TITLE POTASSIUM MONOPERSULFATE SOLUTIONS FIELD OF THE INVENTION This invention
relates to a hig’Yh-stren]gth solution of potassium 5 monopersulfate triple salt havin_? a high active
oxygen conte Paz%)l% 38 for its preparation, and its use in the manufa&%jr“féj%zfe?) wiring boards
and semiconductors. BACKGROUND OF THE INVENTION Trademarks are hereinafter shown in
upper case. 10The term "potassium monopersulfate” is commonly used in the trade, and is used
herein to refer to the mixed triple salt 2KHS05-ICHSO4-K2S04. The term "ICHS05", the formula of the
active component in the triple salt, is used herein specifically to denote potassium hydrogen
peroxymonosulfate. Potassium monopersulfate as BlEbld has a theoretical active oxygen content of
155.2%, but as the commercia)| ilable solid mi ipl , ical active oxygen content of
about 4.7%. It is recognized t%&ﬁé%é%ﬁkl/] ﬁ%%ﬁﬁ%%ﬁé%gﬁa@ t@ggl;m monopersulfate is
about 95% to about 98% due to the presgngeohHings: aperimeNminor amounts of additives (such as
an anti-caking agent), and variations in manufacturing processes. "Active oxygen" (AO) 20 is defined
as the amount of oxygenTaitiiavestassilmmonofgrsubiaiasipisisalififrexemss of that required to form
the Co“‘es_p_o@'”%&%H@Js?mﬁtg@}éi?@aﬁ%%@%%%ﬁ Qcﬁsészﬁ%g@g%&% theouatigndor the
decomposition of the monopersulfate, KHSO05 1CHSO4 + [0] Percent AO = Weight of 101x 100
25Weight of KHSOBFSRAEHAR: AR s e dn fhe mrovfesiire oL paRird naries hotrs 8 gen liberated by the
decomposition shesmidemdppbyriag the formula given, the weight of KHSO05 is replaced by the weight of
sample where impure material is used. Active oxyc n. of course, be determined from many

reactions, the displacement of iodinre~S8maHpt Nt AN AL EVLS, mple, being quantitative. The

active oxygen in potassiymoneparstliait.is-availalia ppregduction of molecular oxygen or for use
in various oxidation reacti&nst. PoLastséium monog)erslﬂgatttg has a nu beré)f ugi,ﬁ? igclud' g inthe
microetchingl(?f printed eriﬁgeﬁ%ap(ﬁ’s,sﬁlltérg RO as &f’ntésdp eireut Boaras? sTu ano, 8tal., in U.S.
Patent 6,818,142 deussstbkeriodanstsitiothamirediriciosat Rk PsdeBEUsihoSsetaddiermmonopersulfate

microetching solutiangsEyingddvningilosuliaieriencapsatians andipighavaighipeesent active oxygen.

The composition CQ@BH%EI? 3.Slution qg‘&ou%gsns}}&rg @”%QQQJ&RHH%QQW”Q a minimum acti_ve oxygen
content, at an equn?alen; te?ﬁ’wperaturel,)0 equal to mn% about I.5 to about 5.5 10times the active oxygen
content of the trip|€ Y& G ABRGRFORBFE R itiddanAdhporetical active oxygen content of

15  5.2%, but as the commercially available solid mixed triple salt, has a typical

active oxygen content of about 4.7%. It is recognized that the purity of
commercially available potassium monopersulfate is about 95% to about 98% due
1o the presence of minor impurities, minor amounts of additives (such as an anti-
caking agent), and variations in manufacturing processes. “Active oxygen” (AO)
20  is defined as the amount of oxygen in the potassium monopersulfate triple salt in
excess of that required to form the corresponding bisulfate. It may be calculated

as a percentage from the equation for the decomposition of the monopersulfate,

KHSOs — KHSO4 +{0]
Percent AO = Weight of [O] x 160
25 Weight of KHSO3

wherein AQ represents the active oxygen and [O] is the oxygen liberated by the
decomposition shown. In applying the formula givcn, the weight of KHSOg5 is
replaced by the weight of sample where impure material is used. Active oxygen
can, of course, be determined from many reactions, the displacement of iodine

30 from potassium iodide, for example, being quantitative. The active oxygen in



the potassium monopersulfate is completely dissolved. This is an active oxygen content of 0.7% to
3.3_6 % for thevJé%‘Jlf% g&% solutions. The process for thg prepa_ration ofpt&eﬁs%wlgnzé:g%mprised mixing
solid potassium monopersulfate with a quantity of water insufficient to completely dissolve the solid,
mixing to 15form an equilibrated slurry, and separating undissolved solids to obtain a solution.
However, it is desired to have potassium monopersulfate solutions having even higher active oxygen
content. Further, the storage stability of the Tufano et al. solutions has not been maximized. The
insolubility of inert solids that precipitate during storage or shipping remains a problem. 20lt is
desirable to have $wibtsies|miEaBesTbsin RIS AopRRdyrtan Afappiavead Piyert AdBve oxygen
content for various;sspsvatitmiaisadaesiyalaleiéasimprove the process for microetching of printed wiring
boards through use of C%&%&?ﬁ%ﬁ%&%@gﬂ&@&@ﬁ%ﬁlﬂ&%?t&&@?ﬂﬁc‘?@éﬁigEﬂ%‘g""er inert sulfate

. I !

concentrations and higher weight percent active oxy?en It is also desirablé to 25eliminate the

insolubility of comPURPRIENAROHREEISHTEEE MersAldBeMR G RERRSECHRYIGPeMPping of potassium
monopersulfate solufions etrnlglined i Caton§, 28 idvaltabillly ofdigoeitiactivé omjigeataahgions is more
desirable along withjainimizediadsy fala Rl A RERERRROIRM@AIRRIEMVEER SURR-sOlutions.
SUMMARY OF T %#NVENTION{ Tg?u esen gisclostur%.gomxprises_@}gom osi%on comprising a
solution of potassitiHIRSRBFE IR RaY %‘5’?\* CRE BXygEn CORtENt of Trom Roout 3.4% to about

6.8%. The presengrisistostivéidy ehestesmprisescagsteies ving e phapmmeivef a solution of
pobisSitIM monopgxsuiiatahaving A eaeiRaaperacrauefl §epmabeil 3.4% fecbeu 6.8%
comprising ixing to form an equilibrated slurey i) solid 2K KHSQA-K2804 i) a quantity of
water insuffi‘:%érr]lt tggé%smp‘ié‘%’l‘;’/‘“‘a‘.’é(}é%"ﬁé“‘{?%“gé’lﬁ ,eang if anpgf%)%g m%%??a_, 5?% ‘t’;v)%%parating
undissolved solidst6 BAseaRre snterisuHaie sreemplarbebistized This i SRATHIYE S8 Fhproved method
of microetching a suntaceofiéh@vein 3 ivh footter Tefihocnyrmdgiconttengdtwesdiarftiee to be etched with

a microetching solgfian, cantainnosaRaiRssiRaPRARRESUliatsopRlianayiReAmactive oxygen

content of from about 3456 to Aboul 6 8%6: e ent B ML A3PECL NG IS pravided a composition
comprising a solutioh dr P I o AR P ErSiTTale FAVENG 2h Acive 0Xygen cOntaht df from 3.4% to

6.8% and a maxinfam oA edihred shusyoendsesarating yndisselvsA golidpéepiiaire seiptigtided a process
for the preparationfsg|utinriaiRreRssipinenoparniptetidn@raastheiaxygen content of from
3.4% to 6.8% and.a maximum S04 conient U322 isi0g.A), 0xiRg to.farm an equilibrated
slurry: i) solid ZKFgﬁ%ﬁ%rﬁ‘ggﬁy%?é% gﬁ% ta% L%E\%ﬁty %ﬁa%%%gu%c@t to cor%pﬁefely dissolve the
solid, and i) an alRelfHenhbieAs PRy ERLrasY (it Ssohbiisontioss hiditRat suftRiRsand c) adding
acid to obtain a pHieddigone@es to shipping rimaithmg@bdpact, there is provided an improved method of

microetching,g surface Whergin;thadmMANaRER RIS CANARRG Abpeatitaras: be etched with a
microetching solutjon conjtainiré%&otassium monopersulfate solution ava%gi l_a::lglactive oxygen content

of from 3.4% to 6.898 T BIRR AR PE0% CEHEHOEY 7885 Uses- 11 1§ FGHSAEREE there is provided an
improved method Bfprechihnipmvgsp Scmistpeichingabneniadoriinahedrpligosaiaire @mprises use of a
polishing slurry copéaiRing:@daiaasisimicRRMPaY Suliakns plutiamp g ineraglig:0xygen content of
from 3.4% 10 5.8% 204 8- Wiiphe? SABPBLALA 2iflve oxclfel "tk aRBYRlIIGSS Provided an

. C . . :
improved method o? treatlné;}%recreatlonal and ornamental water wherein the improgvement comprises

use of a potaSsiunfirRp Sisintaleblin AtrPRRONRY S L RISERI AT B iR hteHEL TR 3.4% to 6.8% and
a maximum SO4 comtertaofls5d6ppDig TANbERIDE 8ORREITRe solutibhe @redbnt invention comprises
an aqueous high sfrengiicRlHhon o RelassiiIBrReRE bifalahauing anpedivespaygen content of
from about 3.4% tglabout t9.8%. bY Wdel}gerlltt al@dt aneu gzz;}tigen [Arocess for its %r%)sl ration. The
process comprises r?ﬁﬁi‘ﬁb sﬁfﬁ"ﬁozt%55|um51?n8r?5’per'sul ate Efrlp e szﬂt@ﬂ&rﬁ‘gg ) 04,K2504), a
quantity of water irfgbiffiedént to completely dissolve the solid, and an alkaline material to form an
equilibrated slurry, and then separating undissolved solids to obtain the solution of the present
invention. Alternatively, the triple salt and water are combined to form a slurry, and then the alkaline
material is added to neutralize the potassium bisulfate present in the slurry. Undissolved solids are
then separated to obtain the high active oxygen solution of potassium monopersulfate of the present
invention.



Hereinafter all solubilities and concentrations are provided in grams of solid dissolved in 100 g of water
and all concentrations as weight percent or g/100g solution. As an example for the approximate
interconversion, 10 g solute/100 g water corresponds to 100x10/(10 + 100) or 9.1 weight percent since
the specific gravity of water approximates 1.0 at or near room temperature. The WO
2007/143127PCT/U52007/012995 solubility of the potassium monopersulfate triple salt in water at 20C
is about 30 g/100g water (more detail at varying temperatures is shown in Table 1 below), providing an
active oxygen concentration of about 1.0 to about 1 1%. Table emp. Triple Salt* (g) % Active
HaRYY EHSER-K2S04, g0C 1104751378

Oxygen in saturated solution -'-'ﬂd---u-. SCPE-EHT Tl
10C 21 0.82

The present disclosure comprises 2 composition comprising a solution of
potassium monopersulfate having an active oxygen content of from about 3.4% to
about 6.8%.

