, R is 1,2-propylene and
each of the groups Q, @’ and Q° {is MO3S{L){CHaCH20)p- or
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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The syntheses of the Gosselink esters are likely to be rather
expensive, at least inasmuch as those specifically {llustrated
rely on reactive chlorinated starting materials known to be
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
ﬁ@mmumabﬁiity of the soil re?ease 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 inclimed 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 the composition of
the end-caps.

It is a further object of the imvention tec 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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It is yet another object of the invention to provide useful

mth@ses of the scil-releasing ester oligomer compositions.
. BACKGROUND ART .

S. €. Bright, C. E. Stubbs and L. Thompson, J. Appl. Chenm.
Biotechnel., 1975, Vol. 25, pages 901-912, disclose radical-
initiated sulfonation of ether-bond free linear olefins, i.e.,
olefinic hydrocarbons such as 1-dodecene, to simultaneousiy form
alkane monosulfonates, alkane sulfinate-sulfonates and alkane

- disulfonates. Sodium metabisulfite is reacted with the linear

olefin in a mixed solvent system comprising water and {sopropanol.
The alkane sulfinate-sulfonate 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-

- fitation pH rises above 7.0." Also, "the solubility of the olefin

in the aqueous isopropanol is adversely affected by the increasing
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
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
mixture of ROCHaCH({Z)CH2S03M and ROCHZC(SO03M){Z)ClaS03M; wherein R
is a hydrocarbon group having from about 6 to about 24 carbon
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
preferred compositions are prepared by reacting a linear primary
alcohol with a chlorinated compound, speéﬁﬁcaﬂy 2llyl chloride,
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
perbenzoate, to form a mixture of alkyl allyl ether sul ﬁmtes and

" sul f’@mtes
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B, S. Patent 4,303,774, Nachtkamp et al, issued December 1, -

BQBE, is directed to the manufacture of improved polyurethane

elastomers which are soluble or dispersible in water, have a
substantially linear molecular structure and contain both ethylene
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
units corresponding to the following formula: -0-X-R, arranged in
end positions and/or side chaims. In  the Machtk’amp 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
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
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
(1967) disclose extensive studies of solvent, catalyst cation and

catalyst anion effects in the ion catalysis of sulfite radical-ionm

addition to olefims.

Fock et ai, U.S. Patemt 4, 898,141, issued July 1, 1986,
describe a process for the preparation of poiyesters with improved
dye affinity. This involves reacting a dicarboxylic acid with a
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
methyl, ethyl or propyl; R3 is W- of methyl; X is H-, alkali or
ammonium fom, n is from ¢ to 100, m is frem 0 to 50 and nem is not
less than 1. To grepare the sul fonated compound, radical addition

T
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of HSO3X in the presence of catalysts to compounds having the
following  formula:  RICHp0-(C2HgO-)n(Caly0-)uCHaCHRI=CHp s
disclosed. ' .

Plerce et al, U.S. Patent 4,299,743, issued November 10,

1981, describe & Tlimear or branched polymer, containing a

plurality of organic sulfonate-centaining groups, which is capable
of being dissolved or dispersed im a Tiquid medium. The polymer is
useful as a pigment dispersant and as fﬂafemimg polymer in
coating compositions, amd invariably contains at least one
sulfonate-containing group: -C{0)-C{RIJHC{R?)(R3)(SO3)-M* wherein

Rl, RZ2 and R3 are each individually hydrogem or a. monovalent

organic 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
the -S03~ portion of the organic sulfonate group. The sulfeonatien
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
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
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
sulfonated in situ with bisulfite. , _

Hedgsen 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 _
compound as catalyst. The catalyzed reaction apparently improves
yield and reduces the tendency of the polyoxyalkyleme chaim to
cleave. 3
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Balischuh et al, U.S. Patent 4,687,602, issued August 18,
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-&, in the presence of peroxedisulfate. “The reaction is initiated
by FeSO4, resulting im a high proportien 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, ﬁssueddume 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 consisting of
. hydroxyalkylene oxide and hydroxypely(alkylene oxide) d@rﬁvaﬁves

of metallic salts of isethionic acid.

