",TUeéeO- 8J6T! % 1l ~ 1 29 April 2002 The present invention is directed to
al kal i ne aqueous devel opnent sol utions such as are used to devel op
phot or esi st's m mummmm‘ f manufacturing printed circuit boards, W
curabl e phot ores&\ “ The exposed portion of the photoresi st
becones insoluble in dgyedoper solution (dilute alkaline solution) and
forms a protective barrier to other processing chenicals (f¥ApribddiZe,
etching and pl atl The unexposed portion of the photoresist
needs to rinse frllm“"mm"mmmme circuit board with a mld al kaline solution
(for exanple, 1 % soq +,' sp.carbonate, nonohydrate in water). The devel opment
occurs because the pol'yner -in the photoresist contains acid functionality.
These acid groups within the organic polynmer matrix are neutralized in

al kaline solution formng a water soluble organic salt. As the dissolved
photores ; s , 3 3

organi c ne ’

a water i nsommb |p®es‘éﬁuiﬁwélftldh€i§ ldiirHaed Bﬁﬂkﬂmaqne@sﬁevempmeﬁmmrﬁﬂd Isﬁdrms

(conventional ly added to devel oping solutions to mninize foanm ng) greatly
i ncr eas @& #s5d t‘?éﬁ\ff‘é%phqteﬁe%@um to form As the level of scum builds,

chancesga%i%[g&?qe dvertent redeposit of these water insol ubI e
resi due circuit board. These redeposited residues cause
a retardatioin dfe proeeseof hangfasmiing ipointedadichitbgarck ciVsturabis phasogesiit hfd cul ty

penetrat%ﬁq%]any organi c residues). Wiere the etch is retarded, circuit
shorts Peidm Theiexnesedipersipn of ﬂiﬂd’h?ﬁqfémttbeﬁ%‘a?%mq’lﬁblﬁdﬂ ﬂ?YQi?quéoluﬁ'@Beam ng

‘the pot {ﬁd[té‘kl fife Qo%t?o‘hé and féruls brotddf Qe?me[r B SnkEBH g&%‘r%]cco q%oxl t s

difficu ean |ncr asi ng nain enance

a pri maeyamfle cetching ahdﬂ@lanmgsemhons)velrﬁelmﬁxpae@ pontioda)fdﬁa/phamesgt ﬁ&ﬁbltd ons
I n which the build-up of scum and resjdue I.s reduced. I\/breover%nthe

devel op&insgiEiselyifium ﬂPFe‘PlE‘i“H Bgard with mid plkaling slution(far examplest | %ispdium

mnimz Y/ 29
Apri | g%rEBBat% &BP&?SE%Q?# s’? %@ N %g%e{’égépfg\ccor étb@ %g%n'thg Ias% °t he
present phoeessist oontainkacid functionatity dekhesenacid lgadups ew&nm eeUosr g aisy pbtymemg

sol ution for photoresist conS|st|ng essentially of between about 0.1 and

about 3tk apeoreutralizedeinatkalige solutan SIBURE & WHET SAlbIR,RgANIE SBlt A% tBe  an
al kyl e“als9§%g(fpﬁ&p{e§ﬁ§ gﬂgs%rgdfa% u%gk%émwdé&éi&ﬁer 1bifindY idsBabR brgdnibavi N9

t he genera
materials begin to form in the developing tank, eventually forming a water insoluble scum

m ng

or residue. The presence of anti-foam additives (conventionally added to developing
solutions to minimize foaming) greatly increases the tendency for scum to form. As the
level of scum builds, chances increase for an inadvertent redeposit of these water insoluble
residues onto the developed circuit board. These redeposited residues cause a retardation
of the etching solution (etching chemistries have difficulty penetrating any organic
residues). Where the etch is retarded, circuit shorts form causing a defective circuit board.
In addition to increasing the potential for defective circuit boards, this residue also makes it
difficult to clean equipment increasing maintenance time

Accordingly, it is a primary object of the present invention to provide developing
solutions in which the build-up of scum and residue is reduced. Moreover, the developer
described herein will not only reduce the scum, but will minimizer or even eliminate the

need for a separate anti-foam agent.