The present disclosure further comprises a process for the preparation of a
solution of potassium mbnopcrsulfatc having an active oxygen content of from
about 3.4% to about 6.8% comprié.ing z) mixing to form an equilibrated shurry i)
solid 2KHSO5-KHS04-K3S04, 1i) a quantity of water insufficient to completely
dissolve the solid, and iif) an alkaline material, and b) separating undissolved:
solids to obtain a solution. .

The present disclosure further comprises an improved method of
microeiching a surface wherein the improvement comprises contacting the surface
fo be etched with 2 microstching solution containing a potassiwn monopersﬁlfa:te

solution having an active oxygen content of from about 3.4% to about 6.8%.
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In a first aspect, there is provided a composition comprising a solution of potassinm
monopersulfate having an active oxygen content of from 3.4% to 6.8% and a maximum SOy

content of about 5.5%.

In a second aspect, there is provided a process for the preparation of a solution of
potassium monopersulfate having an active oxygen content of from 3.4% to 6.8% and a
maximum SO, content of about 5.5% comprising a) mixing to form an equilibrated shurry:

i) solid 2KHSO35-KHSO4-KpSOy, ii) a quantity of water insufficient to completely dissolve

the solid, and iii) an alkaline material; b) separating undissolved solids to obtain a solution,

and ¢) adding acid to obtain a pH of from 0.4 to 1.5.

In a third aspect, there is provided an improved method of microetching a surface
wherein the improvement comprises contacting the surface to be etched with a microetching
solution containing potassium monopersulfate solution having an active oxygen content of

from 3.4% to 6.8% and a maximum SOy content of 5.5%.

In a fourth aspect, there is provided an improved method of mechanically polishing a
substrate wherein the improvement comprises use of a polishing slurry containing a
potassium monopersulfate solution having an active oxygen content of from 3.4% to 6.8%

and a maximum SOy content of 5.5%.

In a fifth aspect, there is provided an improved method of treating recreational and
ornamental water wherein the improvement comprises use of a potassium monopersulfate
solution having an active oxygen content of from 3.4% to 6.8% and a maximum SO, content of

5.5%.
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16 5* Comp ete saturated solution of commercially available 2KHS05-KHS0O4-K2S04 The
term "complete saturated solution" as applied to potassium monopersulfate is used herein to mean
potassium monopersulfate solutions of the prior art wherein the salts are completely (100%) dissolved.
Potassium 10 monopersulfate solutions have more limited stability than the anhydrous triple salt in
granulated form. For example, a solution containing 0.5% active oxygen will show loss of 10% of its
active oxygen in 57 days at 22 C, or a half life of 910 days, compared with a loss of 10% active
oxygen, for solid potassium monopersulipier KiERH faysca@ Patiife of 1520 days stored at room 15
temperature. This stability of the potassium monopersulfate solutions is only sufficient for uses where
the solution is to be usedithiesenfénvengek soohpperrtingansors dighagieenetn pelraienef The composition
- of the present invenfion; provides,ar-Amse: GRARERAN alud Solviien dawRmbes! siaiegesstability than a
complete saturatedbsolu ion of the(.]éggle gal%e%g;r@zaplgol srhog\g %Qel é°|‘=é9£x|1i%c|>izmiﬁ%18f complete
saturated solution ¥ arseFor 8ach com-ponen?ﬁl%ﬁe trlpﬁe sg]it_. The active’ oxygen generated
by the triple salt isongess kvwerises miving sebis RARSHIEFRPRPRE TN OFIRE S8 HS05 independently.
From Table 1 it capplersegKiIB0aIND 2. coqupleity Fainratacdbkitimncofdnpleidle salt (30 g in 100 g

deionized water) WL IRYE o SN ARHIRRSARERAITAIIR AL LTt AN 00, 30, 0108

(1.08%) The compositions of US Patent 6,818,142 have an active oxygen content of 0.7% 5to 3.36%.
In contrast, the coﬁﬁﬂ?ﬁﬁﬁlmﬁfé’lﬁﬁﬁ’mﬁ?ﬁeé’pﬂ?dﬁ%’E)ﬁ%‘r‘ﬂ@s"g%l S OPEEa%%ium monopersulfate
having an enhancedtexsieiyOHStD}csall fral/imjcapractivdiozyde fefave sivom aisbilier B9 to about
6.8% by weight, while alsq.caIN neEadY seteaRc e iR AN BN asealis. tReeferably the active
oxygen content of the compgsition of the present 10invention,is fr bout 3.5% to about 6.8%
percent by weight, B é?f’/ﬂgwbefgsﬁggmrﬁ%% {6R4 act)ﬁ%%’.gp 6 ﬁ&@eﬁ?@?ﬁ‘ggﬁﬁggﬁernatively from
about 3.6% to abossigonepeatessiusy mesieprsaifaref e HER BEERHT6% to about 5.4% percent by
weight, alternatively frompg:2%aif-p R0 véloHilE s arcrninbynweighs of pltetaativedysfromtabout 4.0% to

about 0% percer,py welght ACUE PX/asR.LagPaISahAlahEt R BAanas s e ,

Compared with comp Saturated sofutions of potassium monopersulfate and the solutions described

in U.S. Patent 6,818 1982 sehaien| 06 AnPient &dhe ARPS SIS AR TP R8s concentrations, and
thus higher active sxlyg2nogneartretiosmpGnisin 20OEk)gerttiasid, tvelgigpatmngthcor concentrated
20solutions of the gresaRtAvEIANA'SRbayRR eI N ks iale slhrerseAlratiorhEhe
compositions of the present invention have a maximum SO4 content of about 5.5%, preferably a
maximum of about 5.0%. Lower inert sulfate salts and higher active oxygen provide a composition with
commercial advantages for several end uses. The composition has greater storage stability, and
requires
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25fewer steps to eliminate undesirable precipitation of inert solids in the drummed or packaged

product. With lower inert sulfates values, greater printed circuit board inicroetchin

solution life span is

realized becalse Of FélflEed sulfate build up as active oxygen is replenigﬁg@.s’ﬂ% &iénds the number
of printed circuit boards that can be microetched before staining will occur. 30The present invention
further comprises a process for preparation of the composition of the present invention described
above having high active oxygen levels. The process of the present invention comprises slurrying solid
potassium monopersulfate, a quantity of water insufficient to completely dissolve the solid, and an

alkaline material, fefibwRidiy 19§ HreHpgaBus mearPegule Atale SHitiy vimer ré RS GabePowdi8solved solids.
Optionally, the solig/paiassiteA(iea apeasstliateinndnpianase inikeadonfOaiantetulbrated slurry, and

then the alkaline materia
hydroxide, barium R

ydroxi

;

bicarbonate or potassium bicarbonate. Potassium

i3, 2046 3itable alkaling, malgsials dnguslg.speiym hydroxide, potassium

e, magnesium hydroxide, sodium carbonate, potassium carbonate, sodium

ide is the preferred alkaline material. The

40

following descriptig
use of the preferre
water per 100 g of

ST
d potag
triple s

St d

siu

ARat &

MORIRETERS
'o?(*ijde ast eyg%kalin

JoyBtFrHid SHHHiATun

material

&iprocess of the O prESel

Erom.abou

N i
TTVETTUUTT

g
25 ato.ab

based on the

) fdeRssh

eI &

|r52§ﬂﬂe§te

ut 70 g of
br than 5 C to

maintain sufficient

y bgh

CH®D5 s

plublility. 8@ the prep:

hratidn of th

e sliaty, de

ionizéd wa

ter is

preferred, with low
contaminants. Cer

“Hce”

ain he

sWAY, metal

1t a%l 1S™C

fmeta-pgs ando
ions,.such.as.Co F

7 iev%ip 15
b_and Ni,

Of iji._i-,izdbi

atalyze the

r Ulgﬂljli(, a
dpr‘nmpnc

d inorganic
tion of

ICHSO5 in aqueou

s Dfati

ons3%he

amount b %Bikaline n

haterl4l is s

Lfficidht to

1eutr%ﬁize f

om about

1.0% to about 100

B0oTah

e |ICHSOA

contentigftthe tripld

salt8he 9

lurry6ik stir

ed ahtl equ

length of time sulffi
slurry time is depe

TEHHCT
ndent.d

sotygitizd
n.such fa

the ma>1i_g1ym 20T
tors. as’

sufficent, preferab

Y aBoL

t2 ﬁ‘%urs

ﬂCEgI:;IdIiO

of gtive

Neutrali]z%\?ion take

5 plalc% with

ESggTom

ilibrated for a
ponent. The
ut 3 hours is

qooéc?aqitgtion hgr/;d is

conducted at

a temperature of lesg {hanARQHEAOS 65 Bl AReHIARGviRARINIMIZe loss of active oxygen from

localized hot spots, Potassium

concentration of a@&ﬂi‘%%ﬁ/'g%

ke
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o KOH, again to minimize hot spots. During the neutralization

step of the process of the preséFiteitsrantiemnetesoaledsmiinme dsenplieforsBrsbiai K2S04. As the

solubility of the K2g4biesxenedeskhr-nal Rrecipiiiess i casssolidratesepaatgdrom the clear
filtrate by any suitablersa(;p% a&igg

sedimentation and*decanta
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Mé E‘:%gcllvé eq,(t}g fis!gration, centrifugation,
ecante 1iquu§S is the high active oxygen

%yBically stored in

suitable acid- and axigaiidmnedfistanFaontanipdess eotptichigindensyt §. 4 weetisdemedn vih density

poly(propylene) and stainless SeeLFak LWE di5Gen in sPHISS 230 1UPIEYSRife of 910 _
2K1-1S05.KHS04.K2504, the KH805 component is the most soluble and the 1(2804 component is
the least soluble (S¥ESTSHRPH SRR EdPTHE JAGIRSI POPAEENE SREEPRBEEM and the potassium

monopersulfate, in 304 days or a half life of 1520 days stored at room

sulfate formed
15

20

temperature. This stability of the potassium monopersulfate solutions is only

sufficient for uses where the solution is to be used within a few weeks, depending

upon storage temperature. The composition of the present invention provides a

more concentrated solution having better storage stability than a complete

saturated solution of the triple salt.

