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METHOD FOR PRODUCI NG PARTI CLES OF PYRI THI ONE SALTS

5 The present invention relates generally to a met hod for
preparing particles of pyrithione salts, and nore specifically to a
met hod of preparing subm cron- sized particles of pyrithione salts
under pressuri zed, turbul ent conditions. The present invention also
10 relates to particles nade by the nethod, as well as products nade
with the particles produced by the nmet hod. : Pol yval ent neta

salts of pyrithione (also %geﬁg?pFOR BRODUMNE DarrRYLEgi net hi one;

2-pyri di net hi ol - 1- oxi de; yri di net.hi one; 2-nercaptopyridi ne- N oxi de;
pyri di-net hi one; and pyri di net hi 00F- RYRITHIONE SALETSN to be effective
bi oci dal agents, and are w dely used as . fungicides and bactericides in
pai nts and personal care products such as anti-dandruff shanpoos. The
20 polyvalent netal salts of pyrithione are only sparifgly soluble in

wat er and5Si ncl ude FagnBEEPERRSYARVERSdon relateg IpnevriLNi 6Re2 stronti um
pyrithione, copper ~ pyrithione, zinc pyrithione, cadniun1§yrithione,
and zi r custtbod p§ort preperinge pastticdiegelof (i thienensalts, and
more specifically to a method of preparing submicron-
sized particles of pyrithione saiis under pressurized,
turbulent conditions. The present invention also
10 relateé to particles made by the method, as well as .
producﬁs made with the particles produced by the
meéhod. | | | |
: .Polyvalent metéllsaiﬁé of pfrithione (also known
.aé 1;h§dro¥f:éléffiaiﬁethisne; 2—pyfidinetﬁiol-1;§xide;
15 2-pyridinethione; 2-me¥§aptopyridine-N-oxide; |
pyridinethione; and pyridinethione-ﬁ—oxide) are known
to be effective biocidal agents, and are widely used as
fungicides and béctericidgs in.paints and personal care
products such as anti-dandruff shampoos.. The
20 polyvalent metal salts of pyrithione are only sparingly
soluble in water and include magnesium pyrithione,
bafium pyrithione, strontium pyrithione, coppef

pyrithione, zinc pyrithione, cadmium pyrithione, and

zirconium pyrithione. The most widely used divalent
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-2- pyrithione salts are zinc pyrithione and copper pyrit hi one.
Zinc and gefupmisgdyri thione are useful as antim crobi al pegaNo§aBbi VE -
agai nst grampositive and 5 negative bacteria, fungi, and yeasts. Zinc
pyrithione I's used as an antidandruff conponent in shanpoos, while
techni cal suspensions .of zinc pyrithioﬁ@'and/or copper pyrithione are
used as preservatives and antifouling agents in paints and polyners. -
Synthesis of polyvalent 10 pyrithione salts are described in U S. Patent

No. 2, 8pPifRiohe BaldeLidretziie $RethRahentandictppsat ng simlar
conpounds and processes for making themincl ude U. S. Patent Nos.

2,786, 847; é%éﬁghgg%e 3, 590, 035; 3,773,770. 15 Known met hods
for produci I nsol ubl e pol yval ent salts of pyrithione result in |arge

solid particles 54.. BAW: %@é§%§bﬁg greatgafifiang m crorret ers-

([err]m. wever, of pyrithione salts (i.

| ess than 1 cronet r pLero are_often,d e C e t hey
nore easily?P FW%SE?%&R@ H$QMﬁiiﬁ ﬁY%eagaEnSt %%EE Q%aé% %#%a f or
enhanced bi oci dal, activit addi tion, small artld

parti culPar | JegRAtLiKE PgHLe laﬂSdBH%%*OHa? n&@aﬁg %%éf i?P?

[err]m), are
is used as an antldandruff component in shampoos, while

technical suspensions of zinc pyrithione and/or copper
pyrithione are used as preservatives and antifouling
agents in péints and polymers. Synthesis of polyvalent

iO pyrithione salts are described in U.S. Patent No.
2,809,971.to Berstein et al. Other patents disclosing
similar compounds and procésses for.ﬁaéing them include
U.S. Patent Nos. 2,786,847; 3,589,959; 3,590,035;
3,773,770.

15 * Known methods for producing insoluble polyvalent
salfs of pyrithione result in iarge solid particles
having an average size greater than 2 micrometers (um).
However, smaller particles of pyrithione salts (i.e.,

- less than 1 micrometer or submicron) are often desired

20 because théy more easily form suspensions and provide a
larger surface area for enhanced biocidal activity. 1In

addition, smaller particles, particularly in the low
submicron range (e.g., below about 0.2 um), are

transparent to light, and thus provide the opportunity



t ranspar entwhoghisebt ., and -t hus provide the opportunity POPEEH45395
PCT/ US98/ 04139 - 3- 'to manufacture

"clear" products, such as clear shanpoos and soaps, that are popul ar
in the marketpl ace today. Smal T2F particles of pyrithione salts
are usual ly generated by a separate nmechani cal mani pul ation step 5
(e.g., grinding or crushing) on larger particles or crystals that are
made by convey iiflfacO6EesSeslebe™ produxespl suchuaspederakatstrdmpisos 70046
descri bes preparation of zinc pyrithione using organic solvents.
This pr OceSS_{nﬁf%épéP PhREUGEOBoPullAF Uth NSt mhgketplh@eZidBaddy ! it hi one
that are easily isolfated by filtration. A separate, optional grinding
step is used to grd Lacge p € adld QL1 fi one
SREHEE parpiclede of Yl enidoPbaive S

particles of anot her exanple, U at ent

Win a moli ASRSACRA iR BeBeFRLR RS T i PhERIcH adR ¢ S

pyrithione particles. | _, There is currently no singg st%? met hod
f or ®rodeithg PFindieg 6F FFustHnsHe Yl 13rgaT: Rart iﬁ?o Tron size
range. The separate step of grinding | arger particles to produce

smal | er particdyskals that grecmagded bivh aanventienalt prgesssasy E2%its in

example, European Patent No. 70046 describes
preparation of zinc pyrithione using organic solvents.
This proéess results in production of large crystals oi
10 zinc pyrithione that are easily isolated by filtra;ién.
A separate, optional grinding step is used.to grind the
large crystals and produce zinc pyrithione particles of
smaller size.
As another example, U.S. Patent No. 4,670,430
15 describes a process'of making zinc pyrithione particles
with a median size of about 0.2 pum by grinding larger
.zinc pyrithione particles.
There is currently no single step method for
producing particles of pyrithione:salts in the
20 submicrén size range. The sepafate steb of grinding
laréer particles to produce émaller particles, as
described in the prior art, generally results in

substantial loss of useful product, and is costly in

terms of equipment, time, and energy required.




substantial |oss of useful product, and is costly in terms of

equi pnent, tinme, and energy required. WO 98/ 41505

PCT/ US98/ Q/blos1505 - 4- Ac%,ﬂjm zohat .
is needed in the art is a nethod to prepare pyrithione salt par¥|cles

In the subm cron size range without a separate nechanical crushing or

grinding step. The present invention is4%elieved to be 5 an answer to

t hat need. : In one aspect, the present invention relates to a

met hod for producing subm cron-sized particles of pyrithi-one salts,

conpri sing A@ééi‘ﬂﬂﬁg&?f,i WHat6 $'néeded iVRkde SPtUBIL Sahdribapysi t hi one
and a water-sol ubl e O polyvalent netal salt in a pressurized turbul ent

flow S%%é Sbe! BYriAeNRI ESa P! ¥RELT NG S Q.'hC%e té?ﬁ:rﬁf‘é”féx‘x °£':|.ze

pr oduci ng cron S|zed particles of pyrithione sal

anot her asp t ey d od for

pr oduci ng sﬁ%ﬁ?grgﬁtgfgéﬁqbar é?%s 2?£8§§BS§F%CC%§%§?%Kgq% conpri si ng
reacting a tithi one_or ol.ubl e _sal t of |th| nd a
waror oo aitindhg)Brdh %) The MEREERE iRV ERE gAY SRILICtIR TR S o
sul fate, zinc chloride, zinc acetate, and conbi nations t hereof, in a
turbul efit f2BvARENEKOLtY&EMAtamMeRA- 20 pul verizing forces, the turbul ent

fl ow reactor i
In one aspect, the present invention relates to a

method for producing submicron-sized particles of
pyrithione salts, compfising reacting pyrithione or a
water-soluble salt of pyrithione and a water-soluble

10 polyvalent metal salt in a pressurized turbulent flow
reactor that generates pulverizing forces, the reaction
producing submicron sizéd §Afticles of pyritbione salﬁ.

In another aépect, the éresent invention relates

to a method for producing.submicron—sized particles of

i5 zinc pyrithione comprlslng reactlng a pyrithione or a
water-soluble salt of pyrithione and a water-soluble
zinc salt selected from the group consisting of zinc
sulfate, zinc chloride, ziﬁc acetate, and combinations
thereof, in a turbulent flow reactor generating

20 pulverizing forces, the turbulent flow reactor
maintained at a pressure of from about 18,000 psi to
about 23,000 psi and a temperature of from about 0°C to
about 23°C, the reaction producing submiéron-sized

particles of zinc pyrithione.




mai nt ai ned wo og4pso8ssure of from about 18,000 psi to abopETRRRSOAIPS|

and a tenperature of from about Of[err]C to about 23[err]C, the
reaction produci ng subm cron-sized pgrticles of zinc pyrithione.

WO 98/ 41505 - o oo PCT/ US98/ 04139

In yet another aspect, the present invention rel ates to particles
produced by the above nethods, and products made using particles nade
by the nmethod of tie yet ahbtbehi @zpedt, the phesensndneentricaspects wil |
becone apparent upon reading the follow ng detail ed description.of the

invention. yelates b PAYH23 REPTSHIdEd Shpot el BBYe iy daKe
with the present 1nvention, that a"solution is provided 10 to the problem

of efficientl [ 2 R A o TWe]al: | ri.i,c ' i ze
'n 2 singlo GUSARRLE' ARV LEHLRRAR dlen madd BYTLAR BerhddE he o
by reacting -, trithione or a water-soluble salt of pyrithione, and a
mater-soluMe%ﬂ%ﬁ@ PBnt netal salt in a pressurized, 15 turbulent flow

reactor that generates pul verizing force The pul veri zi ng forces

produced By the Theﬁ?e@§ér9¥§&?Iﬂﬁﬂﬁﬁﬁﬁnw¥f%mp?88 £oRPRAE O AQP .

generate pyrithione salt particles of subm cron size wi t hout resorting

to a separat ¥eatingi the §eliewigddetaiked stepgripeponTRE &B®ni cron-si zed
pyrithione salt '
- invention.
| 'It now has begn surprisingly found, in accordance
with the present invention; that a solution is providéd_

10 to the problem of efficiently producing pyfithione salt
particles of submicron size in a single operation. The
present inventoré have solved this-problem by_reacting
pyrithione or a water-soluble salt of py;ithione, and a
water-soluble polyvalent metal salﬁ in a pressurized,

15 turbulent flo& reactor thaﬁ generateé pulverizing
forces. The pulverizing forces produced by the
pressurizéd, turbulent flow reactor efficiently
generate pyrithione salt particles of submicron size
without resorting to a separate mechanical grinding or

