MANUFACTURE OF HIGH-STRENGTH, LOW-SALT SODIUM
HYPOCHLORITE BLEACH Field of the Invention 100011 This invention

wdelalesio,the manufacture of sodium hypochlorite bleach, igpagishianfaaa
process and a plant for the manufacture of sodium hypochlorite bleach.
Background of the Invention 100021 Bleach (sodium hypochlorite) is a
commodity chemical that is used in numerous applications. The basic
chemistry for manufacturing bleach is a matter of common knowledge in
the fieds, DIUFRGSH B RARENG IO §Ad Ahd/or
liquid phase is allow [ ) Qn o [ ydroxide
(caustic) to yie = basic chemistry
may be considered rather elementary, and essentially common to all

Fidl9easaasigy hgieammercial manufacture of bleach, specific processes
that have been described in patent literature differ in significant ways.
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(disconti production pro or a coritinuous production
manufacture of sodium hypochlorite bleach.
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Backoround of the Invention

[0602] Bleach (sodium hypochlorite) is a commodity chemical
that is used in numerous applications. The basic chemistry for
manufacturing bleach is a matter of common knowledge in the
fields of chemistry and chemical engineering. Chlorine in gas
and/or liquid phase is allowed to react with a solution of sodium
hydroxide (caustic) to yield aqueous sodium hypochlorite. While
that basic chemistry may be considered rather elementary, and
essentially common to all processes for the commercial
manufacture of bleach, specific processes that have been described
in patent literature differ in significant ways.

[00063] Each of the various known processes for the commercial
manufacture of bleach may be characterized as either a batch
(discontinuous) production process or a continuous production
process. Each type of process may have its own particular
advantages.

[6004] A continuous process that is properly controlled is more
likely to be performed with higher production efficiency than a

corresponding batch process, and hence is likely to be more



process. Each type of process may have its own particular advantages.
[0004] A continuous process that is properly controlled is more likely to be

wheHrmsd with higher production efficiency than a correspogiding Batchh 44

process, and hence is likely to be more economical than a batch process.
However, the specific manner in which a continuous process is performed
plays a significant role in the nature and quality of the resulting bleach

product. [0005] U.S. Patent Nos. 4,428,918 and 4,780,303 each describes
a respeetivamnitaiuig grbeteh fopntanufiewreat tonsprudiedithener in

high- dium hypochlorite solutions. Sogdium chloride. (salt).is , .
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process and the resulting product. Neither of those processes removes all

of the s tE BsRiSIIpRIRR. 4. 185G e fardd ceridearaibes
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which signi mounts o ave been remove 7] Itis believed

that a céntinhizgs srengsh thatiswahabtebforiesistenitynsrof odimg
aqueous high-strength_bleach with low concentratigns of bqth sodjum
chlor e HLRF Gt SRR i AR BTGB £ De e A pic
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salt andﬁchlorate concentratior]s, than those mentioned in .S. Patent
Nos. 4, dxgonadreth the0;e08nusid pewesiieaidlfhserestidiingpreduct.

benefit feRide, RO 508l TSR ch M SR SRR
resulting product.
[6006] Both patents recognize that certain batch processes can
produce aqueous high-strength bleach from which significant
amounts of salt have been removed.
{0007] It is believed that a continuous process that is capable of
consistently producing aqueous high-strength bleach with low
concentrations of both sodium chloride and sodium chlorate with
residual slight excess caustic would be beneficial to industry. A
product that has even greater strength, and lower salt and chlorate
concentrations, than those mentioned in U.S. Patent Nos.
4,428,918 and 4,780,303 would be especially beneficial. The
benefits reside both in the utility of the product and relevant
economic factors.
[6008] The process that is the subject of the inventors’ US
Patent No. 7,175, 824 issued February 13, 2007 initially creates,
and then continuously replenishes, a salt slurry in a bottom zone of

a crystallizer stage tank. As fresh solutions of bleach and caustic



100081 The process that is the subject of the inventors' US Patent No.
7,175, 824 issued February 13, 2007 initially creates, and then

8%%6@%” replenishes, a salt slurry in a bottom zone of ap‘&r'}’/%@“&ﬁﬁzwzz;

stage tank. As fresh solutions of bleach and caustic continuously enter

into solution in the tank, the slurry at the bottom is being continuously
pumped out, 100091 A first portion of the withdrawn slurry forms a recycle
solution that is cooled during passage through a heat exchanger before
being farbhdekintel shentanknithedhesbrcautitie isrdytthinstmitiatiibe bottom
recycle solution ahead of the heat eXéhanger Fresh bleach is entrained

with thei%ll?ﬁﬁ}ﬁéi%gwg ARERE S8iution after the heat exchanger.
[0010] The@systalizgrsiagaianics vt Ya RatentNorkkis f24 cie

comprlses a sklrt baffle that is inside the cylindrical sidewall of the tank

and forrselatisymitbaicig wmlle@i chaune aresngs Ahreneing berfenehpagar
the skir %ff'e 8”0' n B" S9gplly TIF&EE ”t’g 's“t‘%'@ 200845 entrained
ree’o I%gr y toward the

essentla ence, ESDE‘CIa| top W ere an up

zone of@@ﬁﬂt@ﬂgs@@l&t@bﬁm@ﬁ@dlqﬂdﬁmadgdhaﬁ@skﬁéﬁﬂﬁeach
surrounds a central inner zone intQ which the fresh bleach and causti
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central ipnarzone are both above and open to the bottom zone. [0011)
Continually overflowing mother liquor at an appropriate rate from the top
of the c&{Hitiy zoﬁ‘éaslqrgmmmsmg@ sothitighroresuiings Pegant No.

cominucy i i o oo B s R SRR
sidewall of the tank and forms a cylindrical wall to create an
annular calming zone between the skirt baffle and the tank
sidewall. The annular calming zone is essentially free of
turbulence, especially toward the top where an upper zone of
essentially crystal-free mother liquor is created. The skirt baffle
surrounds a central inner zone into which the fresh bleach and
caustic and the recycle sclution are introduced. The annular
calming zone and the central inner zone are both above and open to
the bottom zone.
[6011] Continually overflowing mother liquor at an appropriate
rate from the top of the caliming zone supersaturates the solution
resulting in salt continuously precipitating out of solution with the
salt crystals continuously replenishing the slurry in the bottom

Zone.