wherein AO are al kyl ene units selected fromethyl ene oxide units

( CHe-

is,a

€h2-0O and propylene oxide units (CH(CH3)-CH2-O or CH2-CH(CH3)-O; R
hydr ophobi ¢ group, X is a phosphate group, mis 1 to 2; and n is at

| east about 8, and the nolar ratio of total ethylene oxide units to total
propyl ene oxide units is between about 1:4 and about 4:1. Accordin

anot her aspect of the invention, there is provided a net hodZ%ﬁppﬂ@gml ng a
patterned photoresist pattern on a subgtrate conprising: providing a | ayer

of a

photoresist to a substrate, said photoresist conprising an acid

funct ppddidsub SEIRE IRRhHOET and phot opol yneri zabl e conpounds; exposing said
| ayer “of a photoresist (o patterned actinic radiation; and devel opi ng sai d

photoresist layer in an alkaline aqueous devel opi ng sol ution for

phot or esi st,s ai d solution nsi stin
bout ' 5. 0° Aebpiifiopledsartiof Be

al kyl

the general formula: (R-

sen i all ﬁrOf' et ween about 0.1 and

esntigeeition, tercs 10 wt%of an
ene Oxh giafibé 5@1&5@@&&! g&%icﬁﬁﬁcﬂﬂfor Bh&bwsgt iR BRRRANLSD having

wherein AO are al kyl ene units

sel ecbeiween ebmétokiymmbouw Qewt&’ﬂof s bysetdnd bhtween about O Sopyl aé)net b@ Md% afnits
CH( CH3 CH3
E)hog p%%lgy P88 %‘i%ct_aLntt(oa s??fa‘%‘& wahg ’aq.‘ gtggagfanggiﬁﬁvﬂgotﬂg ﬁﬁnefrﬂe m)l ar

r at i of@iulmt al et hyl ene oxide units to total propylene oxide units is
bet ween about 1:4 and about 4:1. The_devel opi ngDsoI ution may al so contain

an anti-foam agent, e.g., @OeAQbdnXabout 0.0

Apri |l g2,

and about 1.0 wt% 29

nueott A APSF AR S baltd A nitRld 81l BRE AL ORRIL IO

( a})pl [ pmpyleae oride uhxtmﬂ@H(@H;;)e@Hg[b@ (Elgz-ﬁfhiQCHb)s@) R iscolydpapstiobicomrsyp, BOish

pri mar toresists hot or,esi st h ended o, form hard

Pt e bEPA Grue, s (B A Dt g D7, 5] e Faldeo ORI SEleng  such
phot Oéﬁaé fihits @rtetal RpFlchd bk iR LARY BBEIwERVBoRPTRRhd 88bdtl4i pns are found, for
exanple, in U S. Patents nos. 5,576, 145) 5, 609, 991) 5, 393, 643) and

5,364, 736, the t eachi ngs of each of which are incorporated herein by

r ef erence.

o ealT e Asgrielo habERisBhes

hot ol eS| st .C 0osi ti.ons vary nposi tion, but
r?ggig"i‘t“ﬁs‘ﬁ? bt QEOVA§ et ween about 20 and

about 80 w4 Hetodeoftprésieingpqaytemicd phviofgist pattem on a substrate comprising:

)

providing a layer of a photoresist to a substrate, said photoresist comprising an acid
functional binder polymer and photopolymerizable compounds;

exposing said layer of a photoresist to patterned actinic radiation; and

developing said photoresist layer in an alkaline aqueous developing solution for
photoresists, said solution consisting essentially of between about 0.1 and about 3.0 wt% of a
base and between about 0.05 and about 1.0 wt% of an alkylene oxide surfactant or surfactant
mixture, the surfactant(s) having the general formula:

R-0-(AO)n)mX @

wherein AO are alkylene units selected from ethylene oxide units (CH,-Ch,-O) and
propylene oxide units (CH(CH;)-CH,-O or CH,-CH(CH3)-0); R is a hydrophobic group, X is
a phosphate group, m is 1 to 2; and n is at least about 8, and the molar ratio of total ethylene

oxide units to total propylene oxide units is between about 1:4 and about 4:1.

