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son RELEASE AGENTS HAVING All YL-DEIUVED SULFONATED END CAPS 
J. J. Schcdbe1 
E. P. Goss1Hnk 

TEClfUCAl f!Ell> 
S The present invention relates to 1ove1 son re1eue agents, 

~ich are .ester o1igoners of & kind which 1118&1 readily be 
fomuh.ted into l••.mdry products slWch H laundry detergents or 
fabr~t conditioners. Thus fon1ul1ted, they are s~itable for ~se 

hti 1 lh•e laundry operation. Effective, renewable son release 

10 t~1tlll2nt of fabrics is provided. 
Preparation of the novel soil release agents involves ester 

chemhtry and, in the preferred ubocHments, r1dlic11 ~initiated 
sulfcmaUon chembtry designed to prodl1ce s1bst1nti111y Hnear, 
re11the1y low mo1ecu11r weight terephthalate ester oHgomers 

15 lh1vi1~ eimd.,capp1ng Mieties each comprising disu1fonate or 

sMlfin1teesulfon1t1. 
BACKGROUND Of 'IME INVEtfllOff 

.A substantial proportion cf synthetic fabrics now hi use are 
copol)'Mrs of ethy1cm1 glycol and terephthdic 1dd, sold ·under 

20 trade names which include DACRON, fORTRU and BlUE t POLYESTER. 
The re1110v11 of oily soil and oily stains, which are hydrophobic, 

frOBJ the surfaces of such fabrics, which are likewise hydrophobic 
in duar1cter, is well recognized to be tec~nicany difficult to 
1cMeve using 11 .. ndey compos.iiions of the type miost generally 

25 accessible to consu11ers. 
It hH been recognb&d in the 1rt that the provhtcn of 

substances which attach to tho surfaces of pol_yester fabrics and 
render them mre hydJrophntc t1 ch1r1cter is helpful tn acMevir19 

hmprovedl ony son and ony st-in r~le1se fr• s~ch fabrics. 
30 Substances which have been used in consmaer prodl1cts as son 

re1ease agents are generally copolymers of l!IOderately high (e.g.! 

40,000 to 50,000) · molecular weight, containi~g ethylene 

terephthalate segments randomly interspersed wtth . po1yethy1e~e 

glycol segmsmts. See, for example, .U.S. Pat~ No. 3,962,152, Nicol 

et &1, issued June a, 1176; i son release polyester of this type, 
commerei1n1 known as MUWE 'f, is f1rther disdosed in U.S. Pat. 
~o.. 4, Ui,885, Oerstadt et al, hHtd Sept. .1, 1978; other 
cmmerchl v11rianu are PERMLOSE and :uu:ON {see Can1dta~ Pat • .. 
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~c. 1,100,262, Becker et &1, iss1ed Mi&Y 5, 1981 and U.S. Pat. Ne. 
4_.238,531, Rudy it 11, iss~ed Dec. 9_, HSO). 

The development of iew soi1 releas~ agents delivering 
technic1Hy outstancH1g soi.1 release perfonnance costseffedhe1y 
11 consumer laundering and fabric care compositions is not 
straightforward. to be part1cw.m1ar1y useful, efficient adsorption 
and surface coverage of polyester fabric sttrfaces by the son 
release agent must occur, with minirwm intertereince from the 
prGduet.a1trix which is being used as 1 vehicle to convey the soil 
rGlease agent to the fabric surface. Matrix interfere~ces, when· 
t~ey occ1r, not oily decrease the effective1ess of the soil 
n1ease 191ent, lbllAlt &bo reduce the cleantng, softening ·anid/or 
1ntist1tic be~efits of other ingredie1ts which nay also be present 
in the product. fontruh.bilUty of the scH releHe agent 1s also I 

mmljor c:onsider1Uon, since the H11ited solubility and/or 
d1spersib11ity cf 1rtat1ught po1yesters frequently imposes serio~s 
constraints on the range of fon111.1111l1Uons into wMch the son 
releHe agent ·ml)' stably be introdluced. Such chanenges are 
ge1er1ny absent from cmriposn101s used 1n hgduistril1l textne 
tnatnents, but are well ~known to manuf&ctimrers of f11J1Hy­
formul 1ted consll!mr prodluctse 

Var1ous ateriab, especiaUy the oHgomerie anionic enda 
capped esters descrilbed by SosseHnt 11 U.S. ratent 4,721,580, 
hs~ed January 26, H88, have· blen .· cHsdosedJ for ~se IS son 
release agents. lhus, 1sef11 aid relevant background c11 he drawn· 
frca a r11.cHng cf polyester chemistry, for ex•1e H sunnarized 
in t~e background portion of the Gosselt1k patent. 

GosseUnt goes on to describe ·part.1cu11r oHgomerfc esters 
wMch are useful as son re1eHe &gemmts in h1indry products. The 
ester composiUons provided by GcsseHnk enccmp11s s~bstanU1Hy 

Hnear ester oHgmars whi_clh 'ave 01e. en• two mnosu1fonated 
emj(ecaps, IS i11u~tr1ted by Q''e{~Z=O~R~O}yff ind {QsZ~O-RaO}xl~Q' . 
respectively, wherein l is terephth11oy1, R is 1,2-propylene and 
each of the groups Q. Q' and Q" is M03S(l)(CH2CH20)ra or 
M03S(CH2CK20)r~. l is C1~C5 11koxy, M h a metal c1Ucn and x and 

1 are cons"htent with cHgo•rs. of low mio1ecuhr weight. 
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The syntheses of the Gosse11nk esters 1r1 ·likely to be ra~her· 
1xpe1she, 1t 1eut inasmuch u those specificany 1nustr1ted 
rely en reactive chlorinated starting materials known to be 
corrosive ind difficult to handle. 

s Scsselink has 11so provided ether oligcmeric ester soil 
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r111H1 agents; set, for exanple, U.S. Patemats 4,102,857, issued 
October 27, H81; 4."111,730, hs~ed December 8, 1987; and 
4,113,194, issued! February 15, 1987 .. lhese son releHe 1ge1t~, 

Hke those of the '580 .patent, contain terephtha11t1, but have 
nonionic,' 1.e., ~ncharged, c1pping groups. 

utnny of the foregoins oHgomeric ester 111.teriah u son 
~1le1se agents in laundry products notwithstanding, the search for 
improved soil release agents has contin~ed, in view of an ongci~g 
need to f1rther _improve the econmnics, soi1 release properties and 
formuh.bH.ity of the soH release. agents in specific laund!ry 
prodl~ct m;trices. 

Soil release agents having 111y1~der1ved or 111mth111yi~derived 
end .. c1ps are not apparently bown in the art. At the outset cf 
the work now described, such incorporation appeared, 11 che11ic11 
ter111s, to represent a difficult go11. lhus, su1fonating a simple 
c1ef1~. having only o~e reactive group, and su1fon1ting 1~ ester 
oHgomer, cont1hming several cUfferermt, · potentially reactive 
grolll!ps, 1r1 two. very different matters. Aho, it was unclear 
whether any so11 release beneftt might result, or whether instead 
the sulfonated ester wo~ld then be less effective (e.g., overly 

·soluble 100 not 1ncHned to deposit on fabrics) .. 
In view of the foregoing, it would be desirable to provide 

iaproved soi1 9 re1ease ester oltgcmers. 
It h an object of the present inve1tion to provide s~c:h 

1111terh1h, structuraHy altered e.speciaHy 11 the conpcsitioirm of 
the end~c1ps .. 

It is a f&mrtmaer object of the inventiorlfi to provide usef1LU1 
oHgoneric ester conpos1Uons ccmprising the novel oH;aomers 1n 
1dmixture with other son .. re1ease effec::the esters, such H the 
mnosul fon1t1 1nd~c1ppld esters specifically disclosed by 

Gosse1int or obvious variants thereof • 
.. • 
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It is yet another object of the inve1Uo1 to provide · useful 
syntheses of the soi1ere1eas1ng ester oligomer cmnposit1ons. 

. BACKGROUND ART 
S. C. Bright, C. E. Stubbs and L. Thompson, J. Appl. theme 

5· Siotechnel., 1975, Vole 25, ·pages 9~1~912, disclcse rad1c&1~ 

initiated S1lfcm1tion of ether~bcnd. free Uneu- c1ef1ns, Le., 
o1efinic hydrocarbons such as ladodecene, to simultaneously form 
11kane RM>nosulfon1tes, 1lk1ne s1lfin1t1ssulfon1tes and a1kane 
dis~lfonates. Sodium mtabhulfite h reacted with the Hnear 

10 olefin hi a mixed solvent sys~em comprising water ind isopropanoL 
The alb1ne su1f1nate-sulfonate · 15 referred to as undesirable and 
it is stated that the level of this material can be controlled by 
adjusting the pff of the reaction. It 1s further disclosed that lllin 

practice. the rate of sulfit1.tion decreues rapidly H the sule 

15. · fitation pH ~hes above 1.0. Ill Also. 11the solubiHty of the olefin 
i1 the aqueous isoprcp•noi is adversely affected by the increasing 
1eveb of sodi• sulfite present11 and "sodh.m sulfite tends to 
c1us1 sep1r1t1on of sulfit1tion reaction mixtures into an aqueous 
phase containing sulfite and bhwm1fUe and 1n 1soprop1nol phase 

containing the o1_eff n". 
U.S. Patent 4,588,534, Shepherd, Jr. et .11, issued May 13, 

1986, discloses an etm.er sulfi11te-s1lfo1ate or c.Hsu1fonate having 
the formula ROCH2t(.SO!M){l)CH2S03M or ROCH!C(SOJM)(l)CH2SOJM. or a 
mixt1re of ROCH2CH(Z)CH2S03M and ROCH2C(S02M) (l)CH2S03M, or 1 
mixture of ROCH2CH(Z)CH2SOJM 1nd ROCH2t(S03M){Z)CH2S03M; ·wherein R 
b 1 hydrocarbon group having from abolt 6 to about 24 carbon 
atmn, l is hydrogen or & mthy1 group and K hi an alkali metal, 

11kylammoniil1111 or &111Z01ims cation. The cmnpositions are useful as 1 

fouii111g 1gent and enhanced on· recovery surfactant.. lhe most 
preferred compositions are prep1.nd by r11c:Ung 1 1 inear primary 
alcohol with 1 chlorinated comp~uld, spectf1c1111 111y1 chloride, 
to form an aHq1 1Hyl ether; this ether h then reacted with 
sulfur dioxide and smih11 hydroxide 11 1 solvent such as hopropyl 
alcohol/water in ~he presence of suUab_1e catalyst such as t~buty1 
perb~nzoate, to for1111 a mixture of 11~1 11ly1 ether su1ft11tes ind 

· sulfon1tes. 
.. ... 
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u. S. Patent 4,303,774,· N1chtkamp et 11, issued December 1, 
H&n. is directed to the manufacture of improved polyuimth1n1 

e11stcmrs which ue· sclwmlble or dhpersible in water, hive 1 
subst1~ti111y line1r molecular stri.lcture 11d eont1i1 both ethylene 

s oxide .units {built into polyether cm.11ns) and 11lfon1te groups. 
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These olastoers eontai~ from about 0.5%~20I by weight cf ethylene 
oxhlle~derhed t.inUs 1rr1ngedl wUMn polyet~ar chains and from 

1bo~t 0.1~25 mnHequhdents, per lOOg of soHds content, of 
sulfc~ate gre>ups of the fo'l"llula· ~503~ in the form of structural 

u1its corresponding to t~e fo11owing fonwla: -O~X~R, arranged in 
end positio1s and/or side chains. In .the Nachttamp et 11 

formulae, X ·is 1 polya11ky1ene oxide chain having fro~ 5s90 chain 
members, at 1east about 40S of which are ethylene oxide 1nits; and 
R is 1 monovalent hydroc1rbon group havi~ fron 3-18 carbon atoms 
1~d containing at hast one su1fonate grc~p s03~. Ex•p.les l 1nd 
2 shew preparation cf a polyether monc~ric alcohol co1t1.hnhag 
suifonate groups derived frcn 111y1 1kohcl; other Examples 
·include Ex1np1e 3, werein under parth:ullr conditions and hTI 

p1rtic1l1r proportions, the following are reacted:. polyester of 
1dipic acid a~d butanediol, po11ether monohydric a1coho1 
co1t1h~i191 sul_foHte groups, trimethy1o1 propane, isophorone 
dHso~y1i1t1, acetone, hophorone diuuin1, hydrazine hycllrlte ind 

w1ter .. 
Morto1 et 11, J. Org. C~em .. , Vo1 33, lo. U, pp 4158~4165 

(1961) d1sc1cse extensive st1dies ·of sohGnt, catalyst c1Uon and 
catalyst 1n1on effects in the 101 c1t11ys1s of sulfite r1dic11e1o~ 
1ddlit1on to olefins. 

foct et 11, U.S. P1te1t 4,598,141, issued July l, 1986, 

descrilbe 1 process for. the preparation of polyesters wit~ improve~ 
dy8 affinity.. lhis involves reacting 1 dicarboxylic 1ci~ wit~ 1 

~1xture of diols. The diol mixture used cmnprises 1 m;Jor portion 
· of an a1!1cy1ene glycol and a minor portion of 1 poly111ky11ne ether 
~1ving the formula RlCH!Oe(C2H40e)n(C3H70R)mCH2CHRlCH2-S03X 
wherein Rl is HQaCH2CH(OO)e or HOH2CC(mt2)(tH200)~ wherein R2 is 

nethy1 , ethyl or propy1 ; 13 is H~ or metm.11 ; X 's He, 11ka1 i or 
ammonium.ion, n is fre11 Oto !CO, mis f~·o to 50 11d n+nm· is ~ot 
less than le To mn-epare the s~lfon1ted campo~nd, r1dic11 addition 

ii1ilir 
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·of HSOJX in the presence of catalysts to compounds. having the 
fonowing fonm11: RlCH20 .. (C2H40a)n(C3H70~)~H2CHR3 .. tH2 is 
disclosed~ 

Pierce et 11, U.S. P1te1t 4,299,743, issued Novear 10, 
. 1981, des~ribe i 111e1r or br1nched po1.Y!llr, cont•i1ing a 
phr1Hty of organic sulfonate~cont1ini1g groups, which is capable 
of being cHssolvedl or dhpersed 11 1 Hquid media. The polymer is 
usef~l as 1 pigment dispersant and H fnn~fcmi1g polymer in 
co1ti191 composUions, and innri1bly cont11ns 1t leut one 
sulfon1te~cont1ining group: aC(O)~C(ll)Ht(R2)(13)(S03)eM+ wherei~ 
11. R2 &nd 13 are each 1ncHvtdmt1ly hydrogerm or 1- 1111cnova1ent 
organh: group having a mo1ecu11r weight tn the ra"ge from 15 to 
11bout 250; and IM'i- is a 1101ov111~t c1tio1 or a monovalent 
fractional part of 1 polyv1l1nt cation, which is associated with 
the ~so3~ portto1 of the organic s11fon1t~ group. The s~lfonatic~ 
h 11troduced by post~s11fon1t1ns 1n ethylenic1Hy 11.mnturated 
preformed intermediate polymer using b1sulfit1 salt, metabis~1fite 
s11t .or 111xt1ns or precursors of s1ch salts. The preformed 
hmtermecHite ~olymaer has nrmnennus H11str1tio1s, including 
polyesters c$er1ved from propylene glycol er prepared using dibutyl 
ti1 oxide or similar catalysts. 

