MANUFACTURE OF HIGH-STRENGTH, LOW-SALT HYPOCHLORITE BLEACH Field of the
Invention [0001] This invention relates to the manufacture of hypochlorite bleach, in particular a
process and a plant for the manufacture of such bleach, especially sodium hypochlorite bleach.
Background o#heshaeritidn [0002] Bleach (sodium hypochlorite) is a comffddiiF¥REA RSl that is
used in numerous applications. The basic chemistry for manufacturing bleach is a matter of common
knowledge in the fields of chemistry and chemlcal engineering. Chlorine in gas and/or liquid phase is
allowed to react with a S%q@ F SQdiunhhygiexde {6 g%@%é@ﬁaﬂwg 2pgum hypochlorite.
While that basic chemistry : ' ' AT e atty-common to all
processes for the commercial manufacﬁhﬁ’@ﬁlﬁmmﬁ‘ébmm&@ses that have been described in
patent literature differ in significant ways. [0003] Each of the various known processes for the
commercial manufacture of bleach may be characterized as either a batch (discontinuous) production

process or a contigypys AREHEIRRtion

[0001] This invention relates to the manufacture of hypochlorite

bleach, in particular a process and a plant for the manufacture of

such bleach, especially sodium hypochlorite bleach.

Backeround of the Invention

[0002] 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 chemustry 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.

[0003] 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.

[0004] A continuous process that is properly controlled is more
likely to be performed with higher production efficiency than a
corresponding batch process, and henée i1s likely to be more

economical than a batch process. However, the specific manner in -



process. Each type of process may have its own particular advantages. [0004] A continuous process
that is properly controlled is more likely to be perfolined with higher production efficiency than a
corresponding batch process, and hence is likely to be more economical than a batch process.
However, the spécifisinatier in which a continuous process is performed Pfayy5@%ri¥aRédnt role in
the nature and quality of the resulting bleach product. [0005] U.S. Patent Nos. 4,428,918 and
4,708,303 each describes a respective continuous process for manufacture of concentrated (i.e.

high-strength) sodium hypochlorite solutions. Sodium.chloride (salt) is howevey, also a product of the
basic reaction, and its remMFh&rﬁc{ﬁ%’%ﬁ’E}éé}ﬁ@Cgﬁ%fﬁrﬁeW ferhrodatt %%Wrﬁ%?o% both the

continuous process and thgl@%%%ﬁgp%ﬁﬂ}l@mﬁr@g&m@ Pracpssesipmoves all of the salt from
the resulting product. [0006] U.S. Patent No. 4,428,918 describes the resulting product as an aqueous

solution of sodium hypochlBi8%hat i$ PeBeterebien 4 B8RP e b /PFERearhsrarissand that
contains 257 9. (grams) of oS VPASHIRLIG.AMoteds (U RIaG.RARe B COREIf BRIk, of product

The process is said to creaté a‘'suspensio ich some salt is removed by a filtration apparatus
through which an hourly frdegohigh26%h &) ebthensgpenbioriie sHotianed Joilidrom that filtration

apparatus that the agqueous_.solutjon of sodjum hypochlorite ig recoyvered, and it is.said that the filtration
R R By e SR e e Ten AR BBK sodium

apparatus separates out a ¢hloride an

hypochlorite. The patent degs-aebmertion the ajesencecahanhgpdithivaldosatean exgess caustic in
the resulting sodium hypochlorite product. [0007] U.S. Patent No. 4,428,918 also does not quantify salt

crystal size in the suspensierPIYEIPABEYIB KRR ISR BB FEriNaIBPARE salt crystals is
difficult. Crystal size is said\gif IRgraRRebRy8sieeYelng &f HecTYRRRRRIPR HeudRsa et exchanger

that cools the suspension. It is also said that a point is
product.

[0066] U.S. Patent No. 4,428,918 describes the resulting product
as an aqueous solution of sodium hypochlorite that is recovered at
an hourly rate of 1775 kg. (kilograms) and that contains 257 g.
(grams) of sodium hypochlorite and 94 g. dissolved sodium
chloride per kg. of product. The process is said to create a
suspension from which some salt is removed by a filtration
apparatus through which an hourly fraction of 2051 kg. of the
suspension is circulated. It is from that filtration apparatus that the
aqueous solution of sodium hypochlorite 1s recovered, and it is said
that the filtration apparatus separates out a cake containing, by
weight, 80.1% sodium chloride and 19.9% sodium hypochlorite.
The patent does not mention the presence of any sodium chiorate
or excess caustic in the resulting sodium hypochlorite product.
[0067] U.S. Patent No. 4,428,918 also does not quantify salt
crystal size in the suspension, but it does observe that the
economical removal of fine salt crystals is difficult. Crystal size is
said to be increased by a recycling of the suspension through a heat

exchanger that cools the suspension. It is also said that a point is



eventually reached where further increases in crystal size are not obtained. The suspension is
understood to exist throughout the column where crystallization is occurring and hence, there would be
no zone of essentially crystal-free mother liquor. [0008] U.S. Patent No. 4,708,303 describes a
continuous prédegeseiidea4salt is crystallized from the suspension in what i8‘deSe#§&d24¥4 second
stage, or crystallizer. A solution, that is obtained from a first stage and said to contain 14.5% sodium
hypochlorite and 3.2% sodium hydroxide, is introduced into the second stage where it is reacted with

chlorine to create an aqueous SOlﬂS@on otq%a((j:ufém hg{))l%ﬁ,hlonte with salt yrse[g}en.t hath in ?olutlon and

suspension. The solution @VEBBTQ 6 it agllé%crg%lsﬁﬁl}ﬁe crys‘tsalﬁfaz%?ewq% e solution is

being withdrawn from the tp:gfdhe oy sialliearicadl cudsed dbiotegix an extarphbitedexchanger, and
re-introduced into the bottom of the crystallizer. A fraction of the solutjgn thatetiisdrawn ﬂf from the top
of the crystallizer is diverté@ 8 WecHeabekZALRR {8 RS ARHINRTOSIASHYOMIt which is said

to comprise 2% sodium pRebiatiic Q.5 ARHER SHIRAHE Apthadighbexcess of caustic (0.3% -

0.8% by weight). [0009]lt is also said that no salt’is precipitated in the first stage where chlorine is
reacted with a caustic solUfé@8b crélate RatesbiNtion, iiBotlidasiiidtha sesbRYBIAFECTHfstallized salt

is said to be removed from the second stage by Rrecipitation, either. tigyously, or infermittently, and
is said to have a mean cry\ggef%izsgcl?ﬁstﬁgy rﬁéh%grﬁg&%% Z%%%Sﬁ%?ﬁ%i:r@}(g%%%t 400 tco 500 microns).
The slight excess caustic igssaiddondvaintheforysatitinef dostiumiah)chata (NaGHGS) fitoun the patent is

silent about any first stage and said to contain 14.5% sodium hypochlorite and 3.2%
sodium hydroxide, is introduced into the second stage where it is
reacted with chlorine to create an agueous solution of sodium
hypochlorite with salt present both in solution and suspension. The
solution is subjected to mechanical agitation within the crystallizer
while solution is being withdrawn from the top of the crystallizer,
recirculated through an external heat exchanger, and re-introduced
into the bottom of the crystallizer. A fraction of the solution that is
drawn off from the top of the crystallizer is diverted from the heat
exchanger to form the resulting bleach product which is said to
compriSe 25% sodium hypochlorite, 9.5% sodium chloride, and a
slight excess of caustic (0.3% - 0.8% by weight).

[0009] It is also said that no salt is precipitated in the first stage
where chlorine is reacted with a caustic solution to create the
solution introduced into the second stage. Crystallized salt is said
to be removed from the second stage by precipitation, either
continuously or intermittently, and is said to have a mean crystal
size in the neighborhood of 400 microns (about 400 to 500
microns). The slight excess caustic is said to avoid the formation of

sodium chlorate (NaClQO;), but the patent is silent about any



amount of sodium chlorate that the bleach product might actually contain. [0010]Because U.S. Patent
No. 4,708,303 requires agitating the contents of the crystallizer to promote reaction, it would be
understood thatghe;selutieaidrawn off from the top of the crystallizer wouldPRdtBEa¥eB241alt crystals.
[0011] Both patents recognize that certain batch processes can produce aqueous high-strength bleach
from which significant amounts of salt have been removed. Various batch processes are referenced by
cited patents, both domestic and foreign. [0012] It is believed that a continuous Process that is capable
of consistently producing agugnus bighditrengtotssaoatihivacbareshaeRBaEFB&HYS odium
chloride and sodium chlorate with residual slight excess caustic would be beneficial to industry. A
product that has even great%?rgﬁ’@ngth, and lower salt and chlorate concentrations, than those

mentioned in U.S. Patent Ngg) 1 28248180 0470880 Vool 3 e pepiatbys bereficigh®he benefits

e B e U o e romeie S VB e
understood that the solution drawn off from the top of the
crystallizer would not be free of salt crystals. |
[0011] Both patents recognize that certain batch processes can
produce aqueous high-strength bleach from which significant
amounts of salt have been removed. Various batch processes are
referenced by cited patents, both domestic and foreign.
[0012] 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 étrength, and lower salt and chiorate
concentrations, than those mentioned in U.S. Patent Nos. 4,428,918

and 4,708,303 would be especially beneficial. The benefits reside

both in the utility of the product and relevant economic factors.