Table 1 shows the solubility limits of complete saturated solutions of

OXONE and of eachk component in the triple salt. The active oxygen generated

by the triple salt is much lower than what is attainable from the limit of the

IKKHSO; independently. From Table 1 it can be seen that at 20°C a compilete



by the partial neutralization of the potassium hydrogen sulfate (KHSO4) remain undissolved or
precipitate. Tt\%&zeld%aiisz&}ion step utilizes the differing solubilites of the tgree 2Jg:}({)}gnﬂpzogngnts of the triple
salt to enhance extraction of the active oxygen concentration. From TabYeT.L/,Uévheﬁ 1po assium
hydroxide is used as the 10alkaline material, the solubility of KHSO4 is about 4.5 to about 5 times that
of 1(2504. Thus the partial neutralization of the ICHSO4 component increases the content of the less
soluble K2S04, which, in a limited volume of water, precipitates and is removed. These undissolved
solids are then separated from the slurry by any of a number of suitable means as discussed above.
15The neutralizingstéaaied selvéauntthe Hiplg PricE0E bx R A deinmicnd witlery ardoldhosnefits. The
process provides faiifveerghits, dipdigiraastive oxygen concentration, (ii) low concentration of inert
sulfate salts, (iii) high metal salt solubilities, and (iv) a high active oxygen content availability in the
solution when used in various applicéibhs 38¥EHas FBEIHEISELA$EMt and/or cleaner. The 20
concentration ratio_of active potassium h dro%zg1 gero.xymonosulfate (ICHSO05) to inert sulfates is

[

significantly greatel thEFHRES BEB PGBt E It 1ha s orshe X YRRMMRMREE8ELIAY the ratio of
potassium mosiopaestiiéie thptensalttoatepregiviteoitgrogressivetythighemadsksenoxygen values, the
)Z/ig,‘ld of ICH_SO|5 Fr%@?ﬁ%?%g@ﬁﬁﬁgﬁﬁﬁ%ﬂﬁﬁﬂﬁé%%J&é%%%é&qw@l g{-l Fﬁg@ rgfgntion in theh
progressively larger filter cake and, in t ighest pQtassium mongpeysulfate to water ratio, to the
NesY %ve c()j({éénqevc? Eﬁ:na?%)ﬁ%%o? éo: éo%ﬁj‘{Qg% A:e %_w{ wz:xﬁ?xt w\‘\ﬁ

limiting solubility o .In‘en or appli ions ofthe present mvention where

the highest active 8Xggentaniagtrfserdenrrenisiirnsf stheOREOBIS acceptable. Conversely,
decreasing the weight rafie:Ris0iansastiveniepe tautidicot ikde safidativatarthelpraabout 100:60

provides a 30 g GHEABYIRIULA SIS HAG ARANANS R ISIUTS CTAGHNS AygRp content over

the prior art. Dep%rédgig upon the end use aor application of the solution, It Is désirable to maximize
Y

either the percent 888 GetP ot HEXiRRFET oM SEIBF REIARE BP e PHesEit ivention permits
such maximizatiorsbbhetdiopamtat e iwrmgsdalvetetiveydisframuabott Mbtmahett 21% of the amount

required to producg.fas.compleie SAHAIRISAHOR IR NS PSR l-rhaMY iRl AR, and preferably
from about 10% to a?QOUt.ZJI% nggeor Eg ionized water produce 5progressively more of

. ternatively, from .roqﬁrg(t)aa%%stosf{glg ercent by w gﬁt gcttv %
the four benefits dESErIDed above, BT the mass of activeroxygerryleiged based 8@ mass of the
active oxygehsn trremserfihisbaiphahetenge iy prefersedt should be noted that yields can be improved by
using better "dewatering‘tsaparationiechijRucstiabds Riescsseisfiambrnlifiespmes. Wet cake

size plays a large (e sifipls.y ALl afiee A s o At et apliogg,of the present
t

invention have stability comparable to the solutions of US Patent 6,818,142 and to complete saturated

solutions. Moreové?Y Baihet eRroi RS nrocHimEsines ave Lt S AR OXIEER of the compositions
of the present invenrtioenisahimgh dPpitnaike se orgsmtbasiegitade go-srengiinourongseftdtal acceptable level.

This provides for alpnges shelt il fontarrnesitions ghthepressaldpyention from the same
weight of starting material. Tabl% 2 in the Exam%]%? below shows th stabili'%?of the %ctive oxygen
e

. ncentratio he.co Sitions, e present invent € a8 Imaxi
versus time at 35C 107 examffres St somtons of p‘r’esen RERORA LD BH IR & okygen from the

potassium hydrog&amsatisiiabif ssUffetes frablz e srarsmeLmt rewdtrsLorisireasibaeepresented by
Equation 1: 20logeaGasd-iigheuationokyybe redvids aeoapotiatn with sdierdathlvigiifiedgate constant.

The rate constant gan ke found Ry. pipiting Hhe Aaimak/pe ALGIGO S LG, WARTE fis.0egative slope =

K. To represent stability as loss of active oxygen one may substitute, for example, C = (9/10)CO0 to

represent a 6% | Sfé\ge‘z;érﬁgs %yigﬂmﬁwﬁﬁsiﬁble precipitation of inert solids in the drummed

or packaged product. With lower inert sulfates values, greater printed circuit
board microetching solution life span is realized because of reduced sulfate build
up as active oxygen is replenished. This extends the number of printed circuit
boards that can be microetched before staining will occur.

a0 The present invention further comprises a process for preparation of the
composition of the present invention described above having high active oxygen

levels. The process of the present invention comprises shurrying solid potassium



25Equation 1, one gets = loge(10/9)/K to represent the number of days it takes to reduce the starting
active oxygen %. pH of the solution of the present invention ¢ justed by adding
30acid to obtaﬁxa;?%@égg;%?pH of from about 0.4 to about 1.5 if desired %@ﬁ%%%gr%%es.
Conventional acids are suitable for this purpose, but sulfuric acid and phosphoric acid are preferred.
There is a balance between higher active oxygen and stability. Lowering of the pH increases stability
in terms of producing a smaller rate constant K, but decreases active oxygen through dilution by
addition of the acid. Those using the solutign of the present invention who require only a short shelf life
may prefer the hig H‘é’&“g%’f?\‘%?%%%"ﬁ’b%%g% ezft%ﬁ%ﬁ%ﬁpﬁgﬁoﬁﬂw&ﬁ%@?ﬁﬁgﬁaﬁfé"6%/9en to remain
more consistent fotvd RIhgktlprerioeetliflonsg rduisinghe futivensrygidmatigsitirynaodgh dilution by
adding acid to lowekiae4pbk idk e ReaMR e tiBtonally, Ainn abadivaMsaryshgagissolved in the
solutions of the preggnt avention.ciier alter e epaalon Jomndissolyed solida.as descrived
above 10during the preparation process, or at the point o uLTg_'é, 0 meet specific end-product
requirements. Adjivafiedare séblaatkdissimgtarairopriade ssliwsmibydipsidaaiassivithe highly acidic and
oxidative solution. Hygpesd) daexanpheida ciumasisms hifdhleidoy sodimin dheaabdfions of the present
invention when usgd.as;RICAsIE SAlLAARSHRGINNR- W ABERRLIRIGHIR: (N Sallgwing examples:

mineral acids 15such as sulfuric, phosphoric and nitric, (but not hydrochloric due to the potential for
hs7ardous chlorin&§ERErs:5M° Erfffgﬁéflg@ﬁﬁ?@*ﬁ%; surfactants to improve wettability (such as
honionic, anionic, cationiTan@iwhipaiedsisitiae asie)itaiahitaerndsyentas mocisyamhenolsulfonate;
and etch ratg modg@gén?ﬂs&%ﬁ%q%@%&g&gpﬁ%@ws}s&yﬂs&sgm&%%é% fig azole

compounds, e.g., 20 benzothazole. igh active oxygen solutions of the present invention also

have a low concerftisaing Beifest stiemeRom > ariR sk Ak PE o P cRtel i e P gl Mlissolved sulfate
salts have been reimeupthybdit Dhfoninamynapiditiesigf @olphranis supkass those dted above. Dilution
does not affect th%ﬁﬁ%@%ﬁé@%ﬁ%&ﬁr@@@{%&%ﬂl ter S AllSorl e RV RO@aR o sulfate salt

weight ratio for the_solid potassium monopersilfate triple salt and all complete saturated solutions
prepared from corffiHaah4hIBRISEH IS Themsprretinatei M s PuHI% AB¥HSximately
0.15:1. This mssslighflpxisiizablthengaiie vl dudsged doouratioahisalGerdirehta th epiad semceuohimpurities,
additives and manyfaefuriNg-RIrceas.MaH 0N oRHAGR JNNSBIgh AglbkaRayasASolutions of the
present invention, *ﬁmgisso&/tedfgmg% sa}gltts. e r%%}/%dt the acsive 1’13)%\%?;3 ttoli&gr'% sulfate salt weight
ratios are significan yﬁ&er,oranglng f5m Bbout 08 Tt abour 17 1o Reave o'xyg°e?1 and sulfate
values for examplésast i &b rfttbp KX BF Precpniesd of the drpls e Bk cHIHsTAed 2»d3 and 4 in the
Examples. The cosgpositiaal dbiladeppasentiinyaiffiordsie sprbially tisefidkimpreparing microetch
concentrates,for uggn rEH wiling.Raakb NANYIBEIINg: e samRoslion:and pIaegss of the

present invention provide several advantages. . . .
factors as the batch size and agitation, but typically about 3 hours is sufficent,

preferabl;y about 2 hours. Neutralization takes place with good agitation and is
conducted at a temperature of less than about 40°C, preferably about 15°C, to
minimize loss of active oxygen from localized hot spots. Potassium hydroxide
25  solution is preferred as the alkaline material, using a concentration of about 35%
to about 40% KOH, again to minimize hot spots. During the neutralization step of
the process of the present invention, KHSO, is converted to the less soluble
K280s. As the solubility of the K380, is exceeded, the sali precipitates. Excess
solids are separated from the clear filtrate by any suitable separation technique,
30  including but not limited to filtration, centrifugation, sedimentation and
decantation, and the like. The filtrate or decanted liquid is the high active oxygen
solution of the present invention containing elevated levels of KHSO5. The