Sclhmmitt, U'~A 155,no, published Septmlber 25~ 1985, dis~ 

closes 11kyox,ypolyathox,yproplne s1lfon1t1s of the 1ener1l formul1 
RY(C2H40)xCH2CH2CH2S03N1 i1 which I is 11ty1 or 1lk1r,y1, Y is 0 or 
S and x is from O to 20. lhest C:OmfO~itions are prep1red by 1 
twoast1;1 p:rocldure 11 which the po1yethoxy11tld1 11coho1 or 
thiol lY(CzH40)xH is reacted with 111y1 h11ide·or tcsy11te in the 
presence of strong aqinmeous laOH 1Ml som f1nl1 prod11mct as phase 
tr11sf1r agent; the resu1ti19 11111 ether intermediate is 
su1fo11tld 11 sit1 with bhu1fit1. 

Hcdgso1 et 11, EP-A 180.356, published Ml)' 1, 198&, describes 
IPl'GfPl?"&ticm of alk,yl, 1ry1, or 11~11ry1oxy halides by reacting 
the corresponding 11kaxy alcohol wtth 1 h1lcge11ting agent, e.g., 
th1ony1 chloride, tn the presence of 1 qu1tem1ry umontum 
c~pound as catalyst. The catalyzed reaction 1pp1r1nt1y improves 
y1e1d ind reduces the tendency of the pclyoxy11kytene ch&ima to 
cl el.Ve. r 

--- ----------------------
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B11hchuh et 11, U.S. Pa.tent 4,&87 ,&02, issued August 18, 

1917, discloses s11mlfon1tes, sulfinates, dh11111fonites 11dl mixed 
s1lfi11teasulfon1~1s derived by reacting a11y1-am1ne derivatives, 
s~ch 1s d1mmthyl111y1amin1 hydrochloride, with N1~SC3 1t pH range 
2°4, in the presence of peroxodis1lf1te. The r11ctio1 is initiated 
by F1S04, resulting in 1 high proportion of sulfht1t1®Hlfcm1te, 

~ich can i1 turn be converted to the dhulfonate ~si1g hydrogen 
1?1roxide. lhe prod~cts are ch1r1cterized! 1s betaineatype 

s1rfact1nts. 
Ouddey et 11, U.S. Patent 3,821,169, issued J~me 28, 1114, · 

disclose 1 method for preparing cationic11ly dyeable highly 

pol,Y11teric linear polyester and copo1yester resins which comprises 
1ddi~g to 1 m~lti-step polyester or copc1yester formni~g process at 

.. hut one cmnpo1md selected fra11 tilme group consisting of 

15 . hydnl(Y11ty1ene oxide ind hydroxypo1y(a1ky1ene oxide) derivatives 

20 

30 

of meta111c salts of isethionic acid. 
logh&, U.S. Patent 4,156,073, isswed May 22, 1119, dhc1cses 

br1nched (1.ge, prepared in the presence of trime111t1c anhydride) 

wltsn·~d1sperstb1e polyester s1ze compositions which hncorporate 
n1ctio11 product of 1n 1mm1tic po1ycarboxyHc acid 1nhydride 1nd 

an 1Hphatic or cyclo111phatic hydrox,yswilfcmic acid 11b.H mtal 

H1te 
Although_ the son@releue agents described herein ire not 

c1us1ca1 11111>01yestersu in tlhe · se1se of having the structll!re of 

ester Mth polymers, resins or ·fibers, they can be termed 

polyesters in the somewh1t 11!10n! restricted sense that 1 p11r11ity 
of esterebond inten:o11ected groups h present. InH111uch as tihe 
1boveeidentified references disclose vario~s we11aestab11shed 
aspects of 1111ldn9 polyesters, on one h1ndl, or c:ert&dn su1fon1ted 

or su1f1n1ted muteri.ah, 01 the other·, their disclosures are 

i1corpor1ted herein by reference@ 
SUMMARY Of THE INVENlIOI 

In its preferred ellbcd1ll!llents, the present invention provides 
novel su1famuated terephth1l1t1 ester oHgcars which are Ujseful 
son release .agents for USO ii. 11undlry predicts. The esters 
g111r1ny contain 1 high proportion of fntesr1cHt11~s~1forur.tlde 

1Hyl or free~'r1dic11~su1fon1ted®1Uth1l1yl ·endec1ps.. The 

pntferred 1Hyl aderived end~caps ire: ----··-----~-
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(CAP1) 

(CAP[I,) 

lirm the above, 
P"ferred. 

fom1.1l1 
~tH2tH~tH2 

1 r 
502"' ·s03~ 

~CH2CH~2 

I ~ 
sor so3~ 

the disulfonlt1 

6W _lJypjcaU y dlr1 yed_.fxg_m) 
sul fhrate~sulfonate {AU.Yl) 
{note: s~lfonate is typically 
1sscci1ted with cattcn such H 
11+; s1lfinate is typically 
associated with cation such 
u H+ or Ha+} 

disu1fonate (AllYl) 
{note: sulfonate is typically 
1ssoci1ted with cation such as 
ffa+}. 

endccap (tAPb) is espec:iany 

Im general~ varying proportions of the following mnosulfcHte 
1ndec1p ell also be pres11t: 
4bhndit.1A.1 .Eomw 
(tAfc) sCH2CH2CK2 

I 
503e 

nonosu1 fonate (AU. YL) 

{note: typically associated 
with cat1on such as Na+) 

It h part· of the i1st11t i1v11Uo1 to provide methods for 
lilHXi11tzi1g the relative pn.pcrtions of {W1.) and (001;,) 
substituted terephthallte esters r111Uve to (CAPc) s~bstit~ted 

terephtha11te esters. 
A11yl gro~ps, which are present hm the esters prior to 

s~lfon&tion, are represented ~eretn as follows: 
abbrevi•:Uml Esm•ll lame .Umiclllx d1rtn<Lfrcml 
(All'fl) eCH2etH ... CH2 1Hyl {a11y1 11cohol) 

The utha11y1 hcmolog, typically derhed fron iHth111y1 

11coho1, is also within the scope of the invention; in centrist, 
~ig~er olefi1s, higher branched o1ef11s and t~e lite •re unsuite 
ably ffl\ydrophcbic. 

lhe terephthd1te ester oHgcnars herein have substanthHy 
linear backbones;· thus they do net, in general, include branching . 
or crossHnking tfie or polyvihmt anomer groups such u tri .. , 

---··---------·-·---· 
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tetras er poly~c1rboxylit acid ·monomer groups, or tria, tetra~ or 
· pclyhydrh: dcohol monomer groups. 

Ii the preferred embod1me~t, the Hnear backbone of the 
s;1fommated,. end-capped terephthal1te esters of the invention is 

s c011prised of &1ternating groups of the forau111: 

10 

15 

~~JM f.q_m.11 bM (J_mis;aJJ_y !J«H!i!ld_.frgm) 

(l) 
and 

0 0 
I I 
~C(C5H4)C .. terephth11oy1 (dimethylt1r1phth111te) 

{PG) 0 0CH(CH3)CH20e oxypropyleneoxy U,2=prcpy1111 glycol) 
or 

eOCH2CH(CH3)0~. 

Furtmaermore, tmae sulfonated ester oUgcmers will generally 
contain ncnicnic hydroph11e units, especially: 
AbbrJVf.At___tm &nw11 l•••tJJmkill r _deri!td _!toll 
{En) ~O{CH2CH20)ne1CH2CH2<)= poly(oxyethyle1e)oxy (ethylene 

oxide) 
Importantly, in t~e preferred embodiment, such nonionic 

. . 

20 · ~dlrophH1 ~nits are fo~nd s~bst1111tia11y sitwmated iri p1rtic&mh.r 

lO 

positions between the endacaps 11d the b1c&d>o11, rather thin 
interrupting the backbone structure. Th~s, at the molecular level, 
the following are iHustrativa cf the mst ·Mgh1y preferred 
structures: 

{r.APa) e {[n) e (T) .. (PG) .. {J)e (PG) e {'f) e(PG)-(l)a (En)s (tA,1) 

(CAP1}e(En)~(T)-{PG)-(T)~(PG)e(l)-(PG)*(T)s(£n)e(CApt,) 

{CAPb)e{£n)-(f}a(PG}$(l)s{PG)e(l)s{IPQ)e{j)e(En}s{CAPb) 
- An of the foregoing structures correspond with sulfcnated esters 

!lllhh:h contain 1 total of foul" su1fcmate or sulfinate groups; in 
contrast, the fo11owimmg struct~res, ~1ving·o11y three su1fonate or 
sulfinate groups in total, are 1ess prefernd: 

(CAPa)s{En}e(T)s(PG)~(T)~(PG)e(l)s(PG)-(T)~(E1)~(tAPd 

(CAP!>) e (En) e (T) -{PG)® (T) ~ {P&) e-(T) g (PG) e{f) ~(En) s(CAPd 0 

Also, least desirably as noted! s11mpr1, m1terhl h1vim.1 only 
monos1lfon1te tef'lllin11 units can be present: 

(CAPd e (Er&) e ff) s{PG) e {T} 9 {PG} 8 {T} a {PG)"-(T} 8 (En} e {CAPd 
.. •· 

·--· ·--··-------
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Note that the backbone, which in the 1boves11lustr1tedl 
structures is given by: e(T)~(P&)e(T)~(PG)e{f)e(PG)~{T)e, can have 
varying lengths. lhe llOSt hig~ly preferred average backbone 
1ength, iw tenms of the nunber of terephth11oy1 repeat units {l}, 
is in the range frOfl abo~t l to about 1. In referring to sue~ an 
1vor1.ge backbone composition hereinafter, the abbreviation ~un~ 

. . 
is llMSedl. 

More 9ensn·1.Hy, the backbone can incorporate repeat llllnits 

such as the following, to a 11~ited extent: 
~vil.tJ.M Em:mub rm. (IYR_ica_Ul! .d.etb'.tsJ fr_al 
(EG) eCCH2CH20~ oxyethyleneoxy (ethylene glycol) 
l.lllld 

{An 1 ) optional nonionic hydrophile, 
typically similar to, or 
identical with {E~}; 

wherein (EG) exapHfies & repeat unit derived frm 1 dio1 which 
is less preferred than l,2apropy1ene glycol. Thus, (EG) can 
p1rth1ly replace (PG) backbone repeat unus .• (An') b used herein 
to represent nonionic hydroph11e u11ts, cf 1 kiin.d which can 
optionally interrupt the ester backbone 1t r1ndlmm, 1e&d1ingi to 
structures such as: 

{tAP1)s{£n)~{B}a(An1)s{l}a(fn}s(CAP1) 

(tAPb)a(En)~{B}s(An 1 )~{B}-(En)s{tAPb) 

As noted s1pr1, such backbone 11t1rr1ption is preferably m1~1ma1. 
The sulfon1ted ester oHgomers an typically water~solttible er 

waterecHspersible. Whatever their precise solubility in pure 
water, . they are found to fonml1te wen into laundry detergent 
CCllPOSitions, with p1rticu11rly 9ood formuhbiUty being usoci~ 

1ted with the (W1) 11d (CAf1,} substituted esters. furtherm10re, 
the improved for11Ul1biHty does not apparently detrtment1l1y 
hmf11ence the act1on of tile 111foniated ester o1 igomers as son­
retease agents. 

Methods of ulUng the ~ov11 ester compositions are .also 
provided, partic::u1ar1y effecthe bling 1 ·racHca1ainiti&ted 
su1fonat1on of 1 preformed, 111y1egn>up end0 c::1pped, terephth111te 
ester o11gcmer precursor (hereinafter RA.T.E~). Using the above-
1ntroducedl abbreviit1ons, this usefM1 ,recursor is illustrated 1t 

the molecular level by structures such as: 
---·---------··--··---- ·--· 

iiiiiT 
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~ n a 

(AllYl)~(E~)e{l}~(En)-(AllYl) (highly preferrid) or, 11ss desir~ 

ably, (Alll Yl) s (En) ~(_I}~ (Azt) s{B}~ (En) e (AllYl). The ccmdiUons used 

for prepari~g the A. T .E, H f1rther H1t1str1ted in the preferred 
emubmHments hereinafter, are ccinsbtent with m:iiraimizing the 

5 r1l1t~ve proportio~ of the (An)econt1ining 111teri11. 

10 
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. . 
DETAILED OESCRIPHOH Of THE UNEMTION 

The present inve~tion encompasses s1lfo~1~ed o1igoaeric ester 
compositions adapted for lie l.S sen release 19«mts in laundry 
products such as detergents or fabric conditioners. 

lhe c:omposUions of the invention can be described in terms 
of the partic~l1rly sulfonated product of 1 specific, prefonned, 
substantially linear ester oHgmnr, identified. simply as 
"A.T0E .. 11

• The temimll units of the A .. T.E. comprise 1 high 
proportion of a11y1 or meth111y1 e1d~c1ps and the repeat units in 
t .. e m>ackbone comprise tereph~ha1oy1 and low mo1ecu11r weight 
diol=derived units .. 