Swmmary

[0013] The present disclosure relates to such a process, to
apparatus that produces bleach by such a process, and to the
resulting high-strength, low-salt bleach product,

[0014] The high-strength, low sait bleach produced by the '
inventive process and apparatus, when diluted to 2 lower strength
comparable with typical domestic commercial bleaches has

improved stability, and hence extended half-Jife when compared to

such bleaches.



100131The present disclosure relates to such a process, to apparatus that produces bleach by such a
process, and to the resulting high-strength, low-salt bleach product. [0014] The high-strength, low salt
bleach produced by the inventive process and apparatus, 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. [0014a]in a first aspect, there is provided a method for the continuous

manufacture of a highsstrength, low-salt, agquegus,sodium h lorite bleagh from a lower strength
e bies st R e S B L R BB oF ot

aqueous sodium hypochlorite bleach tha some sodidm hy _ .
chloride (salt) crystarsesinivsing anhagfusistigdolinisral grasmertHad 2eoh ewBighe sderai
hypochlorite, and a fafip #adosveight RasisuoiNalHssiorieiadedSodiumshypachiariie), less

than 0.38 at 25% weight sodium hypochlorite with the ratio decreasing as the percentage of sodium
e Chiorte e b R e NS e S Bt R PR the Tower
strength aqueous sadiweuhyplothiorfetisacthonatdinmovati astdB bypadighitsodidm fagipochlorite
and 4.5% by Weighto%O_Qi%ﬂdayg{%%,%dﬁaﬁsa%ﬁsi%Hy[\faemf@%i&fyﬁgjﬁe@bﬁ&s’%yssﬁgﬂ'ium

hydroxide solution having a concentration by weight within a range from 45% to 519, 3) chlorine in
gas and/or liquid ph3s8 tAarAdy Beisty FEf4RtIGIRATER Eo WHELIHS SHIGHORBERING & aPrecipitation
zone where salt crystatsanepoé cipitadinig pothddisel itiomantataling Heywhwarettodonm@islugry, some of

which is withdrawn, flya, 690l ~e§&%~%; '}1‘E%ﬁﬁ?ﬁgjﬁ‘l‘é‘i‘é%épts?&?gtﬁ’%‘%ﬁ }F}ti%i%%{‘ﬁsfﬁ&?{l@if%bove the

Ny B .
precipitation zone, a crystal-free mo iquor zone consisting essehtially of crystal-free mother liquor

containing a weight Plesel riaaiongotfidgashypoehidritscirbradtaan hrae Sreréci s rsfénBih aqueous

sodium hypochloriteigachdiging eaciefi-wharein dhedeasiiares pedarmegina orysialiger tank,
slury is withdrawn from (he evstalizer fank and further processad o tiken it and the thickened
slurry is still further processg 0 remove sugs an%ialfy a ﬂqw d0-as foEave Substa |afy]ﬁquid-free

salt crystals, the furthiép rovdssingbioties shugap codipribesi provessiag thiey stumpwitbidresluslérom the

crystallizer tank so as.a REectBiEkaN:A0H HemhPerAanicalv-RracessingHbe RE-thickaned.slurry to
remove substantially all liquid so as to leave subatjgﬂ?é)éclilwd-free salt crystals, and wherejn filtrate

resulting from pre-tHEKEMAE S tHE SluPRHETe4A R DIS-HERRIRY 088, of

which is withdrawn, then cooled, and then re-introduced into the precipitation
zone, and b) above the precipitation zone, a crystal-free mother liquor zone
consisting essentially of crystal-free mother liquor containing a weight percentage
of sodium hypochlorite greater than that of the lower strength aqueous sodium
hypochlorite bleach being reacted, wherein the reaction is performed in a
crystallizer tank, slurry is withdrawn from the crystallizer tank and further
processed to thicken it, and the thickened slurry is still further processed to
remove substantially all liquid so as to leave substantially liquid-free salt crystals,
the further processing of the slurry comprises processing the slurry withdrawn
from the crystallizer tank so as to pre-thicken it, and then mechanically processing
the pre-thickened slurry to remove substantially all liquid so as to leave
substantially liquid-free salt crystals, and wherein filtrate resulting from pre-
thickening of the slurry is re-introduced into the pre-thickening process.

[6014b] In a second aspect, there is provided an apparatus for making high-
strength, low-salt, aqueous sodium hypochlorite bleach comprising an aqueous
solution of greater than 25% by weight sodium hypochlorite, and a ratio on a %
weight basis, of NaCl (salt) to NaOCT (sodium hypochlorite), less than 0.38 at



10014b1in a second aspect, there is provided an apparatus for making high- strength, low-salt,
aqueous sodium hypochlorite bleach comprising an aqueous solution of greater than 25% by weight
sodium hypochlorite, and a ratio on a % weight basis, of NaCl (salt) to NaOC1 (sodium hypochlorite),
less than 0.38 at 25% weight sodium hypochlorite with the ratio decreasing as the percentage of
sodium hypochlorite increases above 25%, comprising: a reaction tank into which are introduced and
reacted I) an aqueoagopr%%y ttcora'ggiiniﬂ a‘g gsa;stt 15?{?1 vv.e{'_%h sodium hg/ chlorite §1nd 4f5% by
weight sodium hydroxiofe, and essentialiree of salt crys?aﬁ%, ) 3&%‘}%%6 SO iﬁrﬁ%‘f/e 1oxI0e having a
concentration by weigtiuithinasrinige itronnss ob waA¥s, ancB) shiorinesiriigatakdior fididd phase
that may or may notiaclyggdneiisdeicreried SoltinnRaMngAhRQWRLAANE where salicstals are
precipitating out of solution and falling downward to form a slurry, some of which js withdrawn, then
cooled, and then reititsdhcERt 1T tﬁgoﬂﬁ%f%rﬁé* h%?e@sam/ is"Brelipit At aR By FugBer zone of
essentially crystal-fresemither igaoohavihig greater thanagbseusy wdight sodiumdypoechitgrite and less
than 9.5% by weight salix{fhgtanknevian AR eHIPLALYAIGH SiisYINdiRWg Rt fasoger zone

and an inlet disposed at an elevafion higher than that of the outlet at which withdrawn slurty is
re-introduced into tH&oReiBhehashEat Sehaingay Eshistide Betivée ATamks if R Wil ddiEtor
transferring heat fromy thwithesawnsdusryato digigcoelant dpninadthaughstheibaainaxehanger, and

an internal oylindricgl waled faflie, skirt conerating wilna cvlindricel wall ofdhe Janl g form an
annular calming zone that is open at the bottom and extends upward to define ari inner boundary for

into the upper zone Ji¥eidieiAg AR SP BeIETthdIRgh SR st TR sk NTgusTdover oRRefrePRalde upper
zonehgnlfi which iSk@@@&ﬁ%@l%&ﬁ}@t@ﬂ?&ﬁ%ﬁtﬁ@mv&d&aﬁ@ii@?g%@étﬁﬂddﬁ%g%b@gﬂg@%%i@n .
pre-thickening tank jnto which slurry from the reaction tank is introduced and further processed to
bre-thicken ft_and ISR GRS by CeaHETLAE ALk S G atcuen
substantially all liquidusty ais toitbdszevsulvstarthiallyvieuickfeeandaincystadiésranelaateturel frotivthe
mechanical equipmgnig thePiethickeningdankdariednkadvsing flrateLesuling fiomdiag of the

mechanical equipment into the pre-thickening tank. [0015] One generic embodiment of the disclosure

comprises a method¥8Fth&°86ntth 58S FEATRERuFe Br Hghetterythc ot earnd gtidlils L6dium
hypOchlorite bleachifosfeailonenstiengthcaguiebasseditmtbypodhkaritantachnthdtrhashsbdme sodium

hydroxide and is esgentially, fee of 3edivm,chigrn ix(ﬁﬂ'&lc%ﬁ%ésbéﬁ?e@lﬁg{lﬁgﬁgﬂg’ﬁ?@ﬂh a

continuously reacting in a tank™1) the lower strendth aqueous sodium hyp te bleach that has
some sodium hydrosididdifdisedsenthsitptets SPEBIRESRMIET 5708 08B uIn MHpdrakide solution
having a concentratigmdy weightsmithima sangedean ahanb4596uia akolt Sd%opadpehlarine in gas

andfor including a further outlet through which mother liquor overflows from the upper
zone and which is disposed at an elevation below that of the upper end of the
baffle skirt, a pre-thickening tank into which slurry from the reaction tank is
introduced and further processed to pre-thicken it, and mechanical equipment for
processing the pre-thickened slurry to remove substantially all liquid so as to
feave substantially liquid-free salt crystals, and a return from the mechanical
equipment to the pre-thickening tank for re-introducing filtrate resulting from use

of the mechanical equipment into the pre-thickening tank.