filtrate is typically stored in suitable acid- and oxidation-resistant containers, e.g.,
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High strength potassium hydrogen monopersulfate (ICHS05) concentrates are provided that can be
diluted as nee specific end-uses. The composition of this inventi duces solutions having
an active oxyg&e%c%lgﬁt%%%%f about 3A% to about 6.8%. The higher activ%%gé%%%gg}é%%%gnt and reduced
inert sufates allows 10for the addition of water back to the concentrate to improve shipping stability by
alleviating saturation, yet provides a high active oxygen liquid material. Lower inert solids content is
provided versus the triple salt solutions of the prior art. This is especially useful in microetch
applications where bath life can be extendend to improve productivity. The triple salt is typically
shipped in its morehighgknsitiipoXrdnentichi dodensits oty @ropiioen fofatdinciaster] fane” use by
regional toilers skillgd:ig@ldemical handling. Use of the solutions of the present invention eliminates
solid dusts from the end user's warking environment and provides better industrial hygene through
enhanced worker safety, ¥8fedmifly Halfoel XRS5 e i kAlS5e fmPR e uipment is less
utilized. 20The solititee whbthespreisent itredintitiyiscaipongatiutindeast seintiafpasddblet l0r water shock
treatment for ppolsy,spasB06:-QERST Jasisativhahang oa e akwaiars.nshmdiogolowatains, reflecting
pools, ornamental go&ds a%]% the IL e !.toinso gl té) resgulgr(xz% the0 neonhrm% Ezﬁgw%slt_e ng:ggtent and restore
the sparkle and clar?'ty Siﬁsuc Bodies df Water- I does S0 \Rﬁﬁu? ormln% elir ta?mg and malodorous
25chloramines ass&tdistelvofer ereiiiaand roeicalizatien depcribines i fidernsgitelubHiesolutions of
the present inventienizs eheseehhipoasjtndibnuimh &R &-eafisieredhaandizddelacaoatrast to chlorine

pleaches such as ¢a\LRLOMRAERIRICFIE PRIPNALISRLCREMLANRNON Blaldsaxidation without

undesirable side effects such as bleaching or fading of vinyl liners, painted 30surfaces, or swimsuit
fabrics. Othef Bise¥splitg E@Fﬁﬁ?}smﬁﬁ%ﬂ%’f@ thife iR aRE VR R Chctive bleach
component in clealip§(bpnipositio psrtalpaperispiop irfghs £ Mhedestnsotionroissethstrength resins,
an oxidizer in antlGiRhiAUIBASHIRE HGBOUNRIEN K i91iaRie iRl Sapktrspas, denture
cleaners, semiconductor processing, disinfegtion Wd’:}st W ter.’geatm nt, and as %selgf:tive oxidizer
. recipitates and is %move . eﬁhn ssolved solids en, F]eéaara ed from the .
for functional grouﬁs inForganic syntheses. = “The.présent invention further comprises an improved
method of microetskirry by aéa wirde siimdtuble moamandiesisdabeveontacting the surface to be

etched with & microetching, sqliion SNaRNG.PRIASE!HT BEDARRSHIALS. Selulion withe present
invention having an active oxiﬁen content of roma out 3.4% to@?‘? t 6.8%. This improved method is

useful for etching niRRSPERFAEER, 15 BROHTS R TN 1855 ERE LB el PR ESHYL R G Boards or
semiconductors. Thenproidafitio fiidlewowenmrttadhimmsbibateosito (debigopirtg! delired electrically
10conductive patteysisuaniiespiadtievpr aibiesdisutainicawonteates Glasiiwitih eappesdod sharcomplex

process, often involying 100.or more indiyid | 'myigroetching”) of
uiedin ‘Qangus af%% %%A%é{l %g%%eﬁgggﬁ}ggﬂ%ﬁgggﬁ%%%?o%s, and other debris

excess copper, reagents remaining from
or residuals #fer eSRITTBTIEGHEMIMOLRSH TS PRSTLE MYHE BRRPRRMR Bt SR Lcontacting the

15printed wiring baasetsuiftieaisclghiGicactn taimrgttiae pothssiumadn avmlsbls il fhtepsioludion of the

present invention (typically@s 3noRli R (RO MRV R SREVLIEEEES SR icHe tehinghael cleaning of
copper clad printed wlg' board sub tr?lt s, and removing mgssgl@tigg to with undesired

in
residues. The K1-1505 48 J%‘}ﬁﬁsrsé‘d'%’n ?:r()%céll}'ren%}ff%pﬁinag MICroate |n°g, orrniﬁg sulfate salts.
20Thus, the coppePregitasivebriesisasort stidadioseltinedday anhitets defrmsioal iBdbsssium
monopersulfate maydpe:adkiediosstpple aRebag rapsHighrelivaraxygemotitpstiliaie salts build up. The

useful life of the baffy i Jimitegl B%émﬁiﬁ’ﬁﬂlQ&Qb%§%lfﬁgsi?ﬂslﬁ@9&@8%‘&?&9&5%9‘@@&9’ else staining

of the boards occurs and quality declines. The higher active oxygen and lower inert sulfate
concentrations 255PtHE8 A A 6t ProteRMhvETho RRBETHETH S ATYEE? IMERSSding capacity

some vield loss of KHSOj is acceptable. Conversely, decreasing the weight ratio
of potassium monopersulfate triple salt to water below about 100:60 provides a
30  high KHSOj5 yield but a diminishing advantage in terms of active oxygen content

over the prior art.
Depending upon the end use or application of the solution, it is desirable to

maximize either the percent active oxygen or the yield of KHSO5. The process of
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in such processes when used as microetching solutions. Also, the useful life of the solution when used
asa microetc%&g}ﬂéﬁgxtended in time due to the lower initial SO4 c}g{g}ent G(])Of_l;[gllez‘:gs9Iution. The
solutions of the present invention have a copper loading capacity of at 1853(07 g per fiter of solution,
preferably at least 29 30g per liter solution, and more preferably 30 g per liter solution. Bath activity
and throughput are increased, and bath life is extended since sulfate (SO4) concentrations are
substantially reduced as shown in Table 3 through higher active oxygen to sulfate ratios. Bath life is
increased when using the solutions of the present invention compared to prior art complete saturated
solutions and to th@%Bfﬁfﬁﬂﬁ%f”m‘@&féﬁisﬁfgﬁ@}ﬁ‘??‘mmrfh@’&cﬁﬁﬁé’l“b?‘g@&ﬁé?eﬁlPﬁiﬁ?ﬂad substrates
subjected to microesehingrommpsiacr ey phias 0fypladtie, fibemyegsiadethesdaadarial to which copper

foil is 5adhered or é&&ﬁle@ﬂ&ﬂrﬁ%&%ﬂé&?BPEHEQQ};E'l@&iVEﬂS&:?Nnofa%k%‘it,rQJﬁﬁtiB@Hmﬁ}e substrates can

be single or multiple plies in the form of composite or layered structures such as laminates and other
materials. Such cofPBrERt K646 2Reut Al dtrahmK SR B8 SrRsH L RIS R IRt wiring board art.
The substrate§ mayremeasivethroerglvftbieourbthditsaliscoferhibico ppehhasdeéacdeposited for
ﬁpehleé:trical chne_gg%ncci)ﬁgju_ejﬁgggaaﬁmi@&eﬂWl ft@@h &k}i}ﬁ#ﬁ%&g]iﬁ@,\éig}%ﬁﬁg%ﬂp moql_em_
igh-density circuit,boards, microvija,have replaced through-holed to.provi tter space utilization.
Single laminates ocrleﬁrﬁfﬁfgyg% Cﬁé’gﬁgerﬁ’ﬁ;set &eawgcriése?gﬁegg il 8lvec§nb3’ , ﬁrﬁi% ﬁyernumerous times
during printed wiringesipdnmbieeatasion Agspniaaao puek se rirersed aimabantlerassig Wetution is 15
usually by spraying«ae sizngiksion lafgeapdn ¢lagls WasiiateSltattohath formed with the etching solution,
and the solution can be aﬁpl'ed in an other co?vtenien}ganner.t, Ttle q_llgh acttiavle oxygen solutions
of the presen]t(?nvention are- fse uf’é%%“g%}h‘p‘%‘h%?ﬂ of Bhemical-mechanica péfghing slurries.
Such slurries are \wsatr@aie isolistsrigtionsial 145 Ertcahtl 3l fifhaadiosessinlets sarasedniconductor
manufacture.  JyipitakSobRREN GtREdRiEgIH IS GHEUITE, R uRdR: WR@ing MRS of active devices

formed in or on a sjlic 0 Sy trgg . IQS %gt&t%‘g yége&,.xv‘h Qﬂ;ﬁ“? ini 'gljly i L@tl%g fgop& one another,
are united to form éur%%t%ﬁa?%rm% g and 25 com%or?en%s. QI'l’\he dieﬁjc%{s érte%terco%rgected through the

use of well-known $REfA& VR AitEESIMmEBHE arfertesifietont BRERTTES AAianghabelfa first layer of
metallization an irié éarthe ctiopdaiyionsabhbegnddevaivehtine thilinabio ssraco s gimefisnesng third and

subsequent levels gf mekallizgfion | e ReuRIHE RS HACH ¢and aeadopgshsilicon dioxide
(5102), are used to electr_icalgé g%qege 30 the diff?rept levels of metalljization in a%%ilicoip substrate or
€ b} al

.. versus time OF EX les o t100s O resernt mvention, S8, O
well. The electrical’€onnECtons DEWESH diferent Mterconnection Ievels are made fhrough the use of

metallized vies. Mettiveoeiersts zpte thecpptesfovmbeitregio acconmaisnlarefHER shterconnection levels

and devices formegldrauwedilows fils aridpicat eherieakmecbamigaliaalighing process, the substrate is
placed in direct contact with a rotating polishing pad A carrier applies pressure against the backside of

the substrate?uring the polishing prockgsC{fe paf-and tabmeaie btated while a downward force is
maintained against the substrate . ags| n mj eagtive solution, commonly
Whew%l K éonm&%%]gnm%%é’ \éei&s ihe Dﬁéﬁﬁg%éaﬁ%ﬁ%%nﬁ%%gﬂhe polishing

referred to as a "slurry”, is deposited onto tt

) e pad during polishi [
process by chemicPrRERR GXRIRTHTE mﬁ?ﬁé{ﬁd%ﬁg@ FHMOAfERAPETRSeRRYE St Bethe pad
relative to the substiateTacitatest twebibiojishings pfoactss aystursydsnpyowideitite, the wafer/pad

interface. Polishing,is¢aptinued/inibis apretiatilodibe JeritediilmenihggRsulator is removed.
The slurry compo 'tionnjs ag iméaortant factor in the chemical mechanical polishing step. Depending on
the choice ofthe oXtiZIRG aJ&KttHe abrasive, and other useful additives, the polishing slurry can be
tailored to provide effective t10% = loge(10/9YK