Surprisingly, there does not appear to be any specific 
dtsc1osure in the 11ter1t1re of this type of mat1rt11, the 
ccmpos1tion of which, per mole, is more specifically described 1s 

fonows. 
lh1 A .. l. E. compositicm co11Prhes (a), tcmniml&l 111ts; (b), 

nonionic hydrophi1e units; (c), repeat units of the 1ry1dicarbony1 
type; and (d), repeat units of the law 11G1ec~11r weight dio1 type. 

More spec:1fica11y, the A.T.E. ccmpositiorm coonprises from 

25 1bo~t l mole to 1.oout 2 •1es, per •1e of the composiUon, of 
termin1J units derived from 1 1w · mol1c111r weight o1efh1ic1Hy 
uns1tur1ted ce&q>entent. Preferably, this t011POnent is selected from 
t~e group co~sisting of 111y1 11coho1 ind mmth111y1 11coho1. Most 
preferab1y, subst1~ti11ly 111 (i.e., about 2 moles) of the 

30 tell"l!ina1 ~~its are 111y1 end$caps. 
lhe A.T.£. cC11pCs1tton comprises frOlf!ll 1bc1t ·1 mole tc about 4 

11toles 9 mre prefer11bly from about 1.5 moles to about 3 noles, most 
preferab1y 1bout 2 moles per mole of the ccaposit1on, of nonionic 
hydroph11e u1its. These ~nits ire _derived fJ'Cll 11 ether 
co1111P«mont., The ether ccaponent 1s typic1Hy compr1sed of from 
&bo~t SOS to lO~ ethyle1e oxide.-In the preferred e!lbodliment, the 
etheY" component is comprised! of from 1bout BOS to lOOS ethylene 

-----------· 



oxide; 11Dst preferably, the ether corq>onent consists essenth1Hy 
of ethylene oxide, 1.1, it 1s subst1ntt111y po1y(oxyethy1ene)oxy. 
Whatever 1ts derivation, non~ ethylene oxide material 1n the ether­
COl'IUPone~t consists essentially of t, H 11d O; it can, for ex1mple, 

s 1nc1u~e propylene oxide or other a1ty1ene oxides.provided that the 
resu1ti~g polyether rem1ins hydroph11ic. The nonionic hydrophile 
units hive 1 degree of polymerization in the range from about 4 to 
1bc1t 30, mre pnferably fn11 about 8 to about 20. As noted. 

supra, the .nonionic hydrophilic units can 11 gener11 ten1s either 
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interrupt the backbone structure or be sit11ted between the 
backbone and the 1n11 terniw.11 1nUs; tt h highly preferred that 
the latter be the case. 

The A .. T. E. ccmpos 1 ti on cmiprhes from about 1.1 mo 1 es to 

1be~t 20 moles, more preferably frmm 1bcll!t 1.5 to about 10 nnoles, 
1mst preferably from about 2 m.o1es to 1bo1t 1 moles, per mole of 
t~e c•position, of repeat units derived from an 1ry1cUcarbony1 
tm1Pcnent. The ary1dicarbony1 ·component is COllJ>rised of from abo~t 
SCI tc 1007', more preferably from about IOI to lCOI dimethy1tere­
pht~&] 1te. Most preferably, this ccmpo111t consists essentially of 
dimethyl terephtha1ate and the resulting 1ryldic1rbonyl repeat 
units are substantially terephthaloyl. The ess1nt111 terephth&le 
oy1 11its c1n 11tern1tiv1ly be miai.de fro• 111 of terephthalic 1cid, 
bis-(2ehydr.oxye1thyl)terephth111te and bise(2ehydroxypropy1)teree 
phthah.te. lhe latter ·iwo sources of t1nphtha1oy1 units, of 
co1rs1, provide at the same time repeat units of type (d), which 
are separa.tely accounted for below.. If pr1sent. npe1t units of 
the ary1dicarbony1 type \dmich are mwt terephtha1oy1 npeat units,· 
IN b&Sld on known 1ryldic1rbo1,Y1 materials 1nd consist essens 
t11n1 of t, H and O; s.:h a.ry1dicarbonyl repeat 1ntts ire 
illustrated! by isophthaloy1 and pht~&1oy1. 

fin1.l1y in 1ccou1t1ng for the composition~ thcr A.1' .E .. -c:om­
pr111.s frcm about 0.1. moles to abollilt H mles, more preferably 
from about Oe5 mcles to about t rmoles, l!OSt preferably from about 

· 1 mole tc &bout G moles, of repeat inmnits dleriived from a. dio1 
·cmzponont selected from the group consisting of C2~, C3~ &nd C4 
dfols (i.ee, C2~, t3~ and t4 glyco1s)e This component is prefer­
ably selected frim ethylene glycol, l,2~propy1ene g1yco1, and 

------------



m1xt1res of the two. Most preferably, this conponent consists 
esse1ti111y cf !,!~propylene glycol; the corresponding repeat 
1nits are oxypropy1 eneoxy repeat 11.its. 

lhe sulfonlted t1rephth1l1te ester oligcaer compositions of 

5 the i~v1ntio1, ~erei11fter •s.T.E.~, comprise (1), terminal units; 
{b), nonionic hydrophHe . 111ts; {c). repeat unns of the 
1ryldic1riw~)'1 type; (d), repeat units of the low m1ecu11r weight 
diol type; 11d (1), su1finate·1roups, sulfonate gro~ps or mixtures 
thereof. 

10 
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As compared with the .tenm1n1l 1nits of the A.T.E., which are 
o1efi11ca1ly unsaturated, preferably 1i1yl termh1111 units, the 
ten1in11 1~1ts (a) of the S.T.E. are substantially s1tur1ted. lhe 
su1fh~ate or su1fonate groups {e) 1.re covalently &ttlched to the 
terminal units. forming the str~ctures identified ~ereinabove in 
s~11111ry IS (CAP1), (CAPb)"Or {CAPc)· 

lhe extent cf sulfo11tio1 is typic111y fron 1b0ut l mole to 
1bo~t 4 1110les~ and the S.l.E. incl1d1s compo~nds containing from 
1bc11.11t 3 111110111 to about 4 moles of ~SOxM groups, wherein x h 2 · 
(sulfi~ate) or 3 (Hlfonate) •. ~e su1finate ·or sulforuate groups 
1r1 derived fro111 1 bisulfite component. lhe latter is prefer1b1y 
1111ct1d from the group consfsthi9 of HS03M wherehm M h 1 

cc1v11t1onia1 w1ter~so111ble c1ticim sucllm H sodium, potusimm or 1 
stable, w1ter-dissoc11ble ortia1ic cation. T~e col!Position of the 
S.l.E., in terms of the other ~nits present (n1ne1y (b}, nonionic 
h,YdrophUe .~11ts; (c), . repeat 1nits of the iry1d1c1rbony1 type; 
11d (d), repeat units of the low nm1ocu11r weig~t dio1 type) is in 
1ccord1nce with their being derived frmim the A.l.E. 

In 1 preferred embodiment of the invention, the backbone cf 
t~e s. T .E. consists essenti1Hy cf terephth11oy1 -repeat units 
which 11ternlte witmm oxy11ky1eneoxy repe1t units selected from 
oxyethy1eneoxy repeat units 1~ oxy~l,2~propy1eneoxy repeat u~its 
wherein the oxyethyleneox,y : oxy~l,2~prcpy1enecx,y aole ratio is in 
tllme range f1r0m O:! . to about O .. t:Oel, more preferably from about 
0:1 to .about 0 .. 4:0.6; most prefeir1bly about O:l (i.e., sulbst1n­
U111y oxy~l,!~propyleneoxy). To thb backbone are 1tt1ched, at 
each emm, hydropMHc ·repeat 11its co1sist'h191 esse111U111y of 
po1y(cxyethyle1e)oiy imnits (polymerized ethylene oxide) whh:h h~ve 

·---·----------
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&~ 1ver1ge degree of polymerization of from &bait 4 to about 30, 
rmore prefer1bly from about 8 to about 20. The po1y(oxyethy1ene)oxy 
1nits are capped with the above~identified s1lfon1ted a11y1 
terminal units; these can have any of the fon!W!lae (CAP1 ), {CAPb) 

. 5 ·ind {CAPc) sumarized above; mst preferably, the re11tive propor= 
th>ra of (CAP1} and/or (CAP1,) 1s high in comparison wittii that cf 
(CAPc). 
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Anot~er preferred emboclliment of the 11ve1tion illustrates the 
Mgh re1&thre proporU01 of the sulfonated encfec&IPS of the S.T.E •. 
in re11tio1 to- the total of other units present. In this embodi~ 
ment, the invention encmnpasses the sodium salt form of a sulfon= 
1ted cligomeric ester {S.l.E.) composition co1sisting essentiai1y 
cf: 
(0 1 subst11thtHy Hne1r oHgcmeric e~ter backbone, which is 
cccprhed of from about 851 to 1bo1t lOOI by weigl't!t 'of tere­
Glhth11oy1 aid oxy~l,2~propy1eneoxy repe1t units; and 
(ii) ter11in11 WJteieties cov11ent1y attached to said backbone; 
wherein s1td terminal moieties ire comprised cf from abo~t 10% to 

_ ion lby weilht cf moieties selected fr0t1 the group consisting of 
e{EmmHWa). e(EnHCAPa,) 1.nd s{EnHCAPd (whereir& the abbrevh= 
tiOft~ are as identified in sun11ry 1bove); wherein n represents an 
H«H'l.90 degree of po1,y111tr•h:atic1, in tll!ie -range frm111 1boumt 8 to 
1bc1t 20; 11d wherein said ccnposition, the percentage by weight 
of the emfec1p moieties (CAP1), (CA't>) ind (CAPd ts hm the range 
from 1bo1t 51 to about 40S, more preferably fron about !OI to 
1bout 30I. 

Imm the 1bovesn1ustr1t1dl lmbocHment, the mole ratio of 1n 
the doubly sulfonated endec1.p mieties, i.e., (CAP1), (CAP~) or 
111hct1res thereof, in relaticm to the simmgly sulfon1tld end~cap 

mieU.es (CA.Pc), ranges from 1bo1t 1:5 to about 1:0, more prefer­
ably fraa about 2:1 to about 1:0, and includes materials at r1ti~s 
of from about 5:1 to about l:O. 

The 1.boveeidentified features cf the S.T.E. are in accordance 
tfith the synthesis thereof, ~ich in the preferred embodiment 
invo1ves 1 particular ordered! series of steps. 

first, 111)'1 alcohol ethoxy11t1 or metti1ny1 alcohcl 
ot~oxy1ate ·1s made or obta~ned frcn co!Ulen:111 sources. The 

iiififtr 



15 

25 

synthesis is we11-known; note however that the al1y1 or imetha11y1 
1.lcohol ethoxyl1te should not be 111dle without due care, 1ndl that 
if thi simples are co~rct111y abt1tnedl, they should be of good 
pi!!rity. Un1ccept1ble 1eve1s of imprurities s~ch as vinyl 
d1riv1.ti\f1s and/er polyethylene glycol can euny result fron 1.n 
1.Proper]y controlled synthesis. Polyethyle~e glycol levels in 
p1:rticu11r slhouildl be control1edl, since thh dihydric, re1ative1y 
high mo1ec~1ar weight 11cc~o1 can act as 1 source of u~its of the 
type idenUfied as (Am.) in the foregoing discussionm. for thh 
reason, synthesis of suitable 111y1 11coho1 ethcxy11te is further 
illustrated in detatl in the Ex111P~1s here1n1fter. 

The a11y1 alcohol ethoxy11t1 is reacted under ester~uldng 

conditions. lyp1ca11y 1 two8 p1rt procedure 1s 11msed11 involving 
first, tr11sesterific1tion under 11 inert atmosphere; and second, 
o119CJ1111r1zation· at red1ced press1ri, cf 1 mixture conprising t~e 

aHy1 alcohol ethoxyhte 100 s1it1b1e ch•ical sources of the 
1ry1dl1c&rbony1 repeat units and tlhe low m1elec&ml1r weight d1o1 

repeat which win react to fora the es~er backoo11 -{B}~ (e.g. t 
cHmmethy1 t1rephth11ate and l,2-propy11ne glycol). The procedure . . 
fon11s the above-identtfied 111y1 end~capped oligm!llerfc ester 
{AeloEe)e 

.In inmore det1tl, the tr1nsestertfic1tion st1ge typic111y 
involves reacting the c11cu11ted proportions cf a11y1 11coho1 
ethoxy11te ind dli11ethy1tenphth111te, together with an excess 
(e.g., 50~100% molar excess beyond theoretical incorporated dio1) 
of dto1 (e.g •• l,2apropy1ene g1yco1), in the presence of I convene 
t1on1.l tr1.nsesterifh:1t101 c1.t11yst; •thuo1 h removed by 
eva.por&tion or distnh.tion. Suitable tr1Hesterificatton cat1~ 
11sts include met11 derivatives su:ch those of zinc, tit11ni'h1111, 

30 
1.ntimny 1.nd tin; the oxides, ~lkoxtdes, c1rbcn1tes. acetates, 

. alio'1 asters or aUc,yb ce be used.. Such c1t11ysts 1.re flmrther 
i11~str1ted by tetr1iscprcpoxytit1.nium~{IV), ~abuty1(tr1hy­

droxy)t1in~{IY), and zinc 1c1t1te.. The practitioner $hou1d note 
that partic~lar care is taken (1.g •• exc1~ding air, ~1xtng we11 to 

35 
avoid hotsspots, and avoiding over~h11t1ng) to avoid ~mdesired 

side=reactions of the rather reactive a11y1 groups. 
r 

----------· ---
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Tmme ol ig.eriz1t1m1 stage invo1ves fi.lrther reacting the 

product of the transester1ficat1on stage, at 1n 0Hgc111ertz.1tioira 
. . 

tinper1ture which h higher, and! 1.t. an o1igomertHtion pressfilln 

whh:~ is lower, than the temperature ind pressure used in the 

~ tr1nsesterific1tion stage. iypic111y, 1 snaJ] amount of methanol, 
1.rnd tihe excess diol, an remved m11der the reduced press~res. 