Summary [0011a] In a first aspect, there is provided a method for the
continuous manufacture of higher-strength, lower-salt, aqueous sodium
hypochlorite bleach from lower-strength aqueous sodium hypochlorite
bleach that has some sodium hydroxide and that is essentially free of
sodium chloride (salt) crystals, the method comprising: A) in a tank,
sustaining a continuous reaction that produces a slurry of higher-strength
bleach and solid salt crystals by introducing into the tank 1) the
-strength aqueous sodium hypochlorite bleach that has some sodium

hydroxide and is essentially free of salt crystals, 2) aqueous

sodiM 1IdlBadEss arimeh Iats A RrREAmAIBRILY WS IRNiRNS range
fromm4@ et @l00hignek-sirength, lower-salf, '

aqueous sodium hypochlorite bleach from lower-strength aqueous sodium

hypochlorite bleach that has some sodium hydroxide and that is essentially free of
sodium chloride (salt) crystals, the method comprising:

A) in a tank, sustaining a continuous reaction that produces a slurry of higher-
strength bleach and solid salt crystals by introducing into the tank

1) the lower-strength aqueous sodium hypochlorite bleach that has some
sodium hydroxide and is essentially free of salt crystals,

2) aqueous sodium hydroxide solution having a concentration by weight
within a range from 45% to 51%, and

3) chlorine in gas and/or liquid phase that may or may not include inerts,
and

4) a recycle solution;

B) continuously withdrawing sturry from the tank a,"t a level below where the
lower-strength bleach, the sodium hydroxide solution, the chlorine, and the recycle
solution begin to mix with slurry already in the tank;

C) cooling a first portion of the withdrawn slurry and using the cooled first
portion of the withdrawn slurry as the recycle solution; and

D) processing a second portion of the withdrawn shurry to separate
substantially all salt crystals from the residual liquid; and

E) recovering the residual liquid as the higher-strength lower-salt, aqueous

sodium hypochlorite bleach.



3) chlorine in gas and/or liquid phase that may or may not include inerts,
and 4) a recycle solution;  B) continuously withdrawing slurry
from the tank at a level below where the lower-strength bleach, the
sodium hydroxide solution, the chlorine, and the recycle solution begin to
mix with slurry already in the tank;  C) cooling a first portion of the
withdrawn slurry and using the cooled first portion of the withdrawn slurry
as the recycle solution; and  1..)) processing a second portion of the

~ withdrawn slurry to separate substantially all salt crystals from the residual
liquid; and  E) recovering the residual liquid as the higher-strength
lower-sglipszjuedine padienhdiggpecihioritenslezfsiect, relates to a

discovery for simplifying the equipment and process that are the
subject of the priority patent applications.

[6013] The higher-strength, lower-salt bleach produced by the
inventive process and apparatus has strength like that of the bleach
manufactured by the process that is the subject of the priority
patent applications. That bleach, when diluted to a lower strength
comparable with typical domestic commercial bleaches has
improved stability, and hence extended half-life when compared to
such bleaches. |

10014} The continucus process of the present disclosure is

conducted in a crystallizer tank without continuously drawing off
mofher liquor at the top of a calming zone. That allows the tank to
not have a skirt baffle that otherwise would divide the portion of
the tank above the bottom zone into a central inner zone
surrounded by an outer calming zone.

[0015] The higher-strength, lower-salt bleach products that can
be manufactured in accordance with principles of the present
disciosurs are those which comprise an aqueous solution of greater

than 25% by weight sodium hypochlorite and a ratio, on a %
weight basis, of NaCl (salt) to NaOCI (sodium hypochlorite), less
than substantially 0.38, with a slight excess of sodium hydroxide
(caustic). After removal of solids, a bleach having approximately
30% to approximately 35% by weight sodium hypochlorite and a
NaCl/NaOCl ratio of about 0.21 to about 0.25 at 30% strength and

La



[0012] The present disclosure in one respect, relates to a discovery for
simplifying the equipment and process that are the subject of the priority

W atektEsptications. [0013] The higher-strength, lower-salt Bfedehs2607/26444
produced by the inventive process and apparatus has strength like that of
the bleach manufactured by the process that is the subject of the priority
patent applications. That bleach, when diluted to a lower strength

compargle i YR AqReRNE AL lRCeR g proved.

stability, and héence extended ha when co 0 su leaches.

[0014] Thesttipugusaraeess of hebrehéridisaiesirtid saraueirhbiagch
crystallizer tank without continuously drawing off mother liquor at the top

of a calFiiR¥éne. That allows the tank to not have a skirt baffle that

otherwiggaygyld divide the partien efdhie tankiaboue the.hqttom zane inte

a central inner zone surrounded by an outer calming zone. [0015] The
higher-$tremgdtithinvie essttbledy s diicttthay staks bend aaiifabiurgd in

accordange with principl f the present disclosure are those, which
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NaOC1(sodium hypochlorite), less than substantially 0.38, with a slight
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strengtipanentage of excess caustic in solution is controlled in any
suitable manner using an appropriate measurement, such as
oxidation-reduction potential measurement, by commercially
available equipment.
{0617} A heat exchanger associated with the crystallizer tank
removes heats of solution and reaction from sturry that is
withdrawn from the tank to form the recycle solution. By using a
high recycle rate through the heat exchanger, the temperaiure drop
between the recycle outlet from the tank and the recycle return to
the tank can be kept small, a benefit that aids crystal formation
while avoiding fouling of the heat exchanger. The use of a high
recycle rate for keeping that temperature drop small is a related
aspect of the invention. A temperature drop within & range from
about 1° F. to about 4° F. would be typical, with a range from
about 1° F. to about 2° F. being most preferable.
[0618]) In order to control the temperature drop to within such a
range, the heat exchanger is one that has sufficient heat transfer

surface area in relation to the flow rates of the respective liquids



about 0.10 to about 0.15% at 35% strength , with slight excess caustic, is
one example of such a higher-strength, lower-salt bleach product. [0016]
A solution of the fresh caustic, the fresh lower-strength bleach that is
essentially free of salt crystals, and salt slurry withdrawn from the bottom
zone of the tank to form the recycle solution are continuously introduced
into the crystallizer tank. The solution in the tank is chlqrinated by,
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introduchagsErEoREUah AR ARRO PERSTIRASY FRStraRn thidhe
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suitable'manner using an appropriate measurement, such as
oxidatiofetstiation pétdntial preamsenent bk ephwirBrie yange dvié

equipment. [0017] A heat exchanger associated with the crystallizer tank
remove@%‘3&%@8ﬁ:@ﬁvﬁﬁW%%ﬁ%%qm%sﬁrggﬁﬁﬁiiﬁw rom
the tank {90 ihe seaxsle-saluions Byrusing riaigh cedyaleratedfitough
the heat exchanger, the temperature drop between the re%%/cle Ou%ft from

the tankdémtbtuecréeyeleidsing TSaAEHIKBAN BRSBTS S BE efit that
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use of a'fii recycle rate eeping that temperature drop small is a