1o represent the number of days it takés to reduce the starting active oxygen by
10%. _
The pH of the solution of the present invention can be adjusted by adding
30  acid to obtain a range of pH of from about 0.4 to about 1.5 if desired for particular
uses. Conventional acids are suitable for this purpose, but sulfuric acid and

phosphoric acid are preferred. There is a balance between higher active oxygen
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polishing to metal layers at desired polishing rates while minimizing surface 15imperfections, defects,
corrosion and erosion. Furthermore, the polishing slurry may be used to provide controlled polishing
selectivity to ottt materials used in current integrated circuit te%%%ﬁﬁwf%’@??as titanium,
titanium nitride and the like. The concentrated solution of the present invention is an excellent oxidizing
agent in such a slurry. 20MATERIALS AND TEST METHODS The following materials and test
methods were used in the Examples herein. Materials OXONE brand of potassium
monopersulfate compound available from 25 E. I. du Pont de Nemours and Company, Wilmington,
DE, was employednAstibdiOxygovelitgadithe pidmcreaseisabidikam ttoss attiveleiggen cancentrations

are expressed in V!ﬁiﬁ@r%t@@@r@!ﬁ:mtwmgﬁd%%@ﬂ@%&%@ﬁﬁmﬁ@%ﬂﬁﬁﬂﬁ%ﬁmﬁﬁﬁ{ibed in the
"OXONE Monopers ate gorﬂpound Techni atl Inf&{ atlon" %U| etlg No, H- 42434 30 dated April
l 0n

C 50 resen 11TV

2000, published by Pontde Nemours ana fefy. a we.gﬁ’&&‘%ﬁ.qu& of the solution
to be analyzed is dhetééhv&ﬁhfeaémﬂfﬁﬁ?édlmﬁm?ﬁ‘éﬁ?@r@%@%\nt?ﬂ“ﬁélﬁéﬁﬂmﬂi’@d|de, and
titrated with standavgizegte AdMesogizn ihiasuifaiereagentdn &t e ndpeievisgalirat lap starch

o, e B ARL ORI Oh B APIHAIAA AR ng i UAR = by X

Normalitymram x / (Gramssampie) Equivalently, the % ICHS05 concentratlon maly be calculated
by: 5% 1(ES05 = PNEBRICTESEHKIPLES Example 1 OXONE (600 g) was slurried in deionized
water (325 g) and potassiéiitipdabritheysuiumien ¥84:90ydDd. hejohdsialheptdadtvith mixing over

about 10 10 min. t&Mﬁ'&ﬁ&%%%ﬁﬁﬂ§&”ﬁ@ﬁ?§ﬁms&%dt%ﬁh%@é\dén%t%cr@éi0 was 600:400
(including Watera ded n&lt otassmm Fg/dromdc?l_‘solutloni) Mixing was COP'[I E?d f%r h. After mixing

solids were separaunof‘ﬁ é’? PREERMIER & fittet gﬁggs dhhe tﬁ%lnaefl &eUum Tiraton. rhe resulting

filtrate solution coﬁ?&iﬁ@?‘%ﬁ? 1845 RrG0Ee ﬁl@ﬁé@%’ﬁs%’a@@v@%i?b@ﬁ}%ﬁfﬂwéw i8tio of
151.05:1, a %Sal epntenl phddic andasive exygatiopeitypdstnd Seanpll oo adiivenexygen stability of ti

0% =8 days, wheig HQuelp &Q&H%@ Jgﬁlﬁol@%ﬂﬂé;@;ey AN AOSR IR Gk GG (000 0) was

slurried in deionize, ¥ water (3 and potassium droxide solution (37.9%, 106.3 g) was slowly

added with mlxmgsﬁvﬁ"&BB}ﬂ‘ﬂ? Hh 216 10 PAFS o7 15 Splisring Riaapiss Rieat s9A: total
OXONE:watesratioueiess 8A0ud0plingibeticgnwatieriadoe daen ihdrpbladsidwn teytieadigetzdlution). Mixing

was continued for g, Aflarm eingidDg-selid ascapapipgiiem e dilalenith adsteckalass funnel

using vacuum f”tratlon'b-m)? é%gﬂltmx%m})rn%e anianic, cationic and amphoteric surfactants);

stabilizers such as sodium phenolsulfonate; and etch rate modifiers such as
nitrogen-containing heterocyclic compounds such as azole compounds, e.g.,
20  benzotriazole.

The high active oxygen solutions of the present inventicn also have a low
concentration of inert sulfate salts. This is measured or calculated afier
undissolved sulfate salts have been removed, but before any addition of adjuvants
such as those listed above. Dilution does not affect the ratio of active oxygen to

25  inert sulfate salts. The active oxygen to sulfate salt weight ratio for the solid
potassium monopersulfate triple salt and all complete saturated solutions prepared
from commercially available potassium monopersulfate in the prior art is
approximately 0.15:1. This is slightiy lower than the calculated theoretical value
due to the presence of impurities, additives and manufacturing process variations.

30  Since, in the high active oxygen solutions of the present invention, undissolved
sulfate salts are removed, the active oxygen to inert sulfate salt weight ratios are

significantly higher, ranging from about 0.8:1 to about 1.7:1. Active oxygen and



25 solution contained 35.23% ICHSO05, and had 3.71% active oxygen, a % SO4 of 4.7, an AO/SO4
ratio of 0.79:1, an active oxygen yield of 85.83%, and an active oxygen stability of t10% = 14 days,
where 40% is %%Zﬁ{r)ﬁfel‘gfsol%-’a 10% loss of active oxygen. Example 3 PEXE |¥?§7’{’ﬁ966 g) was slurried
in deionized water (403 g) and potassium hydroxide solution (37.9%, 186.32 g) was slowly added with
mixing over about 10 min. to neutralize 76% of the K.F1804 present. The total OXONE:water ratio
Swas 1100:228 (including water added in the potassium hydroxide solution). Mixing was continued for
2 h. After mixing, the solid was separated from the filtrate with a fitted glass funnel using vacuum
filtration. The resukingfilwdtessolrtiomplsntfithedd 2166901 Cle BOS: e tribd 49 8khcerstiire oxygen, and
had an AO/SO4 ratigypk©,83:d4 amastysaxyren yield of 60.24%, and an active oxygen 10stability of

t10% = 16 days, where t10% is thﬂesi k@neogo&g 1{9;@1 tIg)ssé l%g %C{gVep%é}gQF”- . ThepHofa

mple 4
high strength liquid OXO g%?lLRIOH, prepare_%r as In Example 53 was gdﬁ%?&l“ﬁﬁﬁ%g% H3PO4%, to a
pl-1 of 0.63 and diftieseFirFraETsHR BLOL s teFirsed R ROBs Hepuéeitedrar atish of 3.0% for
comparative stabiliynipsiingn dremesedsingsotiandiacaindobatiol S8:anAdite4.ratio of 0.71:1.

The active oxygen\yas 3=/ ﬁ&g&%r 195 M%%ﬂﬂ%@ BStabiibnvas t19% 20 days.
Example 5 ZOOXONQFQ%OI\%%E) was slurri%;d ingdeioniz,ed water ;320.7 and potassium hydroxide

solution (37.9%, 1877 QAR Ry R AR ige SPETid sBE T ith SegRRTIRAiO 959% of the
KHSO4 present. T iotah@X@idduvea i vaons Wadng0o. 400 ¢ircracingntaitsiatideBifi®the potassium

][llydroxidehsoluti?‘n)odwf?i{m@.?ﬂsm' H&%&gb@&?flééﬁ%msﬂm | J@m}c' h:v&a&&eleamaﬂ sfrom thtzI e
iltrate with 2Sa fitt ass. funnel using vacuum filtration. A sample of,the.resulii iltrate was dilute
10.3.0% activE oxy SR S HE VS BTt oL SO GO S I %.%). The active
oxygen stability of tHeyiadngearaéng:ive waitepshiehadapoxyern dipmid walsaly kWA 0/SO4 ratio was
about 1.35:1, the aatitedidygontstas groGdedscpienataddieiansalny ad)osinehbr xalmie 6

Example 6 was Prepaiedifl 3 e dhalesh SHRIRAYRLOKANE Gnbheaghuih pater (266.83 g).

Potassium hydroxide solution of about 36% was slowly added over 2Q minutes to neutralize 80% of

the available ICHSPRIOXA AR EE K FRe bl vRionlle finRsd it RSPl elided at 60 5F (C
C). The totalygatefpreshat wasSHte. Tagenahndivmg 76x 9 2ugt fromtiiarpota segiwnahyadlaxide solution.

After mixing, the soligtiias separaiednieRg thadiiraie withaited olRssivnielusing yacuum filtration.
The process produ?.ed 530.6 éq‘{?s%sog_gmr te and 497.5 %riams of wet cake The.lgee%ulting filtrate had a
0 a e

min £ aﬁd
pH of 0.69, 10 contaRed s 38 LEve oxyge%?’gin 1ad'a |6’\§eegvfgn3§3§}s. xgrr%‘ﬁ
better industrial hygene through enhanced worker safety, especially in those cases

where proper personal protective equipment is less utilized.