The developing solution may also contain an anti-foam agent, e.g., at between about
0.01 and about 1.0 wt%.



an acid nunber between about 40 and about 250, B) between about 15 and
about 50 wt % of a, (3-ethylenically unsaturated conpounds, typically
moponmers and short-chain oligonmers, and C) between about 0.1 and about 25
wt % of a photoinitiator or photoinitiator chem cal system these weight

per cent ages bei ng based on total weight of A) plus B) plus O ' 2 3 29
April 2002 Typically, the al kaline aqueous solution is a soRAtApri 2002sodi um
carbonate, e. g. , 1 sodium carbonate nonohydrate. However, other bases,
such as NaOH, KOH, triethanol am ne, potassium carbonate etc. may be used to
provide the alkalinity necessary for devel opi ng photoresists of this type.
The al kalinity of the devel opi ng sol ut®on forns salts with the acid
funct i opaaitbd DkcdibtoPb O&kaik PrifeEed Enyiidabay: carboxylic acid
functionality, rendering pol ymer soluble in the al kali ne agueous
sol uti on. ThAguepisateselopingt solusions e whichpihe presentpiplerdibnogenarallyyappli¢sare
substrate, . exposed. .to patterned actinic . .radiation, and _devel oped. in

al kal i n¥e&nQ B?%S‘F‘(ﬁl RIRE RRPLEFFSIRLSPBROSIHRRS, RO RIBYY RICQIRHSS ¢Atr i zed
portio ] j HAQneh o] t.e: ctants
used i zﬁédg(?:%%lggn‘glge&mggﬁﬁfttﬁgeg?yegaeﬂ ﬂ;lnﬁ ent | onkgaltyg{nsi’ fq ?@gﬁ/ @Srﬁ-‘é‘?jﬂ%{é&

phot or esilddr maskm \lxahplds afrsychi phototdasists ami dieatiatipe aguepas tiovelopment

Et hoxyl ate, surfactants by thensel yes are effective in_reducin cum.in

al kal i n%’ﬁ‘&&ﬂ’é@ﬁggﬂ%\aei‘?fpgxﬁ@ 1Bt -gng?teﬁ'ér‘%oiscgiségilﬂsmﬁéﬁgt%@’ gtﬁ?&@i ate
chai n ig4%4 368955, #eQdchidys Uh'ehch J)Pﬂﬂich%ﬁlﬁ()r’@r te@hefe?x?% r&Pfike 30 units
| ong. Propoxylate surfactants are significant ess effective.

Sur pri si ngl yTheiphotoresjze compbsitionsovaey én compoditien, dius ¢ypienlly sublaphotbrsisa
{sprfactant or.surfactant m xture conﬁain a nbﬁtugg f ethyl ene oxi de and
propy| eFPERpSILNES GampEise &) bytwieniaboye20 §9451%‘?<§ﬁt iV Pﬁa ibinder pplymeE haying

" educi ng, 28Rt BetweN ShARIMBrAHUkE 250, )AL Bty 18 4hd B60RB0 SuidRYE N0
shorter al kyl ene oxide chains nay be used or |ess surfactant nay be used
t han, fa)-ethplepicelly uasangraedrdoapioandss tymiogly medomersiand shiomfcheinoligemerspxi de
units. The hydrophopi c end, i, e. in the equat.i.on (1), above al nost
oy by SCGE creBr 8B b Hbds 23976 of & oRalsRHEOD o RSO GRODRemiAlo.

i ncl udi ggredd, Khése il Sir¥dntagdh BhidlsBaked &Y tdtadkiyhe &H APPIRS B) pRilscc) Al cohol s
used to formthe hydrophobi c end i'nclude, for exanple, nonylphenol)

octyl phenol and tristyryl phenol. The nost effective ethoxylate surfactants
for reducing scum and residue are anionic ethoxylate surfactants, e.g.)
where X is a phosphate (nel-2). Depending upon the ionic noiety to which
the ethoxylate chain is esterified, mmy be from1l to 3. However, the

et hoxyl ate may be non-esterified [Xis H) m=11] such that the ethoxylate
i's non-ionic .




29 April 2002 4 The ethyl ene oxide units and propyl ene oxide units may be

I ncorporated in a chain within the sane surfactant nol ecul e. However, from
a conveni ence standpoint in ternms of what is conmercially available, a

m xture of a surfactant containing an ethylene oxide unit chain and a
propyl ene oxide unit chain are used to provide the desired nolar ratio of
et hyl ene oxide units. Ethoxylate surfactants useful in acco2@aAgdl 2402h t he
i nvention are sold, for exanple, under the trademarks Rhodafac and | gepal

by Rhone- Pol enc. ro X fe surfact nts useful, in_accordance with the
i nvention ar el ugally, 5&9@5’&&9&6%&8 tpp &s 3 soludemeksodiip cathonaipg-g. . Thia