Logim, U.S. Patent 4,156,073, {issued May 22, 1979, dﬁsc‘icses
branched (e.g., prepared in the presence of trimelifitic anhydride)
water-dispersible polyester size compositions which imcorporate
reaction product of an aromatic m’ﬂycarb@xﬁic 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 haﬁng 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@mted 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 pmduct's. 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
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~end-cap can also be present:

{CAPy) -CHigCH———CH2 -suﬂfﬁnate suﬁf@mate (AtLVL)

| I {note: sulfonate is typically -
$02¢ S03° associated with catien such as

Mat; sulfinate s typically
associated with cation such
as Ht or Hat)

and
{CAPp) CHoCH——CHz  disulfonate  (ALLYL)
| i {note: sulfonate is typically
S03- SO03- associated with cation such as
Nat}.

In the ahove, the disuﬂf@néte end-cap (CAPp} 1s especially
preferred.
In general, varying proportions of the follewing m@n@suﬁfbnate

Abbreviatio Formula Name (Typically derived from)
{CABe) -CHaCHalHy mmmuswﬁf@nate {ALLYL)

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 f@ﬁicw3°

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-,

laced
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tetra- or p@ﬂyscarb@xyiﬁc acid monomer groups, or tri-, tetra- or

-pgﬁyhydrﬁc 2lcoho! monomer groups.

In the preferred embodiment, the linear backh@né of the
sulfonated, end-capped terephthalate esters of the invention is
c@mprﬁsed of alternating groups of the formulae:

é@hﬁgxigiigﬂ Formyla Name (Typically derived
P
{7) -C{CgHg)C- terephthaloyl (dimethylterephthalate)
and :
{PG) -QCH{CHz3 }CH20- oxypropyleneoxy {E,zapropyﬂeme glycol)
or
e@@ﬂg@ﬂ(ﬂﬂa)@“

Furthermore, the sulfonated ester oligomers will generaiiy
contain nonienic hydrnphime units, @specﬁaﬂﬂy' :
Abbreviation Formula Ee pically derived
{En} _ a@(CHzCﬂgﬂyn 1CH2CH20- pu?yi@xyethyﬂeme)@xy {ethyﬁeme
oxide)
Imp@rtantiy, in the preferred embodiment, such nonionic

- hydrophile 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: |

{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
contrast, the fdﬂﬂ@wimg structures, having only three sulfonate or
sulfinate groups im total, are less preferred:

(CAPg) - (En)-(T)-(PG) - (T}~ (P&}~ (T)-(PG)-(T)-(En)-(CAPC)

(CAPp) - {En)-(T)-(P6)-(T)-(P&}-(T)- (P&} -{T}-(En)-(CAPe)
Also, Tleast desirably as noted supra, material having only
monosulfonate terminal units can be present: '

{CAPc}-{En}-(T)~(PG)}-(T}-(PG)-(T)-(PG)-(T)-{En)-(CAPc)

I}
.-
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Note that the backbone, which im the above-illustrated
structures is given by: -{T)-{P&)-(T)-(PG)-{T}-(PG)-{T)-, can have
varying ﬂemgths. The most highly preferred average backbone
Jength, in terms of the number of terephthaloyl repeat units (T},

. 4s in the range from about 1 to about 7. In referrimg te such an

average backb@ne c@mp@sitﬁon hereinafter, the abbreviation -{B}-
is used.

Hore generaﬂﬂy, the backbone cam incorporate repeat units
such as the following, to a Jimited extent°

Abbreviation  Formula | iame {Tvpically derived
(e6) -0CHzCH20- @xyethy?eneoxy (ethyﬁene g]yc@?)

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 smﬂf@mateﬂ ester @Tig@mers 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 swch as.

Tl
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{ALLYL)-(Ep)-{B)-(En)-(ALLYL) (highly preferred) or, less desir-
ably, {ALLYL)-(En)-(B}-(An)-(B}-(En}-(ALLYL}. The conditions used
for preparing the A.7.E, as further {llustrated in the preferred
embediments hereinmafter, are comsistent with minimizing the
relative proportion of the {(An)-containing material.
DETAILED DESCRIPTION OF THE INVENTION
The present invention encompasses sulfonated oligomeric ester
C@Mp@siti@ﬁs adapted for use as soil release agents in.- Taundry
products such as detergents or fabric conditioners.
The compositions of the invention 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
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
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
about 1 mole to about 2 moles, per mole of the compesition, 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
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
compenent. 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
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oxide; most preferably, the ether component consists essentially
@f ethylene oxide, i.e, it is substantially poly{oxyethylene)oxy.
Whatever its derivation, non- ethylene oxide material in the ether
component consists essentially of €, i and 0; it can, for exampie,
fnclude propylene oxide or other alkylene oxides provided that the
reswﬂﬁmg poliyether remains hydrophilic. The noniomic hydrophile
units have a degree of 'p@imemzaﬁ@n 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
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 te about 10 moles,

wost 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
dimethy! terephthalate and the resulting aryldicarbenyl repeat
units are substantially tersphthalcyl. 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
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
{1lustrated by isophthaloyl and phthﬂ@ﬂ.