20 The solution of the present invention is also useful as an anxiliary oxidant
or water shock treatment for pools, spas, and other recreational and ornamental
waters, including fountains, reflecting pools, omamental ponds, and the like. It is
used to reduce the non-microbial waste content and restore the sparkle and clarity
of such bodies of water. It does so without forming the irntating and malodorous

25  chloramines associated with chlorinating products such as calcium hypochlorite.
The solutions of the present invention are used in conjunction with EPA-
registered sanitizers. In contrast to chlorine bleaches such as calcium
hypochlorite, the solution of the present invention provides oxidation without
undesirable side effects such as bleaching or fading of vinyl liners, painted

30  surfaces, or swimsuit fabrics. Other uses of the composition of the present
invention include its use as the active bleach component in cleaning compositions,
a paper repulping aid for the destruction of wet sirength resins, an oxidizer in

antimicrobial compositions, laundry products, recreational pools, spas, denture
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Example 7 was prepared as described in Example 6, except that the pH of the filtrate was adjusted

with aqueous sl '%ﬂ%&%g (19.4%) and water. 102.18 grams material prlquareSg ionmElégample 6 was
mixed with 17'8 grams f 15water and 4.04 grams of a 19.4% sulfuric acid sélution: “Fhe acid was

added to maintain the same pH as example 6. The resulting solution had an active oxygen content of
3.5% and a pH of 0.66. Example 8 Examples 8 was prepared as described in Example 6, except that
the pH of 20the filtrate was adjusted with aqueous sulfuric acid (19.4%) and water. 88.45 grams
material prepared in Example 6 was mixed with 31.55 grams of water and 5.02 grams of a 19.4%
sulfuric acid soluticteaTtre seidopednetdripgeessmetisintastona Hisis praier xamphd endrtraresulting
solution had an actpecaxygrizcania:aftbadogensaipbl@hl epntiEdsomparative Example A
Comparative Example A.was prepared as far the "Conventi lytion" described in Table
2 of Example 1 of US Pa%ﬁtpé%éﬁgﬁﬂ??fn%{f %_r ﬁgﬁngs%%ﬁsn%?nﬁéé;ggé‘?sgﬁ%?e?g%ﬁution was prepared by
dissolving OXON ETER et ot SuERAH FRETEh MRy S ERSi SARRIHSY S08aCL 06 B Stfamperature of
22C. 30 The GXObanachedixeth uniikcompintehidissclvesinidgeoessitimgsahiitosuifseduced was

prepared below thﬁoﬁﬂum%clmeﬁmf@éﬁm RAADIE dcaboygy s HesH PG UiRe contained
0.51% active oxygen, 5.00% ICHS05, 2.54% Kl-lSO4,c§H&=§k’% 10.56% total dissolved solids (DDS),
Ve

and a 0.15:1 weight 1448 BPRENE B2 TR ARPEsdmsiRas PR A% 2 of US
Patent 6,818,142 donkfompietio bwiesss 606ch pruited Rijinaiortssoomithedvetiors. ofke% Swas 17 days,
where 40% is the Eiﬂ?auiéﬁak%ﬁ&&ﬁﬁﬁd&&%%ﬁ@bﬁﬁ&é@f@%ﬁ&?&&%ﬂaﬁf@&imﬁwwb B
Comparative_Example B was prepared as descri in m U nt 6.818.142. OXONE
potassium m%?opé’r%ﬁ#g ’é'e(fé%z{eg, b3 gf;}fa_agéﬁ\?é %Eer 13?1%% %%%é?%svﬁgaéoﬁﬁﬁé’apﬁﬁ G%EiOHiZEd water
(52 g), equivalent # 2Eg e RKESN ERSE ARG &Prm%ﬁ’&%élss?ﬁi%gzﬁﬂnight at ambient
room temperature f@2évat fr2fadindithenchlierddlerotg happoarse gliassfitimirdg fioel tberemove

undissolved potasgjm.sliaigRRdRisHiaifsalisalherdeal-lUtaiR was MMplzed. Tha resulting
solution contained 2.98% active oxygen, ‘2?]8 % ICHS05, 13.5% KH8q4éspH = 0.9, 49.4% total’

dissolved solids (TT8 4G RYD S FHEGHt 15 A SrAGHEEE AL Fate ESREEIMBS derived from
the data in Table 2ofigdvidnericards Bitlypsahiido sattainibe herotaBBm DeRRPEHIERON 1 the 40% =
18 days, where t1Q3misother tita erifstak s ta:0n 36 piOUby ok thesag ive avygenzdd epaparative Example C

A complete saturatedcggégtionﬁﬁ%wggﬁ%%mngigFQA% (c%é%%ggﬁﬁﬁg iy monopersulfate to the

solubility limit, exptpér%se in erature XONE (3 Hig was dissolved in water

(100 g) at 20C and#hik@tFu ARt compieleRugrmiresher @éﬁﬁﬂ?ﬁ%‘ﬁﬁlfﬁ?' ¥5d 1H689% active oxygen,
10.34% ICHSO05, KHR0{GHiSO4223i88% ddoSnaddiaind @IS ichveg Kiraing sfl@ukSaltsTable 2

20  Thus, the copper sulfate concentration in the solution increases. While additional
potassium monopersulfate may be added to supplement decreasing active oxygen,
the sulfate salts build up. The useful life of the bath is limited by the buildup of
sulfate salts and must then be replaced, else staining of the boards occurs and
quality declines. The higher active oxygen and lower inert sulfate concentrations

25  of the solutions of the present invention result in a higher metal loading capacity
in such processes when used as microetching solutions. -Also, the useful life of
the solution when used as a microetching bath is extended in time due to the iower
initial SO4 content of the solution. The solutions of the present invention have a
copper loading capacity of at least 27 g per liter of sclution, preferably at least 29

30 g per liter solution, and more preferably 30 g per liter sofution. Bath activity and
throughput are increased, and bath life is extended since sulfate (SO4)
concentrations are substantially reduced as shown in Table 3 through higher

active oxygen to sulfate ratios. Bath life is increased when using the solutions of

11



Description As Prepared As Tested for Shelf Life Stability at 35C pH % AO pH % AO Rate K twol/.

(days) Days tq

Comp. Ex. B "

10

15

20

25

30

7% AQ* Examples of the prior art Comp. Ex. A 0.50.51 0.51 0.51 0.0062 17 (a)
JURRIBET PCT/US2007/012995

the present invention compared to prior art complete saturated solutions and to the
solutions of US Patent 6,818,142,

" The copper or copper atloy clad substrates subjected‘to microetching
comprise any plies of plastic, fiber glass or other material to which copper foil is
adhered or upon which copper is depogited, electrolessly or electrolytically. The
substrates can be single or multiple plies in the form of composite or layered
structures ;uch as laminates and other materials. Such copper clad substrates and
laminates are conventional in the printed wiring board art. The substrates may
contain through-holes on the walls of which copper has been deposited for
electrical connection, or miniaturized interlayer through-hole (microvia)
technology. In modern high-density circuit boards, microvia have replaced
through-holed to provide better space utilization. Single laminates or multilayer
boards must be microetched and cleaned, usually numercus times during printed
wiring board fabrication. Application of the microetching and cleaning solution is
usually by spraying or immersion of copper clad substrates in a bath formed with
the etching solution, and the solution can be applied in any other convenient
manner.

The high active oxygen solutions of the present invention are also useful
as a component of chemical-mechanical polishing shurries. Such slurries are used
for polishing metal layers and thin films associated with semiconductor
manufacture.

Typical semiconductor integrated circuits are made up of millions of
active devices formed in or on a silicon substrate. The active devices, which are
initially isolated from one another, are united to form functional circuits and
components. The devices are interconnected through the use of well-known
multilevel interconnections. Interconnection structures normally have a first layer
of metallization, an intercommection layer, a second level of metallization, and
sometimes a third and subsequent {evels of metallization. Interlevel dielectrics,
such as doped and undoped silicon dioxide (Si0O2), are used to electrically isolate
the different levels of metallization in a silicon substrate or well. The electrical
connections between different interconnection levels are made through the use of
metallized vias. Metal contacis are used to form electrical connections between

interconnection levels and devices formed in a weil.

12



2.98 0.0060 18 16 Examples of the Present Invention Example 1 1.43 3.65 1.50 3.0 0.0126 8 8.4

Example 2 0.98 3.71 1.14 3.0 0.0074 14 14.2 Example 3 0.69 4.49 1.05 3.0
WO 2007/143127 PCT/US2007/012995

10

15

20

25

30

In a typical chemical mechanical polishing process, the substrate is placed

in direct contact with a rotating polishing pad. A carrier applies pressure against

the backside of the substrate. During the polishing process, the pad and table are
rotated while a downward force is maintained against the substrate back. An
abrasive and chemically reactive solution, commonly referred to as a “slurry”, is
depostied onto the pad during polishing. The slurry initiates the polishing process
by chemically re@cting with the film being polished. The rotational movement of
the pad relative 1o the substrate facilitates the polishing process as slurry is
provided to the wafer/pad interface. Polishing is continued in this manner until
the desired film on the insulator is removed. _

The slurry composition is an important factor in the chemical mechanical
polishing step. Depending on the choice of the oxidizing agent, the abrasive, and
other useful additives, the polishing slurry can be tailored to provide effective
polishing to metal layers at desired polishing rates while minimizing surface
imperfections, defects, corrosion and erosion. Furthermore, the polishing slurry
may be used to provide controlled polishing selectivity to other thin-film materials
used in current integrated circuit technology such as titanium, titanium nitride and
the like. The concentrated solution of the present invention is an exeellent

oxidizing agent in such a slurry.

MATERIALS AND TEST METHODS

The following maferials and test methods were vsed in the Examples

herein.

Materials 7
OXONE brand of potassinm monopersulfate compound available from

E. L. du Pont de Nemours and Company, Wilmington, DE, was employed.

Active Oxyegen Measurement

In all examiples, active oxygen concentrations are expressed in weight %
and are determined by standard iodometric titration as described in the "OXCONE
Monopersulfate Compound Technical Information” Bulletin, No. H-42434-5,
dated April 2000, published by E. I. du Pont de Nemours and Company. Briefly,
a weighed aliguot of the solution to be analyzed is diluted with cold deionized
water, acidified, treated with potassium iodide, and titrated with standardized

I3



0.0065 16 16.2 Example 4 0.98 3.71 0.63 3.0 0.0053 20 19.9 Example 5 1.50 3.68 0.44 3.0 0.0059 18

17.9 Example
W

10

15

20

25

6 0.69 4.2 0.69 4.2 0.0083 13
O 2007/143127 PCT/US2007/012995

0.1N sodium thiosuifate reagent to an endpoint visualized by a starch indicator.
The active oxygen (AQ) content is calculated as follows:

% AO = (mLtitrant x Normalitytitrant x 0.8)/ (Gramsgample)
Equivalently, the % KHS0O3 concentration may be calculated by:

% KHSO5 = % AO/0.105

EXAMPLES

Example 1

OXONE (600 g) was slurried in deionized water (325 g) and potassium
hydroxide solution (37.9%, 120.9 g) was slowly added with mixing over about 10
min. to neutralize 0% of the KHSQO,4 present. The total OXONE:water ratio was
600:400 (including water added in the potassium hydroxide solution), Mixing
was continued for 2h. After mixing solids were separated from the filtrate with a
fritted glass funnel using vacuum filtration. The resulting filirate solution
contained 34.71% KHSO3, and had 3.65% active oxygen, an AQ/SOy4 ratio of
1.05:1, a %50, éontent of 3.5, an active oxygen yield of 85.1%, and an active
oxygen stability of tjge, = 8 days, where t] o, is the time for a 10% loss of active

oxygen.