20 crushing step. The submicronjsized pyrithione salt
particles made by the method of the invention héve a
narrow and uniform size distribﬁtion, and have

excellent surface deposition properties due to the

large surface area proﬁided by the population of




pafticles made by the nethod of the invention have a narr ow and

uni form size distribution, and have. excel l ent surface deposition
properti g8/5ish® the | arge surface area provided by t ion of
WO 98/41?@% _ PCT/USQB/&%%E@ I3

- 6- subm cron particles. This large surface area results I n

i nproved bj ocidal efficacy in shanpoos;6soaps and paints. In addition,
t he subm cron-si zed particles . made according to the nethod of the

invention nore 5 easily f orm suspensi ons when combined wi th other
conpounds, AjGnibecau Q%Eib@@% thwﬁﬂ§“13¥§é“§ﬁt£5&@1§fea resiiys cal

stablllty agai nst settling of the particleées. used herein, the
term"watersso r pyrlthlone
salts" |ruﬂiﬁliﬁg%8v§§o%§°§é 2§ ¥§%%$%I0ne in |ch tﬁabﬁ é?ggen at om of

the t hi ol oup. i s sybstituted w noval ent he term
"wat er - sol &Eﬁ"e‘%b%ryv Peﬁ'[idﬂr&tlgln’sgltﬂ’[e' su ml?%?rér t‘%ose sa S in which
the cation has-a char 2 or The terns "el evat ed
pressure” JRAYracesr 1B9e§§UF&beeﬁﬁégk§¥ ithe HYSRHSR BRESpr essure
greater than about 1 atm The terns "turbulent” and "turbul ence" refer
to depabtureashly fpumdspspengions @ﬁ;btqpmbwwféht%Wa ocity of the
fluid at a given

compounds, and the suspensions thus formed have greater

physical stability against settling of the particles.
As used herein, the term vwater-soluble salts of
pyrithione" or “water-so;uble pyrithione salts" include

10 those salts of ?yrithione in which the hydrogen atom of
the thiol group is substituted with a monovalent ‘
cation. The term.ﬁwater-soluble poly&alént metal salt"
refers to those_sélts in which the cation has a charge
of +2 or greater. The terms "elevated pressure" and/or

15 ~ "pressurized" are definéd herein as any pressure
greater than about 1 atm. The ﬁerms "turbulent"” and
"turbulence" refer ;o'departure in é flﬁid from a
smooth flow where the.velocity of the fluid at a given
point varies erratically in magnitude and airection.

20 The term "flow reactor"” referé to a device which
manipulates a fluid sfream containing reactants;
producté, reaction medium, ér a combination thereof.
The term "pulverizing forées" is defined herein as

those forces which affect particle size reduction under



poi nt vari eycedgifibescal |y in magnitude and direction. 20 The perilsobofso
reactor" refers to a device which mani pul ates a fluid stream

cont ai ni ng reactants, “products, reactjon medium or a conbination

t her eof . . The term "pul verizing forcés™ is defined herein as t hose
forces which affect particle size reduction under WO 98/ 41505

PCT/ US98/ 04139 -7- turbulent flow -

conditions, syeRRA <ed15Wr668ditIBAS, such ¥ WfeardBoteés pnikpaees,
soni cati on forces or conbi nations of these. The term "subm-cron" is

defi ned | A APt #6n ! Eé:?cEEa”s%n'I‘c‘artQ'HH Horde&s [ 1o S

Preferred ranges of ‘submcron particles are from about 0.01 [err]nrto

oo L one. cEppBinatEng OF chEkE. © BRelborn «RUMIRAN 2214871 ARG

"pyrithione s TS uséd heréin r oSe Sarts
pyrithione that fornrprecrprtates and are essentrall I nsol ubl e or 10
sparingly sol ligreim asmanyr$bandl agsnehapml micrometey n(kpkor dance with
t he process of the present i nvention, pyrithione or a water-sol uble
salt of 5 prefidrmed rmgeacoﬁdsubmhcaompamtsimm amxa| frah about
sel ected polyvalent nmetal in a pressurized turbulent 15 flow reactor that

generates pul yeriZi 0 dOrH55ut THeoo puirher ke ie fry58Si Jrderag ed under
the pressure gng d%)turbulence of %he row1reactorQ£ff|C|ently reduce the

pyrithione Saltrp%hiéﬂéﬁﬁéi ducandby §¥§t g%%%'%%ff)partlcles" as

used herein refer to those salts of pyrithione that_
form precipitates and are éssentially.insoluble or
10 sparingly solgble in the surrounding medium.

In accordance with the prodess'of"the.present
invention, pyrithione or a water-soluble salt of
pyrithione is reacted with a water-soluble salt of a =~
selected polyvalent metal in a pressﬁrized turbulent

15 flow reactor that generates pulverizing forces. The
pulverizing for¢es generated_unaer the pressure and
turbulence of the flow reactor efficientiy reduce the
"pyrithione salt particles produced by the reaction to
submicron size as they are formed. PYrithione.in its

20 acid form, or a water-soluble salt of pyrithione may be
used in the reaction. Useful water soluble salts of
pyrithione preferabl? include an ammonium ion or an

alkali metal ion. Accordingly, exemplary water soluble

salts of pyrithione include sodium pyrithione,




submi cron size as they are fornmed. Pyrithione inits 20 acid form or a

wat er-sol ubl e salt of pyrithione nay be used in the reaction. Useful
~water solyhl ts of pyrithione preferably include a Eﬁgﬁé ion .
or an waaﬁﬁg% metal ion. Accordingly, exenplary water sgfﬁb e 5 .
" salts of pyrithione include sodi um pyrithione, WO 98/ 41505
PCT/ US98/ 04139 _ -8- - 8- pot assi um
pyrithione, lithiumpyrithione, amonium pyrithione, and conbi nations
thereof. The nost preferred water-soluble salt of pyrithione in the
present i NVeyytdkivm pPrioniofesal ithive pysddinienes, pmmbhiame) . The
anount of pyrithione or water-soluble salt of pyrithione can vary over

a wi de ranggy.Aithione, CaidDLonBiACdoNSCie BN ife UigsE St 00T O be
\l/)vlth:jn ] he capabilities of the ordinary skilled practitioner

ased on t stol chi [o] eachio N8, LLed amount of
'sub_][n' crog p%ﬁ?%ﬁ%’g&gﬁ ép‘){'/ér(?t%?idgglé gg&lga:atfa?ﬂ,ﬁll’%ﬁét eﬂg?[gﬁg%at ed. A
preferred anount. of . rithiope or ter-sal.ubl e rifhi salt is
from aBRRseRk ﬁ“‘é%%'%%z%&%ﬁ&ﬁﬁ%’r FE t{ﬁ a%)yv\e%gg%?ﬂ@f t he
reaction_mxture. , 15

usef ul i B adRBFIEHRAS t h Thgxggng}l*ggye\gabg{gﬁs l'Ublt?e&ﬂglvyggéSD;oﬁgi‘L salts

salt of pyrithione can vary over a wide range, and

establishing a useful amount is understood to be within
the capabilities of the ordinary skilled practitionér
based on the stoichiometry of the reaction and the

10 required amount of submicron particles:of pyrithioné
saltJthat must be geneiated.. A preferred amount of
pyrithione or water-soluble pyrithione salt is from
about 3% to about 52% by weight of thé tdtal weight of
the reaction mixture.

15 : Exemplary water-soluble polyvalent metal salts

-useful in accordance with the method of the invention

include zinc salts, tin salts, cadmium salts, copper
salts, zirconium salts, magnesium salts, aluminum °
salts,.and the like. Combinations of these salts may

20 also be employed. Useful counterions for these metals
include nitrates, acetates, sulfates, halides of
combinations thereof. Preferred water-soluble
polyvalent metal salts include zinc chloride (2nCl;),

copper chloride (CuCl.;), zinc acetate (ZnO,CCH;) and




I ncl ude Zi RROYBM4isHs tin salts, cadm umsalts, copper sal tpeT/UsSo8OABBUM
salts, magnhesium salts, alun1nun1 salts, and the |like. Conbinations of

these salts may 20 al so be enployed Usef | counterions for these nmetals
include nitrates, acetates, sulfates, halides or conbi nati ons thereof.
Preferred wat er-sol ubl e pol yval ent metal salts include zinc chloride
(ZnCJerr]), copper chloride (CuCl[err]), zinc acetate

(ZnQ err] CCH giht) salFate MWDHR)4150he amount of water-soluble

PCT/ US98/ 04139 -9- zinc sulfate

(ZnSQ err]). pheydinedr et SabOl iy evary depleridilntonethé ambuntay

vary dependi ng on the anopunt of pyl’lthl one or water-soluble salt of

byrithi one usgd oyrs e} ddi dLaGL . sdRELTR! Faltld grAhibheoNe S

wat er - sol uble Sa f pyrithione to the water-sol ub pol yvaI ent netal

salt is generall |nthe e f a 1:

Preferably, a* 8ﬁt re tlﬁrg chrilzlg%e ?}%reg'%gg‘é’ (Ozf 3%%? Water-sol ubl e
pol yval ent netal salt b t over hi one or ter-s |l e salt
of pyrit hiSoneVaF&rg&s t ‘of B{%Eﬂ: 190805 é:[}'be MY T ofi % uble

Useful nedia for the reactlon I ncl ude aqueous medi a such as water, or
water in conbbpavivedemt mefirl saltoispgeeespddyi dsdihrmarge £5eful
organi c solvents 15 include al cohols, such as nethanol, ethanol, am nes
such as di et habolnilng, tm Febquiest ebs, Brefemablykea slight

stoichiometric excess (e.g., 5% of water-éoluble
polyvalent metal salt by weight over pyrithione or
10 water-soluble salt of pyrithione) is desirable to
ensure a complete-reaction..
Useful media. for thé_reaction include aqueous
media such as water,.or:water-in combination with one
‘or more organic solvent (s) . - Useful organic solvents
15 include alcohols, such as me;handi, ethanol, amines
such as diethanolamine, ether, esters, and the like.
Additional materials, such as dispersants may be
added to the reactants during the pre¢ipitation
reaction to prevent agglomeration of the pyrithione
20 salt particles. Alternatively, the dispersant may be
added at the completion of the reaction to prevént
particle agglomerétion. Preferably, the dispersant is

a salt of polymerized alkyl naphthalene sulfonic acid,

such as "DARVAN 1" (sodium naphthalene sulfonic acid




Addi tional materials, such as dispersants may be added to the

reactants during the precipitation reaction to prevent aggl oneration
of t he py salt particles. Alternatively, the dj Y.
y'd%g Q{ya%he conpl etion of the reaction to prevent *’é%rﬁw}‘é’fm

aggl aneration. Preferably, the dispérsant is a salt of polynerized
al kyl napht.hal ene sul foni ¢ acid, sddr as "DARVAN 1" (sodi um

~ napht hal ene sul fonic acid WD 98/ 41505
PCT/ US98/ 04139 . -10- f or mal dehyde, a

. product -of @6Emdﬁﬁéﬁ¥éb|ta rohﬂ%t)of R.T. [¥$ﬁhe§bliﬁoébumTﬁat of
napht hal ene sul fonic "acid CB pr oduct of Kao Cheni cal S) "DA}AD 11"

(sodi um sal t, a P z I

pr oduct di'{rd%&i (;%ééafgh EQ}% %}#Aﬁﬁﬁﬁﬁ?iéﬁ:éuénﬂgg HE.E %@1%3 c%ndensed

- napht hal ene_sul n a " ROL KG'
(pgtassiunlgﬁqééé§ OFCkg%o¢9§@$ @8’a|k§%gﬁ§%h}%a é%%gguﬁfg%ik -
pr oduct Qf Graden_Chem cal ), "HARCL 71" | t f 10

pol yner i zed PRlRgpe H%fg% & f {%;?ﬁﬁd ct g?nlngigégﬁa

- Chem cal Co.), "LOVAR LS" ésodlun1salt of condensed nDnonaphthaIene

sul f oni & acf, WaRor feKREE ok CO.) HEARMOLCAY . {sedtumnsalket Additional

usef ul di spersants are di sclosed in McCutcheons Handbook of
condensed naphthalene sulfonic acid, a product of Rohm

and Haas Co.), “HAROL KG” (potassium salts of
polymerized alkyl naphthalene sulfonic acids, a product
of Graden Chemical Co.), “HAROL RG-71” (sodium salts of

10 polymerized alkyl naphthalene sulfonic acids, a product
of Graden.Chemical Co.), “LOMAR LS” (sodium salt of
condensed mononaphthaiene sulfonic acid, a product of
Henkel Corp.) and the like. Additional useful
dispersants aré disclésed in McCutcheons Handbook of

15 Functional Materials (North Americaﬁ Volume I, 1992, pp
117-137). Combinations of two, three, four, or more
dispersants as described herein may also be used
according to the invention.