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

component selected from the group comsisting of Cz-, C3- and C4
diols (i.e., C2-, C3- and Cq gliycoels). This component is prefer-
ably selected frém ethylene glycol, 1,2-propylene glycol, and

i
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mixtures of the two. Most preferably, this compoment comsists
essentially of 1,2-propylene glycol; the corresponding repeat
units are oxypropyleneoxy repeat umits. i

The sulfonated terephthalate ester oligomer compesitions of
the invention, hereinafter "S.T.E.", comprise {(a), terminal units;
{b), nonionic hydrophile umits; ({(c), repeat units of the
aryldicarbonyl type; (d), repeat units of the Tow molecular weight
diel type; and (e), sulfinate groups, sulfonate groups or mixtunres
thereof.

As compared with the terminal units of the A.T.E., which are
clefinically 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 %o the
terminal units, forming the structures identified hereinabove in
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{oxyethylene)oky units (polymerized ethylene oxide) which have
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an average degree of polymerization of from about 4 to about 30,
more preferably from about 8 to about 20. The poly{oxyethylene)oxy
units are capped with the above-identified sulfonated allyl
terminal units; these can have any of the formulae {CAPg), {(CAPy)
and {CAP¢) sumiarized above; most preferably, the relative propor-
tion of {CAPy) amd/mr {CAPp) 1s high in comparison with that of
(CAPc).

fncther preferred embodiment of the imvention 1llustrates the

high relative proportion of the sulfonated end-caps of the S.T.E..

in relation to the total 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 @x,yel 2-propyleneoxy repeal 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 (CAPy), (CAPp) and (CAPc) is im the range
from about 5% to about 40%, more preferably from about 10% to
sbout 30%.

In the above-illustrated mboﬁﬁmemt, 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
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synthesis is well-known; note however that the allyl or methallyl
alcohol ethoxylate should not be made without due care, and that
if the samples are commercially cbtained, they should be of good
purity. Unacceptable levels of Iimpurities such as vinyl

derivatives and/or polyethylene glycel cam easily result from an

improperly controlled synthesis. Polyethyleme glycel levels in
particular should be controlled, simce this dihydric, relatively
high molecular weight alcochol can act as a source of units of the
type identified as (Ay) in the foregoing discussion. 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 g‘lycb‘ﬁ). 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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The oligemerization stage involves further reacting the
product of the transesterification stage, at an oligomerization
temperature which is higher, and at am oligomerization pressure
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.

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 '
methyleneisobutyramidine)dihydrochioride, 2,2°-azobis{2-amidino-

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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about 1 atm. to abhout 1.5 atm., and a reaction time in the range
from about 5 hrs. to about 90 hrs., more preferably from zbout 10
hrs. to about 30 hrs., is used.

Redox initiator systems are ﬁ?iwstrated by persulfate / Cut
and persulfate in combination with a water-soluble metal salt of
Fe2+, Hn2* or Co2+, - |

then 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 a2 reaction time of as
1ittle 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 3@‘@, 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 pref@r&hﬂy frum about 1 atm. to abeut
1.5 atm.

- An important particularity of the smﬂf@matiom stage 1s the
nead to keep the reactants in good comtact. It should be
appreciated that unless care {s taken (temperaﬁmre 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 (CAPy}, (CAPp) and {CAPc} end-caps in the sulfonated
esters of the invention. Adjustment of the pH used in the above-
outlined sulfomation stage tc lower pH values, 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, (Cﬂpc)-(mmnosuﬁfbs
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 per@xﬁdé is in dilute aqueous form, and. is
typically added atrambient temperature with stirring.
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In light of the abeve, the S.T.E., in another preferred
embodiment of the invention is the product of 2 process compris-
ing, in sequence, the following ester-bond forming procedure and
radical-initiated sulfonation procedure:

Ester-bond-forming procedure: :

a transesterification stép, 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 oligomerization time: from
about 2 hrs. to about 60 hrs., more preferably from about 5 bhrs.
to about 25 hrs.; whereby precursor allyl end-capped c@s@‘iigcmemc'
ester (A.T.E.] is produced.