Example 2

OXONE (600 g) was slurried in deionized water (334 g) and potassium
hydroxide solution (37.9%, 106.3 g) was slowly added with mixing over about 10
min. to neutralize 79.4% of the KHSO4 present. The total OXONE:water ratio
was 600:400 {including water added in the potassium hydroxide solution).
Mixing was continued for 2 h. After mixing, the solid was separated from the
filerate with a fritted glass funnel using vacuum filtration. The resulting filirate
solution contained 35.23% KHSOs, and had 3.71% active oxygen; a % SO of
4.7, an AQ/SQy ratio of 0.79:1, an active oxygen yield of 85.83%, and an active
oxygen stability of tjgo;, = 14 days, where tj ey is the time for a 10% loss of

active oxygen.

14



53.2 Example 7 0.69 4.2 0.66 3.5 0.0054 20 48.1 Example 8 0.69 4.2 0.64 3.0 0.0046 23 23 *
Calculated from Equation 1 wherein, t = In(C0O/C)/1C, using C = 2.7, and CO = as tested AO] (a) The
starting %A0 Yor &ggmf)sé?gxtive Example A is already below the 2.7% A gg@éé‘fﬂ?{%@?ﬁ Table 2
shows the higher percent active oxygen obtained in the solutions of the present invention. The rate of
active oxygen loss (K) increased with higher percent active oxygen solutions and also increasing pH. It
Is also shown that addition of acid back to the filtrate to reduce the pH down to about 0.6 was useful 10
to increase active oxygen stability over the higher pH from the ICHSOA4 neutralizing step. Table 2
shows that both pHEasepieghcentration influenced the rate at which active oxygen was lost (stability).

Moreover, it is shown in %% h QH qad.a reater effgct ttha ncengratjon.in the active
o ) 1 m
oxygen stability. Solutlon-é 0 theﬁ:‘?eééeﬁt |ﬁ§/éﬁl€5?\d%?§a Uicet s&ﬁt?é&gﬁ/ﬁﬁaﬁéﬁgéﬁsa'te constants 15and

with tripled shelf lifyd9¥issalnbandy {&%ihfe-8s aberssievy sdded widivaiggguar about
10 min. to neutralize 76% of the KHSO4 present. The total OXONE:water ratio

5 was 1100:228 (including water added in the potassium hydroxide solution).
Mixing was continued for 2 h. After mixing, the solid was separated from the
filtrate with z fritted glass funmel using vacuum filtration. The resulting filtrate
solution contained 42.66% KHSOs, and had 4.49% active oxygen, and had an
AQ/SO4 ratio of 0.83:1, an active oxygen yield of 60.24%, and an active oxygen

10  stability of t1pes = 16 days, where 4 gy, is the time for a 10% loss of active

oxygen.

Example 4 _

The pH of a high strength liquid OXONE solution, prepared as in Example
2, was adjusted with 85% H3P04%, to a pii of 0.63 and diluted with deionized
15  ‘water to an active oxygen concentration of 3.0% for comparative stability testing.
The resulting solution had an %804 of 3.8, an AQ/S0y4 ratio of 0.71:1. The active
oxygen was 3.71% at preparation, and the active oxygen stability was tygog = 20
days.

Example 5

20 OXONE (600 g) was slurried in deionized water (320.73 g) and potassium
hydroxide solution (37.9%, 127.7 g) was slowly with mixing added over about 10
min. to neutralize 95% of the KHSO4 present. The total OXONE:water ratio was
600:400 {including water added in the potassium hydroxide solution). Mixing
was continued for 2 h. After mixing, the solid was separated from the filtrate with

25  afritted glass funnel using vacuum ﬁltrafion. A sample of the resulting filtrate
was diluted to 3.0% active oxygen and the pH was lowered to 0.44 using 20%
sulfuric acid (92.82 g). The active oxygen stability of this adjusted solution was
t109% = 18 days. The %S0; was 2.7, the AO/SO; ratio was about 1.35:1, the

active oxygen was 3,68% as prepared before any adjustment.

15



Table 3 Description % Neutral- ized % SO4 Composition (Wt %) ICHSO05 ICHSO4 K2S504 H20

TDS* Comparative Examples of the Prior Art Comp. Ex. B 0 13.7 28.4 13.5 7.5 50.6 49.4
WO 2067/143127 : . PCT/US2007/612955

Example 6

Example 6 was prepared using a mechanical stirrer to slurry OXONE

(653.25 g) with water (266.83 g). Potassium hydroxide solution of about 36%
was slowly added over 20 minutes to neutralize 80% of the available KHSOy, and

5  the solution mixed for 2 h. The temperature was maintained at 60° = 5°F (°C =
°C). The total water present was 346.75 g, including 79.92 g from the potassium
hydroxide solution. Afier mixing, the solid was separated from the filtrate with a
fritted glass funnel using vacuum filtration. The process produced 530.6 grams of
filtrate and 497.5 grams‘ of wet cake. The resulting filtrate had a pH of 0.69,

10 contained 4.2% active oxygen, and had a tjpr = 13 days.

Example 7

Example 7 was prepared as described in Example 6, except that the pH of
~ the filtrate was adjusted with aqueous sulfuric acid (19.4%) and water.
102.18 grams material prepared in Example 6 was mixed with 17.84 grams of
15  water and 4.04 grams of a 19.4% sulfuric acid solution. The acid was added to
maintain the same pH as example 6. The resulting solution had an active oxygen
content of 3.5% and a pH of 0.66.

Example 8

Examples 8 was prepared as described in Example 6, except that the pH of
20  the filtrate was adjusted with aqueous sulfuric acid {19.4%) and water.
88.45 grams material prepared in Example 6 was mixed with 31.55 grams of
water and 5.02 grams of a 19.4% sulfuric acid solution. The acid was added 1o
maintain the same pH as Example 6. The resulting solution had an active oxygen
content of 3.0% and a pH of 0.64.

25  Comparative Example A
Comparative Example A was prepared as for the “Conventional Complete

Solution” described in Table 2 of Example 1 of US Patent 6,818,142, A 11.2%

potassium monopersulfate solution was prepared by dissolving OXONE (12.6 g)

potassium monopersulfate in deionized water (100 g) at a temperature of 22°C,
30 The OXONE was mixed until completely dissolved. The resulting solution

produced was prepared below the saturation iimit expressed in Table 1 above.

16



Comp. Ex.C07.110.34 4.74 6.81 78.11 21.89 Examples of the Present Invention Example 1 90 3.5

34.71 1.38 4.57 59.34 40.66 Example27947352334741157 19 42.81 Example 5
WO 2007/143127 PCT/US2007/012993

The resulting solution contained 0.51% active oxygen, 5.00% KHSQ3, 2.54%
KHSO4, pH = 1.2, 10.56% total dissolved solids {TDS8), and a 0.15:1 weight ratio
of AO/SO4. A rate constant was derived from the data in Table 2 of US Patent
6,818,142 and found to be k = 0.0062. Using Eqﬁation I above, the value of tygey

5  was 17 days, where t] oy is the time it takes to loose 10% of the active oxygen.

Comparative Example B

Comparative Exarnple B was prepared as described in Example 1 of US
Patent 6,818,142. OXONE potassium monopersulfate (104 g, 4.52% active
oxygen as the solid) was slurried with deionized water (52 g), equivalent to 200 g
10 OXONE per 180g water). The slurry was stirred overnight at ambient room
temperature (22°C +/- 2°C) and then filtered through a coarse glass filter funnel to
remove undissolved potassium suifate and'bisulfate saits. The clear filtrate was
analyzed. The resulting solution contained 2.98% active oxygen, 28.4% KHSOs,
13.5% KHSOy, pH = 0.9, 49.4% total dissolved solids (TDS), and a 0.22:1 weight
15  ratio of AO/SO4. The rate constant was derived from the data in Table 2 of US
Patent 6,818,142 and found to be k =0.0062. Using Equation 1 the tjgo, =18

days, where t]g9; is the time it takes to loose 10% of the active oxygen.

Comparative Example C
A complete saturaied solution was prepared by disselving OXONE

20  potassium monopersulfate to the solubility Hmit, expressed in Table 1, ata _
temperature of 20°C. OXONE (30 g) was dissolved in water (100 g} at 20°C and
mixed until completely dissolved, The resulting solution had 1.08% active
oxygen, 10.34% KHSOs, 4.74% KHSO4, 21.89% TDS, and an AO/SO4 weight
ratio of 0.15:1

i7



95 2.7 35.04 1.10 3.54 60.32 39.68 TDS: Total dissolved solids Table 3 shows the solutions of the
present inventionzgrovided lower percent SO4. The Examples of the present invention resulted in
lower sulfate 5 GonGantrations in use than the Comparative Examples. [S)Sﬁﬁ&z r%%%zé’tgéhing for
example, ICHSO5 is consumed to form sulfates. Since bath life is determined by sulfate concentration
and residual active oxygen, the lower percent sulfate provided longer bath life. Example 9 10A
1000-gram batch size was slurried at 10C using OXONE (642 g) and water (358 g). Potassium
hydroxide solution (122.7 g of a 36.4 %) was used to neutralize 80% of the ICHSO4 to K2SO4. The

water in the potassium hydroxide solution was incld@blé &/hen calculating the OXONE:water ratio. The
slurry mixture was.then mechanically stirred for. 2 h_After mixing, solids were 15separated from the

filtrate with a fitted glass funnd| G8HgRARbYM filtatEed frr fhelibifoRpRilmGh 8%lts ahd active
oxygen are shown ike3aipieod. Exanmples 10 to 12 Examples |10 to 12 wére pegpased las described
in Example 9 usirg the indicate@®X&NE W atEr 12ta*Shpipe Eortesgdntihy tggygg{gwre of 10 C or
2020C indicated ip Table 4. The amount offKOHIwas varied slightly corresponding to the amount of
OXONE used so fas to neutralize 80% of fermptss 28 Bt AR 2D CT/11S52007/012995 KHSO4 present
in the triple salt. Thedkifrate aompos|tion resvlis gricsactive.eazgen ang shown in @able 4| Table 4

Comp.Ex.B | 0.5 | 298 | 0.5 | 298 | 0.0060 18 16

Examples of the Present Invention

Example 1 | 1.43] 3.65 ] 1.50] 3.0 | 00126 8 8.4

Example2 {098 3.7% | 1.14] 3.0 Q0074 4 142

Example3 [0.69| 449 | 1.05] 3.0 | 0.0065 16 16.2

Example 4 |0.98 | 3.71 |0.63| 3.0 |0.0053 20 19.9

‘Example S 1.50) 3.68 1044 ] 3.0 | 0.0059 18 17.9

Example 6 (069} 4.2 [0.69| 4.2 | 0.0083 13 53.2

Example 7 | 0.6%| 4.2 10.66]| 3.5 | 0.0054 20 48.1

Example8 1069 42 |064| 3.0 | 0.0046 23 23

* Calculated from Equation 1 wherein, t = In{Cy/C)/K, using C = 2.7, and C0 = as
tested AQ]

(a) The starting % A0 for Comparative Example A is already below the 2.7% AQ

5  specification.