Typfc111y, no separate o11goner1z1tio~ catalyst is needed. 
A r1dic11sin1tiated olefin su1fon1tion procedure is ~ow 

carried 01t. This typically involves reaction of the A.T.E. with 

10 1 source cf bisu1f1te 11 the presence of water. lihe bisM1f1te can 
!be derived fron many 11tem1th1 scmrces, such as S02 and base, 
•t1bisulfit1 salts, etc., a111Jd the cation h conao11i1,y sodium or 

· potassium. lhe r1dical~initi1ted olefi1 s1lfon1tion 1sed herein is 
desirably 1 1ow~temper1tuire procedure; aggressive conditions, 

15 especially he1ti1g· 1nder pot1nti111y hydrolyzing conditions, could 
othirwise tend to decmmpose the AeT.E. or the product S.T.E. Thus, 
it h highly preferred to UH I 1ow=tmnperatuire ( 0°C ~ 100°C) 

free r1dic11 initi1tor. 

20 

30 

11 general, the radical initiator used herein is water 
soluble or a1coho1~water soluble. the preferred initiators are azo 
initiators ow- redox initiators. Such initiators are wen known in 

. t~e 1rt. fer the purposes of the instant 1nvent1c1, redox 
irriUh.tors are -especi1Hy pre·ferred sim:e their wmse is assod1t1d 

with much shorter re1ctio1 times ind much lcnr reaction 

tm1111Ptr1t1res re11tive to any other known initiators. 
S11t1ble uo initiators ire 1vin1bl1 1n c:cmerc:e 1rgder the 

trade.arks of various m1nuf1ct~rers ( WN<O, llhllPONTt AlDRICH) ind 

include miteriah chemic111y identified as 2,2'·~azobh(N,N' $di~ 

11ethy1eneisob~tyr11midine)dihydrochloride, 2,2 1 a1zobis(2aan1d1no= 
prop1rne)dUmydrochloridle, 4,4" ~uobis(4ecy11op1Hit1noh: acid) 1 and 

2,2'~1zobis{2emethyl~1*(1,1~bis{hydroxymethy1}etMu'1)propicnamide). 

Wham using an 1zo initiator, the freesr1dic11 initiated 

olefin s11fon1tion procedure is · preferably carried out at 

temperatures 1n the r1191 fronm &bout zo·c to 1bcn~t 100°C, mre 

preferably from &Oollllt 40°t to &bout 65°C; pm"eHllllA is 1n the 

ran9e from &bo~t 0.5 atm. to abo~t 3e0 at~., more preferab1y from 

·-----------· --
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about l 1t11. to about 1.5 1tm., and 1 reaction time 11 the range 
from about 5 hrs. to about 90 hirs., aore preferably from about 10 
hrs. to 1b~ut 30 hrs., is used. 

Redox i~iti1tor systens are ilhmstr1ted by persulf'1te I cu+ 
ind persu1fate in combinatio~ with 1 water~so1ub1e 111t11 salt of 
re2+, Mft2+ or co2+. 

When using & redox iniUator, the radical in1t11ted o1efin 
sulfon1tion prilcedure is prefenbly carried out at temperatures in 
the range frOll!ll abo~t o•c to about 40°C, and a re1ctio1 time of as 
little as from about-0.l hrs. to about 24 hrs. can be used. More· 
preferably, the ~u1fonation temperature is in the range from about 
10°t to 1.bout so•c, 1.nd the s1lfon1tio1 tim is fro11 about c.s 
hrs. to about 10 hrse Prassum b in the range from about 0.5 
1tm. to abo~t 3 1tm., lm>re pr1f1ralbly from about 1 1tm. to about 
1 .. $ 1t11. 

Al important p1rt1c:u11rtty of the s11fon1tio1 stage is the 
~11d to keep the reacta~ts in goudl contact. It s~ou1d be 
appreciated that unless care is taken (temperature control, 
nixing, use of a1cohol~water solvents) there will be 1 tendency 
for the 1llyl·e~dsc1pped A.l.E. ester to separate frcn the &q~eous. 
s~1fonat1on reagent, resulting in poorer su1lfo11tiomi yields. 

As noted in the sunnary, it is possible to vary t~e propor­
t101s of (CAP1), (Wb) ind (We) end~c1ps in the Simlfomated 
~sters cf the invention .. Adjustllent of the pH m~ed 1n the above .. 
outH11d s1lfon1Uon stage to lower plH values. and/or use of 
excass bisulfite. tends to favor hig~er levels of (CAP1) 

(s~1f1mate~sulfon1te); in centrist at higher pH v111es, especially 
when little or 10 bisulfite excess is present, (CAPc) (monosulfo~ 

~ate) pred0Di11tes. In connection wit~ olefin su1fon1tion pH · 
@ffects, see the disclosures of lright, Stubbs et 11 ind Shepherd!. 
referred to supra and iau:cn·por1tld herein by reference. When it h 
desired to maximizti the proportic1 of the preferred (tAPb) 0 

cont11m1ng esters, an optio1ul hydrogen IP•tw•oxida oxidation step, 
carried o~t 1ft1r the sulfonation reactio~, wi11 indeed s~ccess~ 

funy ·convert (CAP&) to (CAFaJ). If such an oxid1tio~ step is 
carried out, the peroxide is i~ dHute aqueous fom, and.· h 
typically added at:altbient temperature with stin-1ng. 
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In light of the above,_ the Se T .E., in 11other preferred 
embodiment cf the inventiOI is the product Of I process C0411Pris­
i~g, in seqm~nce, the foHowing ester~bc~dl fonming procedure and -
r1dic11~initiatedl sulfonation procedure: 

s fster~bond~fcnain.g procedure: 

15 
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a trlnsesterification step. compris1n~ .r11cttn1 a nixture of 
l) about 2 moles of 111y1 alcohol ethoxy11ted to an average degree 
of polymerization of from albout 4 to about 30 (more preferably, 
about 8 to &boilit 20); and· II) frmi 1bo·ut 2 to abo~t 1 moles cf 

dimethyl terephtha1ate; and 111) frOll about 2 moles to about 14 
moles of dial ( e.g., 1,2~propylene glycol or mixture thereof wiih 
ethylene glycol provided that the mole fraction of ethylene glycol· 
does not exceed about 0.4);(note that thh represents an excess 
over what will ultimately be incorporated into the ccliposttio~). 

The transester1fication step b carried out h1 the presence 
of 1 convention11 tr1nsest1rific1tion catalyst. The transesterif1s 
c1tic1 temper1t11rre b in the range from 1bo~t 120°C to about 250°C 

(more preferably, about l60°t to about 230°C). 
l~e transesterificatton pressure is in t~e r1nge fron about 

C.75 atm. to 1bo~t 3 1tn., where l 1tm. ~- 760 Big. !More 

preferably, the tr1nsesteriftc1tion pressure .is in the range from 
100Mt l &t11. to about 2 1tm. The· t:r1nsester1fh:1tion tine is from 
1bc1t 2 hrs. to abo1t 60 hrs., more preferably fnn about 5 to 
about 25 mmrs. 

To cmp1ete the ester~bond forming proc:odun, the trans~ 

ester1fic1Uon step 1s foHowed by an e1igcner1za.t1o~ step. The 
11tt1r 11vo1ves co1Un11min9 to react the above~formed mixtuire tmder 

the following conditio~s: o11gcmmriz1tic1 temperature: in the 
range from 1bo~t 170°C to abe~t 2so•t, mere preferably from about 
180°C to 1bc~t 220°t; oligomerization press~re: in the range from 
&bout 1 x 10 -6 ata. to about o.s atm., mmore preferably about l x 
10 ·~4 ltn. to about 0.05 &tm.; 11d 0Hg01terizlttcm Ume: from 

1bo~t 2 hrs. to about 60 hrs., 110re prefer1bly from about 5 ·hrs. 
to about 25 hrs.; whereby precursor 111y1 end-capped coso1igcmmric 
ester (A.l.E.) 1s.prod~c1d. 

,. 
• 
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In 1 r1cUcl1stnithrited. olefin sulfon1tic1 procedure, the 

A. T .!E. 111111.terial ts 1ow treated by at hut one step. of su1fcmating 

the sane in the presence of Water, With I COGY&ntion&1 bisu1fite 

s~lfon1ting reagent, in the presence of 1 1owstemp1r1tur1 free 

5 sr1dlic11 su1fon&tion h~itiator selected ff'Mt IZ.O fo'ftti&tors 1ndl 

ndox (e.g., persu1fate / tnt11 cation) initiators; in tMs step, 

the reactants are effectively cocc1t1.cted {e.g., good imixing to 

111.ke 1 homogieineo1u 1ppe1ring aqueous re1ction mixture} and tlhe 

level of t~e conventional biswm1f1te Hlfon1thlg 1gemmt is from 

10 abo~t l 110le to about 4 moles , more preferably frca about 3 moles 

to about 4 moles, per mole of said 111y1 end~c1pped coaoligomeric 

ester {A .. T.IE.); aho, the foUowing su1fonation concUtions In! 

respected: 
su1 fonation temperature: in th1 r1rmge fnn about 011C to about 

100°t; sulfon1tion pnss~re: 11 the range frmn 1bo~t 0.5 atm. to 

about 3 atm.; and sulfonition ti11e: fron about ·0.1 hrs. to abo~t 

90 hrs. 
After sulfonation,. the. sulf~nated oHgomeric ester composis 

tic1 (S.T.E.) of the 1nventio1, directly obtain•d 11 1queo~s fon11 

(the water ecnte1t is typically SOI or less), e1n be used without 

f1rther p~rification as a soil release 1ge~t, e.g., by mixing into 

.11 Hquidl . detergent cmposition. In the 1ltern1tive, the very 

simple percxide oxidation briefly refernd to supra tin first bl 

carried 01t. If desired, the S~ T .E. c1n be .convenUonaHy dried, 

or e1n be 1dnixed with oHgomeric ester soH re1easa 1.gents of 

types previously described! 11 the art. The mre comrein1ent1y 

handled 1qu101s fonn of tho S.T.E. is 1 very well divided s~sp~n~ 

sion, or. more typicany, a dear so1ut1omm. lhe 1ssochted 1dvan~ 

tage of not having to disperse the sulfo111t1d esters prior to 

11u1dry product foftlllu11tion h of considerable benefit to the 

fonm11tor. 

Despite the rather high so11biHty of the sulfonated oHgo~ 

meric ester of the invention, it funct101s effectively 1s 1 so11 

re111s11gent ;nd t~us meets the needs of ·the co1swner as well as 

being convenient to the formulator. 

--·-·-.. --. --



In sum1ry1 the preferred S. T .E. hH the parUcu11r1ty of 

· bei nt produced by II estersbo~dJ fonai ng PJ"OC:edure lmfl I radi Cl 1 e 

i1iti1~ed low temperature olefin s~lfonation procedure, ht th1t 

. ·specific order. Qui~e· differently from the process of GosseHnk 

5 '580, the process arrives at 1 p1rtic~l1r, ten1in111y s~lfcnated, 

substant1~11y 1ine1r co~oligomeric ester compositio1 without 

reH1nce upon a chlorhtated ccmpo1U11d and without reHance upo1 a 

,rccldure c01J1Dprising the order of steps: sulfonation step, 

ethoxylation step. A finding of p1r~icu11r h~terest in terms of 

the synthesis of the ester compositions is that the p_referred 
10 . 

15 

30 

su1fon1tedl oligomrk ester compositions c:1n be m&de by aqueolll!s 
radic&l~initiated sulfonation of the preformed 111y1 ester 
oH_gmmer (A.l.E.), which has 1 b1ctoone ccnposition similar to, or 

id1ntic11 with, that of the final sulfon1ted m1t1ri11, and ~1ch 
ilso includes the above~identified nonionic hydroph11e units. 

for 1ddit1cm11 detan concerning various 1cwe level optiommd 

u~its which the esters of the invention can contain, 11 well as in 
teras cf general synthetic methods, suUalble starting~mia.terhh, 

1.nd dhc1csure in connection with the preparation cf laul'ldry 

comnpos1t1ons, the practitioner is directed to t~e fellowing 
Sosse1 ink p1tents, incorporated herein by reference: ~ .. s. Patent 

4,121,580, issued January 26; U.S.. Patent 41 702,851, issued 

October 21, 1981; U.S. Patent 4,711,130, issued December 8, 1987; 
ind U .. S. '1tent 4,113.194, issued! February 15, 1981. 

In its detergent emibodliments, the invention· e1cmpuses a 
]1~ndry detergent er fabric conditioner CQllf>osttion cmmprisi~g one 

or more conventional s1rf1cee1ctive agents se1ected frDll 

conventio111 anionic, c1Uonic or nonionic detersive surfactants, 

·_and convcmticn11 cationic fabric softeners; wherein the 
composition 1&Htion111y comprises at 1eHt o.oss by weight of the 
ester composition of the i"vention .. 

Uqiuid laundry detergent ccqwsitions, whether cormcentr1ted 

or dilute, are 1speci111y prefen'"ld. Such liq11d detergent 

cmpositio1s can comprise frcn· 1bo1t 51 to 1.bout 40I of .a 

:rn . co~ventton11 1mmic1h: surfactant and from about 0.051 to 1bwt 151 

(dry bash, sodium salt fom) of the s1lfM11ted 0H1om•ric ester 

cmmpositic1 (S.T.E:). In anot~er embodi111111t, the liquid detergent 

-------·---
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clll(positio~s co~prise from abo~t 51 to about 40I of 1 conventional 
nonionic surfactant and fro~ about 0.051 to about 151 (dry basis, 
scd1m salt fora) of the sulfon1ted oligomeric ester caposition 

{S.T0Ee)e 
Assisted by the desirable fcmrmu1ab1Hty th&racterht1cs of 

the S.T.(., subst1nti111y isotropic, heavyed~ty built 1iq~id 

11,ndry deterge~t compositions can readily be fonn~1ated 

ccnpris1ng: 
from about lOI to 1bmmt 3CI cf 1 ccnventton11 alkylbenzene 

s~1fonate anionic surf1c~1nt. on In acid basis; 
fromi OS to about 30I of one or mere conventtcn11 cosurfact~ 

1nts selected from non1011c surfactants, c1t1on1c · Hrfacta.nts, 
zwitterion1c surfactants and mixt~res thereof; 

from about 51 to about 30I of 1 conventional liq~id detergent 
lb~ild!er; 

·from about 0.011 to about IOI of the su1fon1.ted o11goneric 
ester composition; 

ind from OS to about 11 of 1 conv1nttcn11 proteolytic enzyme. 
In the 1bov1, proteolytic e1zyimsecnt1h1ing built 1 iquid laundry 
detergent compositions are especi111y superior. More recently 
developed enzy1&1s. such as c111u11s1 enzymes, are also compatible 
ind can be formulated togiither with t'e S.T.E. 