The dispersants employed in thé method of thé

20 present invention may suitably be combined with a
surfactant. Useful surfactants may be selected.from
,ﬁhe classes of surfactants known as nonionics,
anionics, cationics, and amphotefics (the latter being

also commonly referred to as "zwitterionics"). The



15 Iéunct | oRosMikgy i al s (North American Volume |, 1992, pp  perdsedndiss) -

Combi nati 6ns of two, three, four, or nore "~ di spersants as descri bed
herein may al so be used accordi ng tiifhe i nventi on. The’

di spersants.enployed in the nethod of the =20 present invention may
suitably be conbined with a surfactant. Useful surfactants may be
selected from ~ the classes of surfactants known as noni oni cs,

ani oni cs, catdpFf4Stante areheiatals ¢ tamployedr shagly, or ialso conmonly
referred to as "zwitterionics"). The WO 98/ 41505 .

PCT/ US98/ 04139 mbinations of two, three, or evéh four or mydéctants are
sui tably enployed singly, or in combinations of two, three, or even

four or nogesurfaégé%g%t%@h%d%géxféﬁhfﬁﬂg1QBSVQbﬁ%Ehm@Héd”fghfour

cl asses. noni oni ¢ surfactants 1 nclu I'1 near al cohol
alkoxylates,ﬂiﬁ%%§as t he Iinear al cohol ethoxyl ates,

et hoxyl at ed/ ??ated bl ock copol yners, et hoxyl at ed/ pr opoxyl at ed
fatty al cohols, and pol yoxyet hyl epne cetyl ethers, d the ljKke. ef ul
10 |inearSal cohol HFRERY FOES %F%P¥§ éggﬁp%ﬁlggnear ?iﬁgk&tﬁple,

under the registered trademark POLY- . TERGENT SL-42, a product of Ain
Cor por ati on. alkoxylatgssi sa¢h @ e ohbnearkaigrhed eShaxvlahss,

end- capped '
ethoxylated/propoxylated block copolymers,

ethoxylated/propoXylatéd fatty alcohols, and
polyoxyethylene cetyl ethers, and the like.. Uéeful

16 linear alcohol alkoxylates are commercially availabie,
for example, under the.registered.trademark POLY-
TERGENT SL-42, a product of Olin: Corporation. If
desired, the;alcohcl alkoxylate . is suitably end-capped .
with a lower alkyl group,. and such a product is

15 commercially available as POLY-TERGENT SLF-18, a
propylene oxide-capped linear alcochol alkoxylate that
is also_a-product of 0Olin Corporation, and these end-
capped linear alcohbl alkoxylates are notably low
foaming during use. Also advantageous for use in

20 accordance with the present‘invention are surfactaﬁts
within the group commercialiy available as POLbeERGENT
SLF-18B series surfactants, which are surfactants
characterized by enhanced biodegradability (also

products of Olin Corporation), being alkene oxide-




with a | ower alkyl group, and such a product is 15 comercially avail able
as POLY- TERGENT SLF-18, a propyl ene oxi de-capped |inear al cohol '

al koxyl at is also a product of din Corporation, end- .
capped |i ?eéllé@'gllsg%hol al koxyl ates are notably | ow f oamwag%se.

Al so advant ageous for use in 20 accordance with the present invention are

surfactants within the group conmer®?ally avail abl e as POLY- TERGENT
SLF-18B seri.es surfactants, which are surfactants characterized by
enhanced bi odegradability (also products of Ain Corporation), being

al kene oxi degapped 1iWaa18/1lRMo1 alkoxylates, containing ethylene
PCT/ US98/ 04139 -12-. capped |i near

al cohol al kol 8Leo1CANd ALK WalkBone, o8N 8R1TAHAY @Ady the
abl'y al so

backbone, and surt y containing at | east one“propyl ene oxide

oSty ol L Contas g BB W Vedtt UAE| 2801 LRE BXIMR fodlyin R ONts

4,925, 587 and nonroni ¢ s actants

i ncl ude one comercially availablLe as NECE[L 91- a reqistered

t radenar k s&?ﬁ@&ﬁﬁ'pra&d?dtg © HJ‘-‘Eﬁeﬁ‘T‘i‘gP. ®Thitg oo Fi S t%nt is a
detergent range 'm xture of C[err]-gierr] | inear 10 primary al cohol

et hoxyl aBes haPPRgS87 ARG fyB W - 62 %- mol es of ethyl ene oxide per nole

of alcohol. O her useful nonionic surfactants include those
containing a Other useful nonionic surfactants include one

¢ommercially availablg as NEODOL 91-6, a registered
trademark surfactant product of Shell Chemical. This
surféctant is a detergent range mixﬁure of Cs-C;; linear

10 primary alcohol.ethoxylates having an average of six
‘moles of eth?lene oxide per mole of alcohol. Other
useful nonionic surfactants include those containiﬁg a
linear Cy-C;; carbon chain and- five or six ethylene
oxide br.propylene oxide groups per molecule.

15 Useful anionic surfactants include alkyl
‘diphenylether disulfonates, alkyl ﬁhenyl ethoxylated
phosphate esters, carboxylated linear alcohol
alkoxylates, linear alkyl benzene sulfonic acid,
diisobutyl sulfosuccinate, and alkyl sulfonates.

20 Useful anionics also include the alkylated'diphenyl
oxide sulfonates, and their methods of preparation are
well-known, as illﬁstrated by the disclosures of U.S.
Patents 3,264,242; 3,634,272; and 3,945,437.

Commercial methods of preparatioh of the alkylated

5



I|near C[err\,i,oﬁmsog carbon chai n and- five or six ethylene pcT/089stbA1ZN

propyl'ene oOxide groups per nol ecul e. Useful anionic surfactants
i ncl ude al kyl di phenyl et her dlsulfone% al kyl phenyl ethoxyl ated
phosphat e est.ers, carboxylated |inear alco al koxyl ates, |inear

al kyl benzene sul fonic acid, - diisobutyl sulfosuccinate, and al kyl

sul fonates. 20 Useful anionics al so include the al kyl ated di phenyl
oxi de sul f onat @sphenglt keiideretidtnafeprgenesaldy doenot presluc&known, as

illustrated by the disclosures of U S. Pat ents 3, 264, 242; 3,634, 272;
and 3, 945, 437. spec1e@pmﬂﬂdhEﬂré“ﬁ&ﬁ&&lk&l@té&ﬁrﬁbh@&uﬂﬁdﬂ%téﬂkylatEd-
WD 98/41505 PCT/ US98/ 04139

-13 - d &i%xstaf era*rh& demitier-diizadyce

speci es whi ch ggggnﬁﬁgg%iy | at e nDnosu onat ed dlalkyﬁgted or'

di sul f onat ed. The Vi b |

p][ edom natel y. ?@'P‘é‘ épaetc‘ln an dﬁ’%%? n? é‘g g??'ong\[ hﬁ@,eﬁ. a e a m xture
0 nono- and di | at d he percen e of di al kyl ati on
bei ng about3 15tp§na1§(9utpe% ) é%rgt rha#f?ﬁ"‘a ed ?ﬂé ge'ﬁc@nf"d@%"}ﬁe °©
nonoal kyl ati on bei ng about 75 to 85 percent. NMbst tgplcally, t he

comercial |y ameneable@d :ﬁ}'sﬂiﬁﬁkﬁﬁ%ﬂeﬁ%&BuPhBOPEEFSQﬁP ®oiRFal kyl at ed and

20 per cent di al kyl at ed.
dialkylation being about 15 to about 25 percent, and

the percentage of monoelkylation being about 75 to 85
percent. Most typically, the commercially available '

10 species are about 80 percent moncalkylated and 20
percent dialkylatea.

_Two.illustrative commercially available solutions
contaiﬁing alkylated diphenyl oxide sulfonate
surfactants are DOWFAX 8390 and DOWFAX 8390A

15' surfactants, tredemarked brqducts of The Dow Chemical
Company. In each, the alkyl gfoup'is predominantly a
hexadecyl C;s group. These products are suitably
employed in a solution fully or partially neutralized
with ammonium hydroxide if desired.

20 An advantageous anionic surfectant is also
provided by reacting the above-described alkyleted
diphenyl oxide sulfonates with a piperazine compounad to
produce a molar ratio of sulfonaee compound to

piperazine compound'of between about 10:1 and about




Two illustrative commercially avail able sol utions cont ai ni ng al kyl ated
di phenyl oxi de sul fonate- surfactants are DOAFAX 8390 and DOWFAX 8390A
15 surf agy@Rkaises’ ademar ked products of The Dow Chemical  ponfommaiy In.
each, the alkyl group is predom nantly a hexadecy!l CIer?ﬁ,group. These
products are suitably enployed in a solution fully or partially
neutral i zed wi th _amoni um hydroxi k%t f desired. 20 An

advant ageous anionic surfactant is also . provided by reacting the"
above-descri bed al kyl at ed di phenyl oxide sul fonates with a piperazine

conpound t03.:10, RPRRFGARLYBbetwéahi SbSht Syl 10BAKE aBRROWND | O
pi perazi ne conpound of between about 10:1 and about WO 98/ 41505