Table 2 shows the higher percent active oxygen obtained in the solutions
of the present invention. The rate of active oxygen loss (K) increased with higher
percent active oxygen solutions and also increasing pH. Itis also shown that
addition of acid back to the filtrate to reduce the pH down to about 0.6 was useful

10  toincrease active oxygen stability over the higher pH from the KHS(Q,4
neutralizing step. Table 2 shows that both pH and concentration influenced the
rate at which active oxygen was lost (stability). Moreover, it is shown in Table 2
that the pH had a greater effect than concentration in the active oxygen stability.
Solutions of the present inventicn produced solutions with better rate constants
15  and with tripled shelf life as measured by the time to decrease to 2.7% active

oxygen.

18



Ex. # Starting Example Composition (wt. % in Filtrate) Temp C OXONE fraction Water fraction KHS05

KHSOs Yield Q’/&) 1(11504 K2S04 1120 % TDS %S04 AO % 9 - 10 0.642 0.358
2007/143127 PCT/US2607/012995

, Table 3
% %% . Composition (Wt %)
Description Neutral
cutral- | 8§04 | KHSOs | KHSO4 | KpSO4 | H20 | TDS*

ized
Comparative Examples of the Prior Art
Comp. Ex. B 0 13.7 284 13.5 . 7.5 50.6 | 494

| Comp. Ex. C 0 71 | 1034 | 474 6.81 | 78.11 | 21.89
Examples of the Present Invention

Example 1 90 3.5 | 34.71 1.38 4.57 | 59.34 | 40.66

Example 2 79 |47 | 3523 3.47 411 | 57.19 | 42.81

Example 5 95 | 2.7 1 3504 | 1.10 | 354 | 6032 39.68

TDS: Total dissolved solids

Table 3 shows the solutions of the present invention provided lower
percent SO4. The Examples of the present invention resulted in lower sulfate
5 concenirations in use than the Comparative Examples. During microetching for
example, KHSOs3 is consumed to form sulfates. Since bath life is determined by
sulfate concentration and residual active oxygen, the lower percent sulfate

provided longer bath life.

Example 9

10 A 1000-gram batch size was shuried at 10°C using OXONE (642 g) and
water (358 g). Potassium hydroxide solution (122.7 g of a 36.4 %) was used to
neutralize 80% of the KHSO, to K;50,. The water in the potassium hydroxide
solution was included when calculating the GXONE:water ratio. The slurry
mixture was then mechanically stirred for 2 h. Afier mixing, solids were

15  separated from the filtrate with a fritted glass funnel vsing vacuum filiration. The

filtrate composition results and active oxygen are shown in Table 4,

"Examples 1010 12

Examples 10 to 12 were prepared as described in Example 9 using the
indicated OX{ONE:water ratio and the corresponding temperature of 10° C or
20  20°C indicated in Table 4. The amount of KOH was varied slightly
corresponding to the amount of OXONE used so as to neutralize 80% of the

i9



39.00 70.8 4.84 1.66 54.49 45.50 4.3 4.1 10 0.800 0.200 47.10 36.0 2.80 1.76 48.34 51.66 2.9 5,0 11

20 0.653 0.347 39.57 80.0
WO 2007/143127 PCT/US2007/012995

'KHSO, present in the triple salt. The filtrate composition results and active

axygen are shown in Table 4.

Table 4
Starting Example Cornposition (wt. % in Filtvate)

Ex.|Temp| OXONE | Water KHSOs :

# | °C | fraction |fraction; KHSO; [Yield (%)} KHSOWK,SO, | H,O [% TDS *| %S0, | AC%
57", | 0-642 [ 0358 30.00 | 708 | 4.84 1.66 | 54.49 | 45.50 43 4.1
16 0.800 | 0.200 | 47.10 | 36.0 | 2.80 | 1.76 | 4834 | 51.66 29 5.0
nl . 0.653 | 0.347 | 39.57 | 80.0 | 5.25 | 2.33 [52.85| 47.15 5.0 42
12 0.800 | 0.200 | 51.26 | 474 3.1 | 1.81 [43.83| 56.17 3.2 5.4

*K2804 has been calculated by difference using: K804 = %TDS - (KHSO5 +
§  KHSQO4), becanse of additives and impurities actual values are slightly less than

shown.

* 04 TDS 1s % total dissolved solids.

Table 4 shows how the active oxygen concentration as well as the percent
SO4 was affected by the ratio of OXONE:water. Table 4 also shows how, by
10  performing the slurry extraction of the KHSO4 at a slightly higher temperature, a
higher percentage of KHSO5 was transferred to the aqueous solution if mixed for
equal times. The higher mixing temperature helped overcome the endothermic

heat of solution of the tripie salt.

20



5.252,3352.8547.155.04.2 12 0.800 0.200 51.26 47.4 3.1 1.81 43.8356.17 3.25.4 9K2S0O4 has
been calculated by difference using: K2S504 = %TDS - (K1-1S05 + 5KFISO4), because of additives
and impurities actual values are slightly less than shown. * % TDS is % total dissolved solids.
Table 4 shows how the active oxygen concentration as well as the percent SO4 was affected by the
ratio of OXONE:water. Table 4 also shows hpw 1\t)I)éloperforming the slurry extraction of the ICHSO05 at
a slightly higher temperature, a higher percggt%%e-of KHSO05 was transferred to the aqueous solution if
mixed for equal times. The higher mixing temperature helped overcome the endothermic heat of
solution o giglinagst is:

1. A composition comprising a solution of potassium monopersulfate having an

active oxygen content of from 3.4% to 6.8% and a maximum SOy content of about 5.5%.

2. The composition of claim 1 having a maximum SOy content of 5.0%.
3. The composition of claim 2 having a pH of from 0.4 to 1.5.
4. The composition of claim 1 further comprising an adjuvant selected from the

group consisting of a mineral acid other than hydrochloric acid, a C1 to C4 organic acid, a

surfactant, a stabilizer, and an etch rate modifier.

5. A process for the preparation of a solution of potassium monopersulfate
having an active oxygen content of from 3.4% to 6.8% and a maximum SOy content of about
5.5% comprising a) mixing to form an equilibrated slurry: 1) solid 2KHSO5-KHSO4-K2804
it) a quantity of water insufficient to completely dissolve the solid, and iii) an alkaline
material; b) separating undissolved solids to obtain a solution, and ¢} adding acid to obtain a
pH of from 0.4 to 1.5.

6. The process of claim 5 wherein the alkaline material is added after the solid

2KHSO5 KHSO4-K2804 and water have been mixed, and is selected from the group

consisting of sodium hydroxide, potassium hydroxide, barium hydroxide, magnesium
hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate or potassium
bicarbonate.

7. The process of claim 6 wherein from 25 g to 70 g of water is employed per

100g of 2ZKHSO5 KHSO4K2504, and wherein during the addifion of the atkaline material a

temperature at or below 40° C is maintained.

8. An improved method of microetching a surface wherein the improvement
comprises contacting the surface to be etched with a microetching solution containing
potassium monopersulfate solution having an active oxygen content of from 3.4% to 6.8%
and a maximum SO, content of 5.5%.

9. The method of claim 8 wherein the surface to be etched is a metal coated

semiconductor or printed wiring board which is clad with copper or copper alloy.
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CLAIMS What is claimed is: I.A composition comprising a solution of potassium monopersulfate
having an active oxygen content of from 3.4% to 6.8% and a maximum SO4 content of about 5.5%.
2. The composition of claim 1 having a maximum SO4 content of 5.0%. 3. The composition of claim 2

having a pH of fjgm 0.4 &i&hod oftidiRe CoOMPEsiiRn Bl @RIMA{UheHEPBRIIsNSBRadIByant
selected from the group consisting of a mineral acid other than hydrochloric acid, a Cl to C4 organic

acid, a sEHfISERAS & SPRBATAST Hisd aseteRommnthsméve oxyEenooreRsalBPhe-preiabafitn of a

solution of potassium monopersulfate havi%g an active oxygen content of from 3.4% to 6.8% and a

maximum S04 ddntent\Sr ZHBAY &85 BOMPHARTAY PP IS AP RGP RIERTY: i) solid
2KHSO05 #npraGansenti}: ogpratitysefonatesinsuticient tosampietelydisspivertbacselishiang i) an
alkaline material; b) separating undissolved solids to obtain a solution, and c) addin%gcid to obtain a
PH of frofP O PEGNE an RtRREPRYSEBSOBFRIARTE A tAS e HiHBHR S Bhter the
solid 2KH3®5:%KHS04.K2S04 and water have been mixed, and is selected from the group consisting
of sodium hydroxide, potassium hydroxide, barium hydroxide, magnesium hydroxide, sodium
carbonate, potassium carhonaiecSositiodicarbotate:orepotassiang bicarhondteater wherkhe process of
claim 6 v%er.ein from 25 g to 70 g of water is employed per 10%%%0f‘zg<HSOSKHSO4.KZSO4, and
Wherein QU1 TOTHNS SHEROR D7 EHEkBlThe RTACE AT o ICHRrR LR CY B i Mo € Hicainec

8. An improvesh meikad@firoierdetehin g 8%suihdcenvlarneim he jnprexestentwomprises contacting the
surface to be etched with a microetching solution containing potassium monopersulfate solution having
an active'oxygen content of from 3.4% to 6.8% and a maximum SO4 content of 5.5%. 9. The
method of claim 8 wherein the surface to be etched is a metal coated semiconductor or printed wiring
board which is clad with copper or copper alloy. 10. The method of claim 8 wherein the solution
has a copper loading capacity of at least 25 g copper per liter of solution, and an active oxygen content
of from 3.5% to 6.8%. 11. An improved method of mechanically polishing a substrate wherein the
improvement comprises use of a polishing slurry containing a potassium monopersulfate solution
having an active oxygen content of from 3.4% to 6.8% and a maximum SO4 content of 5.5%. 12.
An improved method of treating recreational and ornamental water wherein the improvement
comprises use of a potassium monopersulfatc solution having an active oxygen content of from 3.4%
to 6.8% and a maximum SO4 content of 5.5%.
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