®3
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In a radical-initiated . olefin sulfonation procedure, the
A.T.E. material is now treated by at least one step of sulfonating
the same in the presence of water, with a conventional bisulfite
sulfonating reagent, in the presence of a low-temperature free
-radical sulfonation imitiator selected from azo initiators and
redox {e.g., persulfate / metal catien) initiators; in this step,
the reactants are effectively cocontacted (e.g., good mixing to
make a homogenmeous appearing aqueous reaction mixture} and the
level of the conventionmal 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, directly obtained 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 associated advan-
tage of mot having to disperse the sul fonated esters prior to
Jaundry product formulation is of considerable benefit to the
formulator.

Despite the rather ihtgh solubility of the sulfonated 0‘Mgo=
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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In summary, the preferred S.T.E. has the particularity of

. being produced by an ester-bond forming procedure and a radical-

ﬁmitiated low temperature olefin sulfonation procedure, im that

-specific order. Quite differently from the process of Gosselink

'580, the process arrives at a particular, terminally sul fonated,
substantially linmear co-oligomeric ester composition without
reliance upon a chlorinated compound and without reliance upom 2
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
sul fonated 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
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 u@ﬁght 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 anicnic 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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compositions comprise from about 5% to about 40% of a conventional
nonionic surfactant and from about 0.05% to about 15% (dry basis,
scdium salt form) of the sulfonated oligomeric ester composition
{S.T.E.).

Assisted by the desirable formulability characteristics of
the S.T.E., substantially isotropic, heavy-duty bufit Tiquid
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
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
deveioped enzymes, such as cellulase enzymes, are alse compatﬂ;‘lie
and can be formulated together with the S.T.E. :

The {invention is further illustrated by the fo'ﬂ@wmg

' examples; percentages are by weight unless otherwise noted.

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
trapping system is optionally used for additional reassurance im
preventing escape of ethy‘iem 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

T
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for 1.5 hrs at about 0°C. Other strong bases can equally be used
in substitution for the secdium. The temperature is allowed to rise
to room temperature, at which stage essentially mo sodiuim metal
remains visible. The stirred mixture is heated to reflux, at
which stage ethylene oxide gas is intreduced into the solution
through a glass tube at a rate at which it is mostly absorbed by
the mixture rather than being wastefully expeiled. Over a 2-hour
p@ri@d: during which ethylene “oxide addition is continued, the
reflux temperature incresses from about 110°C to sbout 140°C. To
avoid forming vinyl ether by-products, the temperature during this
procedure is in any event never permitted to exceed ab@ut'159°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
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)/{integral &) = m = 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 TMS shifts are then
obtained by difference. ' '
Step 2: _ _

Reaction of the product of step 1 with dimethyl terephthalate and
1,2-propylene glycol {two-stage procedure iavolving transesterifi-
cation and oligomerization stages):

This Sheet
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The product of step 1 {19.1 g, 0.026 moles) is -placed in a
dry, suitably sized round bottom flask equipped with magmetic
stirrer, fitted with gas inlet, nitrogen bubbler and a modified
Claisen head which supports a condenser and receiving flask.
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
(T} 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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as secondary reference for convenience. The 'crwd_e product thus
obtained is cooled tc room temperature.
Step 3. :
Reaction of the product of step 2 with sodium metabisulfite in
water (radical-initiated sulfonation, azo initiator):

The A.T.E. product of step 2 (5.00 g, 0.00265 moles) is
placed in a dry, suitably sized round bottom flask equipped with
magnetic stirrer, fitted with a condenser and gas finlet and
outlet. Distilled water (20 g, 1.11 moles) is added under an
argon blanket. Sodium metabisulfite (0.554 g, 0.00291 wmoles,
about 10% excess, Fi'sher) is added in water (5.0 g) and stirred to

dissolution. A free vradical {mitiator (2,2 -azebis(N,N'-

dimethyleneisobutyramidine) dihydrochloride, VA-044 (TH) Waco
Chemicals, 0.03 g, 0.0929 millimoles} is added. The mixture is
heated with stirring to about 485°C over about 30 mimnutes, 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

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

~ then cocled and the tacky product is scraped cut. The weighed '
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{-Clz-CH=CHz) and deita = 116.0 ppm (ﬁCHZGcHéQHZ) and further
confirmed by the appearance of new resomances, particularly those
in the U3¢ n.m.r spectrum at delta = 25.0 ppm
(-CHa-CHp-CH2{SO3-}), integral = ©.75; delta = 48.3 ppm
{-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
integrals are normalized based upon the sum of the terminal carbon
atom resonances and as noted supra,lii m.m.r data are referred to
tetramethylsilane, delta = C ppm.
' EXAMPLE 2

. Step 1:

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 additiomal 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.