PCT/ US99/ 04 h an ; : =14 i 10, ferably
bet ween abo%flj.?Z g??ilgang n%gultpefaélne co%’?ﬁgggﬁaén?epiugeerd aiflogllg sélgérrlgound can

be used for -elion, EAILAN PLELSLIA] SATRANIISNINY Winddineg oo ected

fromthe group consi'sting o noée erazine,
e L L
are pol ycarboxyl ated al cohg| al koxyl ates, preferably those sel ected
from acitls &r4-PEPST@FINCHCthAne HHELQBLE a6 A hanhydraMshg:
piperazine, hydrated piperazine, and combinatiohs
thereof.
Other useful anionics are polycarboxylated alcohol
alkoxylates, preferably those selected-from acids or
10 organic or inorganic salts of the following:
polycarboxylated linear alcohol alkoxylates, -
polycarboxylated branched alcohol alkoxyiates,
polycarboxylated cyclic alcoﬁdlhalkoxylates, and
combinations thereof. These polycarboxylated aléohol
15 alkoxylates typically contain at least two succinic
acid radicals per molecule. Preferred polycarboxylated
alcoh§1 alkoxylates are those having a backbone
containing both poly(propylene oxide) and poly(ethylene
oxide) blocks, and such preferred"polyc;rboxylated
20 alcohol alkoxylates are readily commercially availéblé}
for example, as POLY-TERGENT CS-1, a trademarkea
surfactant of 0O0lin Corporation. 1If desired, at least a
portion of the acid groups on the polycarboxylated

alcohol alkoxylate are neutralized with a base to



poi ycar boxy\wj ggghikasnear al cohol al koxyl at es, pol ycar boxy|gtegsdafeaiyehed
al cohol al koxyl ates, - pol ycar boxyl ated cyclic al cohol al koxyl ates, and

conbi nati ons thereof. These polycarbdxylagﬁg_alcohol 15 al koxyl at es
typically contain at |east two succinic acid radicals per nol ecul e.
Preferred pol ycarboxyl at ed al cohol al koxyl ates are those having a
backbone cont ai ni ng both pol y(propyl ene oxi de) and pol y(et hyl ene

oxi de) bl ocks, pxedridies itpe e¢erredppabyaar Badd at esui@bbécbhskesalillyids es
are readily comercially avail abl e, for exanple, as POLY- TERGENT CS-1

a trademarked az1kalSUtheé¥6d BRNhy@tolhiHBsCORANALI. edFtHEREERD, at |east a
portion of the acid groups on the polycarboxyl ated al cohol al koxyl ate

are neutralize 'Itdg: é)@se L8 taYO: %%/43-3‘2{3: id includi
hCT Ueot) ou15g Byt dkadEs Cand meralCe2le “gELees. INSrEVIae the

Corn eSOl g sallua il WS hRRaa | RS o pvHARLAGIEERL i Ot des,
Ry oxi do. Smidzcxide, maghed iR bidrorida namonifnes and oo
conbi nati ons ~thereof. Sodium hydroxide is preferred, and although
pot assi um hydr 8%R& « #H beaRdpt6{e8thapols apdnes, anq ceembigatipasor ganic
or inorganic base is preferably 10 enployed in at |east an equi nol ar
anount rel ati véhegeof. Sodium hydroxide is preferred, and although
potassium ﬁydroxide can be employed, it is not
preferred. The organic or inorganic base is preféraﬁly
10 employed in at least an equimolar amount relative to
the number of moles of polycarboxylated alcohol
alkoxylated used. Ihe polycarboxylated alcohol may
also contain a polycarboxylic acid, for example,
polyacrylic acid, along with the starting alcohol
15 alkoxyiate and esters of the alkoxylate of the
polycarboxylic'aqid.

Although individually the cationic and the
amphotefic surfactants are acceptable for use in the
process of the present invention, they may also be used

20  in combination with at least one surfactant from one of
the other classes. Illustrative cationics inciude

alkyl triammonium halide, non-linear alkyl dimethyl

halide and alkyl dimethyl benzyl ammonium halide-

containing surfactants. Illustrative amphoteric




t he nunber of noles of polycarboxyl ated al cohol al koxyl ated used. The

pol ycar boxyl at ed al cohol nmay al so contain a pol ycarboxylic acid, for
exampl e, woos/fiSyacrylic acid, along with the starting alc

al koxyl ate and esters of the al koxylate of the poncarbofo?c 3.
Al t hough individually the cationic and th anphoteric surfactants are
acceptabl e for use in the process 81 he present invention, they may
al so be used 20 in conbination with at |east one surfactant from one of
the other classes. Illustrative cationics include al kyl triammoni um
hal i de, non-dirppaetahkyl idicIRideylpolygledl dethag aklkilvatiiveidly! benzyl
anmoni um hal i de- . containing surfactants. I|llustrative anphoteric

WO 98/ 41505 ethoxylate oxazoline derivatives, lalFamVaeph3d

- 16- surfactants include polyglycol et her derivatives,

et hoxyl ate qxazQljae G Malitesin | auram dopropyl bet ai ne, and

| ecithin. 8ih 'S%?taglelﬁleﬁﬁs can be enployed in the process of 5

above. deser  bed SiPaRbRR; B19RaH A SRLIBKEA I bne prddlies o8, o

two or nmore surfactants, .bet n or wi thin,the aboye-descri bed_four
broad cl gssegh%fpresen% 1nvevr\ﬁ%on based on various co ?.natlons of

the above-described surfactants. Such a blend can be
any cqmbination of two or more surfactants, between or
within the above-described four broad classes of
surfactants. ComSinations can include blends of:

10 anioﬁic with anionic, anionic with nonionic, anionic
with cationic, anionic with amphoteric, cationic with
cationic, cationic with amphoteric, nonionic with
nonionic, nonionic with amphoteric, and amphoteric with
amphoteric. Likewise, ternary and quaternary blends of

15ﬁ surfactants by selecting three or four surfactants,
-respectively, from within or among the above-described
classes.

Suitably, any single or combination of two, three
or four surfactants from the following illustrative

20 list are suitably employed: (a) nonionics, including
alkoxylated linear alcohols (such as POLY-TERGE&T SLF-
18 surfactant, a product of olin Corporation}, linear
alcochol ethoxylates (such as NEODOL 91-8 surfactant, a

product of the Shell Corporation), ethoxylated linear



sur f act ant syo o8gi%psat i ons can include bl ends of: 10 anionic pictlussgivass c,
ani oni ¢ wi't h noni onic, anionic with cationic, anionic with anphoteric,
~.cationic with cationic, cationic with_anphoteric, 'nonionic with

noni oni ¢, nonionic wth anphoteric, and éﬁﬁﬁoteric_mﬁth anphoteri c.

Li kew se, ternary and quaternary blends of 15 surfactants by sel ecting
"three or four surfactants, respectively, fromw thin or among the

above-descri bgflkxy1 HAsses . (such as TRETONAIXLOGMBUSEa@tane; aonbination
of two, three or four surfactants fromthe followng illustrative 20

list are suntgggﬁsﬁ ¥ Wb éR) cRPBIAB! EBrpidleidiil, and BbkEEYLAGRK

| i near al coho SLF- 18 surfactant, a product of
adin COrporatlo | i near ﬁ # X 91-8
surfactant, a€ p)lyBFHaﬁc {suehy %g % £ I E@%%bi?foﬁ% %ﬂoxy|a§ed A near
VO 98/ 41505 PCT/ US98/ 0413
-17- aPEPAusE i LY i cFoxROFRFFER % | &Y ﬁﬂ’f%’t%ﬁt 1%"?“‘51“& oduct
of Union Carbide Corporation), and EQ PO bl ock opol yners (such a
POLY- TERGENT BlkyA slimhenwhiether disylienates G‘%W&?p%?%ﬁ‘u Fr'}‘GE(“S")
anionics, including 5 alkyl diphenyl ether disulfonates (such as
POLY- TERGENT 221 sanfambdnict aatpradpesdedt QdirOGormeraioton) onplkyilky |
phenyl et hoxyl ated phosphate esters (such as Wayfos M
: phenyl ethoxylated phosphate esters (such as Wayfos M-
60 surfactant, a product of Olin Corporation),
carboxylated linear alcohol alkoxylates (such as POLY-
.10 TERGENT CS-1 surfactént, a product of Olin
Corporation), linear alkyl benzene sulfonic .acid (such
as BIOSOFT S-130 surfactant, a product of Stepan:
CompanY), alpha-olefin sulfonates (such.as BIO TERG AS-
40 surfactant, a product of Stepan Company),
15 dialkylsulfosuccinates (such as AROWET SC-75
surfactant, a product of Arol Chemical Products), and
alle sulfates (such as STEPANOL SLS surfactant, a
product of Stepan Company); (c) cationics including
alkyl triammonium halides (such as CTAB surfactant, a
20 product of VWR Scientific Inc.), polyoxyethylene
cocoamine (such as MAZEEN surfactant, a product of PPG
‘Industries), primary alkyl amines (such as ARMEEN

suffactant, a product of Akzo Chemical Co.), dicoco

dimethyl ammonium halide (such as JET QUAT surfactant,




60 surfactant, a product of A in Corporation), car boxyl ated |i near
al cohol al koxyl ates (such as POLY- 10 TERGENT CS-1 surfactant, a product

of Ain oration), linear alkyl benzene sulfonic acid (such as
Bl OSOFT & ?fgﬁguotgf actant, a product of Stepan Conpany) PCEYSASOUBR1 i n
sul fonates (such as BI O TERG AS- 40 surfactant, a product of Stepan
Conpany), . 15 di al kyl sul f osucci nates (sdéfr as ARCMET SC- 75 surfactant,
a product of Arol Chem cal Products), and al kyl- sul fates (such as
STEPANCL SLS surfactant, a product of Stepan Conpany); (¢) cationi cs
i ncl udi ng V\/\Eﬁtdﬁet t£ AyERBbUChEA cdas InoN &P GlhRiseyd a&iﬁ@}:hgﬁ
product of Scientific Inc ) polyoxyethylene cocoam ne h as

MAZEEN f aetants, y al kyl am nes
(such a:u,rAR%l ur? l'PaE ct ant a pr ow&é %%tlé Oog) di coco
di met hyl ”g%gﬁﬂ@é“%f‘%%éﬁ&&hc ag;)QUAndyﬁaéﬁhfi amlno%pgy%dvm)98/41505

PCT/ US98/ 0 = u?t OL
Jetco Chenic . i sode anmoni Um al | des Suc as
AMVONYX - K9 §§FP t‘s‘h‘:h as éﬁ%ﬁg )6§t ShErF s ARy %ﬁf&‘gj‘a? 133

am noet h stearate (such as CERASYNT 303 surfactant a product of 5
| SP Van %yk@f Y3 dﬁe)amﬁfé@eri(@% aT“E?@PG@P—”r#&Sr including

polyglycol ether derivatives (such as ALBEGAL A
surfactant, a product of.Ciba-Geigy), athoxylatad
oxazolin derivatives (such as ALKATERG T-IV’surfactant,
a product of Angus Chemicals), laaramide propyl betain
10 (éuch as LEXAINE C surfactant; a product of Inolex
Chemicals), lecithin' (such as CANASPERSE surfactant, a
product of Can Amoral), disodium cocoamphodiacetate
(such as MONATERICS surfacfant, a product of Mona
Industries), complex fatty amine salt (such as MAFO 13
15 surfactant, a product of PPG Industries), and cocoamine
-oxide'(such as MACKAMINE CO surfactant, a product.of
the McIntyre Group Ltd.).
The dispersant or dispersant/surfactant
combination is preferably employed in a total amount of
20 between about 0.05 and 10%, more preferably between
about 0.1 and 5%, most preferably between.about 0.5 and
about 1.5% by weight, based on the total weight of the

reaction mixture.




pol.ygl ycol wetdgRisederi vati ves (such as 'ALBEGAL A s'urfactp&msgs,aﬁgplucf
of Ciba-Celgy), ethoxylated oxazolin derivatives (such as ALKATERG