The invention is further 1111str1tld by the fo11ow11g 
examples; percentages are by wight unless otherwise ~oted. 

EXMPU: ! 
Step l: 
Prep1r1tion of 11ly1 11coho1 ethoxy11te, having 1ver1ge degree of 
)p01yaeriz1tto1 of 1bout 15: 

The following procedure is· c1n-ied out 11 a f11&~ hood; 1 
tripping system b opti~n11ly ·aased for 1ddition11 re1ss1r1nce in 
,reventing escape of ethylene oxide vapors • 

. AHyl ah:oho1 (8.72 g, O.H ncles, 99+1, Aldrich) is. placed 
in 1 stdt1bly sized dry, three~nected round bottom f1Hk fitted 
wtth ugn1Uc stirrer, condenser 100 gas inlet and cnatlet. The 
flask 11d contents are cooled under 1 nitrogen 1t111DOsphere to about 
0°Co Scdi~n 111t11 s~ot (Oel1 g, 0.0074 aoles, Aldrich) is added 
s1cw1y under 1 codntercurrent of nitrogen. The mixtiliN h stirred! 

----------- -------
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for 1.5 ·hrs 1t about o•c. Other strong bases c1n 1q~111y be ~sed 

i~ substitution for the sodium. The te11Per1ture ts 111owed to rise 
to roHI t•peraiure, at which stage essematiaHy 10 sodium metal 
ranai~s visible. -The stirred 1111ixtijre is heated to reflux, at 

wMch stage ethylene oxide gas is introdUJced into the solution 
thro~gh 1 glass t1be 1t 1 rate 1t which ft is mostly absorbed by 
the mixture rather than being w1s~ef111y expelled. Over a !~hour 
period d~ring wMch ethylene . oxide 1dcHt~on h cor11tirnued, the 
refl~x te11Perature increases frmlll about 110°c ·to about l40°C. To 
1void fcnmfng vinyl ether by .. prodm11cts, the temperature during this· 
procedure b in any event never permitted to exceed about ·uo•c .. 
Coap1et1cn of the reaction to 1n average degree of po1ymer1:ution 
.of 1bout 15 h colf1rmed by measurisag volmm uptake of ethylene 
oxide, 1111nas;mr1ng weight gain cf the r11.ct1on vmixture, er measur•fog 

both these quantities. The mixture ts cooled to roon temperat~re, 
·ind h treated with 1q1eo1s HC1 {1.4 anl, lM, fhher). The 
product at this stage is ne~tr11 •. S1bst11ti111y 111 water present 
is removed under aspi r1tor · vacu:m. The product is fi 1 tered to 
remove sodium chloride.. Yield is 11 .. lg (0.106 moles). The lff 

~.11.r 1n1Jysb h conshtamt wit~ the 1bove~identified d~gree of 

polymerization. Th~s. integrals of the resona~ces in the 
fo11owi19 regions of the spectrum ire obtained: 
1ntegr1l of resonances at· delta ~ 5.18 ppm, 
C.H2~tHCH20(CH2CH20)1H; 

1ntegira1 A; and integral of resonances at delta = 3.1 to 3 .. 8 ppm, 
CH2..aEHfG{~CH20)nH and.at2""CHCHzQ(at2CHzC)nH; integral B. 
It h found tlhat (1/2 1ntegr1l l)/(11tegr11 A) = n !§! U .. 3. 

·Ii.the lH n@m.r data above and thrc»1glhoiamt the specincztton, 
chemic11 shifts, delta, are expressed in p•rts per m1111on (ppm) 
referred to tetruethylsnane (TIG) {delta • o ppM). 1111 practice, 

1 secondary reference of known ch1mic1l sMft, such as· h1x1~ 

deuterodinethyhu1fox1de (mJMSOed5)1, c11 1qu1Hy be used 11 tlhe 

n.m.r experhmnts for coinvenience,. and· the lMS shifts are then 

obt1 i ~ed by cH ffenmce. 
Step 2: 
Reaction of the product c-f step 1 wtth cUmethyl terephth1llte and 

1,2spropy1111 g1yd01 (twoes~age proced~re involving transesterifie 
catio~ and oligoneriz1tio1 st1ges): 

iii iii 
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lhe product of step 1 (19.l g, 0.026 m1es) is ·phced in a 
dry, Hit1bly sized round bottom flask equipped! wit~ magnetic 
stirrer, fitted with gas inlet, nitrogen ·bubbler and a modified 
Cl11sen head 'Nhich s~pports 1 condenser and receiving flask. 
Dimet~y1 terephth1late (1~00 g, 0.0360 IM>1es, Aldrich), 
1~2 .. propylerae g1yco1 (3.40 g, 0.045 _111no1es! Ka1Hnckrodt, 981) and 
1 conventional. tr1nsester1ficat101 c1t1Jyst such 1.s FASCAT 4100 
(TM} Ml Chemicals Inc.~ 0.03 g; 0.11 w/fll, are added under a 
nitrogen blanket. The. mixture h stirred 1nd helled to about 
l40°t, taking about 15~30 m1n1tes. This temperature is maintained 
for about 1 hour. The temperature is now raised to 1001.1t .110°c 
taki~ about 15~30 minutes. Dur1n1 the following 41 hours, the 
tr1nsesterification h ccnthmed and methanol together wtth some 
propylene glycol (total 2.8 ml., theory 2.9 ml) distti from the 
r11ctio1 mixture. 

lhe apparatus is then .ccolld to ncm temperature aimd the 
reaction imixttmre is tr11sferredl to 1 Kugelrohr 1.pp1.r1tus. The· 
Kl!Agelrohr 1s maintahmed cmder vacm.~n (ca. lmllig) ·and the 
temperat1re is raised to.about 180~lt0°C over 1 1 hr period. lhe 
reaction mixture is ~e1d 1t this temperature for 1 tota1 
o~igomerization time of about 11 ~rs. The product of the 
transesterific1Uon and o11gcmriH.tion procedure b cooled to 
roC111 temperature. 

The re1ttio1 is demmns~rated to be subst1nti111y co11Plete by 
210 MHz l3t n.m.r spectroscopy. This, the terminal alcohols 
bearing · carbon atcn resonance (delta ... 60. 7 ppm, 
CH2...CHCH20(tH2CH!O)xelCH~H!Cff, ~fere1ce ~ DMSO~ds, 31.5 pp~) due 
to lm:nnacted 111.yl alcohol ethoxy11te h at a very low level 
(hmtegr11 !!O 0.04) IS is the l,!eprcpybne ;1yco1 methyl carbon 
resonance of incompletely 1Hyl eendec1pped oHgomers (delta ... 
H.99 pp11, sOCH!CH(OH)£H3, . integral "' C.05; reference as above). 
The· for111Uon of arm A .. T.E. ester cmposUton 1s sho. by· l3c 

moeso~ances It delta "' 135.5 pp!I, hmte511r11 • 0.11, (-CH2e~H~CH2); 

1~d delta I§ 116.0 ppmi, immtegr11 ~. 0.91, (*a«2aCffto1~H2). 

As noted hen and throughout the specific1t1c1, Uc n.m.r 
sh~fts 1n parts per million (p.p.m) are referred! to tetramethyl~ 
sn.ane (0 p.p.m) ifsing ~exadleuteraited di•thy1su1fmdde (DMSO-d&) 
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u secondary nferem11ce for convenience. The crwle prodlWct thus 
obtatnecll is cooled to room temper1ture. 
Step 3. 
baction of the prcduct of step 2 with sodium metabhulfite in 
water (r1dicd~i1ithted sulfonaUon, 1zo i1iti1tor): 

The A.T.IE. product of step 2 (5.00 g, 0.00265 ~1es) is 
~laced in a dry, Hftably sized round bottom fluk eqlmipped with 
m1gnetic stirrer, fitted w~th 1 condenser and gas inlet ind 
outlet.. DistH1ed water (20 g, 1.11 moles) h added under an 
1rgon b11ntet. Soditm •tabisulfite (0.554 g, 0.00291 m1es, 
about IOI excess, fisher) is added i~ water (5~0 g) and stirred to 
disso1ution. A free radical initiator (2,2'~azobis(N,N'~ 
dimethy1eneisobutyramidine) dihydroch1oride, VAe044 (TM) Waco 
Chemicals, Oe·o3 g, 0.0929 nmHHmo1es) is 1dldedl. The w.b:ture h 

heated with stirring to about. 45°C over about 30 ninutes, the 
temperature be1n; speciff<:&11y selected to maintain so1~b11ity of 
the o1 igmnr_ in the aqueous medium and to prevent vis·tb1e phise 
separation. After 1 su1fo1atio1 reaction time of about 2.75 hrs, 
the tenper1ture is increased! to about 50°C. (The practitioner is 
careful with temperature control, Hing 1t to avoid! 1ndesir1ble 
solubility problems or visible phase separation from developing). 
Addlition11 VA~044 (0.05 g, 0.155 · mfll hmles) is ad!dledl tc the 
A1ctio1 11ixt1re. Heati1g -b commt1mmued for 111 1dcHtion11 sulfona~ 

tion reaction ti~ of 1bo1t 19 hrs. Analysis 1t this stage s~ows 
the n1ction to be about complete. The re1.ctton mixture b 
filtered. to remove traces of precipitate, 1mi is transferred to 1 

Kutelrchr 1pp1r1tus, where it is heated under aspirator vacuum to 
1 temper1tiumre of about lOO"t to remiove water. The apparatus is 
then cooled and the tacky pnduct is scraped 01t. The weighed 
y1e1d 1s 3.84 g; note tlhat a subst1.imti11 mount of m1tiri11 
remains in the flask of the Kugelrohr and that, on reproducing the 
synthesis, yields are more typic111y near theory. 

Analysis by lH n.m.r and 13c 1.m.r spectroscopy is i1dic1tive 
of 1 h1gh ( 851 ~ 951 ) degree of su1fonat1on of the oHgomer 
111y1 moieties as inferred •1 disappearance of the lff resonances 
at delt1 ~ 5.85 ppm {~CH2-CH-CH2} and delta ~ 5.18 ppm 
(-tH2CH~CHz) and ~the 13c resonances at delta m 135.5 ppm 
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( .. Q12 .. ~H~H2) 1nd delta m. lUi.O ppm ( ~_tH2 .. tH0~H2) and! fv..rtmter 

c~mfirmed by_ the 1ppe1ra~ce of new resonances, p,1rticul1rly those 
imm the Ile n.m.r spectn.11 at delta a 25.0 ppm 
{ =tH2 .. ~K2 .. tff2{S03 .. }), integral "" O. 75; . d11t1 ... 48 .. 3 ppm 
( .. tH2 .. CH2 .. ~H2{SO:r}}, integral "" 0.15; delta m 64.2 ppm 

{®CH2 .. £H{S02 .. }~CH2{SOJS}), .integral 9 0.02; delta 9 44.6 ppm 
( .. tH2a.CM{S02 .. )-~H2{S03 .. }), . integral llOI 0.02; delta toi 56 .. 7 ppm 
( .. Cff2s~H(S0Ja)~CH2{S03-}), integral "" 1.23; and de1t1 s 49.2 ppm 
{ .. afieCH{S03 .. } .. ~H2{S03 .. }), integr1l "" 0.23. In the foregoing, the 
iwtegrals are nonli1ized b1sed upon the sum of the term~nal carbon 
1t011 reson~1ces and u noted supra,lff 1.112.r data are referred to 
tetramethy1s11ane, delta ~ O ppm. 

EXAMPLE 2 
. .Step 1: 

Prep1r1tion of 1.11y1 alcohol 1t~oxyl1t1 lh1v1~ 1ver1ge degree of 
polymerization cf about 11: 

lhe foHmdng procedure is carried out in 1 fume hoed; a 
trapping systen is optionany 1sed for adldiitioima1 reassurance in 
,reventing escape of ethylene oxide vapors& 

AHyl 11coho1 ·ooo g, 1.12 moles, 19+1, Aldrich) is placed i~ 
a.suitably sized dry, three~necked ro1nd bottom f11st fitted with 
m1gne~ic stirrer, conde~ser and gas i11et aid outlet. The flask 
and-contents are coole.d 11der a nit'N2ge1 atmosphere to abo~t 0°C. 