- Sodium metal shot (1.98 g, 0.086 moles, Aldrich) is added sTowly

under a countercurrent of witrogen. 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
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
procedure is in any event never permitted to exceed about 150°C.
Completion of the Teaction to an average degree of polymerization
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of about 11 is confirmed by measuring volume uptake of ethylene
oxide, measuring weight gain of the reaction mixture, or measuring
both these quantities. The mixture is cocled to room temperature,
and is treated with aqueous HC1 (15.cm3, IM, Fisher). The product
at this stage is neutral. Substantially all water present is
removed under aspirator vacuum. The product is filtered to remove
sedium chloride. Yield is 886 g, 1.63 moles. lH m.m.r analysis

‘usfng the method of Example 1 is consistent with the average

degree of polymerization @f about 1i1.
Step 2:
Reaction of the product of step 1 with dimethyl 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
dry, suitably sized round bottom flask 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
a conventional tramsesterification 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
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
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
transesterification and ol ﬁgmﬁzatﬁem pr@cadure is c«m‘ﬂeﬂ te
room temperature.

-
@
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The reaction {s 'dem@nstmted to be substantially complete by
270 Mhiz 13¢ n.m.r spectroscopy, giving results simiiar to those of
Example 1, step 2 with the exception of the degree of polymeriza-
tion which, as noted, is about 11.

The A.T.E product thus obtained is coeled 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 sclubility of the
oligomer in the aqueous medium and to prevent 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 deve‘i@pmg ) The swﬂf’@mtwa reaction is 2l lowed
to continue for an additmwm 8.3 hr peri@d. The temperature is

' _ then increased yet again over about 30 minutes, to asbout 55°C, and

the sulfonation reaction is allowed to continue for a further 30
hrs. Additional sodium metabisﬂﬁte {2.23 g, 0.0117 moles} and

VA-044 (0.108 g, 0.33¢ millimoles) 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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Analysis by IH nm.r. and 13C wm.m.r. spectroscopy is
indicative of a high (B85% - 95%) degree of sulfonation of the
olfgomer allyl moletifes as inferred by disappearance of the 1H
resenances at'dé‘!ta = 5.85 ppm {-CHo-CH=CH2) and deita = 5.18 ppm
{-CHoCH=CHz) and the 13C resomances at delta =~ 135.5 ppm
{-CHa-CH=CH2)} and delta = 116.0 ppm (-CH2-CH=CH2) and further
confirmed by the appearance of new resonances, particularly those
in the 13¢ n.m.r spectrum at delta = 25.0 ppm
{-CHp-CHa-CHz(S03-}), integral = ©.75; delta 48.3 ppm
(-CH2-CHz-CHa{S03-}), integral 0.75; delta ~ 64.2 ppm
{-CHz-CH{SO2-)-CH2{S03"}), integral 0.15; delta = 44.6 ppm
(-CHz-CH{SO02~}-CH2{S03"}), 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.

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 obtained 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
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{-CHz-CH{S03-}-CH2{S03-}), integral = 0.2; and delta = 49.2 ppn
{-CHa-CH{SO03°}-CH2{S03"})}, integral = 0.2; the integrals are
normalized as noted in the Examples supra. '
EXAMPLE 4
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 2 magnetic
stirrer, condenser and gas imlet and outlet. Distilled water
(150g) 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 pH s adjusted to about 2.0 using about 15 mi of 15% sulfuric
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 2 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

feced
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an S.T.E. product wherein about 90% of the allyl end-caps at the

ends of the ester oligomer have been converted to sulfinate- -

sMIfcmate end-caps {CAPy) is confirmed by integrals of the new
resonances, particularly these im the 13C n.m.r spectrum at delta
= 63.9 ppm (-CHp-CH{SO2-}-Cl2{S03"}} and delta = 45.2 ppn
{-CHz-CH{SO02"}-CH2{S03"}} .