T-1V surfactant, a product of Angus em cal s), | auram de propyl
betain 10 . (such as LEXAINE. C surfactant?"a product of Inolex

Chem cal s), lecithin (such as CANASPERSE surfactant, a product of Can
Anor al'), di sodi um cocoanphodi acet ate (such as MONATERI CS surfactant, a

product of Mina = In drdkisttdesfficdentdy pabdncarsibmitionsstbeds MAFO 13
15 surfactant, a product of PPG Industries), and cocoani ne oxi de

(such as Npcﬁﬁgéﬂ%¥g§E%Ef§§f§€ﬁioﬁepé9ﬂﬁ9ttﬁE reactdift SLAFE YE8aEECHD

Ltd.). e di spersant or dispersant/surfactant - conbi nati on

is preferabl y_enplgy | t . t é? 0 nd .
(ool oy SN 40" GhaBiUBhthachl dEVISH) SPOUO 00
o : :

?ggg:ighSn?Qg&HQulé%g%%V) 5’%% ﬁégﬁgggbnbg%egf%%tg¥%ééﬁf% ggéght of the
PCT/ US98/ 04139 L . .. -19- s In grder to
efficient?y SrsRwWensmFeRerrtesulverigipg forces wikhimibhe S4PW, the
reactants are reacted in a flowreactor under conditions of high
pressure andreactawrand enEbectmestanbradursion aff ghemgeitiong 5
turbul ence generates pulverizing forces within the flow react or and

af fects sizesaddugdmniafes heipyltaheously as they are formed in the

reaction. 1In a preferred embodiment, sodium pyrithione
is reacted with zinc chloride, zinc sulfate, zinc

10 acetate, or a combination thereof in_a flow reactor
thgg generates pulﬁerizing forces (e.g., Model M-140K:
Laboratory MicrofluidizerLProcessor~available from
Microfluidics_Internatiohél,Corp.,ANewton,MA). . The .
reaction products are-submicron-sized particleé of zinc

15 pyrithione, along with aqueous sodium chl§ride, agqueous
sodium sulfate, or aqueous sodium acetate as by-
products.

Pressure may be generated in the flow feactof by

any method known in the art, such as by pump, piston,

20 and the like. In one embodiment, the reactants are
pumped under high pressure into a mixing chambe¥ via
air-powered pumps. The high éressure capabiiities of

the pumps result in generation of pressures on the

reactants as high as about 50,000 psi. Preferably,




- o

salt particles sinmultaneously as they are forned in the reaction. In a
preferred enbodi nent, sodi um pyrithione Is reacted with zinc chloride,
zinc sulf 10 acetate, or a conbination thereof in ctor .
t hat gene§g§g§qgﬁfver|2|ng forces (e.g., Mdel M 140K La 6#%%@%&3

M crofl ui di zer Processor available from M crofluidics International
Corp., Newton MA). The. reaction prﬁaaéts are subm cron-sized particles
of zinc 15 pyrithione, along with aqueous sodi um chl ori de, aqueous
sodi um sul fate, or aqueous sodi um acetate as by- products.

Pressure nayphegaiaatesefaltbg thewreaaeion Are in tHY FEiG@dokNOWN in
the art, such as by punp, piston, 20 and the like. In one enbodinent, the

reactants arqg, 000 RUIPSE, 496 psk] gmo%egglérf%famr f?u{"eﬂé‘ Shsahge Vvia

air- pover ed punps The hlgh pressure cap lities of e punps result

0 gener ati o9 ology A% 4 £004, | BEg most! BRERMLBIP S q!aeasra?g@t §0. 000

psi. Prefera

PCT/ US98/ 041 . - -20- pressures useful
in the react i%n 0% %%, %?fe°?%r@%lof 10, 000 to 50 000 psi, nore
preferably in the ra 18, 000 to 23,.0Q0, nost preferably in
the range of qqumgbogepggnerated in' t e flow reactor by

perturblng the pressurized laminar flow of the reacﬁion
mixture as it passes th;ough the flow reactor.
Turbulence may be generated by any means known in the
" art. However, the pressurized laminar flow of the
10 reaction mixture must be perturbed to an extent
.sufficient to generate pulverizing forces that affect
size reduction of the pyrithione salt particles. 1In
one embodiment, baffles may be placed in the flow
reactor to perturb the laminar flow of reactants as
15 they move through the flow reactor under high pressure.
In another embodiment, the pressurized reaction mixture
(which may include pyrithione salt particles and
agueous by-products) is passed through a fixed geometry.
interaction chamber where it is divided into a
20 plurality of streams, fof example two streams. The
streams are then brought together such that the high
pressure and turbulent forces of stream convergence
result in overall particle size reduction by generation

of pulverizing forces. The size reducing forces
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the pressurized [amnar flow of
t hrough the fl ow reactor

known in the. art. .However

pul verizing forces that affect

TuryBlogRgdsmay be generated in the flow reactor by

PCTRRHE/H158 NG -

the reaction m xture as It passes

Turbul'ence may be generated by any neans
, the pres#¥7zed lanm.nar flow of the
reaction m xture nmust be perturbed to an extent .

10
sufficient to generate
si ze reduction of .the pyrithione salt

ﬁtnb vﬁ’% 3 eHBY RAcRLAeed fdt tdieadpPay

ctants as 15 'they nove through
pressur In her, i ' t, e
Ll fromosy TAREAS 15T TOtoaRy e ehe
. - products)_is passed throu a . fixed geonetry

i nteraction chhiis@r ﬂﬁéF@Aﬂ$n§§%ﬂqﬁcé§1?%gﬁea ang rﬁ?@&ﬁiﬁ%/?#%ék?%gﬁs,
for exanple two streans. The streans are then brought together such
~that the hi gh size pedustieoma®f tthe PaFEi¢be8es of stream convergence
result in overall particle size reduction by generation of pul veri zing
- forces. Thea size relhei igtesmasdsion chamMb&s/ appaFatus may be used in a
. PCT/ US98/ 04139 _ -21- gener ated by

stream conver geggfiglechada" mrdexombubject newdgrgbaerated npact forces,
~cavitation forces, and the | i ke, or conbinations of these, and result

in effective pyrithione salt particles to size reduction forces only

ticles. | '
eactor Lo porSPETERES B AAr S

reactor to per
under hi gh

t he fIOM/reacto%?FB or e
n=m xXtdre

pressurized re3
particles and aqueous

once. Alternatively, the pyrithione salt particles may
be repeatedly subjected'td the forces generated in th;_

iO ~interaction chamber by repeatedly dividing and

reconvefging the reaction mixturé iﬁ a "multiple-pass"

mode. The interaction chamber may be fitted with
cooling or heating coils‘'to maintain a desired
temperature.

15 In general, higher pressures produce smaller

particles in accordance with the method of the

invention. As an examéle, pressures of about 10,000

psi produce particles in the range of about 0.7 to 0.95
pm. Pressures of about 18,069 psi generally produce
20 particles in the range of about 0.3 to 0.4 um.

Accordingly, one skilled in the art can easily modify

the pressures to attain populations of desired particle

sizes.




size reduction of the particles. 5 The interaction chanber apparatus
may be used in a "singl e-pass” node to subject new y-generated '
pyrithion rticles to size reduction forces only .
Alternatisg %#ﬁ?ﬁi pyrithione salt particles may be regéa é%ﬁ?“”
subjected to the forces generated in the 10 interaction chanber by
repeat edl y .di viding and reconver gi ng2the reaction mxture in a

"mul ti pl e- pass" node. The interaction chanber may be fitted with
cooling or heating coils to maintain-a desired tenperature. 15

I'n general, hi ghe;m%r PSS REPIUSE EHB! kehction RAd IS +8adE6Qr dance

with the nethod of the I nvention. As an exanple, pressures of about
10, 000 - ' . | ¢l It ' 10, 0.95

[ﬁr rlm Pr es'g% eg’gg?‘&gg‘o‘"‘?{’%a‘?o%‘g %é? gg'ﬁ‘ér %ﬁ?}‘% g}gl(t}(tzgeh Opz%r%g? icles in

ot f_about .0.3 to 0.4 I nal y, killed i h
L Canoe ol pRalatih G B pne patE et SEr A et

particle si zes. WO 98/41502 .
PCT/ US98/ 04158mperatures promote the ormatlon_gg_smaller The

tenperature of the reaction and flow reactor may be maintained at any
t enper at r e RRKEAcesyi tthereforg eclpwent tompPerasiireshiagia reeferederal | vy,

over Accordingly, the reaction teméerature is preferably
between the freezing point of the'aqueous medium and
ambienéhtemperature (about 23°C),.more preferably
between ébout 0 and about 15°C, aﬁd most preferably
10 Dbetween about 0°C and about 7°C. A particularly useful
temperature randge is from about 5 to about 7°C.

Tﬁe particles of insoluble pyrithione salt made by
the method of the invention have a narrow submicron
size range, preferably in the range of about 0.03 pum to

15 aﬁout 0.95 um, more preferably in the range of about

0.04 um to about 6.88 um,'and most preferably in the

range of about 0.30 um to about 0.45 pm; The
pyrithione salt particles may bé isolated from the by-
products by filtration or other isolation methods known
26 in the art. Alternatively, the mixture of particles
and by-products may be added to commercial products
directly without further purification. The by-products
(e.g., agqueous sodium chloride, aqueous sodium sulfate,

or aqueous sodium acetate) are useful in shampoo or



t enper at Upgpogi6¢0t € the formation of smaller 5 Iparticl es;pévfygggstmﬁg
.l ower tenperatures are preferred. - Accordingly, the reaction

tenperature is preferably bet ween t freezing point of the aqueous
medi um and. anbi ent tenperature (abodt" 23[err]C), nore preferably

bet ween about 0 and about 15[err]C, and nost preferably 10 between about
O[err]C and about 7[err]C. A particularly useful tenperature range i s

from about 5gbaplFBtmil&eidis as thickenBiss pariddiesonf ofnsbleubl e
pyrithione salt nade by t he met hod of the invention have a narrow

subni cron Fﬁiﬁf‘at{f&g%fpfﬂf:%ﬁl%hé Bdie gRPgecPésakayt bY-03 [err] mto
15 about O. 9§ |]m nore preferably in the range of about

b f arabl b
o e e
| sol at t ts b trat |
et hods. knowt® 26 IAF19RE of FoRAP: BRRBEAR S s A rAReBpEaE, 28, Bes he

and by-products nay be added to ¢o rci.al products rectly w thout
FUrhor  ur | AREGS RSt AR DRRodtc S mi hat G, SeBATRBISNs0GRFHASHA | de.
aqueous sodi um sul f at e, or aqueous sodi um acet ate) are useful in
shanpoo or and Wowigl YasbEon steps.

PCT/ US98/ 04139 - 23- : soap formul ati ons

as thickeners. Addihe gavtiches produced retdamrdiigpyei theometbald of
particles and by-
the invention are useful as additives in a variety of
items such as personal care products (soaps; shampoos,.
-10 and the like), paints, coatings, fertilizers, and
foodstuffs. For example, zinc pyrithione particles

made according to the method of the invention are a

~useful antidandruff additive to antidandruff shampoos.