Sa



liquid phase that may or may not include inerts to create a solution having a) a precipitation zone
where salt crystals are precipitating out of solution and falling downward to form a slurry, some of
which is Withdr%%[}}g%rﬁggpled, and then re-introduced into the precipitatisf 76580 Hd5) above the
precipitation zone, a crystal-free mother liquor zone consisting essentially of crystal-free mother liquor
containing a weight percentage of sodium hypochlorite greater than that of the lower strength aqueous
sodium hypochlorite bleach being reacted. (00161 A further generic embodiment comprises a method

for the continuous manufac[mgps f %nmig;ﬁrgﬁlgommegagfgguﬁmhwmmat@ bleeibladrom a lower

strength aqueous hypochlorite b each.tﬁat has some hydrpxide and is sqaqga_@tfree of chloride (salt)
crystals, the method compieirige @@ﬁﬂﬁﬁ@%ﬁ%‘é@&ﬂﬁ%ﬁ é%gﬁ%glﬁg{ﬁ}éig%%m/é? strength aqueous

hypochlorite bleach that hag SOMmE Q&ﬂ(ﬁﬁig pelisessRalalrdree bisalt tryspalsa@)eatlieous
hydroxide solution, 3) chlorife in gas and/or liquid phase that may or mayé;g incl(ide i&?srts to create a

solution having a) a _precipitatiom hopeckheits Sieehbai§aT 95E SHAUIAJ ST CoftitioR and falling

downward to form a slurry, some ]?ﬁbvglgich ﬁswagﬁg{%%ﬁt@@& @ggﬁqu themeghtroduced into the

precipitation zone, and b) A58 g%i% ation zone, a crystal-free mother liquor zone consisting

essentially of crystal-free mojRgrieceatitaininty acetigis ey emtlgellet IpecHsREgreater than

hatofthe lower strength aﬁéﬁf&%ﬁ 2%’51%%?%3&%?&9 ﬁgianc% [RAAGY- some sodium
hydroxide and is essentially free of salt crystals, 2) aqueous sodium
hydroxide solution having a concentration by weight within a range
from about 45% to about 51%,  and 3} chlorine in gas and/or
liquid phase that may or may not include inerts to create a solution
having a) a precipitation zone where salt crystals are precipitating
out of solution and falling downward to form a shurry, some of
which is withdrawn, tbén cooled, and then re-introduced into the
precipitation zone, and b) above the precipitation zone, a crystal-
free mother liquor zone consisting essentially of crystal-free
mother liquor containing a weight percentage of sodium
hypochlorite greater than that of the lower strength aqueous sodm
hypochlorite bleach being reacted.
{0016] A further generic embodiment comprises a method for the
continuous manufacture of a high-strength, low-salt, aqueous
hypochlorite bleach from a Jower strength aqueous hypochlorite
bleach that has some hydroxide and is essentially free of chloride
(salt) crystals, the method comprising: continuously reacting ina
tank 1) the lower strength aqueous hypochlorite bleach that has
some hydroxide and is essentially free of salt crystals, 2) aqueous
hydroxide solution, 3) chlorine in gas and/or liquid phase that may

or may not include inerts to create a solution having a) a

5b



[0017]Another generic embodiment of the disclosure comprises a high-strength, low-salt bleach
product which comprises an aqueous solution of greater than 25% by weight sodium_hypochlorite with
a slight excess afsadierm7ssdroxide (caustic), and a ratio, on a % weight baps%rf%sfzﬁf]&@ J(%‘,G:J{It) to
NaOC1 (sodium hypochlorite), less than substantially 0.38 at 25% weight sodium hypochlorite with the
ratio decreasing as the percentage of sodium hypochlorite increases above 25%. [0018] Another
generic embodiment of the disclosure comprises a %aratus or makingﬂk\li%ilﬁgtg%r%%@, low-salt,
agueous sodium hypochlorﬁ@@l@éﬁpé@ﬁﬁ?iﬂh@f@ SEHOR ik S Ecl e Introduced and reacted

1) an aqueous product cong%i,l&i@&}a?&{& lfggo{gg\g&%@){gvﬁ;gﬂtasm bypreaartiechns 4.5% by
r

weight sodium hydroxide, and essentially free of salt crystals, 2) agueous sodium hydroxide having a

concentration by weight withithdreangefeomcatiolangghen Ebutisined IS hiorine in gas and/or

liquid phase that may or may not.include inerts tq create a solution-haying,a)a lowetzene where salt
crystals are precipitating o&%?‘?%ﬂ%ﬁ%’f%f&r?}g? %\(/)\yr]ev%%()Ig %éf}l(?rlrtr?t gbglurry, ssor&n\gr of which is

withdrawn, then cooled, angthenoiBentigasicashintoritieiowesseotiellwhé e silifrgrecipitating, and b)

an upper zone of essentially crystal-free mother liquor having greater than 25% by weight sodium

hypochlorite and less than &% Td?&@@b%ﬁ@ﬁ%?%&lf??@fﬁ%ﬁ%@?ﬁﬁa gﬁ%@t%é;ﬁ é%%‘/vy%ich slurry is

withdrawn from the lower zg{:& APdan et disrased Alrm gle watieoigheotidoritest lobthe outlet at
n

which withdrawn slurry is rezintroduced into the lower zone, a heat exchanger connected between the
inlet and outlet for transferrigrgeratétoda the withdrawn slurry to liquid coolant flowing through the heat

exchanger, and an internal [%Mrical walled baffle skirt cooperafing Witkbavff_llindricasl wall of the tank
to form an annular calming that/\4'OPENESLEHE BRRSHIEAL LS HE OSWR WPH ine an inner

boundary for into the uppenggRgrength, low-salt bleach product which comprises an aqueous
solution of greater than 25% by weight sodium hypochlorite with a
slight excess of sodium hydroxide (caustic), and a ratio, on a %
weight basis, of NaCl (salt) to NaOC! (sodium hypochlorite), less
than substantially 0.38 at 25% weight sodium hypochlorite with the
ratio decreasing as the percentage of sod@um hypochlorite increases
above 25%.
[0818] Anocther generic embodiment of the disclosure comprises
apparatus for making high-strength, low-salt, aqueous sodium
hypochlorite bleach comprising: a reaction tank into which are
introduced and reacted 1) an aqueous product containing at least
about 15% by weight sodium hypochlorite and 4.5% by weight
sodium hydroxide, and essentially free of salt crystals, 2) aqueous
sodium hydroxide having a concentration by weight within a range
from about 45% to about 51%, and 3) chlorine in gas and/or liquid
phase that may or' may not include inerts to create a solution having’
a) a lower zone where salt crystals are precipitating out of solution
and falling downward to form a shury, some of which is

withdrawn, then cooled, and then re-introduced into the lower zone



[0019] A further generic embodiment comprises apparatus for making high-strength, low-salt, aqueous
hypochlorite bleach comprising: a reaction tank into which are introduced and reacted 1) an aqueous
product containi R&gﬂ@&ite and hydroxide, and essentially free of salt cpystals:i@y/@gsmous
hydroxide, and 3) chlorine in gas and/or liquid phase that may or may not include inerts to create a
solution having a) a lower zone where salt crystals are precipitating out of solution and falling
downward to form a slurry, some of which is withdrawn, then cooled, and then re-introduced into the

lower zone where salt is pregipitating.;angkb tppend bhewipssentabtesstatikBg mother liquor,
the tank having an outlet at which slurry‘is withdrawn from the Iow%r %orﬁggand an ;in,l?t disposed at an
elevation higher than that ofcttystaleftet anetheshigHes daXme STrHFISa! A0l 58 the lower zone, a

heat exchanger connected bet uﬁ%g%ﬂig}@&g%l&tﬁgﬂm@fmI[y?a{,&gm the, sithdrawn slurry
e

to liquid coolant flowing throﬂﬂg exchanger, and an internal cylindrical walled baffle skirt
cooperating with a cylindricahu¥ellaofthestemiclis formah sinmylas wathiisgPab e ESdBHEn at the

bottom and extends upward to define an inner boundary for into t grtﬁﬁpam[p(g%%Brieﬂy, an
example of apparatus that e?ﬁ%@l’fé{sﬁﬁrm%ép@? ea%dlékc é%ﬁ%ogglrﬁ rises a stage that comprises a

tank or vessel into which ar%wgpm%h@iwgu&ydbmmmmpﬂséh&MD weight

ercentages of sodium hypochlorite and sodium hydroxide and that is essentially fr f sodium
Ehloride ) TP zone, a heat exchanger c%nnected elween the n‘ﬁep amq%ut?e% f())r

transferring heat from the withdrawn slurry to liquid coolant
flowing through the heat exchanger, and an internal cylindrical
walled baffle skirt cooperating with a éylindrical wall of the tank to
form an annular calming zone that is open at the bottom and
extends upward to define an inner boundary for into the upper
zone.