_ EXAMPLE 5

Peroxide oxidation of the product of Example 4:

To a sample of the substantially clear aqueous S.T.E. preduct
obtained im Example 4 (280 ml, approximately 0.113 M) is 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
hrs. and is maintained at 56°C for about 1.0 hr. Analysis by 13¢
n.m.r. (D20 : DMSO dg 1:1 ¥/v) 1s indicative of a high (about 90%)
degree of conversion of the sulfinate-sulfonate end caps {CAP) to
disulfonate end-caps (CAPp). Thus, the resonances at delta = 63.9
ppa (wcﬁgegﬁ{sags}acwg{503”}) and delta = 45.2 ppm (-CHz-Cl{SO2-}-
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 ﬁype descr!bed hereabove can

‘be used to formulate detergent compositions in the form of

powders, pastes, liquids, bars, gels, and the ﬂik@, These
compositions are particularly édagted for use in Taundering all
manner of fabrics, in the conventional manner. Detergent
cempositions prepared using the sofl release agents herein will
generally comprise conventional detersive ingredients of the type
well-known to those skilled in the art. Fellowing are representa-
tive, bmt mamﬂimitimg, examples of such conventional ingredients.
Su tants - Detergent compositions typically contain from
about 5% to about 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?phaeswmf@nated fatty acids,

-
®
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Cig-Cap alky! polyethoxylated sulfomic acids, tallow alkyl sul-
fates, olefin sulfonates, and the like. MNonionic surfactants,
typically, €;,-C;; alkyl polyethoxylates containing from about 5
to about 15 ethylene oxide units, may also be employed. Amine
oxides and the common scaps are also conventional. Various
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

McCutcheon’s Index, can be referred to for other types aof

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
witl 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
citrates, various polycarboxylate builders includimg the nitrile-
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-
Jate buflders are especially preferred for use in the formulatfon
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
as builder materials, especially im heavy duty liquid composi-
tions. As is extensively described in the patent iiterature,
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.
TR
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Optional Adfuncts - Detergent compositions will alse typic-
ally comtaim fr@m 0.1% to 30%, by weight, of various conventienal

adjunct materials such ds bleaches, especially perborate bleaches;

bleach  activators, such as tetraacetylethylenediamine; suds
suppressors, such as various silicones and microcrystalline waxes;
perfumes; pH adjusting agemts; optical brighteners; and the like.
Granular detergent compositions will typically contain solid
carrier materials such as sodium sulfate. Liquid detergent
compesitions will typically comprise an aguescus or aqueous/alcchol
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 hydr@?yzabﬁe materials, both during and after formula-
tion into a detergent composition. However, they can simply and
C@n$emientiy be protected against hydrolysis sc that their per-
formance as soil release agemts is not substantially impaired by
the pr@cess 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 practicai Vimits, on the low
side {e.g., 20°C-80°C}.

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

T
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above-specified pH ranges. For processability of liquid composi-.
tiens, it 1is convenient to have an alkenolamine, e.g., mono-
ethanolamine {preferred) or diethanclamine, present at low levels,
e.g., 0.1% by weight; for bleach compatibility reasons, levels
above about 3% are preferably avoided.

When formulating bar, powder or granule forms of detergent
compositions incorporating the soil release agents of the iaven-
tion, the formulator will Yikewise gemerally aveid unnecassary '
prolonged direct exposure of the soil release agent, espaciaily
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-
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 compositi@ne .

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 "THMS/TDS® refers to.
the tartrate monosuccinate/tartrate disuccinate builder prepared
in the manner described in U.S. Patent ﬁ,ﬁﬁS,@?i, above.

EXAMPLE 6
A heavy duty liquid composition of the present invention is

- as follows: '

Component - _ Active Welaht %
Cys 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

€1 alkyl trimethyl ammonium chloride - 0.53
Sodium cumene sulfonate 3.18

Ethanel F3 i.23

iR



10

15

- 34 -

1,2 Propanedicl 3.00
Brightener 0.114
Honoethanolamine 1.63
Potassium hydroxide - 1.00
Sedium hydroxide 2.88
Cig-14 Fatty acid 3.08
Citric acid - 3.82
Scdium formate €.78
Calcium formate 8.11
Tetraethylene pentamine ethoxyiate {15-18) 1.54
Water _ 54.666
Soil release agent®* 0.50
Dye : 0.08
Perfume 0.25
Protease®®® 6.82

#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
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.