15 | EXAMPLES
The following examples are intended to illustrate,
but in no way limit the.scope of the present invention.
All parts and percentages are by weight and all
temperatures.are in deQrees Celsius unless explicitly
20 stated otherwise. 1In the following Examples “g.s.”
means quantity sﬁfﬁicient, generally 0.1 to 2%.by
weight. |

EXAMPLE 1: Production of Submicron Particles of Zinc

Pyrithione




products nmade in accordance with the present invention Is efficient
f-rom a manufacturing standpoint due to the 5 |arge cost savings in

elimnati ation, isolation " and purification ste

The partf@?ggﬁgg%duced according to the nethod of . the ?ﬁ%@ﬁ?@%ﬂ3are
useful as additives in a variety of Itenms such as personal care
products (soaps, shanpoos, 10 and the-B#ke), paints, coatings,
fertilizers, and foodstuffs. For exanple, zinc pyrithione particles
made according to the nethod of the invention are a usef ul

anti dandruff addi pi w@itQ 44 igens ukf o8hagROSS, S5g g n
EXAMPLES B %he 31Ioﬁ?%g eﬁgﬁgfesagrg%ﬁﬁ?én eg & F??ﬂg¥¥ate,

per cent ages Apedayn, SAds i pShyhefs iRl KR ene gl EaRER P T

unl ess explicitl 20 st ot herw se. Ln the fo]low ng Exanples "qg.s."
neans quanti ?‘91§§?f P&iﬁg'%g&e‘? | Y3EBT 1180 129 Pce\ﬁ "T%hggé EXAVPLE
1: Production of Subm cron Particles of Zinc: rithione WO

08/ 41505 recirculated through a model M-149&/ ALY

-24-

5 Microfluidizer Processor (Microfluidics Infernational
Corp., Newton MA) which in&luded a fixed geometry
interaction chamber. The entire apparatus is cooled to
approximately 7°C, and pressure is maintained in the

-Microfluidizer at about-ls,ooo psi. A solution of
10 sodium pyrithione (45 mL of a 16.3% solution) is added
to the inlet of the reservoir of the Microfluidizer
- over an 8 minute period, and circulation of the
reactants continued for 5-10 minuﬁes.- As the reaction
mixture circulated through the Miqrdfluidizer
15 apparatus, the fixed géometry interaction chamber
" divides the reaction mixture into two streams. The
streams are then brought together undér pressure to
generate turbulence and pulverizing forces that result
in size reduction of the iinc pyrithione_particles.
20 The particles of zinc pyrithione thus formed are
measure@ by a laser light scattering particle size
analyzer (Horiba LA910). Table I shows the size

distribution and frequency of the particles. The

median particle size is approximately 0.313 um. The



A sol ution Wwo o8#18050f 20% ZnS( err], 0.5 g " DARVAN' (sodmh[mﬂ;,
pel ynmeri zed al kyl napht hal ene sul fonic acids) and 25.5 g of water Is

i ntroduced into and recircul ated thrqough a nodel M 140K Laboratory 5
M crof | ui di zer Processor. (M crofl uidics IRt nat i onal - Corp., Newton
MA) which included a fixed geonetry I nteraction chanber. The entire

. apparatus is cooled to approximately 7[err]C, and pressure is
~ maintai ned in gdeticle MiceoWidtdizhit i¥n dWuredy, RAProwly Aispldtiddd Of

10 sodi um pyrithione (45 nL of a 16.3%solution) is added to the inlet

" of the reservomﬁgflg,hﬁo%caq_gb@r@e@r and e,%?gl@g 8 RBiput Q.a[g%;é q% orrnd

~circul ati on of

react ants conti nued 5-10 m nut es

pm.

~ reaction rf_rijtithure |rcuI8%Fd tgb h the Mcrofluidizer 15 apparatus,

“the fixed geo

??tiﬂt Patt

di vides the reaction m xture

. into two streams. The streans are then brought together under pressure

. to generate turbul ence and pul veriZahyef &rces that result I n size
reduction of the zinc pyr|th|one particles. 20 The particles of zinc

pyrithione thus fo%ﬁ?du@&@r {Fhrlhg§%kg%8g§.$§gaser &mulgﬁg%gqu@g

particle size 1 Le | oms fhe Size
di stribution and frequgggy of the partlwlgg The medha@e . Rarticle size
i s approxi mately O. 313 Lerr]nl The WO 98/ 41505 .
. PCT/ US98/ 04139 . 22.41 -25- 93.75
3.39 64.35 : _ 77.34
0.296 13.00 13.00
5
EXAMPLE 2: Production of Submicron Particles of Coﬁper

Pyrlthlone
In a mauner 31m11ar to Exaﬁple 1, 100 mL of a 3%
10 aqueous solution of sodium pyrlthlcne is introduced
-1nto and rec1rculated through a Microfluidizer
apparatus malutalned at about 20,000 psi and at
approximately 5°C. 50 mL of a 2.42% CuCl, solution is
added to this circulating solution which is maintained
15 at 5°C. The size and distribution of particleé of
copper pyrithione generated from one pass through the
Microfluidizer is measured using_a Horiba LA910 laser.
Analysis rgvealed that the particle sizes ranged from
6;04 to 6;88 pu, wiuh u uedian éize of about 0.09 pm,.
20 EXAMPLE 3: (Proposed Example) Antidandruff Shampoo

Formulation_I




particle size distribution is very narrowy di spersed (nearly nono
di spersed) and exhibits a size range from about 0.30 to about 0.45

[err]m Tabl e | | r

Fr equency?%msos Cumul ative (% 0. 445 %&%&98,‘0&3@

100.0 0. 389 22.41 99. 75 3.39
64. 35 . 77.34 0.2%6" | 13. 00

13.00 ‘5 EXAMPLE 2: Production of Subm cron Particles of Copper

Pyrithi one In a manner simlar to Exanple 1, 100 nL of a 3% 10
aqueous sol uti onagf antdidandiff Nsldpbs topOEEesdn is maded Withg

recircul ated through a M crofluidizer appar at us nai ntai ned at about
20,000 psi @Rd Binc pyrAUMIRHdHOHYiE185" hidebAsHeabrabed?d® Cud [err]
solution is added to this circulating solution whirch is.maintained 15
at 5[err]C. lZ | Sit iggg® ' s LG 0 : per
pyri t hi one %’é%e %’?gdq'f %g{nal ?n?an%)ass J%’?%ﬁ%ﬁﬂiﬁ%hﬁ EE&I\/I‘Tf8E"_(:%'lpl"vl}lqr1 zer is
measur ed using_a.koriba LA910 | aser. Anal ysis reveal ed that the
particle si®® rﬁgﬁﬁggsﬁron1 0.04 to 0.88 [err]m with a nmedian size of
about 0.09 eran1 20 EXAWMPLE 3: (Proposed Exanple) Antidandruff Shanpoo
For mul affi onCPmPonent A:zn 98/ 41505 N

PCT/ US98/ 04139 water : - 26- 41.0%

Magnesium aluminum silicate 1.0%

Hydroxypropyl methylcellulose . 0.8%
Component B:

10 | Zinc Pyrithione (needles/rods,

25% aqueous dispersion) . 4.0%
Component C:

Cocamide DEA - . 1.0%
Component D:

15 ° Triethanolamine lauryl sulfate, 40% 40.0%
Triethanolamine; 99% - 3.2%
FD&C Blue No. 1 (0.2%) 1.5%
FD&C Yellow No. 5 (0.1%) 0.5%
Fragrance ' g.s.

20
The antidandiuff shampoo composition was made as
follows:
Component A is prepared.by heating water to 70°C
and dissolving the other two components with stirfing
25 (about 1500 rpm). The temperature of the mixture is.
iowered to 50°C, and Component B is added, and stirring
continued for 5 minutes. Stirring speed is reduced to

~300 RPM. Component C is melted in a separate




An aﬁti dandywef dg/455@NPo0 conposition is made using the zi perRisosoizone

parti ¢l es fmade as described in Exanples 1 and 2 in conbination with
- the follow ng ingredients: 5 Cowpdqggg A Wat er
- 41. 0% . Magnesi um al um num silicaté ' - 1.0%
Hydr oxypr opyl net hyl cel | ul ose 0.8% Conmponent B: 10
Zinc Pyrithione (needles/rods, 25% aqueous di spersi on)
4. 0% Conparsitafiher, and adGedamiodeHeEA/B mixture. The heat is
1. 0% Conponent D: 15 Tri et hanol am ne lauryl sulfate, 40%
| 40. 0% réhbetdanalaBonpon8d¥ D is added while the3mi%ture
. FD&C Blue No. 1 (0.2% 1.5% FD&C Yel |l ow No. 5
(0.1% cool 0.5% Fragrance
g.s. 20 %ﬁe anti dandruff shanpoo conposition was nade as
fol | ows: Conmponent A is prepared by heating water to 70[err]C

- and di ssolving the other two conponents with stirring 25 (about 1500

. The_t t f the nixture | | to 5 ¢ and
Conponent B | SEAMRbE "5 (BEPPRRRE Exambla) ARCHEFEITSER HOREEOSS: | 111 ng

speed i s reduced to . -300 RPM Conponent Cis$ nelted in a separate
WD 98/ 41505 Formulation II PCT/ US98/ 04139
-27- contai ner, and added to the A/B m xture. The heat is

renoved and conponedmother antddapdrud & ishaipereomposition is made
using the zinc pyrithione particleé made as described
in Examples 1 and 2 in combination with the following._
10 ingredients: |

Component A:

Deionized water _ _ 76.0%
Ammonium lauryl sulfate’ ° 15.0%

- Cocamide DEA : - - 2.0%

15 Component B: ' _

Di (hydrogenated) tallow phthalic

acid amide 5.0%

Zinc Pyrithione (needles/fods,

25% agqueous dispersion) 4.0%
20 Compqnent'C: |

Preservative _ ’ g.s.

Component D+ |
Citric Acid, 50% ag. Solution, OR
Sodium hydroxide, 50% aqueous solution g.s.

25 Component E:

Ammonium chloride _ g.s.




cool s. 5 EXAMPLE 4: (Proposed Exanple) Antidandruff Shanpoo

-Fermul ation |1 Anot her anti dandruff shanpoo conposition is nade
usi ng the wowgaResi t hi one particles nade as descri bed IPCTRiSYERaE 1 -
and 2 in conmbination with the followng 10 ingredients: Cbnponent A
Dei oni zed wat er ' Eg 0% Ammoni um | aur yl

sul fate . . 15.0% Bani de DEA

2.0% 15 Cowponent B: Di (hydrogenated) tall ow phthalic

-acid am de 5. 0% Zinc Pyrithione
(needl es/ r ods, The anﬂﬁ&aﬁaﬁﬂﬁﬂssﬁampudmcmﬁpos1tlon is made 4s0% 20
Conponent C: Preservative g.s.
Conmponent D:. follows: Citric-Acid, 50% aq. Solution, OR Sodi um
hydr oxi de, 50% aqueous solution qg.s. 25 Conmponent E: Anmoni um
chl ori de In separate c8ntainers, éﬁ&ﬁﬁkﬂ&épi.and B are

. PCT/ US98/ 04139 - 28- The

ant'dandrUffégyﬂn%%kéanqéfit'OEg#éoggg% i?ls heaﬂg ¥¥-g0°C ??d In

~ separate contalners,;” conponents each m xed Conponent
s Tested 1o SOl oi) G eSomaEnl Bus adieds e it 15
minutes. The mixture is then cooled to 50°C, and
component C is added. The pH of the resulting mixture
is adjusted to 5.0-6.2 with compoﬁent D, and the
viscosity is adjusted with component E.
10
EXAMPLE 5: (Proposed Example) Antldandruff Shampoo with
Condltloner I
An antldandrﬁff sham§§o and conditioner
composition is made using the zinc pyrithione particles
15 made as described in Examples 1 and 2 in combination
‘with the following ingredients:

Component A:

Deionized Water : 77.0%
Ammonium lauryl sulfate 20.0%
20 Cocamide DEA - 2.0%

Component B:
D1(hydrogenated) tallow phthalic
acid amide - 4.0%
Zinc Pyrithione (needles/rods,
25 25% aqueous dispersion) ' 4.0%
Dimethicone, 12,000 cps 0.5%

Component C:




corrbon‘ent b§sgdgsled. The pH of the resulting mxture | PoPisbEo4ash t O

5.0-6.2 Wth conponent D, and the viscosity is adjusted wth conponent
E. 10 EXAMPLE 5: (Proposed Exanple) Antidandruff Shanpoo with

Condi tioner. | . An antidandruff” %énpoo and condi tioner

conposition is nmade using the zinc pyrithione particles 15 nade as
described in Exanples 1 and 2 in conbination with the foll ow ng

i ngredi ents: Peapertalt iAre Dei oni zed Wat er .S.