[0019] A further generic embodiment comprises apparatus for making
high-strength, low-salt, aqueous hypochlorite bleach comprising: a
reaction tank into which are introduced and reacted 1) an aqueous
product containing hypochlorite and hydroxide, and essentially free
of salt crystals, 2) aqueous hydroxide, and 3) chlorine in gas and/or
liquid phase that may or may not include inerts to create a sofution
having a) a lower zone where salt crystals are precipitating out of
solution and faﬂing downward to form a shurry, some of which is
withdrawn, then cooled, and then re-introduced into the lower zone
where salt is precipitating, and b) an upper zone of essentially
crystal-free mother liquor, the tank having an outlet at Which shurry
is withdrawn from the lower zone and an inlet disposed at an
elevation higher than that of the outlet at which withdrawn sturry is
re-introduced into the lower zone, a heat exchanger connected

between the inlet and outlet for transferring heat from the



(salt) crystals; 2) an aqueous solution that comprises a certain weight percentage of sodium
hydroxide; and 3) chlorine in gas and/or liquid phase that may or may not include inerts. [0021] For
convenience, thig stagegmayssometimes be referred to as a crystallizer stageClo02R)sThedequeous
solution of sodium hypochlorite and sodium hydroxide mentioned above may be produced in any
suitably appropriate manner either in the same facility, such as in a prior stage, or it may be

manufactured elsewhere and delivered to the facility. Fqr copvenience, su lQt stage may
sometimes be referred to a%tlﬁﬁ@}fmﬁéﬁ‘%ﬁé’gléqg'é%/ﬁa @ﬁ% S ‘EH&%@%%%@E?E%%, the preliminary

stage may also sometimes %Eﬁh é?dagﬁi%ﬁ the-first siaaerimmbichaassleakiystalizer stage may
sometimes be referred to as'the s€cond stage.

cooperating with a cylindrical wall of the tank to form an annular

calming zone that is open at the bottom and extends upward {o

define an inner boundary for into the upper zone.

[0020] Briefly, an example of apparatus that embodies principles

of the disclosure comprises a stage that comprises a tank or vessel

into which are introduced:

1) an aqueous solution that comprises certain weight
‘percentages of sodium hypochlorite and sodium
hydroxide and that is essentially free of sodium chloride
(salt) crystals; |
2) an aqueous solution that comprises a certain weight
percentage of sodium hydroxide; and
3) chlorine in gas and/or liquid phase that may or may not
include inerts.
[6021] For convenience, this stage may sometimes be referred to
as a crystallizer stage.
[6022] The aqueous solution of sodium hypochlorite and sodium
hydroxide mentioned above may be produced in any suitably
appropriate manner either in the same facility, such as in a prior
stage, or it may be manufactured elsewhere and delivered to the
facility. For convenience, such a prior stage may sometimes be
referred to as a preliminary stage. Being prior to the crystallizer
stage, the preliminary stage may also sometimes be referred to as
the first stage, in which case the crystallizer stage may sometimes

be referred to as the second stage.



[0023] A preferred process for the first stage comprises a continuous process that produces an
agueous solution containing sodium hypochlorite greater than 15% by weight without the precipitation
of sodium chlorid&&%a%ifzhﬁight excess caustic, at least 0.5% by weight, bpit-praferahbhssemewhat
higher. The solution Is produced by introducing chlorine, in liquid and/or gas phase, wet or dry, with or
without inerts, and caustic (sodium hydroxide) of sufficient strength into the first stage. If dilution of the
sodium hydroxide is required, water should be used. [0024] If the caustic that is introduced into the first

stage tank has a strength of ﬁdﬁ%ﬂ 24% dheriawebpradisetind firstiiratstagmpritaceed 15% by
weight sodium hypochlorite (NaOC1) and 4.5% by weight sodium hydroxide (NaOH)..Hence, the use of

first stage caustic of at least 2AYGISIAISGHPS iRt BERRUEFE SRAMEP B HYBRIVE Pt les disclosed
here, although more generalsggig%prlle@ Shihed ?!:%f#rﬁlgl? 130% RS et AetiiteHbat the caustic

have that high a strength. For exampl€, certain bleaches whose compositions are the same as those
of the inventive high-strengthyiepsatidiedebdiundubisriddasbwcithdgstisHessirpeidedicribed below)

produced by preferred practices of fhe jnventive process, can be produced in pracesses where first
stage caustic feed strength |s‘et§ts%§1g’ %ﬁﬁtﬁ@%&tﬁ&’ﬁiﬁ‘é@{oﬁi@%@ﬁéﬁ[ﬁ]%%e Eéigh-strength,
low-salt bleach products are {hpsRAviicR-EREHANSE At cianushtalintqrinofiguédterifoaga5% by weight
sodium hypochlorite and a ratio, on a % weight basis, of NaC1 (salt) to NaOC1, (sodium hypochlorite),

less than substantially 0.38, Pligse SR xresitbosFiRrhiRF ARt catste) SR#¥ B emoval of solids,
a bleach having approximate%ids;g%é%% X\fes@ﬂfci%ﬁgyf&@ﬁ?%ﬁ'%@%@tﬁ#ﬁ?@ﬂﬂ@gﬁdﬁﬂo of about
s v

0.21 to about 0.25, with slightexcess caustic, Is one example of the invenfive high-strength, low-salt
bleach products disclosed hete.sffig6] Tyirdntde effontivecdergharsbareldt b satbtic used to produce

the bleach is greater than 33% ggé}:/ve&g%when th?&%ﬁi&; % %{ﬁ&%ﬁnﬁ Ph%%r%éqd%%%wg%ﬂg to the
a ithout chlori It

second stage sodium hydroxgg I‘ﬁaﬁgi’ ent basis witho ne a in either stage.

This is the weight percent of gaustigdagrlbfian éapoabiotneliguid gesidnceitfeherfeardirstagtage or second
stage. The greater than 33% sodium hydroxide, when chlorin%fegd to the e@g it of %reater than 25%
by weight sodium hypochloriteilvircgedightecht S St SRR RYBARRIRELE % 96 NaCl if the

process could be done in onggs/agé?,\w%m%&ﬁg}ﬁ g@é%%@gﬂ.m@aﬂw@@lbfmved from
cau

the solution after chlorination of th ic. Temperature of either stage can exceed 30 C. However,
by controlling second stage tengperatsiie of atdeestIF L stongiinis sEailinarideumitriBWEMRater can be

used to advantage in one preferred practice of the inventive p Ing.certain types of heat
exchangers. Principles of thé%%%ﬁgsgtpél%%&/f)%/e}Sgﬁgc&%\é?e’ éﬁﬁgﬁgﬂﬂ@e gé}?éﬂ;f

principles of the disclosure do not necessarily require that the

caustic have that high a strength. For example, certain bleaches
whose compositions are the same as those of the inventive high-
strength, low-salt bleach products (whose characteristics will be
described below) produced by preferred practices of the inventive
process, can be produced in processes where first stage caustic feed
strength is to some extent less than 24%.

[0025] The inventive high-strength, low-salt bleach products 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 NaOCl (sodium hypochlorite}, less than substantially
0.38, with a slight excess of sodium hydroxide (caustic). After

removal of solids, a bleach having approximately 30% by weight



contemplate the use of tempered or chilled water in another preferred practice for other certain other
types of heat exchangers. [0027] The solution from the first stage tank, a solution of caustic in an
amount within a (angg,ef aeaut 45% to about 51% caustic by weight (48% te&1¥sisoprelisssed), and
chlorine are fed into the second stage in which certain equipment is arranged to form a surface cooled
crystallizer. A surface cooled crystallizer is any system that provides sufficient retention time,
supersaturation, and cooling of chemical processes to achieve crystalline growth. The two solutions
are added separately to the gefeRchstrgalapseve NeivNaatidrdtdyptetest Faé thlorine can be
liquid and/or gas, wet or dry, with or without inerts. The percentage of excesg%cafu( tic in solution is

controlled in any suitable mabagF Qdihgvatk RS FHSFES FRLEUG MM, SO EE 640k measurement, by
a commercially available piegl% ol 28l.AhraliexqhpRaRIcs arelsirgehefequipment that

RShEn
is associated with the secont staé%gtlfa}t%? T%e eats of solution and reaction are removed from the
solution in the second stage[t#8Kjby Reyainbetfecsottisichirpeiganhal Faztxerhtter. By using a

high recycle rate through the hﬁg&gé&%g@%%ggﬁ@%lﬁ@ﬂ&%@%@Qﬂ]g;{atﬁ%%@ outlet from

the tank and the recycle retdfiy mall, an control the crystallization of
salt within the tank in a desiteghwauhilpyaivaiditgifouding of the Seanebsthgmgedidhe use of a high
recycle rate for keeping that temperature drop small so that salt.zjg\sﬁal gqimation di§.controlled ina

g 1i0n in

f
particular way is another erfbsERHEA08F TECHEL BEHEL R & 8‘6%‘&1m a‘range from about