related aspegteftheimenipeniitempastise cimpiwithiren targedfonmpat
about 1 F. to about 4 F. would be typical, with a range from about 1 F. to

about 2 sxdbeigemost preferable. [0018] In order to control the
omPer R OR {9MAthiD Sue R AvRgEntBeERe alenshAngRbisane that

has sufficient heat transfer surface area in relation to the flow rates of the
respectiygdienlidagnhesingpbrangh differethee peewents thwmestdltieoltwion
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allows C%g%got?{’éﬁ{ﬁ'&?éﬁhfé’ BeURetasing £00l AL B the heat
exchanger d@peﬁds on the design of the particular heat exchanger.
For a plate and frame type heat exchanger, the temperature
difference may have a range of from about 2°F. to about 3° F. The
temperature difference may have a larger range, 5°F. - 15° F. for
example, for other heat exchangers, such as a shell and tube type.
[0020] The fresh caustic is preferably added to the recycle
solution ahead of the heat exchanger. The caustic is itself
preferably cooled by passage through its own heat exchanger
before being added to the recycle solution. The fresh lower-
strength bleach is added to enfrain with the entrained caustic and
recycle solution after the latter have been cooled.
{0021] With the process continuously running, the continuous
introduction of chiorine and the mixture of recycle solution,

canstic, and lower-strength bleach sustains a continuous reaction in



certain types of heat exchangers, a further related embodiment of the
disclosure that avoids the need to use more expensive refrigerated water.
Principles of the disclosure do however also contentemplate the use of
refrigerated or chilled water for certain other types of heat exchangers.
[0019] A further related embodiment of the disclosure involves controlling
the temperature difference between the reckcle solution and the cqoling

liquid paSrBHRsUBFPHHE R dsRRsAERREM Rligacht Fhfymbimprsfiele
diff i ' f
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ahead of the heat exchanger. The caustic is itself preferably cooled by
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introduction of chlorine and the mixture of recycle solution, caustic, and
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solution is being withdrawn. The chlorine is also introdyced ahqve the
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introducgdength, lower-salt bleach product. In the absence of a distinct
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calming zone in the crystallizer tank as described in the priority
patent applications, the solution in the tank is generally
homogeneous, especially in the bottom zone.

[0023] Process control conditions for the process of the present
disclosure can create sufficiently large crystal sizes for effective

removal of crystals by mechanical processes. The resulting
distribution of salt crystal sizes in the slurry renders them weli-
suited for ultimate recovery as essentially dry solids, a still further
related aspect of the disclosure,

[0024] The withdrawn slurry that contains the higher-strength
bleach product from which the further mechanical processing
removes salt crystals is continually introduced into a pre-
thickening tank where the shury is mechanically agitated, either by

a mixer and/or by air under pressure blowing through it. At the



[0022] The level to which solution fills in the tank is controlled, or
regulated, in any suitable manner, by process control apparatus. No
solution overflows the tank or is withdrawn from the tank at a level above
the bottom zone. Solution that is withdrawn from the bottom zone as a
slurry becomes either recycle solution returned to the tank or is
subsequently processed to yield the final hiﬁger-stren th, lower-salt

bleach prsaadime.tReEhsknzelog seimalbapampednsamihe datallizer

tank as deseri iE H]? rori ligations lution.i

tank is geﬁ%é%éﬁﬁi%omogg%g&%ﬁégsggg%% iﬁ@&é%%ﬁ%%%%%@%%%lone
Processthenteahgonditions lonilié, profitisstef Tdspideent disctoshiearean
create sufficiently large crystal i for effective removal of crystals,

by
mechaniBAFETBRES SEY 9t radTmih ipRasRSh Eankstar dioding fe
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solids, a still further related aspect of the disclosure. [0024] The withdrawn

slurry thatcgerfiaiysttheltghd sbrey dtiol dae prsrdbinktdrong wiside ¢he fed

further mechanical processing removes salt crystals is continually

introducBH IS - ?Ckening tank where the slurry is mechanically
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liquid, yielding a product that at a minimum is about 96% salt,
with the remainder liquid and minor amounts of trace chemicals
that include bleach. \

[8026] A preferred centrifuge is a two-stage cenfrifuge that
allows the product to be washed with water for removing residual
hypochlorite from the final salt product. Filtrate from the first stage
of the centrifuge is returned to the crystallizer tank. Overflow of
filtrate from the product tank is returned to the pre-thickening tank.
[0027] The high-strength, low-salt bleach product produced by
the inventive process has a bleach strength greater than 25% by
weight, The specific strength of a particular bleach product may be
limited by decomposition issues during the production process and
size of salt crystals precipitated, especially as bleach strength nears
its upper limit, which as a practical matter is about 35%.

[0028] A generic embodiment of the disclosure relates to a method for
the continuous manufacture of higher-strength, lower-salt, aqueous
sodium hypochilorite bleach from lower-strength agueous sodium
hypochlorite bleach that has some sodium hydroxide and that is

essentially free of sodium chloride (salt) crystals.



same time, slurry is being continually pumped from the pre-thickening tank
to a pre-thickening device such as a hydrocyclone that removes more
liquid, or filtrate. This filtrate from the pre-thickening device is introduced
into a product tank for holding the filtrate as the higher-strength lower-salt
bleach product while the more fully thickened slurry from the

pre-thickening device is fed into a centrifuge, [0025] The centrifuge

removed 8A8kt all be e ReRHARMGTIETA ) o1tk pPORRRIRGL L a
of ace CARETOAbERedctRh WL e e R AR
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The high-strength, low-salt bleach product produced by the inventive
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matter is about 35%. [0028]A generic embodiment of the disclosure
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method comprises A) in a tank, sustaining a continuous reaction that
produce@ﬁ@@@ﬁ%ﬁh@?@ﬁéﬁg‘m%@é‘gﬁgﬁﬁ%aﬁ?@ {S}ﬁ‘f‘a ; C)

introducti&i{é%@ﬁf oRilIE P VR RHARED/ARAYSSRANR, the cooled

hypochlorite bleach that has some sodium hydroxide and is essentially

free of shltstnystéisn 2)fdheevitbdasinomibygresite sekyide baluhign; and D)
concentration by weight within a ran om t 45%.to abput 51%, and
3 chionRE DS AT FOSHE e AR A2y O el dEHRENE
and 4) agacysiaaolition:dl eprdinldotel WEheHading Higwiv framd e tank
at a level below where the lower-strength bleach, the sodium hydroxide