· SocHwim 111t11 shot (1.98 g, 0.086 mles,, Aldrich). h added slowly 
1~er 1 counterc1rrent of nitrogen. The mixture h stirred for 
1.5 hrs at 1bo1t 0°c. (Other strong bases c11 equally be used in 
substitution for the sodiWllll). The t1mP1r1t~re is allowed to rise 
to roefl temperat1re, at which stage 1ssenti1Uy no sodi• metal 
n•11s visible. The stirred mixture 1s heatld to reflui, at 
Which stage et~lene cxtde gas is introducid into the so11tion 
throu.ugh 1 glass tube at 1 rate at ~ich 1t is mostly absorbed by 

the mixture rather than being wastefully expelled. Over 1 6ehour 
period during which _ etmay1ene oxide addition h continued, the 
ref1~x temperature i1cre1ses from about l00°C to about 14C°C. To 

J 

avoid forming vinyl ether byprcdlucts, the temper1t1re during this 
procedure is in 1ny event never permitted to exceed 1bout _150°C. 
Completion of tho fe1dion ·to an average degree of po1ymeriza.Ucn 

-------- - - -------·-------



10 

.~ 25 ~ 

of 1bo1t U is confirmed by mneuurhig vo 1 ume upt1te cf ethylene 
o~ide, measuri~ weight g1in of the reaction mixt1re, or 11e1sur1ng 
both t~ese q~antith~s. The mixture is cooled to room temperature, 
1~ is treated with aqueous HC1 (15.cm3, l~, fisher). 'fhe product 
at this stage h neutral~ Substantbny 1n water present h 
removed under aspirator v1cuum. lhe product is filtered to remove 
sodiun chloride. Yield is 886 g, 1.63 imo1ese lH 1.~.r 1n11ysis 

· 1sin9 t~e method of Exuple l h con~btent with the average 
degree of po1ymer1z1tion of 1bo1t 11. 
Step'!: 
/Reaction cf the product of step I wit~ di111th11 terephth111te and 
propyle1e ;1yco1 {two-st1ge pr~edure iinvohhmg tramesterifh:a~ 

t1on and o11gomer1zation stages): 
lhe product of step 1 (88.6 ~h Cel63 moles) h ph.cedl in 1 

15 dry, suitably sized .round bott• fiullt equipped with magnetic 
stirrer, fitted with gas inlet, nitroge~ !bubbler aridl 1 mdl1fied 
C11isen head which s~pports 1 condenser and receiving f11sk. 
Dimethyl terephthalate (43.& .9. 0.225 moles. Aldrich), 
l,2apropy1ene glycol (21.8 g, 0.286 molest Ma111nckradt, 98%} an~ 

20 1 co1vention11 tr11sesterific1Uorm c:1tdyst such as fASCAT 4100 
(TM) MlT themicab Inc., 0.154 g; 0.11 w/w, 1.r1 added lncler a 
nitrogen b11ntet. The mixture is stirred 11d. heat~ to about 140°t 
ovewr 1 period of about H~30 m·huwtes. This tenperature 1s na1ne 
t1i1ed fer 1bo1t l hour. lhe t~erature is now r1ised to about 

25 l10°C, taking about 15 11irn.ites. During the foHwi~gi US hours, 
the transesterification is. continued and 111th1nol together ·with 
SOiie propylene glycol (tot11 15.lf, theory 14.4g) distil from the 
reaction mixture. 

The 1pp1r1tus is then cooled to rlmm temper1t1re ind the 

30 n1c:Uon mixture ts transferred to 1 Kugelro~r 1pp1r1t1s. The 
Kuge1rohr is 1111nt1imaed under vacuum {c1. lmmffg) a~d the 

tel!perature is raised to about 200°c over a 1 hr. period. The 
react101 mixture is held at this te11Per1t1re for a total 
o11gcmeriz1tton time of 1bc1t 5 hrs. The product of the 

35 tr1.nsesterific1tion and oHgomer1zat1amm prcced1U1re h cooled to 

,. 
•· 

iliiir 
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The reaction is demonstrated to be subst1nti111y complete by 
270 MHz llc 1.1i.r spectroscopy, ~hdn~ results simU1r to those of 
Ex1mpie 1, step 2 wtth the exception of the degree cf po1ymerizae 
tion which, H noted, is about U. 

The A. T. E product thus obtained b coo 1 ed to room 
temperatun. 
Step 3. 
leact1on of the A.T.E product of step 2 with soc:lli~11 mt&bhulfite 
im w1t1r (r1dic1lai1iti&tedl sulfonation, 1zo i1itiator): 

The product of step 2 000 !:It C.0635 moles) is placed i.n a 

dry, suitably sized round :bottma flask equipped with 11aqnetic 
stirrer, fitted with. 1 condenser and gas inlet and cutlet. 
Distilled water (200 g, 11.1 moles} h added under an argon 
bhnket. Sodium metabisu1fite (10.58 g, 0 .. 0551 moles, Fisher} is 
added in water (150 ·u) and stirred to dissc1ution. 'Nitrogen gas 
is bubb1ed thro1gh the solution for 1bo1t 20 ains ·A free r-d1ca1 
initiator { 2,2'~azobis(N,N'~diBDthyl11eisobutyr1mid1ne) d1hydro~ 

tMoride·J VAa044 (TM) Waco thaic&h, C.216 g, 0.668 111lH.m11s, 
dissolved in about 60 g of water) ts 1ddedl. T~e mixture is heated 
with stirring to about 35°t, taking about ·30 minutes; the temper&~ 
tmmre being specificany selected to ma1ntain sc1~b1Hty of the 
oHgcmer in the aqueous ucHun and· to prevent visible phase 
sep1r1tic1. After 1 su1fonat1on reaction time at 35°t of about 8 
hrs, tt b 1ccept1b1e to . increase the taper1ture. Thlllls, over 
&bout 30 11hiutes. the temperature h increased to about 45°t. 
{The practitioner ra1ins caref1Dl1 with tillperat1re ccmtrol, using 
it. to avoid undesir1b1e so1ubi1ity problems or visible phue 
separ1Uoo ·from developing.) The s1lfon1ticm reaction h an owed 
to continue for an additional 8.9 hr period. The tel'llperature h 

then increased yet again over abo~t 30 minutes, .to about 55°C, and 
the sulfon1tion reaction is 111owed to· cont1"ue for a further 30 
hrs. Additional sodium metabisulfite {2.23 g, 0.0111 moles) and 
_YA~044 (0.108 ~h 0.334 nnHmo1os) is added to the re1cticm · 
~ixture. Reactton It 55~60°C· is continued fer II additional 
sulfonation reaction time of about 26 hrs. Analysis at this stage 
shows the reaction to be albo~t cc114> 1 ete. The aqueous product 
solution (791 water) is filtered to remove tr1c1s cf precipitate. 

-------------
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Analysis by lH n.m.r. ind 13t 1.m.r. spectroscopy is 
indicative of a Mgh (851 e 951} degree of su1 f~n1Uon of the 
oHgaer aHy1 oooieties as inferred by dlhappe11r1nc1 of ~he 11-1 
resonances at delta '"' 5.85 ppm (eCH2eCH9 CH2) ind delta '"' 5.18 ppm 

. 5 { ..,tff2CH ... CH2) and the 13c resonances at delta .., 135.5 ppm 

( °CH2=gi!>!tH2} and delta ... U6.C ppm ( eCH2~tH ... ~H2) 1nd further 
ccnfinned by the appearance of new resonances. particularly these 
in the 13t n.m.r spectrum at delt1 ... 25.0 ppm 

lO 

{aaf2-~2-~tH2{SOJ~}), integral ... 0.75; de1t1 ... 48.3 ppm 
( ~CH2~CH2..,~H2{So3~)), integral ... 0 .. 75; delta ... 64.2 ppm 

(sCH2~~H{SOr}~CH2{SOr}), integral '"' 0.15;. delta ... 44.6 ppm 

(=CH2=CH{So2~}B~H2{S03-)), i~tegr11 ... 0.15; delta ... 56.7 ppm 
{aCH2~~H{SOr}~CH2{S03s}), integral e 0.10; and de1t1 ."" 49.2 ppm 
(~CH2~CH{S03•)e~H2{S038}), integral m 0.10. In the foregoing, the 

integr11s ire normalized based upon the sum of the termiin11 carbon 
1toa resonances and 1s noted s~pr1, 1H n.~.r. data are referred tc 
tetramethysi11ne, delta m 0 ppm. 

A sample of the aqueous A.T .. £. product is tttrated using 
standard iodmnetrk 111thods; see "Basic Theory and! IPrac:tice of 

Quantitative Chen1c11 Analysh 111
, R. I. Fischer and D. &. Peters. 

W. I. Sa~nders to., Vest Washington Square, Pht1ade1ph1a. PA, 3rd 
Edition, 1968, pages 511, 572, 584~590; incorporated herein by 

~ference. The 110l1rity of oxidiz1bl1 sulfur~eont1ining gro1ps is 
0.024 ~ .. 

EXMPlE 3 
Peroxide oxidation of the product Gf Example 2: 

To a saple of the· aqueo~s A. l .E. product of Exaimple 2 (350 
cml} b 1dded dropwhe, at umbient taper1t1r1, 1queo1s hydrogen 

peroxide (5. '19, 51, 8.4 anHm1es). The ·so1 ution b reacted at 
11bout 4511t for 11bout 30 min., and h th11 cocledl to ambient 
temperat1r1. A test ushtg peroxide test paper (l'..M. QUNff, OelOO 

ppmi range) is negative for peroxide. 
lhe relevant 13c n.m.r d1t1 now obt1ined.1re as fo11QWs: 

de1t.a ... 25.0 ppa (-CH2e~H2eCH2{SO:r·}), integra1 § 0.75; delta ... 
48 .. 3 ppm (Aat2-CH2A~H2{SCJ38Ht integral '"I 0.15; delta ... 64.2 ppm 
{ ~tH2egi{S02=)eCH2{S03~}), hategr11 § 0.05; de1t1 ... 44:6 ppm 
(~CH2eCH{S02e}~~H2(S03&)} 9 integral .,, 0.05; delta "" 56.1 ppm 
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(sQl2e~H{SC3=)~CH2{S03-}), integral "" 0.2; ind delta .. 49.2 ppm 
(~CH2~CH{S03e)e~H2{S03-}), integral e 0.2; t~e integrals are 
norm11ized as noted in the Exanples sup1r1. 

EXAMPLE 4 
5 RacHca1 ~iniUated sulfon1tian of A. l .E using 1 redox 

10 

25 

30 

A1lyl end-capped o1igomeric ester, sp1ctfic1lly that of 
Example 2, step 2 hereinabove (lOOg, 0.0635 moles) h placed in· a 

dry, suitably sized round botta flask equwipped! with 1 tH.gnetic 

stirrer, condenser and gas 1ra1et and 01tlet.. DistiHed water 
(HOg) is added under a nitroten blanket. Sodium •tabhul fite 
(H.Hg, 0.127 mles, A1dr1ch) is added in water (310g) . and 
stirred to d1ssol1t1on. Nitrogen gas 1s bubbled thro~gh the 
soim.iticin for abo1.11t 30 11im.1tes. lhe pH, u auuredi Hing 1 
sewmsttiiv1 co~ventionll pH paper, is about 4.5. lhe mixture is 
cooled in an ice bath to a temperature of abo~t s•c, at which time 
the pH is adjusted· to about 2.0 ~sing about 15 ·m1of151 sulfuric 
acid. The mixture is removed from the ice bath, and.is warmed to 
1~bi1nt temperature over about l ~our. Sodi1n persu1fate (0.60Sg, 
2s54 mi1Hm1es) is then added.. Upon disso1ution of the sodium 
'ersu1fate, feS04 11 1qu101s sol~ticn (2.0 ~1, 0.013 !) is added. 
After stirring for about 1 .. 5 hrs at ambient temper1t1re, residwi11 
biisulfita is determined by titration (see [XlllQ)le 2 for reference · 
to the procedure) as be·hig abo1t 11'1 by weight of the amoumt 
ori9ha1ny added!. Analysis aat 2.0 m&rs.. indicates 13S residual 
bhu1fite. At 2.5 hrs.. 1ddition11 feS04 (2.C ml, 0.013 8) is 
&dded, and the reaction is allowed to continue for an additional 
Ui hrs. The residual bisu1fite now measures about n. At this 
stage, the ~H is about 2.1. The pH is raised to about 6.0 usi~g 
about 10.0 m11 of 51 1q1eous NaOO. The total volmne h; 1bo~t 560 
ml (1bo1t 211 solids). Analysis by lH n.~.r (freeze~dried sample 
redissolved in DMSO ds) is indicative of 1 high degree (851~951) 

cf su1fon1Uon of the o1 igomeric terminal 11111 moi·eties, as 
infeirred by the dh1ppe1rance of the 1H reson1nc1s 1t delta "" 5.85 
ppm -(~tH2~CHeCH2) ind delta "" 5.18 ppm (sCH2-tH ... CH2) and the 13t 
resonances (solvent 1>20 : mlMSO d5 1:1 v/v) 1t de1t1 ... 135.5 ppun 
(~CH2aCHl!ltH2} 1nd:delt1"" 116.0 ppm (aCH2-CHsCf!2). fomation of 

-------·---·-------
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11 S.T.E. prad~ct wherei1 abo~t IOI of the a11y1 end~caps 1t the 

imads of the ester 0H;otn1r have been converted to sulfin1te~ 

sulfc11te end~caps {CA.Pa) 1s confirmed by integrah of _the new 

reson1nces, partic11Al1ar1y those in the 13t n.11.r spectrum 1t delta 

~ "" 63.9 ppm {=tH2~~H{50!e}-CH2{50Je}} and dlelt1 "' 45.2 ppm 

{~CH2~tH{S02~}-~H2{S03~)). 

. 10 
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EXAMPLE 5 
Perodde oxid1tio1 of the product of Example 4: 
To a sample of the subst1nti111y clear aqueous S.T.E. product 

obt1hmed i1 Example 4 (280 ml,· 1pproxi111tely 0.113 !) h added 

d'i"Ol!>WiSl 9 It ambient temperatuire, OYtr' 0.5 hrs., an aqueous 

soh~tion of hydrogen peroxide (25g, lCS v/v). The reactihm 

mixture is stirred· at ambient te~erature overnighte The reaction 
nixture is then heated to about 5011C over 1 period of about 0.5 

hrs. ind is mai~tiined at so•t for 1bo~t l.O hr. An11ys1s by 13c 

n.m@r. (D20 : l!lMSO d& 1:1 v/v) is tmllic1tive of 1 hig~ (about 90I) . 

degree of conversion of the s~lftn1tees1lfon1te end caps (CAP1 ) to 
d1sM1fonate e~dscaps (tAPj,). This, the reson1nces 1t· delta M 63.9 

ppm ( ®CH2e~H{S02B)sCHz{S03-}) 1ndl de1tl = 45.2 ppm ( eCH2.~CH{SCr)~ 

~H2{S03e}) disappear and! are replaced by new resonances 1t delt1 ~ 

58.C ppil ( eCH2s~H{S03-)~t~2{S03-}) a~d delt1 ~ 49.3 ppm 

(=CH2eCH{SOr}e~H2{SOJ-)). 