1 F. to about 4 F. would be téfﬂ'{%?bté!géhﬁ@@&lér%@%&éeﬁt 7 ah ot T sdieingnnss preferable.

[0029] In order to control the {emper ture drop to within such a range, the heat exchanger is one that
has sufficient heat transfer sthifanies dseldiadéfntitheroindimhtaared s dedpgrtivdifiquids passing

through it and that presents low re%}rge%g%g éos (t)laieu% g{ﬁ;ﬁﬁgit%,lﬂl&%gﬁhggemﬁaéﬂocesses in

the crystallizer stage, the terﬂﬁ%ﬁt 0Se processes can be kept within a range that allows

cooling tower water to be usgglasthecaealibadiasid yoeeigit typesoitypatekotiznyidhss a further

embodiment of the dlsclosur&ght excess of caustic, would yield less than 9.5 % NaCl if the

process could be done in one stage with the same end result and all
precipitated salt removed from the solution after chlorination of the
caustic. Temperature of either stage can exceed 30° C. However,
by controlling seéond stage temperature to about 30° C., it will be
seen that cooling tower water can be used to advantage in one
preferred practice of the inventive process using certain types of
hea£ exchangers. Principles of the disclosure however also |
contemplate the use of tempered or chilled water in another
preferred practice for other certain other types of heat exchangers.
[0627] The solution from the first stage tank, a solution of
caustic in an amount within a range of about 45% to about 51%
caustic by weight (48% to 51% is preferred), and chlorine are fed
into the second stage in which certain equipment is arranged to
form a surface cooled crystallizer. A surface cooled crystallizer is
any system that provides sufficient retention time, supersaturation,

and cooling of chemical processes to achieve crystalline growth.
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that avoids the need to use more expensive refrigerated water. Principles of the disclosure do however
also contemplate the use of refrigerated or chilled water for certain other types of heat exchangers.
[0030] A further gpgpbndimentof the disclosure involves controlling the temperatirediffersage between
the recycle solution and the cooling liquid passing through the heat exchanger. A. target range of
temperature differences that avoid fouling of the heat exchanger depends on the design of the

particular heat exchanger. For a plate and frame ;@g heat exchanger, the temperature difference may
have a range of from about 2Fhaévedsotuionstare aedap spRairicHirtardifcicroayl AAEE Wlarger range, 5F.

-15F.f le, for oth h , t d with
or example, for o eg}g‘ﬁ‘tﬁﬁ%@fﬁ%ﬁm ﬁé@@h@@ﬂl 8 XQE%H? yped with a

Swenson surface cooled cry . e Invéntive process forms an essenhtially crystal-free
mother liquor proximate the toplif thescrystaltider, stebetankhantiacstdt Shenycproxiagatefthe bottom. As

fresh solutions of bleach and caustic are conti uousI?/ fed intg the tank, th$ $E\/r§r§/ at the bottom is
being continually pumped outXRifCAHE HdthEH HE O P R BEE G KT B R ISWECHS End outflows from

the tank. The level to which thg QH‘@ﬁﬂ%ﬁaféﬁ%@d&@@ﬁ&@ﬂ]@del@%%@lﬁi@ﬂezﬁiﬂ‘ﬂ&h&@ﬁw or to
disallow mother liquor from overflowing. When the mother liquor is allowed to overflow, the overflow is

collected as high-strength, IGhEearsIEElN f06H20)E & fiduipgieRtthe cylindrical sidewall of the
crystallizer stage tank forms @mrdrﬁq{é/ggg{%% %%ggig@ggkaé{ﬁﬁ#mggﬁﬁgﬁpetween the skirt
he [ e

baffle and the tank sidewall. nnular calming zone has an upper zone of crystal-
associated with the second stage tank. The heats of solution and

reaction are removed from the solution in the second stage tank by
recycling the solution through that heat exchanger. By using a high
 recycle rate through the heat exchanger, the temperature drop
between the recycle ontlet from the tank and the recycle return to
the tank can be kept small, and thereby control the crystalli.zaﬁ on
of salt within the tank in a desired way while avoiding fouling of
the heat exchanger. The use of a high recycle rate for keeping that
temperature drop small so that salt crystal formation is controlled
in a particular way is another embodiment of the disclosure. A
temperature drop within a 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.
[0029] 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 7quuids
passing through it and that presents low restriction to the flows. By
suitable control of chemical processes in the crystallizer stage, the
temperature of those processes can be kept within a range that
allows cooling tower water to be used as the cooling liquid in

certain types of heat exchangers, a further embodiment of the disclosure
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free mother liquor and a lower zone where salt is precipitating and falling down. The skirt baffle
surrounds a central inner zone. The annular calming zone is essentially free of turbulence, especially
at the top. By camtinuahy: ooerflowing mother liquor at an appropriate rate, g“éﬁ%‘i%?@ﬂii’@&t‘é?within the
lower zone, and without turbulence in that zone, falls downward, adding to the slurry and
supersaturating the remaining solution, thereby promoting crystal formation and growth in the solution.
100331 Because of the nature of the inventive process, mother liquor gges not necessarily have to be

drawn off from, or overflow, tré ayopes thereed EUERTBRTSEIRERONT SEECBIRINE Fsulting crystal
sizes may be generally smaller tp%‘ﬁ\g&@ Hjsoczq%gérgcﬁé%{i%gx%vﬁ‘sgﬁoﬁ&e GISAlLIALehe remaining
it n

solution. Certain process co 518 Ons for the nventiveé process can Create salt concentrations
sufficiently large to cause crystaitizatonvdtiied treadoessitpisf ethenihpetPahganother liquor. [00341
As a consequence of surface cooling provided by the crystallizer stage, with or without drawing off
mother liquor, salt is continl%ﬁ?a&%%llizing out of solution in the crystallizer tank and falling

downward to continually repigugh the;shity.alhe-haHomel e iRk HAQ3alditoRieeess is

conducted in such a manner that the surface cooling of cr stallize%ﬁszzlé in so!gl}%%ﬁ‘%)romotes crystal
growth. The resulting incredsaparetyceali&fprearadiiveesIhiatiorr 8t thE R as they fall through

solution in the tank to form tho%l%lll%rii/ ﬁiég&g 1om-8t inLsuRsequeInt AeeR Ve oy seatation from the
uﬂng I [

slurry later in the process. The re istribution of salt crystal sizes In the slurry renders them
well-suited for ultimate rece¥aenpsressentifftyedopstitsvoistifotitge pEMhobanRIGRER disclosure.

Recovery Is performed by péggeens slrzagn tt?l% ﬁgsﬁgszguc{ﬁﬁg gazﬁcular 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° ¥. The temperature
difference may have a Iarger"range, 5°F. - 15°F, for example, for
other heat exchangers, such as a shell and tube type when used
with a Swenson surface cooled crystallizer.

[0031] The inventive process forms an essentially crystal-free
mother Hquor proximate the top of the crystallizer stage tank and a
salt slurry proximate the bottom. As fresh solutions of bleach and
caustic are continuously fed into the tank, the slurry at the bottom
is being continually pumped out while the mother liquor rises
based on total inflows to and outflows from the tank. The Igvel to
which the mother liguor rises is controlled, or regulated, either to
allow or to disallow mother liquor from overflowing. When the
mother liguor is allowed to overflow, the overflow is collected as
high-strength, low-salt bleach.

[0032] A skirt baffle, inside the cylindrical sidewall of the
crystallizer stage tank forms a cylindrical wall that creates an
annular calming zone between the skirt baffle and the tank

sidewall. The annular calming zone has an upper zone of crystal-
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continuous manner using what are essentially mechanical processes. [0036]The slurry from the
crystallizer stage is continually introduced into a pre-thickening tank where the slurry is mechanically
agitated, either by a mixer and/or by air under pressure blowing through it. At the same time, slurry is
being continuaIR// %jﬂr%%(’elaz?ﬁom the pre-thickening tank to a pre-thickening devicEatieHesd
hydrocyclone, static thickener, or curved screen that removes more liquid, or filtrate. This filtrate from
the pre-thickening device is recycled to the pre-thickening tank behind a baffle inside the tank to avoid

any substantial disturbanceﬁ%%tg{-‘(;)rﬂjx I @ﬁ?ﬂ?&m 0&9%&@%@}18@59tlﬁ/%%%@%ggl%ﬁl from the

pre-thickening device is then fe oac ge that removes almost a remaining liquid,
yielding a product that is atfalli38d6walt Eirdshbroba &% dioqnidnfB088t A picierce d mentiiiege is a

two-stage centrifuge that allows, the product to he washe Wiérhw er flgrlremovin residual
hypochlorite from the final §3ﬁ%%@£‘ﬁ.ﬂ§ﬂt%€%ﬁ§%‘ﬁ gt SPTRL EBRtrifTHEE Yettned to the

pre-thickening tank. [0039}He@higly sbanathilpwrealoRlaacmpReuthpiedideadpyrtigitventive

process is liquid that overflows the pre-thickening tank proximate the tl%i) of the pre-thickening tank.
Because it has substantiallfptReSsHREepitpasaiiadhadonishzanengin WithediBIbaRoduct

overflowing the pre-thickening.tanic any.mother liguior Qgg{ﬂlg% mmﬁ@}aof the crystallizer stage
can be added ’ ’
supersaturating the remaining solution, thereby promoting crystal

formation and growth in the solution.
[0833] Because of the nature of the inventive process, mother
liquor does not necessarily have to be drawn off from, or overflow,
the upper zone to cause crystallization of salt, but the resulting

~ crystal sizes may be generally smaller than when mother liguor is
drawn off to supersaturate the remaining solution. Certain process
control conditions for the inventive process can create salt
concentrations sufficiently large to cause crystallization without the
necessity of drawing off any mother liquor.
[0034] Asa consequence of surface cooling provided by the
crystallizér stage, with or without drawing off mother liquor, salt is
continually crystallizing out of solution in the crystallizer tank and
falling downward to continually replenish the slurry at the bottom
of the tank.
[0035] The process is conducted in such a manner that the
surface cooling of crystallized salt in solution promotes érystal
growth. The resulting increase in crystal size aids in separation of
the crystals both as they fall through solution in the tank to form
the slurry at the bottom and in subsequent recovery by separation
from the slurry later in the process. The resulting distribution of