solution rese cisiEiearsiiealdiguid 3ortohi sagirstecRsdRversalt,

already | : £ ' ' ijon.of the withdrawn slurry and
using th&%éé%%gg%@a%ﬁ %ﬁ?&%ﬁ#ﬁiﬁg%%n slurry as the recycle
solutionj@uudiD) poceesigenarisssnbotipestion! diehesthitidranprishsrA) to
separate subztantial[ all salt crystals from the residual liquid; and E)

recoveriHyEHIBHALRIRNIHE fHe MoloSrSiarigta bR OHS SRk
sodium H%BEBB?%%%@PI that has some sodium hydroxide and is

essentially free of salt crystals, agueous sodium hydroxide solution

having a concentration by weight within a range from about 45%
to about 51%, and a recycle solution and ii) chiorine in gas and/or
liguid phase that may or may not include inerts into a tank having a
bottom wall and an upright sidewall cooperatively defining an

interior of the tank to sustain a continuous reaction that produces a



[0030]Another generic embodiment of the method comprises A)
introducing i) a mixture of the lower-strength aqueous sodium hypochlorite
bleach that has some sodium hydroxide and is essentially free of salt
crystals, agueous sodium hydroxide solution having a concentration by
weight within a range from about 45% to about 51%, and a recycle

solution and ii) chlorine in gas or liquid.ph that may or may not
include HBAY iR %%ﬁﬁ%ﬁ@?‘%ﬁbrﬂ%ﬁ@gﬂ% sﬁ’aé%%ﬁank
cooperafiyely fefiying.an-ptetior QiR @kde SusiaibRisaBtiaKeUS

reaction that produces a slurry of higher-strength bleach and solid salt
draewiontbuoy, Bpordhtignkdriatiete ashtidsispting the
continuqusly withdrawing slurry from the tank interiok; and ) creating th
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below locations where the mixture and the chlgrine are introduced into the

tank intetestoahy Separatprrbonsosheriamaikeye andihs dHgrine are
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lower-salt, aquequs sodiym hypochlorite. bleach and of.substantially dry
crystalliﬁg%ﬁgwaﬁﬁ%itfﬂ{l%%rﬁgmgb% %E?j% om a tank
in whichygogantinugisseeaeiiend epdining it asethsdspension of

salt crystals in higher-strength agueous sodium hypochlorite bleach
resulting SrimeoasininliBnedns carpativints tidughriostryagth, lower-
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hydroxi&g‘ ssentially fr alt cry agueous sodium

hydroxidesehitias kavinem shngontiationteinyaiphtiniibinbyrandaltom
about 45% to about 51%, 3) chlorine in gas and/or liquid phase that may
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continuQysly, %Elq[ I F\f Ay below r :

Iower-sgrllgr%g?ﬁl ea%hwﬁég) gs%%liu y I’OXI(%};%IEUOH, he%cgﬁfgﬁwles,sgr%um

the recyleiexsohltioitdieigimctoresniviiiy Somythkeadyiimthes taxtkoduction into
the tank of 1) a lower-strength aqueous sodium hypochlorite

bleach that has some sodium hydroxide and is essentially free of
salt crystals, 2) aqueous sodium hydroxide solution having a
concentration by weight within arange from about 45% to about
51%, 3) chiorine in gas and/or liquid phase that may or may not
include inerts, and 4) a recycle solution comprising slurry
continuously withdrawn from the tank at a level below where the
lower-strength bleach, the sodium hydroxide solution, the chlorine,
and the recycle solution begin to mix with slurry already in the

tank.
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[00321 The method comprises: continuously withdrawing from the tank, at
a level below where the lower-strength bleach, the sodium hydroxide

W@%&g 2&1(9 chlorine, and the recycle solution begin to mix With, sy asc 444
already In the tank, slurry that is to be further processed to yield the

higher-strength, lower-salt, aqueous sodium hypochlorite bleach and the
substantially dry crystalline salt, wherein the further processing comprises,
continuously introducing the slurry that is to be further processed into a
further fagis 20italing therstul yom thésésrtbentaniedptinmithdshwing from
withdrawing slurry from the further tank and introducing it int a%}ickening
device IethenihikenPEl OO SR Rt A SRR RIGAF I

from thg&&%ﬁ% 35 hehighespirngthdoyrimal agveas9dids ution

hypochlorite bleach thereby creating substantially thickened slurry,

continubeghy withaawiitly shibsiaatistdyhioibsddsiumpionihmiet sHiekeming

device and.introducing it into a - S centrifu in the twor-stage
centrifu%mgﬁﬁﬁ%%ﬁ?}écg%ﬁﬁgﬁ&ethl gkgﬁ'sstaﬁﬁg%’t?ﬁc Bnee %ﬁ“gr?ﬁ%“as
first stagedR: e MOMBIRRIAKIbIgRAGaEale fultbelhidkeded slytalline

washing the further thickened slurry, and centrifuging the washed further

thickenédltlihensia Shedhit ke a e 5eine EAGEIASES dSABIPRRustY

substantially dry- I'ﬂg ﬁ? rief P ings
IIIustratiiﬁlgrgﬁlélég Qﬁ%e vghrft&iv{eg E’gf)dsééess IO%%%Q%@I\%E};%U&%%%@
schematied|yagitskagnible siargrystdlbzrtiayeafic, pranticinouttly
invention., [0034] Figure 2 illustrates schematicall .example of . .

ét} And int t int
processitiy Jéetititieesyds) gfa‘é'@.i 1irocueing It 1o a

thickening device, in the thickening device, extracting a substantial
portion of liquid from the slurry as the higher-strength, lower-salt,
aqueous sodium hypochlorite bleach thereby creating substantially
thickened shurry, continuously withdrawing substantially thickened
sturry from the thickening device and introducing it into a two-
stage centrifuge, in the two-stage centrifuge, continuously
centrifuging the substantially thickened slurry in a first stage to
remove more liquid and create further thickened slurry, washing
the further thickened slurry, and centrifuging the washed further
thickened slurry in a second stage to remove liquid and yield the

substantially dry crystalline salt.

Brief Description of the Drawings Hllustrating Practice of The Inventive

Process
{0033} Figure ! illustrates schematically an example of a

crystallizer stage for practicing the invention.