oL Ka1 ! MSoRRECHBSRL HEROE SRR GPTUALNAS, Sl gl RpotERERr Such ¢ pat

ol d ~ ton Int'ernati ondl e | nvé on will now be

descr | beriethanglamireg potzlemmnlcatbpnmwa)fmapbmms‘ed to pravige the al[«alxﬁﬁﬁ nédessarpf
sol utions cont ainin % sodi um car bonat e nonohydrate, 0.5 wt anti-foam

agent wdPedeksion ngSP%’t@‘feéﬁﬁs ofithigyreon Tha alkalmnitypidhe §G@i@7ﬂ&)%¥t&‘b@r@§ and a
total ofg,gs 9:#?1 the ¥id (f&ﬁct%ﬂ%lﬁ]tg%g@l@ in@dr ) &?P};@ﬁéal | 5 HY th sol utions

wer e thoroughly mXxe evel op s no . The solutions
vere filfusstivtlabityd rérderifig khdlﬁh@ercimil}e'deramwblelrghedlkamsaxfllteeumduﬁdmvwhus, t he
Tabl e bel ow. 29 April 2002 Tabhl e EOWbl es% of POVbl es% of %

Scunfo a,ﬂl}@;ﬂ;%gﬁpgfhlm 216 ARIdSH 38 AdRicg fio a substrate, exposed to patterned actinic

" S TG SRR AR PSSR et

t oDecr eqmdghhdﬁedtpeﬂuorﬁﬂbi&)ﬁlﬁbt%s% lay@&1 %\bder at eDecr ease5. RD2303050
9RD21616SO %1 W/er yDecr easeS| i ght 6. RD209950 %RD2161650%62
osker yDecr eas ekie ghexylateipranenylats sydasiaptsaised vrarcopdapsavith diRressnyht g,

REO60S00, R4 RE Y BIUEREIE RSB any 70l AP 5 L. A

al kal i ne aqueou phot orésist consisting essentially
of bet wgerfoadande. 0. 1 and about 3.0 wt % of a base and between about 0.05 and
about 1.0 wm % of an al Iene oxj de surfactant, or surfactant m xture, the

surfactants) Fhox @)‘ets ante Py themselvgs are qffectivg mopeAycR& sy inwlkaline, A0 are
e R A AT U MR B o
- ~ X | Snits s phefemblyr atugast abous 30 undts mngalﬂopoxﬁatatsuﬂfmamtts atecsignificansliyd t he
bt aeen IESGHECHYe: SHamsmblK oni shewpectote tepfeder. o D BOMHRO m 1
wher ei n gfrf&aftior BRGEaAARutGontains a mixture of ethylene ox1de and propylene oxide
units, such units act synergistically in significantly reducing scum in the developing
solution. Accordingly, surfactants having shorter alkylene oxide chains may be used or
less surfactant may be used than, for example, using surfactants comprised entirely of
ethylene oxide units.
The hydrophobic end, i.e. R in the equation (I) above, may almost any hydrocarbon
alcohol having a molecular weight of about 43 or above, including alkyl, alkylaryl,
arylalkyl, cycloalkyl alcohols, etc. Alcohols used to form the hydrophobic end include, for
example, nonylphenol, octylphenol and tristyrylphenol.
The most effective ethoxylate surfactants for reducing scum and residue are anionic
ethoxylate surfactants, e.g., where X is a phosphate (m=1-2). Depending upon the ionic
moiety to which the ethoxylate chain is esterified, m may be from 1 to 3. However, the

ethoxylate may be non-esterified [X is H, m=1] such that the ethoxylate is non-ionic.



3. The solution according to Claim1 wherein the nolar ration of total

et hyl ene oxide units to total propylene oxide units is between about 2:3
and about 3:2. 4. The solution according to Claim1 further conprising

bet ween about 0.01 and about 1.0 wt % of an anti-foamagent. 5. A nethod of
preparing a patterned photoresist pattern on a substrate conpri sing:
providing a | ayer of a photoresist to a substrate, said pho2dApsil2002
conprising an acid functional binder polyner and photopol yneri zabl e
conpounds; exposing said | ayer of a photoresist to patterned actinic

radi ation; and devel opi ng said photoresi-st layer in an al kaline aqueous
devel opi ng s&heethylene exidp naits prdspropylene gkide snits magrbedoepspenatedgn asshain i al | y