“salt crystal sizes in the shurry renders them well-snited for ultimate
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to the high-strength, low-salt bleach product overflowing the pre-thickening tank The point of overflow
in the pre-thickening tank is separated from the slurry in the tank by an intervening internal wall or
baffle, such as thg@agbehind which the recycled filtrate from the pre-thickemiagueeic@issitroduced,
to prevent salt crystals from entraining with the overflow liquid. [0040] 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.efwall s%s\IGRISCIPIAYEHs &SPaT RIS HiPBeHRHEng BB died PREbvery
limit, which as a practical matter is ab(ggt 35%. Brief Description,of the Drawings lllustrating Practice of

The Inventive Process [00AL7EIGURSY Ml EEL8dReFALCER) Brf example of the surface-cooled

crystallizer stage that has begh gesstibathaRaveildGdrlkigiaehiiyatesisatienatically an example
of processing subsequent to the crystallizer stage. Description of the Inventive Process and Equipment

with Reference to the Drawiri§8ce¥43] The inventive process disclosed above is further illustrated and

described with reference to F[!ﬁ}%gﬁs 1%3&?@&&?%%%115@&5?8 LsGmirisssya surface-cooled

crystallizer 10 _ _
introduced into a pre-thickening tank where the slurry is

mechanically agitated, either by a mixer and/or by air under
pressure blowing through it. At the same time, slurry is being
continually pumped from the pre-thickening tank to a pre-
thickening device such as a hydrocyclone, static thickener, or
curved screen that removes more liquid, or filirate. This filirate
from the pre-thickening device is recycled to the pre-thickening
tank behind a baffle inside the tank to avoid any substantial
disturbance of the slurry in the tank.

[0037] The more fully thickened slurry from the pre-thickening
device is then fed into a centrifuge that removes almost all of thé
remaining liquid, yielding a product that is about 98% salt and
about 2% liquid.

[0038] A preferred centrifuge is a two-stage centrifuge 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 pre-thickening tank.

[0039]  The high-strength, low-salt bleach product produced by
the inventive process is liquid that overflows the pre-thickening
tank proximate the top of the pre-thickening tank. Because it has
substantially the same composition as the high-strength, low-salt
bleach product overflowing the pre-thickening tank, any mother

liquor overflow from the tank of the crystallizer stage can be added
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that comprises a tank 12 with which a heat exchanger 14 is associated, as described above. The
drawing does not show a first stage like the one described above, but the description of the drawings
will proceed on tion that one is present, although it is to be apprggigied ihaf,the; lower
strength bleach%(%ﬂgsgyi?l{?gjuced into the crystallizer could have been manufactured elsewhere by
similar processes and shipped for use in the crystallizer. Tank 12 comprises a cylindrical sidewall 12A,
a conical bottom wall 12B, and a top wall 12C. A cylindrical walled skirt baffle 16 is supported in any

suitable manner within the @qﬁg%%owmmmgmbég@mwgewﬂ@r{mpﬁaar calming

zone 18 that is open at the bottom. Skirt baffle 16 surrounds an inner central zone 20. [0044] This
crystallizer stage has variodsipningtank ol reirs ol @i Aov An 8 dree SHdierIng BRbr near the
center low point of conical bottom wall 12B. ?Eﬁ‘. outleL 24 Ny apRroptate lacation. Although
the drawing shows the loca ?ogr?par% (()Qvgieorrrélteﬁ\;c:!hon han t%eélg!gtt m o)1i zone 18,%;)recise location is
generally not critical. The outigl sndyflecuuoh at dreend bélapipelticht thenmetratbsidiitt@rtends into the
interior of the tank beyond the tapk wall or yia a pipe that tees into a.conduit 33, A mother liquor, or
product, outlet 26 is proxim @qﬁ%etBﬁeEfﬁﬁ? Tg %t 13&‘8{83558% g%l%%‘fﬁ%& 3 {{]he top edge of skirt

baffle 16. A vent outlet 28 m@gkq%smgﬁggﬁlf@g anhresidyal thielnmigases and inert gases to a
standard commercial chlorine scrubber (not specificall show%@[OO%] The two inlets to tank 12 are a

chlorine inlet 30 and a recyt§84flet Ehenhigbyria i o BARKSHIURFGUIR e BBERShY b the tank
through outlet 22 and Cond%tgzév%]?wg 3&&%*}&?%1@&1%@&9%&?1%%-ﬂé}mﬂ)@ﬂwumps the

liquid through a conduit 35 leading from'the pump outlet to heat éxchanger 14. Fresh’caustic is added
to the recycle solution througkightalisticpntefi@6tinngdontunas hdwmbiapumpdriamdheat exchanger

14. Bleach from the first stage .of the grocess is added thraugh a_bleach,inlet 38 into duit 37

extending from heat exchaﬁ%@ﬂ?ﬁlﬁ% a%%golsnllté?%E%\?&o‘ﬁ%ﬂ%ﬁ%@i%ggg%glg %86%?‘%%18 s%wows the

tank having a single inlet thgpegif vihichyatmixueeipitblied chplasti vasdicanhdnenytlensatution are

introduced, other plumbing arrangements may, be used forﬁTIIowinég_se arat%'gproduction at different
0. )

locations, consistent with aVSiHIRG S EREEN ASREESHRR ] JRANEE 1s about

Brief Description of the Drawings Ilustrating Practice of The Inventive

Process
[0041] Figure [ illustrates schematically an example of the
surface-cooled crystallizer stage that has been described above.
[00642] Figure 2 illustrates schematically an example of

processing subsequent to the crystallizer stage.

Description of the Inventive Process and Eqguipment with Reference to

the Drawings
[0043] The inventive process disclosed above is further

iltustrated and described with reference to Figures 1 and 2. The
stage shown in Figure 1 comprises a surface-cooled crystallizer 10
that comprises a tank 12 with which a heat exchanger 14 is
associated, as described above. The drawing does not show a first

stage like the one described above, but the description of the
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[0046] The recycle solution, as appropriately supplemented by controlled additions of fresh caustic and
first-stage bleach, is introduced back into tank 12 through recycle inlet 32. The actual location at which
recycle solution is introduced into solution already in the tank is at any suitable location that does not
create turbulen®d MMM A% zone 18. The drawing shows a location within i'r)ﬁjé’ﬁj%%éﬂ%?ﬁﬁreferably at
a central location somewhat above the bottom of the zone, where the recycle solution discharges
through an upright funnel 39 of increasing diameter to promote good distribution of recycle solution

within that zone without cregfing | 0.4 HSAd Chlgrine bassi pughinlet 30 is
conveyed to a distribution system%g%?a%%g}o%ate %%ﬁém Lgﬁn?l)er onlt‘ag %O and arranged to .
direct chlorine upward intozlthdighidtirs zohe 20pceertiod) thdtlitioralvenstiemgtnitmanity wWithiis zone 20
with solution that is being continuall introﬁgced hraough funnel 39. [0048] With the slurry resulting
from the continuous reactié%goqﬁéﬁ%ﬁiﬁgoa ngiﬁicﬂ\%gfhciﬁlﬂaawebaﬁ FES% 4y %Cs%}e at keeps it
toward the bottom of the t@&m@wi&ym&ggﬁphmdgsb@m%mg@&zgﬁ {adling dwn into the slurry,
mother liquor at the top of the calming zone, that may or may not be withdrawn from the tank through

outlet 26, possesses a corﬁﬁ%ﬂ‘@ﬁeésgéﬁ]ﬁdl%/%@&?ﬁ%%%XH%qHGéhﬁ\fj@\%H}ﬁgéitién of constituents
described above. [00491 The, continuaus wEecess furdaripyQlyas deaving, Siryieatank through

outlet 24 by pumping it out via a pump 25 for subsequent processing in accordance with Figure 2.
Although the drawing shovi¥istbietTe4l fo snsearanediin 2Ry thetabigenasnrts, wiheHivieed above, be at

any appropriate location, i%lggé}r#%r%&e‘%ii@ igg&%itﬁ% {Q%%%%%?E%Pfr@%%t ﬁijiberated by
chemical processes occurring in‘the crystallizer stage Is a functiorrof the t rouglll’\put through the
crystallizer. Consequently, dhienfegyciaeatetharh sroep coalitielioptchnatd kobgfiehesheat exchanger are
controlled in relation to the crystalljizer throughput so as tg maintain both the small temperature drop in
the recycle solution as it péggégﬂﬁiﬁ)%ﬁl{}% ﬁ‘gﬁfajm r and a temperature difference between

the recycle solution and theggaqling Tiaidid9pRieREAe Y 1he RaTticd A &ypeoafiipak@xehanger used,
as mentioned above. In is in that context that the process is said to have a high recycle rate. [0051]