I



Description of the Inventive Process and Equipment [0035] The stage
shown in Figure 1 comprises a crystallizer 10 that comprises a tank 12
i j heat exchanger 14 is associated, as describe .
W rg%ﬁ%g oégs not show a first stage like the one described%%%yﬁg%—i}(h%mm
No. 7,175, 824 for making the lower-strength bleach. It is to be
appreciated that the lower-strength bleach that is introduced into tank 12
could have been manufactured elsewhere by any suitable process. Tank
12 comi#geg]a cHlindricd Hhmwvatei 28heneaniedl patiemangiid 28, and a
top wall 12C. [Q036] This crystallizer stage has various inlets to and
outlets FEMTTETHRE SURSEHIH %’Eﬁﬁ A G EREMe center low point
of conical bottom wall 12B. A slurry outlet 24 is in the conical bottom wall
12B at a level above that of outlet 22. Precise locations for the two outlets
22, 24 are generally not critical provided that they are open to a bottom
. sizne elﬁ a%r I%e’ Eﬁn outlet may even

yousiEhe Rk wialkeTimout aishnayd dvemeeisencepsanitigde 10

the slurry, for example the outlet 24 teeing into_a conduit 33 extending

from outEAI EPTREIESRF GF BEihd AtHWER 95 Hob BT HERANRARL 4 Fitrate
inlet 26 thaf allows flrale dalvarasiioval acoRiN iR {IAm arANGIHES

that will be
stage like the one described in US Patent No. 7,175, 824 for

making the lower-strength bleach. It is to be appreciated that the
lower-strength bleach that is introduced into tank 12 could have
been manufactured elsewhere by any suitable process. Tank 12
comprises a cylindrical sidewall 12A, a conical bottom wall 12B,
and a top wall 12C.

[0636] This crystallizer stage has various inlets to and outlets
from tank 12. A recycle outlet 22 is at or near the center low point
of conical bottom wall 12B. A slurry outlet 24 is in the conical
bottorn wall 12B at a level above that of outlet 22. Precise
locations for the two outlets 22, 24 are generally not critical
provided that they are open to a bottom zone of the selution in tank
12 where slurry collects. An outlet may even be at an end of a pipe
that penetrates and extends into the interior of the tank beyond the
tank wall. The outlets may have a common opening to the slurry,
for example the outlet 24 teeing into a conduit 33 extending from
outlet 22 instead of being at wall 12B.

[0637] The tank has a filtrate inlet 26 that allows filtrate
delivered through a conduit 75 from a centrifuge that will be

12



described later with reference to Figure 2 to be introduced into tank 12. A
vent outlet 28 provides an escape for any residual chlorine gases and
Wf@%& 510 & standard commercial chlorine scrubber m%ﬁ@ﬁ%%ﬁ%&mm
shown). [0038] Two other inlets to tank 12 are a chlorine inlet 30 and a
recycle inlet 32. A recycle pump 34 draws slurry from the bottom of the
tank through outlet 22 and a conduit 33 that leads to the suction side of
the pump. The pump pumps the liquid through a conduit 35 leading from
the pumjzsutiotdol fteatveitbhafigent4. (6 Eshucadstie bpraferaiiyedafed by
first passing through a heat exchanger 41, is added tq. the recycle solution
through&éatiéti eRre EO I ST BENEERRAD SDAR RN

exchangel dvnd awarssiiengib,bleach i arded dbrauatha-bieaeh iiRiag.to

a conduit 37 that’'extends from héat exchanger 14 to recycle inlet 32.

Althougtrtistifustnatespappasatiss dhoeithe tank having a single inlet
through,which a mixture,of bleach, fresh,caustic and r e spluti
ol Bher BTSN fd X Rt kAt

various gaiuiensiistBank 1ecy008phiieentiainathatfidnsofifiedotiom
caustic, fresh lower-strength bleach and recycle s,Iurrgt, §ﬁri{g%ﬁ)duced into

tank 12hiBGJAE eRalepatierid aad AroRdtEnat AR RS Enti&ined
SO'U“O%@B&%_MW%M a0 thedaisst ay pyiiabledesstiop

that does not significantly t the accumulation of slurry at the bottom

of tank tRrahdviithbradingofrauc theutateg sublstdntbdiyttosbagriols
slurry from the bottom zone of the tank., The drawing shows a preferre
A e e e
entering; ingt, BladeaoRvexetiiguah Reendutdagtintai:
upright funnel 39 that has an increasing diameter for promoting good

distributisleof thistmeantititsbiuberyess Penpdfransimsaharcoengen 4.
readv _ : ey ot 30
convey M D L e et

chlorinecisihd tie3sbilitio rinchdst@aidebtarindisnibe dabisticeOudetinlet 32.
openings jn distribytion system 40 are direcied downward to ayoid
potentiaf*CiBEYRY ¢ BReRr A Fé\fé‘f"ﬁéi%? ¥ e gingle

liquid pregsuig:eLie SHRINS ABRERINIONELIE Blale Ealiticafierecycle

chlorine is introduced, to be the force that moves the chlorine throughthe

outlet opehitigs iardistiitndiaredy otbier #0u {001 widrgamensafieyskirtused
that is pgesent in.the crystallizer tank shown in the priority patent
applicatfgﬁg%{é)%‘émﬁgt %H&ﬁ%"%ﬁesa‘%i o %%E%‘a%g%y neither is any
mother figgesponglsasigdinctesiaitng 4T akhlchhshindias hatllerskirt

The locations at which the reactants begin to mix with slurry already in the

tank is atesegtiraltachimiitravsiact epairatecdaediase dnfeviamiol the

tank, unlike i P , 8 I ' .

ntortion A ero T g e o Aol ARl She el
solutions enter into solution already in the tank is at any suitable

location that does not significantly disrupt the accumulation of
slurry at the bottom of tank 12 and withdrawal of accumulated,
substantially homogeneous slurry from the bottom zone of the

tank. The drawing shows a preferred central location above the

bottom zone, where the entrained solutions entering through inlet

13



[0042] As will be further explained in more detail later, the high-strength,
lower-salt bleach product resulting from the continuous process of the
Wgﬁﬁg%ggyhention is obtained by drawing slurry from tank 1%@8@9@%9@55 4
4 by pumping it out via a pump 25 for subsequent processing in
accordance with Figure 2. [0043] The rate of heat liberated by chemical
processes occurring in crystallizer 10 is a function of the throughput
through the crystallizer. Consequently, the recycle rate and the cooling
liquid ra3e throughuhecicdirenghangendét tondinlicthinarelaidphoiinene] 39
crystallizer tgroughput SO as to,maintain both the small temperature drop
in the reEILRRSHHTBN TP LEEHIFS IGh BFETHE L &-@RaRuFBIRYAOn of

temperafiire differance patuasn e Bule.SelHHOD S theeqeina e
appropriate for the particular type of heat exchanger used, as mentione
above. in Ehintdrdt. context that the process is said to have a high recycle
rate. Fi als ows some. process cantrol equipment in the form of
a0 e
outlets ebpusirs 2heng 34 thtusuriiani Bigthatioump AdmThe seasers! to
monitor chlorination to assure compliance with control limits. Service

valves (BFShBNAT RS RI Hirdwierdtghelier erieuraipihao
llow i ' ing.down: A41.Ej 2
allow 'tscg%k@&m%ﬁé@%% atl&i%' i %&r}gﬁ%ﬁm [QR441Eiquse

shows additional equip -thickening tank 44 that is
similar tocemievk2drnidhatdid pesitdvebiiggicgniCatpetomdisyaikeanat a fopel

wall. Sluyry frgm tank 12 is inttoduced through a slurry.inlet 52 and falls
w35 88 S ORI ATRSHER G HE CHLRT P AR BT
zone SQjiz agitatad Whatly SideRls YRy iR esamRie, RY BBqIMS &R ihat
sparging as illustrated. Air under pressure is supplied throu&h an air inlet