f b . 0.1 .and 3. % b d b b 0.05 and
Sbout 19g8e Sme e BRI BoWbyardfrof £ 85 BRe Sty A it 3¢ e "
sur f act @RitSy chuieRdallygvatiapie! @ mikard ot Asurfdeank 6&@@&1&9& diflylend&ti@é onifO ar e

al kyl ene units selected fromethylene oxide units é 2- CH2- O) and propyl ene

oxi de uehaimagdoMpropsienciaxide unit obpin ateiped3to-popyidRthesdesirpd solastratio of gr oup, X
[ h h . ' 2. d i, | .ab 8...and th |
ot on Sivent axoe Bl SboRusmatoad bl o BRS R B mvbadie s
bet weensqidofdt eldrfiple/iehdeb eiél tratietarks RibdARKCi and 14pal 6y Rhidge-MBlchod according to

G aim5 wherein n is at |least about 10. 7. The solution according to Claim
5 wher ePropoxdatesnefactarts usafubin aceerdrncst wish thednvsutioa ashsals fopexample updaspy| ene

oxi de upits . 2:3 and about 3:2. 8. The solution sccording
to dai %eér%@%%@ojﬁg@ﬁ%l i ne aqueous devel opi ng sol ution further
conpri ses berhegRalaOatueSusBohaidi aBoalko doflaintatoadti-foamaigkit; fwhnasaganold A
/:ﬁUY . A39. AF?. AL A. AHU. A3. 9. A3yj X
) as Antifoam 80 by Morton International.
The invention will now be described in greater detail by way of specific examples:
Examples 1-8 (1 - 4 comparative)
To 300 ml. of solutions containing 1 wt% sodium carbonate monohydrate, 0.5 wt%
anti-foam agent were added 5.4 grams of Morton International 38G297 photoresist and a
total of 3 g (1 wt%) surfactants or surfactant mixture. The solutions were thoroughly
mixed and the development of foam was noted. The solutions were filtered and the filtrate

dried and weighed. Results are shown in the Table below.
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Q ~{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] cd] ca] ca] cRa] cRal] ca! ~90. | W4, 9
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~ T H(<(A((V)))C**+N+Z+~yt 0] e [ V] ca] ca] ca] ca] ca] ca] c2pcAyrdiEd0d2] ca] ca
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.8/ /199 0} 00"
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]IK—lO‘V@L ()-109%& () -

X

109 ()|- 4! By

K} _A710

"y10%@&' () - &s10%@& () -f F10%@& () - 10%a& ()-' 109%@& () -
i KAZ10@l0@h
)M&RE 10'9{@ LI %C Motea?#fL 0%t () - 10 ro
s109%&' () {Y109%&'|() - 0%&' ()- L% ()-"y1l0%&' () - 910c & ( ) 10(ZDXh
Component | of EO Mlxturc Componcnt of PO | Mixture | Reduction Formation
1. RD209 9 100 % - - - 51 % Moderate
Increase
2. - - - RD216 16 100 % 18 % Very
. Increase Slight
3. RE 960 507 |- 100 % - - - - 68 % Slight to
Decrease | Moderate
4. RD230 30 100 % - - - 21% Moderate
Decrease
5. RD230 30 50 % RD216 16 50 % 1 % Very
Decrease Slight
6. RD209 9 50 % RD216 16 50% 62 % Very
Decrease Slight
7. RE960 50 50 % RD216 16 50 % 73 % Very
Decrease Slight
8. RE960 50 60 % RD216 16 40 % 88 % Very
Decrease Slight




q i H1"109%& ()- &Yy&LO%&' () - ZF10%&' () - YMLOY&' () - 910%& () - f

109& () - #109%& () - q

Q ~i K- F@ 109%& () - Y$Sg10%& () - | #MLO%& ()- Fs! 109%& ()-Y: 10%& ()- YL10%& () - @0%
& ()-~90. Ff H*Y7MLO% ()-3L6 10% ()-Y3. #10% ()-3, MLO%& () - Y+z10%&! ()-

43) y&10%&' () - GY' z#10%&' () - FGHI WZi KY7MLOY&' () - " 10%&' () - 10%&' () - @L10%&' () -
109& () - #g109%& ()- 1010104~ @7MLOY%109%4P& ()- 109%4| & ()-° 129 April 2002