Figure 2 shows additional S§ubtEnd thdt isenrle$tlste’ e it Ainpeaia sapist O WmPAEtto tank 12 in
that it has a sidewall 44A, gholiom walkd48,anq PR Walk 94t di #lsR Q@ﬁ@gé@%ﬁéﬁa@me 46,

creating an outer zone 48 between itself and sidewall 44A afnd an inner zone d the opposite

side of itself. Baffle 46 neetbeatidoe Alhibegirthe drawing shows the location at a lower
elevation than the bottom of zone 18§, precise location 1s generally
not critical. The outlet may even be at an end of a pipe that
penetrates and extends into the interior of the tank beyond the tank
wall or via a pipe that tees into a conduit 33. A mother liquor, or
product, outlet 26 is proximate the top of zone 18, but at an
elevation below that of the top edge of skirt baffle 16. A vent outlet
28 provides an escape for any residual chlorine gases and inert
gases to a standard commercial chlorine scrubber (not specifically
shown). '
[6045] The two inlets to tank 12 are a chlorine inlet 30 and a
recycle inlet 32. A recycle purop 34 draws liquid from the bottom
of the tank through outlet 22 and conduit 33 that leads to the
suction side of the pump. The pump pumps the liquid through a

conduit 35 leading from the pump outlet to heat exchanger 14.
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[0052] Slurry from tank 12 is introduced into zone 50 through a slurry inlet 52. Agitation of the slurry
within zone 50 is performed, for example, by the use of air pressure. Air under pressure is supplied

through an air inlet 504 to a distribution system 56 that is proximate the bmtog&%"g}@ﬁ 508 50 and
arranged to dird& %ﬂeﬁfgwﬁﬁward into the slurry in zone 50. The air and any entrained jases are

vented through a vent outlet 58 in top wall 44C over zone 50. A mechanical agitator may be used in
lieu of, or in conjunction with, air sparging. [0053] The slurry tends to fall to the bottom of the tank

where it is pumped out thrgygh, 2 slurry;QUHAE SN AHRSKFEBHINB P thr ShgPA' BIRGH SIHIEY i

conveyed to an inlet 64 of a hydrocyclone 66 that operates to remove more liquid from the slurry,
increasing the concentratid afthesulutichs betiesipipaddiagdeigrehengeute7 from

hydrocyclone 66 to a centrifuge .68 that.is used for r ery.of crystallj I centrifuging the
slurry. [0054] A preferred gg%ﬁ?u%g%gget\%é%s ég eg’gﬁ{r@lf 5%:%%{% éévgsgtﬁ]g%l%blﬁtgft%%% washed

after passing through a firsht@rigfuge stagewithireteraiihgdiomadiwi thechbegeg bémtrifuged in a
second stage. Water is an example of one fluid that may be used for Washingt.? Hence Figure 2 shows
a wash water inlet 70 and ER43R Wistet odtEr MRS NG HAESD ATRFEA PR 8"55}%53 rite from the

final salt product that s defiysifg oI fieraemALBiSRIim AU 8fbfehuataitiom the first stage of

centrifuge 68 is returned through a conduit 75 to pre-thickening tank 44 at a first filtrate return inlet 76,
and filtrate from hydrocycléausé Enfoteayield setotigh aredridomiusodsiathsdrunbiMEate return inlet 78. A

product outlet 80 is proximate I% f zone 4 %daﬂb%rfﬁ g;%gygq frayab ulet 80 is
substantially the same corﬁggél %rr}f%dﬂstgtI%ﬁe%fqglﬁdf§ %élte'act pro uc%/\t% t was tﬁat V\%i%dorawn from tank 12
through outlet 26, meaningiffeasngleat@otisand@Bigidnt wéiglavsatingniisypdehiotita 8 less than 9.5%
by weight salt (sodium chIo%ﬂg&HThe respective rates of withdrawal may differ. For example, the rate

from outlet 80 may be on tf &r8ffour to six times the rate from outlet 26. The rates may vary

widely based on residenceytjgag3, teTheeRiIRScitdERRcHpAlipnsicndiap Riptiretbabove, there

might even be no Withdrav%%ncziorﬂgéhaedrdlggggg E}hfrfqués hc%lljltslteigzza?lﬂ first-stage bleach, is
introduced back into tank 12 through recycle mlet 32. The actual
location at which recycle solution is introduced into solution
already in the tank is at any suitable location that does not create
turbulence in annular zone 18. The drawing shows a location
within inner zone 20, preferably at a central location somewhat
above the bottom of the zone, where the recycle solution
discharges through an upright funnel 39 of increasing diameter to
promote good distribution of recycle solution within that zone
without creating turbulence in zone 18.
[0047] Chlorine passing through inlet 30 is conveyed to a
distribution system 40 that is proximate the bottom of inner zone
20 and arranged to direct chlorine upward into the liquid in zone 20
creating additional reaction primarily within zone 20 with solution
that is being continually introduced through funnel 39.
[0048] With the shurry resulting from the continuous reaction of

chlorine and caustic within tank 12 having a density that keeps 1t
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100551 The inventive bleach product will contain some amount of sodium hypochlorate. 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 ud&@ F@ﬂq@é?%%éd water, as opposed to cooling tower water, in St 8"8eH R 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 aﬂg&glfzglféet%tiygoitrtlﬁrr%dotﬁil?tgmgﬁﬁﬁgﬁ&gt@f&ﬂa{qgggi]ngotassium

hydroxide can be substituted for sodium hydroxide to pro er strength potassium hypochlorite

from lower strength potassiuysthifpedhiatiiegdevsimilar trasiery [005RtrAlthaugh tiefeognce has been
made to a first stage of the process that makhes a Iéi&uid bleach product having.more than .15% by

weight sodium hypochlorité BRSNS, 503 YA GO BRIR R %8REric principles
of the invention contemplatgdhah lewes Steepaticrieachasmpbsereeitaigtteachesdbat have been

diluted, can be used, even if made elsewhere. But in a facili_té]that does have such a first stage for

making bleach that is reactB8l RVieIIES seamey deagf coneenes ttofsseriied @Rit%own the second
stage for maintenance or thﬁ]ﬁ@? _d‘?‘ﬁ% RohMmEANd &g%fﬂﬁttgé@g%%go&m@%tg@y too. The

bleach from the first stage Is of Suitable commercial grade that with or without dilution, it can be
diverted from the second sfege tnd thseo ghsevict it ihvtipe spmeg faclityeragisephidpled to a remote

ey, 0058 Whie o resel et b e e e e nd

that fall within the scope ofdihvtigiristhabinlleRhrreinafterwall 12B, the outlet could, as
mentioned above, be at any appropriate location, including a tee
into conduit 33.
[0050] The rate of heat is liberated by chemical processes
occurring in the crystallizer stage is a function of the throughput
through the crystallizer. Consequently, the recycle rate and the
cooling liquid rate through the heat exchanger are controlled in
relation to the crystallizer throughput so as to maintain both the
small temperature drop in the recycle solution as it passes through
the heat exchanger and a temperature difference between the
recycle solution and the cooling liquid appropriate for the
particular type of heat exchanger used, as mentioned above. In is in
that context that the process is said to have a high recycle rate.
[00651] Figure 2 shows additional equipment that includes a pre-
thickening tank 44 that is similar to tank 12 in that it has a sidewall
44 A, a bottom wall 44B, and a top wall 44C . Tt also has an intemal
baffle 46, creating an outer zone 48 between itself and sidewall
44A and an inner zone 50 toward the opposite side of itself. Baffle
46 need not be a full skirt.
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WHAT IS CLAIMED IS: 1. A method for the continuous manufacture of a high-strength, low-salt,
aqueous sodium hypochlorite bleach from a lower strength aqueous sodium hypochlorite b_Ie_ach that
has some sodium hydroxide and is essentially free of sodium chloride (salt) crystals comprising an
agueous solutidr’ ﬂfﬁggt?r"’than 25% by weight sodium hypochlorite, and & fHS@W}%(‘b%‘%ight bas_is,
of NaCl (salt) to NaOC1 (sodium hypochlorite), less than 0.38 at 25% weight sodium hypochlorite with
the ratio decreasing as the percentage of sodium hypochlorite increases above 25%, the method

comprising: continuously repBIETy in gItaRK frof) ik IPWVRYisiieRUh aGHE MO Um fympghlorite

bleach containing at least 15% by weight sodium hypochlorite and 4.5% by weight sodfum hydroxidg
and is essentially free of safiBFiRIe! S2oNaiaten o5 shvmyrdiiteasoiadénhpeiformedncentration

by vyeight vv_ithin a range fro@rﬁ%%ﬁléll%‘?’the ﬁééﬁmf‘&& gﬁ%_a&g/% H@}Ji& gsg%§eei§shat may or may