54 to a Sevittivhaiistinesbrongistha auget penisastin HFtsNERN
throughssl§gxgi%5one 50. The air and any entrained gases leaving the
slurry are Vehte through a vent outlet 58 in the top wall leading to a
scrubbelig@rdt lspevifidedyutsiheviniiie ridehdnical poiaiot maliberysedliner
lieu of, or in conjunction with, the air sparging, [0045] A recycle pump 62,
pumps & SO eI EfiBHI QY RS EPBUIRHO 70 RS

44 thro Qa@e%iuﬁd)&@ﬂ&%e %%ﬁﬁ%ﬁ%%@%ﬁﬁﬁ@@ﬂﬁ%f%@%reﬁted

point of the conical bottom tank wall. The pumped slurry is conveyed to an

inlet 64 of tobpdlotinsiomet Gait 2t bpeadab tdbaéfarsitértiqlin frovatioas at
slurry, significantly increasing the thickness. of the slurty that is discharged
from hyﬁ%ﬁlﬁﬁ:ﬁgﬁer BRCRIGGIT AR ﬁ&f}%‘ylé’a‘i oag%%%fr %}éeé@?ga‘tg
is used ferresaman St Sivsializer srlt Bystanitdddrminaditkensd siurky.
tank, unlike in US Patent No. 7,175, 824 where the baffle skirt

presents an intentional obstruction to the sidewall for creating the

calming zone,

[0042] As will be further explained in more detail later, the
high-strength, lower-salt bleach product resulting from the
continuous process of the present invention is obtained by drawing
slurry from tank 12 through outlet 24 by pumping it out via a pump

25 for subsequent processing in accordance with Figure 2.

i4



[0046] A preferred centrifuge is a two-stage centrifuge that allows the salt
to be washed between centrifuging stages during the recovery process.

weothicksped slurry from hydrocyclone 66 is first centrifugeg-ima fikstoze.444
stage of centrifuge 68 to remove a large percentage of liquid and leave
solids having small liquid content. The solids are then washed and
subsequently centrifuged in a second stage of the centrifuge. Water is an
example of one fluid that may be used for washing. Hence Figure 2 shows
a wash [#8631inl€T O mne afnlastt Whteatsdtisy TReeshipypirssaslids

removes significant amounts of residual.chemicals, such as hypochlorite
from th& F&i§a% P Saeehat ﬁ%@r%ﬁ%ﬂ?tﬂi@&%‘d%@%@&%@gh

outlet 74, Filttata frop thesfisstniagaofiae @EB}J@E eisaesumnedsbraygh

conduit 75 to crystallizer tank 12 (see Figure 1 again), and the liquid that

is sepataddinats theaighyhsy hsrirosgbrasoarBsssiTeli ahrita ehiteq to
delivere througgglﬁgexp t%%ﬁﬁ%% f'i%%'%% ﬁ%&gg%@ﬁé%ﬂé”é%ﬁ ofa

product‘t K78 Whére the e Is collec Igher-strengt
|0weI’-S aareatil %@"Upt @fme Wwwdﬁﬁm i@;ﬁ Wm&m@hthe
product is pumped out of tank 78 by a pump 81 and delivered t)%ou%h %
product il SHEBFBRRI RS LEFEREENRTR StHETPreeasiae R g recycle

transpo on:site or ' | ' el
Mo e i e
78 is renfrhedttexahinige80ssiiakmdnticoggrabmoutiat iF9mthatk Fgext
[0049] The bleach product in tank, 78 will.contain some ameunt of sodium
AR5 SRR BRI T S RMEHRCT Bty | A8

chlorate:

temperagse,d 3 Gpegiad GelRwenkearigienme aiure Wilhresdliddieuent
chlorate concentration. Consequently, certain principles of the inventive

processSappy fApRdts @Médéﬁi%éﬁ%@é@%m thesuilsgs
R R S T

the other -strengt uct produced by the
inventivenprieesstd belnationits dilistiva yntipdi adichtiontioowates] &mditvhile

that will necessarily reduce bleach strength, it will be alJso effective in
reducing BRIEFaE Bﬁ%é%%mwb%%m’frﬁ%ﬁ%%é g@ bR RBser
for sodiym hydroxida to.PEedHen RAARSIHG; YPACIRRE: B Rosim taE

manner. While a presently preferred embodiment of the invention has
been illgswatead.and described, it should be appreciated that principles of
the invepji re applicable;to all embhodiments that fall withi opg of
e clar MO T PoRLcE 2ig 05 sHRRGHRPRR DA MIMGRSPRR
thickening tank 44 that is similar to tank 12 in that it has a

sidewall, a conical bottom wall, and a top wall. Slurry from tank
12 is introduced through a sluiry inlet 52 and falls downward
toward a zone 50 of slurry already in the tank. The slurry within
zone 50 is agitated in any suitable way, for example, by the use of
air sparging as illustrated. Air under pressure is supplied through
an air inlet 54 to a distribution system 56 that is arranged to direct
the air upward through slurry in zone 50. The air and any enirained

gases leaving the slurry are vented through a vent outlet 58 in the
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WHAT IS CLAIMED IS: 1. A method for the continuous manufacture of
higher-strength, lower-salt, aqueous sodium hypochlorite bleach from

wiOWREsieRgth aqueous sodium hypochlorite bleach that hag spme sordiin .