ﬂﬂky? p@%y@th@xyﬂate paste mﬁxtwre 17.60
Cyz alkyl polyethoxylate (2. 25) sulfonic acid 50.00

~ Ethanol 40-b 7.00
Scdium hydroxide : ' 6.00

1,2 Propanediol . 12.25

Hater N 24.75

Sodium cumeme sulfomate (45%) 5.45
Ethanol (52%) 1.34
1,2 Propanediol : - - 8.85
Brightener premix : 4.11
Brightener 2.76

Moncethanolamine 7.69

’Thns Sheet Has Been
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Cyp-15 alcohol polyethoxylate {6.5)* 38.50

Hater 51.05
€y5-15 alcohol po]yethcxy?ate {6.5)* 1.94
Monoethanolamine - 1,31
Potassium hydroxide (45%) 2.22
Sodium hydroxide (50%) ' 3.65
Cys linear alkyl benzene sulfonic acid (96%} 4.58
Ci1.¢ 1inear alkyl benzene sulfonic acid (97%) ' 4.53
Cyg-14 Fatty acid 3.08
Citric acid 6.59
Tartrate succinates {39.0%) ' $.03
Sodium formate {30%) 1.0
Calcium formate (10%} : 1.06
€3y alkyl trimethylammonium chloride (37%) 1.43
Tetraethylene pentamine ethoxylate {15-18) (80%) - 1.93
Hater N ' 25.34
Soil release agent ' 1.10
Bye . 0.08
Perfume ' ©0.25
Proteasex® | , 0.82

*41cohol and moncethoxylated alcohol removed
“ing active enzyme/g (@ 40 mg active enzyme/y stock)
The above formula is clear, stable, and howogeneous.
-EXAMPLE 7

A granular detergent composition for household laundry use s

as f@??@ws:

S@d*ﬁum cwcng alkylsulfate - 13.3

Sodium C;5; Tinear alkyl benzene suifomate 5.7
C;2-Cy5 alkyipolyethoxylate (6.5) 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
Sodium carbonate ' 20.3
Sodium silicate | | 5.8

*y
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Polyethylene giycol {Avg. M.¥. approx. 8000) 1.0
Sodium sulfate, water and miscellaneous . Balance to 100%
*01{gomers according to Example 2 C -

The components other than the Soil Release Agent are added
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
can be made: '
{a) for THS/TDS:

{1) an equivalent amount of THS alone, and

{2} an equivalent amount of TDS alone.

EXAMPLE 8

& liquid detergent composition for household laundry use is

prepared by mixing the following ingredients:

Cy3 2lkylbenzenesulfonic acid 10.8
Triethanolamine cocoalkyl -sulfate _ 4.0
Cys-35 alcohol ethoxy-7 _ . 12.0
Csg-1s alkyl momocarboxylic acids : 15.0
THS/TDS triethanclamine salt (85/15 TMS/TDS) 5.0
- Diethylenetriaminepentakis (methyﬂemeph@sph@nﬁc acid} 0.8
Soil release agent® 1.5
Triethanclamine 2.%
Ethanol , ' 8.6
1,2-propanedio] 3.0
Hater, perfume, buffers and miscellaneous Balance to 100%
#01igomers according to Example 3
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. '

3
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1. - A sulfonated oligomeric ester composition, characteﬁ_zed
in that it comprises the sulfonated product of a. preformed,
substantially ’Hmeaw; ester oligomer containing, per mole,

{a) from 1 mole to 2 moles, preferably 2 moles, of terminmal
untts characterized in that they are olefinically
unsaturated; said terminal umﬁs preferably be'ing' allyl
or méthaﬂﬂ, most preferably allyl;

(Eb)f 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 to 19 moles, preferably 2 ¢c 14 woles, of
repeat units characterized in that they are oxyalkyl énee
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