10Ff) Z109%&: () - , #10% ()-!8; Y 10%H& () -, 9aB-~ @/71\/&0%10%” & ()-F-

10%| & ()-! y#109| T| & ()-31 S#10%4| (A t- 1094X& ()- @yl0%}| & ()-9

_FAE~_@7MLO%.0OMLO%| & () - . SH10%j| & vé| & () - F+g

10%4| & () - 9SH10%| & () - MLOY#| & () FI—|xanY7I\/I10%\/I10fV&' ()-° 104| 104

104| 6! 1094 & ()-, 5! 10%4| & ()-3"10%| & ()-1- 10%} & ()-3""#$$} <. C

10! #109%&' () - yS10%en alkaling dqissug Jeve®pingsaution s phowrdsist sorishuiRy EysesBabsSSSgH

C Lo HX#lOf/ g‘et&')eenl_% ?(@i "gr?d abou% 9%&w{% 0?1%ase $.1)1d ?étt]:v%go/&bcgl}t 0. (}50 m]aO%%%?T%%) H

gf T#- HX#LQWE & an Eﬂé?f&ﬂ%x{de SURHELPYSr Ghrfibink Odctir:; ﬂ%#ﬂﬂféf&taﬁ VR J+
HX#109%&' () - HX#109&' {) - HXHL10%&' () - HX#109& () - HX#10%&' () - L0 #1098, (

) - ARV Yger@edl Kormulc# 109&' () - HX#109%&' () - HX#109%&' () - HX#109%&, ()- c

of THHX#10%&! () - 0%RYEIDYBUCIDY @
gf THHX#100&' () - HX#100&' () - fogﬁ%({‘ %0%&(@ DYEY YA YRS D

HX#109& ( HX#109&' () - HX#109& ().- HX#10% HX#100&' ()).- HX#10% () - HX#109&:
HX#lO%&( Mé{f% X@F—l)() fo?%ﬁﬂb( 6(9(%19(#11165/& ( @im(§)H

I RS

fov/«& () - THRA 89thogphatd@rd0p@n i} 1 Hx21 666N (i} atheatGhBU §,-ail1ho ulr)raid@Baaal M DH

gf _}2%%%%% 8@%@ #)oxlc% \&1 ts 1S theen zg.l;out ?.4 and about 4:1.

of THHX#109&' () - HX#109%&' () - HX#109%&' () - Y9RRRRAK YDHX#10%&' () - HX#1O0HX#10%&' ()- T

HX#109& () - HX#L.0%8e (Shifridh BECMRdfnb t5RAARY Ewhbreitif 108edst aBGRFGOO M DHX#10%& (
) - HX#109&' () - HX#109&' ( - HX#10%&"( ) - HX#109%&! () - ;. ¢

gf T#RBAA&R&g VBDHBheGoRition acberdim@do Claimc] wherein the molar ration of total ethylene
%&lﬁ%ﬁ?”ﬁé&w%%%%ﬁx%% Q‘;{&H%iﬁ%&&xﬁ SRR A bl % e aghy Droch10%
& () - HX#10%&' (4.- AE%IRNU8N aicokiig 10 Claifn) I fhxthtD&dmprising between about 0.01 and
about 1.0 wt% of an anti-foam agent.
5. A method of preparing a patterned photoresist pattern on a substrate
comprising:
providing a layer of a photoresist to a substrate, said photoresist comprising

an acid functional binder polymer and photopolymerizable compounds;

-
g

exposing said layer of a photoresist to patterned actinic radiation; and
developing said photoresist layer in an alkaline aqueous developing solution for
photoresists, said solution consisting essentially of between about 0.1 and about 3.0 wt%
of a base and between about 0.05 and about 1.0 wt% of an alkylene oxide surfactant or

surfactant mixture, the surfactant(s) having the general formula:

(R"O"(Ao)n)m'x ®

wherein AO are alkylene units selected from ethylene oxide units (CH,-CH;-O) and
propylene oxide units (CH(CHj;)-CH,-O or CH,-CH(CHj3)-0); R is a hydrophobic group,
X is a phosphate group, m is 1 to 2; and n is at least about 8, and the molar ration of total

ethylene oxide units to total propylene oxide units is between about 1:4 and about 4:1.



of T#* &/ &489&: & &<&gMBDHHX#109&' () - HX#10%&' ()-: ¢

gf T#- HX#100&' () - - HX#109%&' () - HX#109&' () - <&=&>&?&@8I &P&x YDHHX#10%&' () - HX#10HX
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