77. 0% Ammoni um | auryl sulfate 20. 0% 20

Cocani de DE/Aomponent D: 2. 0% Conponent B:

Di (hydr ogenat ed) hal i agj Jig3e

4. 0% Zi ngg%?'}gt %@&?g (ér?e%edﬁ%% 70 Sgb%ﬂ "+ Bos agqueous

di spersi on) Sodium hydroxid¥) 50% aquebuseskiledrien 12,@09. cps

0. 5% Conponent C; WD 98/ 41505

PCT/ Us98P041@emponent E: - 20- . Preservative
g.s. Conponenpmidonium chlox¥ddd i c acid, 50% aqueous sol ugign, OR

Sodi um hydr oxi de, 50% aqueous solution. ¢g.s. 5 Conponent E:

Ammoni um chl ori de g.s. The anti dandr uff
shanpoo and condi ti oner conposition is made as follows: 10 I n

separ at e cont ai neThe eotjdandrufX mshhfipareand conditioner
composition is made as follows:
10 In separate containers, components A and B are
each mixed well. Compbnent A is heated to 60°C and .
component B is added. The mixture is stirred for 30
. minutes.' The mixture is then cooled to 50°C, and

coméonent c is added. The pﬁ 6f the rééulting mixture

: iS. is.aajusted to 5.0-6.2 with compbﬁént b:.éﬁ&.tﬁé“. |

viscosity is adjusted with component E.

XAMPLE 6: (Proposed Example) Antidandfuff Shampoo with
Conditioner II

20 Another antidandruff shampoo and conditioner
composition.ié made using the zinc pyrithione particles
made as described in Examples 1 and 2 in combination -
with the following ingredients:

Component A:
25 Deionized water 21.75%
Guar hydroxypropyl trimonium chloride 0.30% .

Magnesium Aluminum Silicate ~ 0.70%




et D naiie

each m xed wel | . Conmponent A is heated to 60[err]C and conponent B is

added. The nixture Is stirred for 30 m nutes. The mixture is then
cooled to , and component C is added. The pH of ing .
m xtu ¥§9L|s adjusted to 5.0-6.2 with conponent D, and thPéﬂEB&ﬁﬁHi}
V|5005|ty is adjusted with conponent E. EXANPLE 6: (-Proposed

Exanpl e) Antidandruff Shanmpoo with =38snditioner 11 20 Anot her
anti dandruff shanpoo and conditi oner conposition is made using the
zinc . pyrithione particles made as described in Exanples 1 and 2 in
- conbi nati on Hirdd pPei fRibay Nacedlles) us, Conponent A: 25

Dei oni zed water . 21. 75% GQuar hydr oxypr opyl

trinoni um chl ori 5% aqueoys dlsper51ﬁﬁdne5|un1AIun1nun18|IFc&ﬁb
0. 70% 505
Pt Usos/ 04 FoFPOReHt B -30- " Zinc
Pyrithione (needlszdiumislaureth suli&%eaqueous di spersion)30.0%

4.0% - Conponent B: | ayreth Ifate

30.0%5 5 AmﬁS?W‘%R&’%‘&}l’é}ﬁ%e‘gﬁl F‘b‘ﬂr?ﬁ’é‘ e %E 02. 8% °% conponent

C cBrigctien@n@pni um chl ori de 0. 50% Cet yl
al.cohol NF 0. 40% Stearyl al caohaol
0. 40% 10 QTrisetysamnppiym chloride 2.86%°%  Conponent
D. CDC&EéE&ngicohol NF 1.70% o.40%
| Stearyl alcohol 0.40%
10 Glycol distearate 2.00%
Component D:
Cocamide MEA : 1.70%
Ammonium lauryl sulfate 36.00%
Component E: L . .
15 Preservative ' 0.05%
Fragrance and dye g.s.

Component F

- Citric acid, 25% aqueous solution g.s.

20 The antidandruff shampoo-apd conditioner
;ompositibn is made as_follows:

Component A is préﬁared by heating Watér té 50°C
andodispersing the guar.hydroxyprop?l trimonium
chloride and the magnesium aluminum silicate with rapid

25 agitation.- The zinc pyrithione dispersion is added to
this combination with stirring. The pH of component A
is adjusted to 4.5-5.0 Qith component F. Both
components of B are slowly added to component A, mixing

well. The pH of the mixture is adjusted to 5.7-6.3



Annnnlun1lqﬁbgbmﬁ”gfate _ 36. 00% Conponent pErs9s/04139

Preservative . _ 0. 05% Fragrance and dye
g.s. Conmponent F Ctric aci% 25% aqueous sol ution g.s.
20 The. anti dandruff shanpoo and co diti oner conposition is nade

~as follows: Conmponent A is prepared by heating water to 50[err]C
and di spersing the guar hydroxypropyl trinonium chloride and the
magnesi um al it Bomiporehe M.t hIhapl depdrai@ t@dhOfindhp ébl‘hﬁoﬁb&iﬁ g one
di spérsion is added to this conbination with stirring. The pH of

conponent A 4 he!asc J;\&I?“}‘Q -480&. S5-pn W/bhn QL%EQB{&E@ s hedi0L4 d to 60°C

conponent s of are S y added to conponent
of the nixture adj us MWD 98/ 415
PCT/U898/041§§ A&Eé 1%8 component C. lelﬁﬁ.WEPf ﬁPFH conponent F.

~In a separate container, componen heated to 70-75[err]C. The A/B
mxture. is hé’&f’@d’r’c‘%‘t@[% rPcare adgﬁ&‘ l§|°er$§'l§d Rt isrpefentP@ i xing

wel | . Both onents of D are added to the hot n1xture and 5
stirred WEIIStimxég:Wﬂllhe Thet BHeOFs the) mipdre is adustedataith

- conponent F. The m xture is cooled to 40- 45[err]C, and conponent E is
added with sSi.7-in@ with comgesentdF.t h&he swiosiune of s t beobeddtot 40an be
i ncreased by addi ng 0. 05-1% sodi um chl oride. 10

45°C, and component E is added with stirring. If
desired, the viscosity of the product can be increased
by adding 0.05-1% sodium chloride.

10 |
EXAMPLE 7: (Proposed Example) “Extra Body” Antidandruff
- Shampoo .

An ‘“extra body”dantidandruffishampoo and

conditioner composiﬁion is made using the zinc

15 pyrithione particles made as described in Examples 1
and 2 in combination with the following ingredients:

Component A:
Deionized Water : 62.6%
Zinc Pyrithione (needles/rods, |
20 25% agqueous dispersion) 4.0%
Component B:

.30%

Methyl Paraben 0

Propyl Paraben 0.10%

Propylene Glycol 0.50%
25 Sodium Chloride 0.50%

Component C:

Triethanolamine lauryl sulfate 20.0%




EXANPLE 7: (Proposed Exanpl e) "Extra Body" Antidandruff Shanpoo

An "extra body" antidandruff shanpoo and condi ti oner conposition is
made u5|Qg %Bﬁ gis"C 15 pyrithione particles nade as descrpéﬁﬂsmmuﬁganpies
1 and n conmbination with the follow ng ingredients: Conponent
A Dei oni zed Vt er 62. 6% : Zi nc
Pyrithione.(needl es/rads, 20 25@6§queous di spersi on)
4. 0% Conmponent B: Met hyl Par aben '
0. 30% Propyl Paraben 0.10%
Propyl ene d ycolCocamide MEA 0. 50% 25 Sodli fn Chl ori de

2 .
26?862 -Cbnponqug}ﬁqgoglycol gls %gggﬁ:an1ne | auryl SU'%?E%
PCT/ US98/ 0 onent . -32- . Cocam de MEA
4.-0% Et hyl ene gl ycoI di stearate 7. 0% Component D:
_Cocodi moni um hy Retgdiwoniumahygredyized anigwl Prefpdnent -
FD&C Bl ue El'on%q _ g.s. Conmponent F:
Ctric Paqueous sol ution g.s. 10 ‘The anti dandr uff
shanpoo and condFD&ONBlue No.canposition is nade as foll owd:8s-
Conmponent A is heated_to 60[err]C. The ingredients of . conponent B are
added wi t h GERPRERY Fhg unti di ssol ved. The ingredients of conponent
Care added to eitric Acid, 50% aqueous solution g.s.

10 The antidandruff shampoo and conditioner

composition is made as follows:
.Component A is heated to.60°C. The ingredients of
. component B are added with good stlrrlng until
.dlssolved. The 1ngred1ents of component C are added to
15 the mixtﬁre sequentially, and heated with mixing at
60°C. The mixture is cooled with stirring to 40°C, and
_components D and E are added wiﬁh stirring. The pH of
the final composition is adjusted to.4.7'with component
F.
20 |
Although the invention has been shown and
described with respect to illustrative embodiments
thereof; it should be appreciafed that the foregoing
and various other changes, omissions and additions in

25 the form and detail thereof may be made without



15 the ni X ogq5geUENT | al | y, and heated with m xing at IQ?J'G The
m xturé i$ cooled with stirring to 40[err]C, and conponent’s sghégE

are added with stirring. The pH of t he final conposition is adjusted
to 4.7 with.conponent F. 20 -33- Al though the invention has been
shown and described with respect to illustrative enbodi nents

thereof, it should be appreciated that the foregoing and vari ous ot her

changes, oni gshape iaRd Fadfl tHHNSH v i 2%nd hecd9t angndet aivierdtheieafs My be
made w t hout WO 98/ 41505

PCT/ US98/ 041397 jneated in the claims _ - 33- departing fromthe
spirit and scope of tﬁe invention as -~ delineated in the clains.