The soil release agents of the type described her11bove can 

be 1sed to formulate dletergemmt cmipositions in tlhe form of 

powders, pastes, 11qu1ds, b1rs, gels, and!· the like. These 

cmnpositic1s an p1rticul&f'.lY adapted for ttse in . laundering 1n 
un11r of fabrics, in the cc1ve1tionl1 manner.. Detergent 

«:OJIPOsitions prepared using the son nleue agents hereh~ wiH 

generally comprise co1vention11 detersive ingredients of the type 

wen~tncwn to those stn1ed in time art·. foHC>Wing 1r1 representa~ 

tive, but 10111a1t11g, examples of 11th conv1ntto111 ·ingred1e~ts. 
$1rf1ctcmt1. ~ Detergent c~sitions typically cont1hm from 

111>01t 51 to about SCI; more prefer1b1y from about IOI to about 

251, by weight of detersive swmrf1ct1nts s~clh. as tlhe Cu ~Cu 

1llcylbenzen1 sulfonic acids, C11sC11 11ph1~s1lfon1ted fatty acids, 
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Cu~Cu 11kyl po1y1thoxyl1t1d sulfo1ic acids, t1now 1Uyf su1~ 
f.1tes, olefin· sulfon1.tes, 11d the Hke. Konionie s1rf1ctants, 
typ1c1Hy, Cu~C11 alkyl polyethoxy11tes containing from about s 
to &bout 15 ethylene oxide mmnits, may also be employed. Amine 

5 oxides and the cmaon soaps are .11so conveirmtional ~ Various 
c1tio1ic s1rf1ct1nts can also be 1sed. Mh::tures of anionic ind 
noniommic surfactants are quite commo11y used in modern 1 cml"ldry 
detergent composit1o~s to provide 1 balanced mix cf cl11 a~d oily 
so1 l remova 1 11>ropert i es. Standard reference worts, such as the 
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~cC1tchecn's Index, can be referred to for other types of 
ccnv,1tmticma1 detersive surf1ct1nts which are typic1Hy employed in 
laundry compositions, and which can be employed with the son 
release m1t1ri1ls herein. 

JbiJdgr; ~ F1l1y~foniaul1ted laundry detergent compositicms 
wii1 also typically contain fre11 51 to &Cl, more typically lei· to 
lDI, by weight, of various deterge1cy builder materials to 
sequester water hardness. Again, HsUngs of typical b~flders c~ua 

be hid from standard tenets and reference works. Included among 
s'll!ch materials ue the dbH at11 phosphates, the alt1H metal 
citr1t1s, various po1ycarboxy1ate bli1ders including the nitr11o~ 
tri1cet1tes, the wat1r@so11bl1 oxodisucciri1te salts. and the 
w1ter~sol1bl1 salts of t1rtr1te lllllOno~ 11d dis s1ccin1te, as 
described i1 U.S. Patent 4,663,011; May 5, 1987~ the disclosures 
of ~Mch are ~mmcorporated herein by mfenmmce. These polyc1rboxy~ 
h.te b1Uders an espec:11ny preferred for 1se in the formulation 
of 1Mfsphcsph1te detergent compositions. Other types of lbuHder 
1s1ful mmerein are the sosc111ed precipit1Ung builders ind the 
zeo1Ues, especi1Uy the 1~10 a1c:ron parUc1e sh:e Zeo11te A 
detergency builders. The t 11sC11 a1~1succ~nates are also usefu1 
as buHder m1teri11s,· especially ht heavy duty liquid composie 
tionso As h extenshely described in the patent 1 iterature, 
v1rio~s mtxturres of these builders can 1lso be enp1oyed. 

Enzri111 e Various detersive enzymes can also be enp1oyed in 
ditergcmt COlllPOSitions ~n the 11111111" weH aknown in the art. 
lnchidld aong such nateria1s ;.re the proteases (esped11ly the 
a.1k1Hn~ proteues), u:sylases, . Hpu.es, and! 11ixt11.Gres thereof; 
Typic1ny, such eimzymes win ccmprhe from about 0.05% to about 
0.21 by weight of detergent c:omposittons. 

iiiiif 



~!fQ~a1 W~~ ~ Detergent ccq>os1tions wn1 1bo typic~ 
ally contain frcn 0.11 to 30I, by weight, of various conventional 

adjmict m1teri1h such is bleaches, especia.11y perborate b1e1ches; 

b1ea.cl1 . activators, suclh H tetr11cety1etlhiy1enedhmine; suds 
suppressors, such as various silicones and m1crocrystai11ne waxes; 
perf~mes; pH adjusting agents; optical brighteners; and the like. 
·G~11~1ar deterg~t compositions will typ1cany contain solid! 
carrier naterials such as sodium sulfate. liquid detergent 
compositio1s w111 typically comprise an aqueous or 1queous/alcoho1 

10 carrier. 
It is to be llmierstoodl that the selection of the particlllh:r 

a1t1ri11s used in the .Preparation of detergent compos1Ucns can 

vary considerably, depending on the desires of the fo~~1ator. 
The formulator w111 naturally recognize that the soil release 

. 15 1gerDts of the invention are esters and ire thus, by definition, 

potentially hydrolyzable nm1ter11ls, both during and after form~la= 
ticw into a detergent composition. However, they can s1mp1y and 

conveniently be protected 1g1inst hydrolysis sc that their per~ 
fonance &s soil release agents h not subst1nti11ly 1mpaired by 

20 the proces·s of fonnulation into 1 deterge1t composition. 
Hydro1ysh protection during fomu1atioim, as illustrated in a 

process for mak1~g preferred liquid. paste or gelsfora detergent 
cmmposition embodi.aents of. thl! invention, need invohe no mmre 
thin the follmdng sil!lp1e expedient; any aggressively 1cicHc or 

25 11ka1 ine formula ingredients to be ~sedl are selected ind blended 
together b.t!he absence of the son release agent so H to forn an 
invredlient mixture having pH below abo~t U, more preferably in 

the range from about 4 to about 9e5; the son release agent can 
new s1f11y be 1dded (see Exup1e & hereinafter). In the dtema-

30 tive, pr1neutr11ized fonms of otherwise hydro1ys1s~aggressive 

dete".IJe~t in9redie~ts c11 be ~s~. As an 1dd1t1on11 preca~tion in 
111.thag the Hquid, gel ~r paste Milbodi•nts, it is preferred to 
keep formul1tion tenper1tures, within pr1ctic11 limits, o~ the low 
side {e .. g .. , 20°c>ao0 c) .. 

35 Hydro1ysh protection after formu11tion, as 111umstrated in 

the pirefernd Hquid, paste ind gel~form detergent composition 
embodiments, is 1is~red by maintaining the ccmpositio1 within the 

----------·--- --- ---
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1bovesspecified pH ranges.. for procesnbtHty of Hquid cmnposia 
tion.s, it is ccmvenient to hive .an 11kano1uine, e.g., memo~ 

ethanol•ine {preferred) or d!t1t~1nohmine, present 1t low levels, 
e.g., 0.11 by weight; for bleach cmnpaUbiHty reuoris, levels 
1bove .1bout 31 1ni preferably avoidledl. 

When formulating bar, powder o,r granule forms of detergent 
C!MAf!POsitio~s incorporating the soil release agents of the inven­
tion, the fonv.ul&tor wn1 likewise generally avoid urmecess1ry · 
\1n·oh111ged direct exposure of the sen release agent, especially 
when hot, to hydlro1ysb~aggmsshe ingredients such H ccmceirn­
trated aqueous acids or conce1trated aqueous b1ses. When 
fonu1ating powder or gran~11, i ·.e •• substantially dry foms of 
the deteJ"iCH~t cmnposiUons, advantage c11 be tate~ of the fact 
that the dry forms of the son re1eise agents herein are rela­
tively stable to hydrolysis@ This is we11 i11ustrated by the fact 
t~&t gr1n1l1r salts, even ~en alkaline (e.g., sodium tripo1yphos~ 
ph1te), coated wfth the dry fonn ·of the son r111ase agents 
provided herein, provide an excellent vehicle for incorporating 
same into a gran~lar detergent composition. 

The following examples illustrate typical laundry detergent 
ccapcsitions \rilMch employ the son release agents of the present 
i1vention at concentrations of from at least &bout 0.051, 
typicany up to about n, preferably about 0.31 ·to about 11, by 
weight. In Examples 1 and 8, the abbreviation ~111s11os~ refers to. 
the t1rt'r1te imnosucchuate/t&rtrate dhuccinate builder prepared 
~m the manner described fn U.S. Pate~t 4,663,071, above. 

EXAMPU I 
A heavy duty liquid composition of the prese~t invention is 

as fonows: 
~miut ~~i9btJ' 
C~s linear a1ky1benzene su1fonic acid 4.40 
Cu. 1 Hnear a1~1benzene sulfonic 1cidl 4.40 
Cu-u aUcy1 po1yethoxy1ate (2.25) sll1fonic acid 8.80 
Cueu dkyl polyethoxylate {6.5)* 3.52 
Cat 11~1 tr1methy1 ammo1i1n chloride 0.53 
Sodium cumene sulfon&te 
Et~&~o1 r 

3·.15 
1.23 



-----------===
=======------=

=====~~-· - --·------

.l,.2 Prop1.1edio1 
Brightener 
Mo~oethano11n1ne 

Potassium ~ydrcxide · 
Sod1~~ hydroxide 
Caa~i 4 fatty acid 

Citric acid 
Scdi• fonute 
C11cim fom1te 

10 letraethy1ene pent111ine e~hoxy11te {15=18) 

Water 
Soil release agent** 
Dye 
Perf uu · 

15 Protease*** 
*Alcohol and monoethox,ylated 11coho1 nt!D.OVed 

3.00 
O.U4 

l.63 
LOO 

2.88 
3.08 
3.52 
0.78 
0.11 
1.54 

54.666 
·o.so 
0.08 
0.25 
0.82 

**Mixed anionic ester o11gomers according to Example.1 

**~ active enl,Ylbe/g (I 40 mg active enzyme/g stock) 

lhe hngredients Hsted above 1r1 added to 1 mixing tank with 

20 a sfou1e 1giit1tor in the order •ich they appear below. Before 

1dldiUon of dye, perfume, and proteolytic enzyme, the pH of '\he 

11ixtur1 ts adjusted such that 1 10% by weight soh~tion in water 

~as a pH of about 8.5. 
Stock Mttitr1 a] 
A11ky1 po1yethox,y11te paste mixture 

t 14 a11k11 po1yethoxy11te (2.25) s~1fon1c acid 

Etmumo1 40.;.lb 

Scdl11n !hydroxide 
.. 

1, 2 PiropanecH o1 

30 Water 
Sodimm cmemme s~lfo1ate (451) 
Et~1101 (921) 

ls2 Prcpanediol 
Brightener premix 

35 Brightener 
Momoetha~olanine 

Weight !?trcent 
11.60 
50.00 
7.00 
6.00 

12.25 
24.75 
5.45 
1.34 
0·.85 

4.U 
2.76 
7.69 

iliiU 
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C11 ~ 13 11coho1 po1yethoxy11te (6.5)~ 38.50 
Water 51.05 

Cusu alcohol polyethoxylate (S.5)* l.94 

Mo101th1noluine l.31" 

·S Potusium hydroxide (451) 2e22 

Sodtua ~ydroxide (SOI) 3.65 

t 1s linear 11~1 benzene sulfonic acid {961) 4.58 

Cu. 011 linear 1Ucy1 benzene sulfonic acid (911) 4.53 

Cu=u fatty acid 3.08 

10 Citric acid 6.59 

Tartrate s~ccinates {39.0I) 
Sodium formate {30%) 

9.03 
l.90 

Calcium formate (lei) 1.06 

C1 ~ alkyl trimethy1111ROnium chloride (371) l.43 . 
15 Tetr1ethylene pe111tuine ethoxy11te (15~18) (SOI) L93 

Vater 
Soi1 release 19e~t 
Oye 
Perfume 

25.34 
1.U> 
C.08 

. 0.25 

20 ProteasetWi 0.82 

~Alcohol and monoethoxy1ated alcohol removed 
~~ 1ctive·enzyme/g ·(t 40 mg active e1zyma/9 stoct) 

The above formula is clear, stable, 1~d hc1110geneouse 
·EXAMPLE 1 

25 A gr11111r deterge~t composition for ho~seho1d laundry use is 
1.s follows: 

'-RIRQl'.1113.t 
Sodium C14eC1s 11.krlsulfate 
Sodhm Cu Hnear a11cy1 be~zene sulfoHte 

30 c1 ~~c1 ~ 1lkylpolyethoxylate (5.5) 
Scdlhm toluene su1fonate 
TMS/mS scdlium salt (86/14 wt. r1Uo) 

Height Percent 
13.3 

5.7 
1.0 

1.0 
25.0 

Sodium N~hydroxyethy1ethy1enediam11etriacet1te 2.0 

Soil release agent* 0.9 

35 Sodi1n carbonate 20.3 

Sod1ua sn ic1te 5.8 

--··---··-·--···-·-----
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Po1yethyle~e glycol (Avg. M.W. approx. 8000) 
Sodh• swm1f1t1, water and mbcenameous 
<A011gcmers 1ccordi1g to Example 2 

LO 
lalance to lOOS 

ihe components other· than the son Rfilease Agent are added 
together with continuo1s mixing with sufficient extra water {about 
40% total) to form an iqueous slun-y \dtich is then spr11 dried; 
the son Release Agent is then admixed in dry fom to ccmplete the 
cmposition .. 

11 the composition of Example 1, the following substitutions 
10 CIR be Md&: 

(a) for lMS/lDS: 
(1) an equivalent 1inount of 1MS alone, and • 
(2) an eq~iv11ent umunt of TDS alone. 

EWPlE 8 
15 A liquid detergent c0apositton for ~ouseli1o1d laundry use is 

prepared by mixing the following ingredients: 
~u Kli91b!..hrant 
t1 ~ 11kylbenzenesu1fon1c &cid 10.5 
Triethanolaine cocoalkyl ·sulfate 4.0 

20 C~ 4 ~ 11 11coho1 et~oxy~7 12.0 
C11 ~ 11 11~1. 11Dnoc1rboxylic acids 15.0 
lM.S/lDS tri1th1nol1mine salt (85/15 lMS/TDS) 5.0 
Diethyle1etri1ni1epent1tis (methyle1ephosp~cnic 1cid) 0.8 
Soil release agent* l.5 

25 Triettumoluaine 2.5 
Ethanol 8.6 
!,!~propanedio1 

Water, perfume, buffers IUld misce1111eous 
~oligonmrs according to Ex~le 3 

3.0 
Bil1nce to !OOS 

30 EXAMPLE.I 

35 

The compos1Uon of Exup~e I h prepared, but w1th the 
substit1Uon of 11 equivalent amount of socH111 2,2' =oxodhuccinate 
for the lHS/lDS. 