<
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0.9:0.1, more preferably 0:1 to 0.4:0.6; said sulfonated

p@duct further being characterized in that it s

sulfonated to the eitent of chemically modifying the
terminal units, (a),'by: |

{e} from 1 mole to 4 mmes, preferably 2 to 4 moles, most

preférab'ﬂy 4 mo’iles,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 ol 1gomeﬁc ester composition according teo
Claim 1 which is further characterized im that it coméists_ of the
sulfonated product of said preformed, substantially linear ester
oligomer wherein the pref@med.' substantially linear - ester
cligomer is the product of transesterifying and @'Hg@merizimg a
mixture of (I} ethoxylated a'ﬂﬂ alechol, preferably 2 moles allyl
alcohol eth@xﬁ ate .892@; {11} 2 to 7 moles dimethyl terephthalate
and (EKM 1,2-propylene glycol or mixture thereof with ethylene
glycol in a molar amount exceeding the  molar aﬁmwm of
dimethylterephthalate; and wherein the sul fonated product is
produced by sulfenating -the preformed, substamwaﬂy ‘ﬂ.mgmr 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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substantially 1linear ester @ﬂgcfmer wherein the preformed,
sdhstanﬁa‘ﬁ'ﬂy linear ester oligomer is wmade by |

a step of transesterification, characterized in that it
comprises reacting 2 mixture of (I) ethexylated allyl alcohel,
preferably 2 moles a'ﬂy”:l__ alcohol ethéxﬂate 8-20; (II) 2 to 7
meles dimethyl terephthalate and (III} 2 to 14 moles 1,2-propylene
glycol or mixture thereof with ethylene glycol, pmwi&e& that the

‘number of moles of glycol exceeds. ihe number of moles of dimethyl N

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_nsesteriﬁcation 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
the '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 sm’ﬁfmatiom#&ady form.

4. A sulfonated oligomeric ester composition acéerdimg to
any of the preceding Claims, further characterized im that the
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sulfur-containing units (e) are produced by a radi'ca'ﬂeinitiated
@Tﬁéﬁm sulfonation reaction " having at Teast @ne' step of
sulfonating said preformed, substamtially linear ester oligomer,
preferably in the allyl form, in the presence of water, with a Tow
" temperature, freeeradica‘ﬁ sulfonation initiator, preferably an azo
initiator, and a conventiomal bisulfite sulfonating reagent,
preferably sodium bisulfite; and wherein the sulfonation reaction
is preferably f‘urtﬁer 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: 0.5 atm. to 3 atm., Ipreferaﬂy--i atm. to 3
atm.; and sulfonation time period: 0.1 hrs. to 90 hrs., preferably
10 hrs. to 30 hrs. .

8. A sulfonated ol igomrig ester composition according to
any of the preceding Claims, fm‘ther characterized in -that it
results from 2 process having trﬁnsésteriﬂcaticm. ol igomerization
and sulfcnation steps together with an additional step of
oxidizing said terminal unit substituemt groups of formula -SOyM
whemm x is 2 and 'ccwcumrenﬂy increasing the pmpoyti@n of said _'
terminal unit substituent groups of formula -SOyM wherein x is 3,

preférab’ﬂy by means of hydrogém peroxide.

3

R ) R ii—llj L

L4
[2]
=

&



-

T Wili

6. The sodium salt fbrm af F suﬂf@ﬁated oligomeric ester,
according te any of Claims 1%5,'charac£erized in that it consists
essentiaﬂ?y ef _:

(i) a substantially lnear oligemeric ester backbone, which
is comprised of from 85% ¢o 100% by weight of
terephthaloyl and oxy-1,2-propyleneoxy repeat units;

and

{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)- (CHa-CH{S0Na)-CHa(S03Na} ),
and _ o ‘
~(En) - (CHz-CHp-CHa {SO3Na))

wherein 1Em) s poly(oxyethylenejoxy and n is from 8 to 20 and the
end-cap moleties  -{CHp-CH{SOgNa}-CHz{SO3Ka}},-{CHa-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
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detergent compesitions, wherein the process has at least one
esterabomd farming- procedure and at least one sulfomation:
pf@cedure, the improvement whereby a particuﬂaf 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 ¢f 120 6C tec 250 @ﬂ , at a
transesterificatfon pressure of 0.75 ata. to 2 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
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b} in a radical-initiated olefin sulfonation pr@cedure,_
| at least one step of sulfonating said allyl end-capped

co-ol igomeric ester precursor, 1@ the presence of

water, with a low temperature, free-radical sulfonation
initiator and a conventional bisulfite sulfonating reagent;
wherein the reactants are effectively cocentacted in
an aqueous reaction mixture and wherein ﬁhe 1evel of said
conventional bisulfite sulfonating agent is 1 ma?e.
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: 09C to 100°C; 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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16. A built 1Tiquid Jlaundry detergent cempositioh in

.acé@rdance with either of Claims & and 9, wherein the builder is a

.p@charb@xyﬂate further chéracterized in that it is comprised of

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.
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