hydroxide and that is essentially free of sodium chloride (salt) crystals, the
method comprising: A) in a tank, sustaining a continuous reaction that
produces a slurry of higher-strength bleach and solid salt crystals by
introducing into the tank 1) the lower-strength aqueous sodium
hypochltmpaﬂtaﬁdc{adhg has somb%wd{nm decdnﬁk;ﬁiyrﬂhtwm}eﬁtially

oo o LR b BRI colioh bt

chlorine¢in:gas gnganliquid phase that may or may not include inerts, and
iB045] A recycle pump 62 pumps slurry from a location at or
near the bottom of zone 50 out of tank 44 through a slurry outlet
60. The particular outlet shown is at the low point of the conical
bottom tank wall, The pumped slurry is conveyed to an inlet 64 of
a hydrocyclone 66 that operates {o separate liquid from the shurry,
significantly increasing the thickness of the shurry that is
discharged from hydrocyclone 66 through a conduit 67 leading to a
centrifuge 68 that is used for recovery of crystallized salt by
centrifuging the thickened slurry.
[0046] A preferred centrifuge is a two-stage centrifuge that
allows the salt to be washed between centrifuging stages during the
recovery process. The thickened slurry from hydrocyclone 66 is
first centrifuged in a first stage of centrifuge 68 to remove a large
percentage of liquid and leave solids having small liguid content.
The solids are then washed and subsequently centrifuged in a
second stage of the centrifuge. Water is an example of one fluid
that may be used for washing. Hence Figure 2 shows a wash water
inlet 70 and a wash water outlet 72. Washing the solids removes
significant amounts of residual chemicals, such as hypochlorite,
from the final salt product that is delivered from the centrifuge at a
solids outlet 74. Filtrate from the first stage of centrifuge 68 is
returned through conduit 75 to crystallizer tank 12 (see Figure 1
again), and the liquid that is separated from the slurry by
hydrocyclone 66 becomes filtrate that is delivered through an

16



4) a recycle solution;  B) continuously withdrawing slurry from the tank
at a level below where the lower-strength bleach, the sodium hydroxide

waliaRsdhe chlorine, and the recycle solution begin to mix yithsdWhY 26444
already in the tank;  C) cooling a first portion of the withdrawn slurry and

using the cooled first portion of the withdrawn slurry as the recycle
solution; and D) processing a second portion of the withdrawn slurry to
separate substantially all salt crystals from the residual liquid; and  E)

recoveringlite/ fe Sidaalthiquisidiotve ihigth m-ménmhﬁa\@ﬂ%lﬁchwéénb 78

anereir BT o e Tro S G A AR Sy SO e o

the firstiierien-ebuiibdsawine shidaetrough a heat exchanger.
10047] The aqueous bleach product is pumnped out of tank 78 by
a pump 81 and delivered through a product outlet 82 for further use
on-site in other processes and/or transport to an on-site or off-site
location for bulk shipment and/or packaging preparatory to
shipment.
[0048] Any product overflow from tank 78 is returned to an inlet
80 of tank 44 through an outlet 79 of tank 78.
[8049] The bleach product in tank 78 will contain some amount
of sodium chlorate. That amount is to some extent a function of the
reaction temperature. In general a lower reaction temperature will
result in lower chlorate concentration. Consequently, certain
principles of the inventive process apply to plants that use
refrigerated water, as opposed to cooling tower water, in order to
enable the reaction temperature to be lower. On the other hand, the
high-strength of the bleach product produced by the inventive
process allows for its dilution by the addition of water, and while
that will necessarily reduce bleach strength, it will be also effective
in reducing chlorate concentration.
Potassium hydroxide can be substituted for sodium hydroxide to
produce potassium hypochlorite in a similar manner. While a
presently preferred embodiment of the invention has been
illustrated and described, it should be appreciated that principles of
the invention are applicable to all embodiments that fall within the

scope of the claims that follow hereinafter.
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3. A method as set forth in Claim 2 wherein the heat exchanger functions
to transfer heat from the withdrawn slurry to liquid coolant flowing through
the heat exchanger at a temperature difference between liquid coolant
and slurry controlled to a range extending from 5F. to 15 F. 4. A
method as set forth in Claim 3 wherein the temperature difference is

wognoliedto a ramgeeptending from 2F. to 3 F. 5. A method as set
forth in Claim 2 wherein the cooling provided by the heat exchanger is

controlled so as to cause the temperature of the slurry to lose from 1 F. to

4 F, and preferably 1 F. to,2 F, during passage through the heat
Lexdhagdiod 105 TRGSSmb i Rik B PRGBS, lower-salt,

aqueoustc%%#r%ggﬁg?gg%fc%ﬁ)pj;% 8%5:&9 %{Io\?ﬁﬂ?g{%ws?%ﬁghﬁl Igﬂfegl?s %%%%m

rwater for cooling the slurry, an eat'exchanger

hypochlfietiBisthtehnsiesheatiross dhediralenicn ofhihe WihekawsesiiN yofree of
cooling tower water flowing through the heat exchanger. 7. A method

sodium elslsetdor{balt )Clajsta sylibeeinateohecnmyohamgsr functions to transfer
eat from the withdrawn slurry to refrigerated water flowing through the .. .
Afdare aining A RIS SERIORAT L RROLESpRaTg T Of higher-
1] -sir I ' i olution, and
strenth B & mixaure
that hegins tovmix vitbrguin aleagy dodhenahisss enleation] intiethlartyas some

that is generally central to a sidewall of the tank and free of obstruction to

sodium hiyelrankdsidavwiaisms sentiatrieamg valltspacsalmward from the tank

id II. . . . . . .
> e\% aqueous sodium hydroxide solution having a concentration by weight
within a range from 45% to 51%, and

3) chlorine in gas and/or liquid phase that may or may not include inerts,

and
4y} a recycle solution;

B) continuously withdrawing slurry from the tank ai a level below where the
lower-strength bleach, the sodium hydroxide solution, the chlorine, and the recycle
solution begin to mix with slurry already in the tank;

() cooling a first portion of the withdrawn slurry and using the cooled first
portion of the withdrawn slurry as the recycle solution; and

D) processing a second portion of the withdrawn slurry to separate
substantially all salt crystals from the residual liquid; and

E) recovering the residual liquid as the higher-strength lower-salt, agueous

sodium hypochlorite bleach.
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9. A method as set forth in Claim 8 comprising, before the step of cooling
the first portion of the withdrawn slurry, passing the sodium hydroxide
solution through its own heat exchanger to cool it before entraining it with
the first portion of the withdrawn slurry, and entraining the lower-strength
bleach with the entrained sodium hydroxide solution and first portion of the

2withdeawodshyret forl 1A Qletirad asisetiertbosiGlain ke fihichsiehs of

D) and E) comprise: continuously introducing the second portion of the
withdrawithelra etamyrists £ onhieg thk fagitaong oneodl wishidnee fusthentdhkough a
ontinuously withdrawing slurry from the further tank and introducing it into
heat ex‘%lﬂ’ﬁgﬁéning device, in the thickening device, extracting a substantial
portion of liquid from the slurry as the higher-strength, lower-salt, aqueous
sodium hypochlorite bleach thereby creating substantially thickened slurry,
3. A method as set forth in Claim 2 wherein the heat exchanger functions to

transfer heat from the withdrawn slurry to liquid coolant flowing through the heat
exchanger at a temperature difference between liquid coolant and slurry controlled to

a range extending from 5°F. to 15° F.