.. • 
--------
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'11i11iiT 
'!..AIMS 

l. A sulfonated o11gomeric ester compositio~, characterized 

in that it comprises the su1fon1ted product of 1 preformed, 

substantially 1i~ear ester oligomer containing, per mole, 

(1.) fml'I I mole to 2 lllDles, preferably 2 moles, of terminal 

units character~zedJ in that they are olefinicany 

un11.turlted; said tarm1n11 units preferably being al1y1 

or metha11y1, most preferably a11y1; 

{b} frCMJ 1 mole to 4 nmles, preferably 2 moles, cf nonionic 

hydrophile units, furt~er characterized 1n that they are 

po1y(oxya11cy1ene)oxy ~~its and 1n that SOI by weight or 

110re,- preferably 100S of any suclhi unit is dlerhed frOlllt 

et~yle~e oxide; said nonionic ~droph11e units 

preferably being .. (QC~2tH2} 4~uO-, more preferably 

=(OtH2CH2)1 .. zcO~; 

{c) from 1.1 110les to 20 moles, preferably 2 to 1 moles, e>f 

repeat units char1ct1rizedl in that. they ire 1ry1dlicar= 

bo111 repeat units, and in t~at SOS by weight or 11mre, 

preferably a= to HOI, imst· preferably UJCI the'l"eof 

are terephtha1oy1; ind 

{d) frot1 0.1 moles tc 19 moles, preferably 2 tc 14 moles, of 

repeat units characterized in that they IW'e cxy1Uty1ene~ 

oxy repeat un-~ts derived! frn a cHo1 c001pc1ent selected 

f'l"Mll· t2-, t3~ _and C4 g1yccb, prefer1bly 1,2-propy1ene 

glycol or a mixt~re of et~ylene glycol and 1,2-propyl~ 

ene glycol further characterized by an ethylene glycol : 

1,2 .. propylene glycol mole ratio: in the r1.nge frail O:l to 
.. •· 

I illilll llllll Hiii 11111111111 
* ~ ~ ~ s * 



.. 

-------- -----···------

0.9:0.1, more preferably 0:1 to 0.4:0.6; said su1fonated 

product further being characterized in that it is 

sulfortated to t~e extent of chemically mocHfying the 

terminal ~nits, (1)~ by: 

(e} from 1 mole tc 4 moles, preferably 2 to 4 moles, most 

preferably 4 moles, of tero1na1 unit s~bstituent gro~ps 

of fomula ~SOxMI wherein x is 2 or 3 lll'fid M b a 

conventional water=so1uble cation, prefer1bly sodium or 

pot1ssh1m. 

2. A sulfo~ated oHgomeric ester composition 1ccorcHng to 

C111m l wltmic~ is further ch1r1cterized i~ that it consists of the 

s~1fon1ted product of said preformed, substa~tia11y 1ine1r ester 

e>l igamer wlhere~n the preformed, subst1nii111y linear · ester 

0H91omr is tlhe product of transesterifying and oHgomerizing a 

11ixtun of (I} ethoxylated anyl 1kchol, preferably 2 miohs aHyl 

11coho1 ethoxyl1te 8a20; (II} 2 to 1 llili01es dimethyl tlrephth111te 

and (UI) 1,2~pmpylene glycol or mixture thereof wit~ ethylene 

glycol in a mlar amount exceeding tlhe . mlar amc1nt of 

d1l'flltllu'1terephtha11te; and where11 the s'Ul1fo~1tedl product is 

u:ircduced by su1fc~ating the pnfOnmed, sub~ianth.ny Hne1r ester 

o1190111r, preferably with sodium bisulfite, whereby the s1lfon1tedl 

term1na1 substitlijient groups {e) are introdlucecl!. 

3. A sulfoiniated oligomerh: ester compositio1Jt1 1ccordimg to 

either Claim 1 or Claim 2 which is further ch1r1cterizedl in that 

it comprises the sulfcnated product of said preformed, 

111111111111111111~ 11111111111 
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s~bsta~tia11y linear ester o11gc11er wherein the prefonned, 

sMbstant1a11y linear ester olig~r is ~ade by 

1. step of transesterifi~Uon, ch1.r1cterized in that it 

comprises reacting a mixtuire of (I) ethoxyh.ted 1Hyl alcohol, 

pnferably 2 moles aHy1 1icchot ethoxy11te 8-20; (U) 2 to 1 

1mles dimethyl terephth111tl aid {III) 2 to 14 moles 1,2~propy1ene 

glycol or ~ixture thereof with ethylene g1yco1, prov1ded that the 

nWlber of moles of glycol exceeds.the number of moles of dimethyl 

ter~phtha1ate; (I)={IIl) boimtg reacted in the presence cf a 

conventional transester1ftcation catalyst at 1 transesterificat1on 

temperature of 120 oc to 2so.oc, preferably 160 oc to 230 oc; at a 

tr1nsesterific1t1on press~re of 0~15 attl. to 3 atm., preferably l 

1tm. to 2 atm., for 1 tra1sesterificat1on time of from 2 hrs. to 

60 ~rs., preferably 5 hrs. to 25 hrs.; foilowed by 

1 step of o1igcmerization, characterized tn that it comprises 

further reacting the 111xture resul_ting f1m~ said transesterifi~ 

cation at aim oligomerizatton t~rature cf fr• llO oc to 250 oc, 

preferably 180 oc to 220 oc;, at an. o1 i9cmriz1tion prcssu.re in 

the range from 1 x 10=6 atm. to 0.5 1t11., preferably l x 10-:4 atm. 

to 0.05 a.tm., for an oHgcmier1zaticm time of ff'or& about 2 hrs. to 

60 hrs., preferably 5 hrs. to 25 hrs., whereby inthanol 1.nd the 

ctxcess of glycol are removed. and 

whereby said prefonmed, subst1.nti&Hy Hnear ester oHgoar 

~s ach~eved in a sulfcmat1cn9 ready fern. 

4. A sulfonated c11gGlleric ester conpositicn acccrdling to 

;,~y cf the preceding tlai11s, ·further characterized in that the 



sLilf~rgcont1h111ng units (e) an produced by 1 racHc11~1n1tfated 

ci§fi!l sulfonation reacthm · lhavhng at _least one step cf 

Sti1fomuating said prefo'l"l'!led, subst1~ti111y Hnear ester oHgoMr, 

prefer1~1y in the a1ly1 form, in the presence of water, with a low 

· t@mperature, free-radical s~lfonation initiator, preferably an azo 

hn1th1tor, and/ a convemtfona1 bisul fite sul fcnatim,r reagent, 

preferably sodium bf sulfite; and wherein the sulfon1tio1 reaction 

h preferably further characterized in that the re~ct1nts are 

gffect1ve1y ccccntacted in an aqueo~s re1ctio1 mixture, the level 

of said conv1ntton11 bisulfite s1lfo~1ting 1ge~t is fron 1 mole to 

4 unuo1es per mole of said preformed, swibst1nU1Hy 1 inear ester 

cHgoner and the following sulfon1tio~ comHtions 1n respected: 

s~lfonation temperature: OoC ta lOOoC, pirefer1bly 40 oC to 55 OC; 

HJ1fcnat1on pressure: 0.5 at11. to 3 atme, preferably ! atm. to 3 

atm.; and s~1fonation time period: O.l hrs. to 90 hrs.,. preferably 

l@ hrs. to 30 hrs. 

5. A su1fonatedl oHgcmric ester ccm.pos1tfan 1cconllfng to 

1.11 of· the precedtng Ch.tuns, f~rther c~ar1cterizedl 11 ·thlt it 

results f'.Nll! a process having trlnsesterificat1on, o1t~omer1zatton 

1~d su1fo~at1on steps together with an additional step of 

oxidizing said terminal unit substit~e~t grc~ps of foneula ~SOxf'll 

wherein X h 2 and CCmliCUrrently il!VIC'rlHing the proportion of Slid . 
terminal u~1t subst1tuent groups ef fonM111a ~SOx.MJ wherein x is 3, 

~referab1y by 11.ea~s of hydrcge~ peroxide. 

r 



6. Tlhe sodium ult form o.f 1 sulfcnmted 0Hgo11er1c ester, 

1ccorcHng to any of C11ins l.;:5·, clh1r1cterized i11 that it consists 

esserat'iaHy cf 

(i) 1 substantially Hnear oHgouric ester backbone, which 

and 

1 s compr1 sad of fron 85S to lOOI by weight of 

terephtha1oy1 and oxyel,2epropy1eneoxy repeat ~nits; 

(ii) terminal moieties covl1ent1y 1tt1ched to said backone; 

wherein said terminal nDOieties are cmtpr1secf of fron 10% 

to· !OOI of moieties selected from the group consisting 

1.nd 

of: 

={En)={tH2=Cff{S03N1}~CH2{S03Na}), 

=(En)~(tH2eCH{S02M1}etH2{S03l1}), 

m(E~)-(tH2~tH2~CH2{S03l1}); 

wherein (E~) is poly(oxyethylene)oxy ind n is frc~ 8 to. 20 a~d the 

l~=CIP 11D11ti1s e(Cff2etH{S03H1}eCH2{S03l1)), 0 (CH2~CH{S02N1}g 

tH2{S03N1}) ind ~{tH2-tHzsCH2{S03N1}) an fra 51 to 40S, more 

preferably SS to JOI, ust preferably lOIQ3CS by weight of the 

total composition; and wheirein the mole ratio cf the . doll.ibly 

su1fonatoo end~cap moieties: a{CM2aCH{S03N1}aCH2{S03N1)) and 

=(CH2~tH{S02N1}atH2{S03Na}) in re1at1cwm to the singly s111lfon1ted 

~HK.i~cap moieties: 0 (CH2aCHzsat2{S03Na}). is prefer1lbly 1n the 

r1n91e from 1:5 to 1:0, more preferably 5:1 to 1:0. 

1. In a process for prepari~g su1fonated ester compositions 

ijSefu~ as fu~ctiona1 materials, especially soil re1ease agents, in 
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detergent cm;posiUons, wherein tlhe process has at least one 

esterelbo1BT1dl forming procediurre 1.ndl It least one su1fonat1on 

procedure, the improvement whereby 1 particuh.r tennhuany 

s11.111fo1rt1atedl, s11.111bst1nit1111y Hne1r co-oHgomerh: ester composition 

is secured as product without reliance upon 1 chlorinated compo~nd 

·a.ind! withouit reH1nce llllPO~ 1 procedl.llr® having 1 sulfonltion step 

fc'liowed by an ethoxy1at1o~ step;. said improvement be1lilg . 

c~1racter1zed by the ordered sequence of: 

a) in an ester=bond forming procedure, 

1 transesterification step, comprising reacting 1 mixture of 

I) 2 awoles cf a11y1 alcohol ethoxylate 8 = 20; 

II) 2 to 1 moles of di11et~1 terephthalate; 

and 

!II) 2 to 14 moles of a C2~C4 g1yco1; 

the n·1tt1nts (l)a(III) being trlnsesterified in the presence 

cf .a conventtcn1l transester1f1c1tion catalyst at a 

tr1nsosterificat1on temperature cf 120 oc tc 250 oc , at a 

trams1stor1fic1tion press11A1r1 of 0.15 atm. to 3 at1111., for 1 

· tr1nsesterification tiime of 2 hrs. to 60 hrs.; 

followed by 1n oHgmner1zat1on step comprising f~rtlhier 

reactin~ the transesterifiedl a1xture 1t an o11gomerizat1on 

temperature of 170 oc to ·250 oc, at an o1ig0t!lerizat1on 

pressure Of 1 X 10 e6 &tm. to 0.5 1tm., for In 

o11gomer1iatic~ time of 2 hrs. to 50 hrs.; 

tltmerelby producing am aHy1 endQcapped co~oHgcmeric ester 



b) in a radica1=1nit1ated olefin su1fonat1on procedure, 

at least one step of sulfonat~ng said a11y1 endl=c&pped 

co-oligomeric ester precursor, 11 the presenc~ of 

water, with a low temperature, free~r1dic11 sulfon1t1cn 

~nitiator and 1 conventional bisulftte sulfon1t1ng reagent; 

wherein the reactants are effectively cocont1cted 1n 

an aqueous reaction mixture &nd \leherein the level of s11d 

conventional bisulfite su1fcnating agent is 1 imo1e 

to 4 moles per mole of said a1iy1 end~capped 

co=oi1gomer1c ester precursor and wherein t~e fo1iow1ng 

su1fonation conditions are respected: 
• 

sulfc1ation teMperature: ooc to ioooc; sulfon1tio1 press~re: 

0.5 atm. to 3 atB.,; aid s1lfon1ticn time period: 0.1 hrs. 

to 90 hrse 

8. A detergent composition, prefer&b1y in t~e form of & 

bunt laundry detergent, cmnprhing at 1eHt about o.on by weight 

of 1 sulfon1ted o11goneric ester composition 1ccordling to 1ny of 

the preceding Cla1~s: 

9. A bunt laundry detergent compos.ithm in ·accordance with 

t11hm 8, wnich h further characterized iin that it contains from 

abo~t 5% to a~o~t-SCI by weight of 1 detersive surfactant.and from 

abc~t 51 to about 607' by weight of detergency builder, the bu~1der 

preferably being a polycarbox,ylate builder, zeo1ite builder, 

phosph&te builder or a mixture thereof • 

.. • 
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10. A bunt Hquid laundry detergent CClllPOSitiora h~ 

accordance wit~ either of Claims 8 and 9, wherein the builder is 1 

~@1ycarbcxylate further characterized 1n that it is comprised of 

one or more of: oxod1succinate salts, tartrate monosijccinate 
..) 

salts, tartrate dis~ccinate salts, and mixt~res thereof; and 

wherei~ the detersive surfactant ~s f~rther characterized 1n that 

it h 1 ·conventicma1 anio1111ic s1rf1ct1nt, nonionic surfactant er 

n1xture thereof. 