WD 98/ 41505 - PCT/ US98/ 04139

- 34- VWHAT IS CLAIMED | S: 1. A nethod for producing

subm cron-si zed parti.cles of pyrithione salts, characterized by

reacting 5 pyrithione or a water-soluble salt of pyrithione and a




wat er - sol ubl e pol yval ent netal salt in a pressurized “turbulent flow
reactor ‘that generates pulverizing forces, said reaction

pr oduci ng.wolagisgdoan Si zed particles of pyrithione salt -Pcfrf}s 41392 . -
The nmethod of claim1, characterized in that said .= water-so u_s(oe sal t

of pyrithione.is selected fromthe roup consisting of sodium
pyrithione, - potassium . pyrithione,‘$gthiunypyrithione; anmoni um

pyrithione, 15 and conbinations thereof. . a(}I“ImMJmmuuﬂ‘“L claim
1, characterized in that said ' wat er - sol ubl e I* alt is a

divalent s T 1S telasdms fg.0m the group consistihg %f *zi fic Salts, tin

20 salts, cadmumsalts, bisnuth salts, copper salts, Zi rconi um
salts, maghesiumsalts, alum numsalts, . nitrate salts, acetate salts,
sulfate salts, halide " salts, and conbinations thereof. WO

98/ 41505 . . . us98.L04 .

°3. Ly BnBeshod £oR RAodus e AuPmPEoR; Bl Bt isher

zinc chlori® nati ons

thereof. 5 L '
5 pyrithione or a water-soluble salt of pyrithione and a

Gl val ent SPhE byptRHIEE LU I U EPTS o gl ang ZL1C S T2 e:
water-soluble polyvalent ﬁetal salt in a pressurized
turbulent flow reactor that génerates pulveriéing
forces, said reaction producing. submicron sized
particles of pyrithione'salt.

10 .
2. The method of claim i, characterized in that said
~water-soluble salt of pyrithione_is selected from the
group consisting of sodium pyrithione, potassium
pyrithione, lithium pyrithione, ammonium pyrithione,

15 and combinapions thereof.

3. The method of claim 1, characterized in that said
water-soluble polyvalent metal salf is a divalent salt
selected from the group consisting of zinc salts, tin
20 salts, cadmium salts, bismuth salts, copper salts,
zirconium salts,_magnesium.salts, aluminum salts,
nitrate salts, acetate salts, sulfate salts, halide

salts, and combinations thereof.



5.  The mgy§ gi,g‘uscl aim1, characterized in that said I serhisoslosss P
further Conprlses addi ng a. di spersant sel ected fromthe grc“p

consi sting of sodiumsalts of . ‘polynerized al kyl napht ;
acids, and . 10 conbi nations thereof. =35- 6. The net ho @ Eﬂmlﬂi mm '
characterized in that.said di spersant is present in- '
surfactant. 15 7. The nethod of claim1, characterized in that the

ratio of sahd pYmhiRRn A d\;t@iTﬁﬂ'ﬂP' ensdblct¥rized P thBEORRiLP said

wat er - sol ubl'e polyval ent net I's in the range fromabout 1:2 to

about 1:8. fur C e y
the step of d?’%’ﬁ&&ﬂ 5 -552% % gﬁ’fnthe (#“h o‘ﬂp &%SE%E eggzzl t.
WD 98/ 41505 | PCT/U898/04139
- 36- ginc pd fadiSvoBHIC c‘FféJrWFldechéPQ& &t RFen tPRPSthe
pressure nai ntained in said pressurized turbul ent flow reactor is

great er thaghlogddssi and combimatigpe wBews®fof claim 1, characterized in
that said
5

5. The method of claim 1, Charactefized in that said
reacting step further comprises adding a dispersant
selected from the gfoup consisting of sodium salts of
polymerized alkyl naphthalene sulfonic acids, and

10 combinations thereof.

6. The method of claim 5, characterized in that.said

dispersant. is present: in a blend with.a surfactant.

15 7. The method of claim 1, characterized in that the
ratio of said pyrithione or water-soluble salt of
pyrithione to said water-soluble polyvalent metal salt

is in the range from about 1:2 to about 1:8.

20 8. The method of claim 1, further characterized by

the step of isoclating said submicron particles of

pyrithione salt.




uﬂ{Oﬁ] - about O[err]C and

reactlng step t akes pl ace at a te e at

ure
about 23[err]C. : 11. IH
sai-d 10 wologAides NY forces a the group g of
shear forces, inpact forces, caV|tat|on ; forces, sonlcatlonﬂﬁglglgg and

conbi nati ons thereof. 12. Theé net hod of cIa|n11 characterized in
that said 15 subm cron-sized partlclé§§ﬁ pyrithione salt have sizes

in the range of about 0.03 [err]mto about 0.95 [err]m 13. The
met hod of claim 12, characterized in that said submi cron-si zed

particles of, pyrrhéi maghsd bfhalais 265 ciératPetgefanae ttfatalind 0. 04.
[err]mto about 0.88 [err]m 14. The nethod of claim13,

characteri ?Lgeééhfé%ﬁﬁtﬂlned ﬁfﬂé@fé Fé&t tﬁkﬁﬁl@nboyfiéd?' one

salt have range of ab err]mto about
- [err]m VQ.98L4

PCT/ US98/ 0ASRF 85 é§g§ter than 1000 psi. . _37. 15 A
shanmpoo or skin-care conposition characterized by a base fluid and
submi cron particles of pyrithione . salts made by the nethod of claim1l.

., characterized in that

S 10. The method of claim 1, characterized in that said
reacting step takes place at a temperature of from

about 0°C and about 23°C.

11. The method of claim 1, characterized in that said
10 pulverizing forces are selected from the group
consisting of shear forces, impact forces, cavitation:

forces, sonication forces, and combinations thereof.

12. The method of claim 1, characterized in that said

15 submicron-sized particles of pyrithione salt have sizes

inh the range of about 0.03 pm to about 0.95 um.

13. The method of claim 12, characterized in that said

submicron-sized particles of pyrithione salt have sizes

20 in the range of about 0.04 um to about 0.88 pm.

14. The method of claim 13, characterized in that said
submicron-sized particles of pyrithione salt have sizes

in the range of about 0.30 um to about 0.45 um.



5 16. Th%wgggggﬁ'tion of clain115, characterized in that PCTﬁﬁ&QWH§§e.
I a i el ec I st u;iagLaan+_________

flud irs s romthe group consi sting of S

di spersants and conbi nati ons thereof. roduci ng
submi cron-si zed particles 10 of zinc pyBRi?rhi one char E#ilmmlﬂrm i ng
a pyrithione or a wat er - sol ubl e salt of pyrlthlon

wat er - sol ubl e zinc salt selected fromthe group ConS|st|ng of *zi Ac

~sulfate, zinggchl %{' Ham 5'Cor sklﬁc‘éhﬁ'tee’cdgﬁrﬁlﬁzl A H%hﬁ?’écﬁ:@%&%ﬂ in a

~turbulent flow" 1 or generatlng pul v orces sai d turbul ent

about ' 25, 000WeR FRPS dfté bR e 2R $8f PR eo gF PRS2

. 23[err]C, sald reactl uci n cron si zed particles of zinc

- pyrithione. made' 5 %/%%SBsd o UL

: PCT/U898/04139 _ - 38- 18. The net hod of
claim17, characterized in that said wat er-sol ubl e salt of pyrithione

- is selected fromthe group consisting of sodium pyrithione, potassium
pyrithiorge, Wi6t.hi Thepyedsnposheionnabncdaipy il hicmractenhgedods rdtons
t her eof . 19. The nmethod of claim 17, characterized in that said

said base fluid is selected from the group consisting

of surfactants, dispersants and combinations thereof.

17. A method for producing submicron-sized particles
10 of zinc pyrithione, characterizéd by reacting a
pyrithioﬁe or a water-soluble salt of pyrithione and a
water-soluble zinc salt sélected from the group
~consisting of-zihc'sulfate, zinc chloride, zinc
acetate, and combinations thereof, in a turbulent flow
15 . reactor generating pulverizing forces, said turbulent
flow reactor maintained at a pressﬁre of from about
18,000 psi to about 23,000 psi and a temperature of
from about 0°C to about 23°C, said reaction producing

submicron-sized particles of zinc pyrithione.

20




reaéting step further conprises adding a di spersant selected fromthe
group consi sting of sodi um sal ll“ Em rized al kyl napht hal ene
sul f oni C“?tghg{? ? conbi ”“Imum Iué Hm 20. The net hod o
claim19 B erized in that*safd - " dispersant is prcReHPS ?sﬁ"‘é”bl end
with a surfactant. 15 21. The methed of claim 17, characterized in
that the | ratio of said pyrithione38r a mater-soluble salt of
pyrithione to a water-soluble polyval ent netal salt is in the range
fromabout 1:2 to about 1:8. 20 22. The nmethod of claim 17, further
characterizgd b»rhe metH5a S EPcPh 1S RH3! B SRILSUNE G RN REE! gshas of

zinc yl’lt I one.

Substitute 9 racterized
in that sal %p'%? soli eéruszq"ﬁﬂh% éﬁlgﬂei%ge ect gsc?q’f éa%"%%‘}“oﬁﬂg
consi sti ng of: shear forc.es forces aV| tatio f orces,
soni cat i onFFEPP£C QﬁﬁfQiﬂﬁn%gp %éuWhQVEBF Lane, pr%ﬁfsﬁﬂ@ met hod of
claim 17, characterlzeq. qlthat saj

pyrithione ithium pyrlthione, ammonium pyrithione,

5 and combinations thereof.

19. The method of claim 17, characterized in that said

reacting step further comprises adding a dispersant

selected from the group consisting of sodium salts of
10 polymerized alkyl naphthalene sulfonic acidé, and

combinations thereof.

20. The method of claim 19, characterized in that said

-dispersant is present in a blend with a surfactant.

15
21. The method of claim 17, characterized in that the
ratio of said pyrithione or a water-soluble salt of
pyrithione to a water-soluble polyvalent metal salt is
in the range from about 1:2 to about 1:8.

20

22. The method of claim 17, further characterized by
the step of isolating said submicron particles of zinc

pyrithione.



subnicron
about* 0.'03

of zinc pyrithiong TW&\?#EZAg%%BFW hocLéﬁp 5‘,%/&539

err]n1to about 0.95 [err]fn The net aim 24,

26. The nethod of claim 25, characterized in that said

characterized in that said subm cron particles of  zin ave
sizes in t he range.of about 0.04 [eBPFmto about 0 “Hﬁ& "ﬂi

particles of zinc pyrithione have sizes I n t he range of about

[err]mto ab
conposition
particles o
28. The co

B 23?%.[ HOpd of c1aig 10 PR bled E%"Snf‘?%‘éea“d

f th de:b thod of cl 17.
BRLVERAF Y ééﬁ%%?grérﬁa%s%&fe@zﬁ%"ﬁ%%gfﬁém sai d base

fluid is selected fromthe group consisting of surfactants,
di spersant s, COR@iEsHNS R PReaRefesres, impact forces, cavitation

10

15

20

forces, sonication forces, and combinations thereof.

24. The method of claim 17, characterized in that said

submicron particles of zinc pyrithione have sizes in

the range of about 0.03'um'to about 0.95 pm.

25. The method of claim 24, characterized in that said

submicron particles of zinc pyrithione have sizes in

the range of about 0.04 pum to about 0.88 um.

26. The method of claim 25, characterized in that said

submicron particles of zinc pyrithione have sizes in

the range of about 0.30 pum to about 0.45 um.

27. A shampoo or skin-care composition, characterized
by a base fluid and submicron-sized particles of zinc

pyrithione made by the methoa of claim 17.

28. The composition of claim 27, characterized in that

said base fluid is selected from the group consisting

of surfactants, dispersants, and combinations thereof.
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