4. A method as set forth in Claim 3 wherein the temperature difference is

controlled to a range extendiﬁg from 2°F. to 3° F.

5. A method as set forth in Claim 2 wherein the cooling provided by the heat
exchanger is controlled so as to cause the temperature of the slurry to lose from 1° F.

to 4° F, and preferably 1° F. to 2° F, during passage through the heat exchanger.

6. A method as set forth in Claim 2 wherein the temperature of the first portion
of withdrawn slurry allows the use of cooling tower water for cooling the slurry, and
the heat exchanger functions to transfer heat from the first portion of the withdrawn

slurry to cooling tower water flowing through the heat exchanger.
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continuously withdrawing substantially thickened slurry from the thickening
device and introducing it into a two-stage centrifuge, in the two-stage

w8ehlfiggcontinuously centrifuging the substantially thickegegh sty dhs a4
first stage to remove more liquid and create further thickened slurry,

washing the further thickened slurry, and centrifuging the washed further
thickened slurry in a second stage to remove liquid and yield the
substantially dry crystalline salt. 11. A method as set forth in Claim 10

wheTeif stestsichanaahionts ﬁu@;amﬂ@ﬁhnmmmw §ﬁ§h§nger
fusutbé)ectl{ég the urrﬁ/@ tge furﬁ?er t%ﬂé tQ alr Rar r@fr aé metho
sl f% i e withdrgwn £

orth |n aim ereln Steps o CO U Wlt rawing s urry

fldvammctier-furthetitahic anekisiteadising it into a thlckenlng device, and of
extracting a substantial portion of liquid from the slurry in the thickening
device as the higher-strength, lower-salt, aqueous sodium hypochlorite

bleagh therelygraating substanealaih ?9  SHE - RORMRASE the lower-

introducing the slurry from the further tank into a hydrocyclone, and

stmpgthtbigahh, hdreoyslonbydmxidetss hlﬁimmnél thertiorystdigalutiom

es |n the thickeni the high lower-salt.
bl SBE LT AOCRIEH o B SR RG bby SROAtA SO g e vith
sldhie keﬁ?@&igl BhYhe tadid aﬁﬂ@m@@mﬁié@nm Hairts Lifiethiey central to
including the step of introducin fgthe extracted liquid from the I\fdrocyclone
a sideveadlinfihpéank and free of obstruction to the tank sidewall by any

intervening wall spaced inward from the tank sidewall.

9. A method as set forth in Claim 8 comprising, before the step of
cooling the first portion of the withdrawn slurry, passing the sodium
hydroxide solution through its own heat exchanger to cool it before
entraining it with the first portion of the withdrawn slurry, and entraining the
lower-strength bleach with the entrained sodium hydroxide solution and first

portion of the withdrawn slurry.

10. A method as set forth in Claim 1 in which steps D) and E)
comprise:

continuously introducing the second portion of the withdrawn slurry
into a further tank,

agitating the shurry in the further tank,

continuously withdrawing slurry from the further tank and introducing

it into a thickening device,
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tank at a level above that of previously extracted liquid already in the still
further tank, and when extracted liquid being introduced into the still
wiHhRliapk; causes the liquid level to rise to an upper limit, preveating tbe,, ,
liquid level from rising further by causing extracted liquid to flow into the
further tank in which the slurry is being agitated. 14. A method as set
forth in Claim 13 wherein the upper limit is defined by an overflow outlet
from the still further tank and the step of preventing the liquid level from
risingrfainth éniloy e g eiteactettdiruig tosidstantosthpdhitie ofahgund
which the slurry is being agitated rises causing the extracted liquid to
Ry S R R [0S et SR in i
hyks BIbS ik itinasthBayyingiliguid heomm daerpilhilueerdankom a

bottom zone of liquid in the still further tank, and proces the liquid

: : ) a| sing
withdRRTIREHF ihebhesAT 8RS B Hidady BhiRksmEacKay

5
Ci

KAGEd BRIFHRaAL.

. ' 8!ﬂ|1mi ther c [ !HS o ing the liquid
th@%%&%g%@ti?ﬁgg g&‘lg% 0 le%:%tr%félflit}g% to % rééturnéﬂégé’the tank in

whichittie centistmes ceatiiipes prodimiogshecsintrifuging the substantially

thickened slurry in a first stage to remove more liguid and create further
thickened slurry, washing the further thickened slurry, and centrifuging the
washed further thickened shurry in a second stage to remove liguid and vield

the substantially dry crystalline salt.

11. A method as set forth in Claim 10 wherein step of agitating the
slurry in the further tank comprises,
subjecting the slurry in the further tank to air sparging.

12. A method as set forth in Claim 10 wherein steps of continuously
withdrawing slurry from the further tank and introducing it into a thickening
device, and of extracting a substantia!l portion of liguid from the slurry in the
thickening device as the higher-strength, lower-salt, aqueous sodium
hypochlorite bleach thereby creating substantially thickened slurry comprise,

introducing the slurry from the further tank into a hydrocycione, and
operating the hydrocyclone to extract a substantial portion of liquid from the
slurry in the thickening device as the higher-strength, lower-salt, aqueous

sodium hypochlorite bleach thereby creating substantially thickened shurry,

13. A method as set forth in Claim 12 further including the step of
introducing the extracted liquid from the hydrocyclone into a still further
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17. A method as set forth in any of the preceding claims wherein the tank
has a bottom wall and an upright sidewall cooperatively defining an
interior of the tank.

tank at a level above that of previously extracted liquid already in the still further
tank, and when extracted liquid being introduced into the still further tank causes the
liquid level to rise to an upper limit, preventing the liquid level from rising further by
causing extracted liquid to flow into the further tank in which the slurry is being
agitated.

14. A method as set forth in Claim 13 wherein the upper limit is defined by an
overflow outlet from the still further tank and the step of preventing the liquid level
from rising further by causing extracted liquid to flow into the further tank in which
the slurry is being agitated comprises causing the extracted liquid to flow by gravity
into the further tank.

15. A method as set forth in Claim 13 further including withdrawing liquid
from the still further tank from a bottom zone of liquid in the still further tank, and
processing the liquid withdrawn from the bottom zone of liquid for bulk or packaged

shipment.

16. A method as set forth in Claim 10 further comprising causing the liquid
removed from the first stage of the centrifuge to be returned to the tank in which the

continuous reaction is producing the siurry.



17. A method as set forth in any of the preceding claims wherein the tank
has a bottom wall and an upright sidewall cooperatively defining an interior of the

tank.
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