not include inerts
supplied through an air inlet 54 to a distribution system 56 that is
proximate the bottom of inner zone 50 and arranged to direct the
air upward into the slurry in zone 50. The air and any entrained
gases are vented through a vent outlet 58 in top wall 44C over zone
50. A mechanical agitator may be used in lien of, or in conjunction
with, air sparging.
[0053] The shury tends to fall to the bottom of the tank where it
is pumped out through a slurry outlet 60 by a recycle pump 62. The
pumped slurry is conveyed to an inlet 64 of a hydrocyclone 66 that
operates to remove more liquid from the slurry, increasing the
concentration of the solution in the slurry passing through a
conduit 67 from hydrocyclone 66 to a centrifuge 68 that is used for
recovery of crystallized salt by centrifuging the slurry.
[6054] A preferred centrifuge is a two-stage centrifuge that
allows the product to be washed after passing through a first
centrifuge stage with the washed product then being centrifuged in
a second stage. 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 product removes 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 a conduit 75 to pre-thickening tank 44 at a first
filtrate return inlet 76, and filtrate from hydrocyclone 66 is returned
through a conduit 69 via a second filtrate return inlet 78. A product
outlet 80 is proximate the top of zone 48. Liquid that is withdrawn
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to create a solution having a) a precipitation zone where salt crystals are precipitating out of
solution and falling downward to form a slurry, some of which is withdrawn, then cooled, and then
re-introduced into the precipitation zone, and b) above the precipitation zone, aigrgstal-free
mother liquor z‘gﬁé%gﬁéﬁfﬁﬁg essentially of crystal-free mother liquor contai%?néng\?\?eaigﬁtbf)ercentage
of sodium hypochlorite greater than that of the lower strength aqueous sodium hypochlorite bleach
being reacted, wherein the reaction is performed in a crystallizer tank, slurry is withdrawn from
the crystallizer tank and furfﬁﬁm%%%%%@mst@{pé@@nmaﬁmﬁ%émgk&ﬁﬁﬂo%mw i $HH further
processed to remove substantially all liquid so as to leave substantially liquid-free salt crystals, the
further processing of the sI&ig} ploebdunhyanéhativhdmuraiam darihelcrystallizer tank so
as to pre-thicken it, and thetrp_ me. ieally pr i ta - 4hi leirr ove
substantially all liquid so as to le vgﬂskg s%%%ﬁa%%ﬁ@ glié ?g%ﬁea %%r@%lglg,gf%lgngéﬁ

sodium hypochlorite and less than 9.5% by weight salt (sodium

chloride). The respective rates of withdrawal may differ. For
example, the rate from outlet 80 may be on the order of four to six
times the rate from outlet 26. The rates may vary widely based on
residence times, temperatures, and concentrations, and as explained
above, there might even be no withdrawal of mother liquor through
outlet 26.

[8055] The inventive bleach product will contain some amount
of sodium hypochlorate. 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
1n reducing chlorate concentration.

[0056) Potassium hydroxide can be substituted for sodium
hydroxide to produce higher strength potassium hypochlorite from
lower strength potassium hypochlorite in a similar manner.

[0057] Although reference has been made to a first stage of the
process that makes a liquid bleach product having more than 15%
by weight sodium hypochlorite (NaOCl) and 4.5% by weight

sodium hydroxide (NaOH), generic principles of the invention
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wherein filtrate resulting from pre-thickening of the slurry is reintroduced into the pre-thickening
process. 2. A method as set forth in Claim 1 wherein a portion of the pre-thickening process is
performed in a pre-thickening tank, and the filtrate resulting from pre-thickening of the slurry is
re-introduced ikt8 f’l%éfﬂé%fﬁickening tank. 3. A method as set forth in d’zﬁﬁuﬁ%ﬂﬁ%ﬁﬁhe
continual addition of fresh slurry from the crystallizer tank causes the liquid level in the pre-thickening
tank to rise to an elevation at which liquid having substantially the same composition as the mother
liquor in the crystallizer tank gyexfigws WS NERUNSkERiAg Atk nes. & AMEARASSEIdRN in Claim 3
including overflowing mother liquor from a calming zone of the crystallizer, and mixing together the
mother liquor overflowing tHeatRpstalieen tihiteshdahddigsadoverflofinadihelpredihickéhinmtank. 5.
A method as set forth in Clgim 3swhgrein the elevation at.which liguid overflows the pre-thickening tank
is defined by an upper end%ggg%ﬁ,f e%ﬁaﬁgsp%}%\fﬁg&gnair%%%ﬁggﬁ e %\gﬁga& 6 i to prevent
the filtrate being re-introducestintioithbpresthitkieainttank tioad siorifigantyi distuptigsthe slurry in the

pre-thickening tank. 6, A method as set forth in Claim 1 wherein the mechanical processing of the
pre-thickened slurry compr QS&?&%%@%?;%&?%‘@ME% trdhgikginiers medasen atthe-free salt
crystals and liquid. first stage has to be shut down too. The bleach from the first stage

is of suitable commercial grade that with or without dilution, it can
be diverted from the second stage and used elsewhere in the same
facility, or else shipped to a remote facility.

[6058] 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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7. A method as set forth in Claim 6 wherein the centrifuging comprises first- and second-stage
centrifuging, and after first-stage centrifuging, the centrifuged product is washed to remove residual
sodium hypochlorite. 8. Apparatus for making high-strength, low-salt, aqueous sodium
hypochlorite bleach comprising an aqueous solution of greater than 25% by weight sodium

hypochlorite, and a r%t}m % wei'@%té)ﬁjs, of NaCl (salt) to NaOC1 (sodium hypochlorite), less than
0.38 at 25% weight sodi %é&fﬁl ' h the ratio decreasing as the percentage of sodium
hypochlorite increases above 25%, comprising: a reaction tank into which are introduced and reacted
1) an aqueous product containing at least 15% by weight sodium hypochlorite and 4.5% by weight

sodium hydroxide, and essentially free of salt crystals, 2) aqueous sodium hydroxide having a
concentration by 1. A method for the continuous manufacture of a high-strength, low-

salt, agueous sodium hypochlorite bleach from a lower strength aqueous
sodium hypochiorite bleach that has some sodium hydroxide and is
essentiaily free of sodium chloride (salt) crystals comprising an agueous
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 0.38
at 25% weight sodium hypochlorite with the ratio decreasing as the
percentage of sodium hypochlorite increases above 25%, the method
comprising:
continuously reacting in a tank
1) the lower strength aqueous sodium hypochlorite
bleach containing at least 15% by weight sodium
hypochiorite and 4.5% by weight sodium hydroxide and is
essehtiafly free of salt crystals,
2) aqueous sodium hydroxide solution having a
concentration by weight within a range from 45% to 51%,
3) chiorine in gas and/or liquid phase that may or may
not include inerts
to create a solution having
a) a precipitation zone where salt crystals
are precipitating out of solution and falling downward to
form a slurry, some of which is withdrawn, then cooled,
and then re-introduced into the precipitation zone, and
b) above the precipitation zone, a crystal-
free mother liquor zone consisting essentially of crystal-
free mother liquor containing a weight percentage of
sodium hypochicrite greater than that of the lower
strength aqueous sodium hypochlorite bleach being

reacted,
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weight within a range from 45% to 51%, and 3) chlorine in gas and/or liquid phase that may or may
not include inerts to create a solution having a) a lower zone where salt crystals are precipitating out of
solution and falling downward to form a slurry, some of which is withdrawn, then cooled, and then
re-introduced into the lower zone where salt is precipitating, and b) an upper zone of essentially
crystal-free mother liquor having greater than 25% by weight sodium hypochlorite and less than 9.5%
by weight salt, the tank having an outlet at which slurry is withdrawn from the lower zone and an inlet
disposed at an elevatigiz:highgidheadhat of frefortietah whichstelimnatanislehayrisise-introduced into
the lower zone, heat exc er con eC eqp,etw @Ee inlet and o ;Ietffor transferring heat from
the withdrawn 4t FEteRitebioh (%g SRYSHEW ﬁftﬁj@rﬁ f{] ELPEREREYY f,odﬁﬁmer‘ 'gﬁ"fﬁfernal
cylindrical wallge stk akil @gﬂgega@mgmmm pticesiaal walknidhe tabistantxhy all faundlar calming
zone that is open at the bottom and ard to define oundary for.into the upper
zZone, mcludmé%%ﬁr%%%ﬁlé%%@ ﬁ&ﬁ“&w ﬁ?e?%lﬁﬁ&%@@rfm&%ﬁ tHg’gﬁﬁ%PQo e and which
is disposed attag elewgtismhsigestbas afsbiegpiresknd ofithdrbaffidskirthe crystallizer tank

so as to pre-thicken it, and then mechanically processing the pre-

23



a pre-thickening tank into which slurry from the reaction tank is introduced and further processed to
pre-thicken it, and mechanical equipment for processing the pre-thickened slurry to remove

substantially all liquid so as to leave substantially liquid-free salt crystals, and

a return from the

mechanical equipment to the pre-thickening tank for re-introducing filtrate resulting from use of the
mechanical equipment into the pre-thickening tank. 9. Apparatus as set forth in Claim 8 wherein
the pre-thickening tank has an outlet at an elevation at which liquid having substantially the same
composition aghigRanethsiuliou iertheceadsistarttiakycalhliouidfovetho feetbiskibsiagtiatik. 10.
Apparatus a nfﬂ;ég rth in Claim 9£{ﬂclud g an outlet in the reaction tank through which mother liquor

SEHBA &R

overflows fro

a i€ bsequently mixed together vvith the liquid overflow through

the outlet of the pre-thickening tank. 11. Apparatus as set forth in Claim 9 wherein the elevation of
the outlet at which liquid overflows from thHp -thickenin 5 ank is d {ned bxyan upper end of a baffle
RISHAT P

e sl
rate

in the pre-thickening t ker%%ﬁ, BarRe [RER& TS PBPSTERIA i

efng ré-introduced into the

pre-thickeningjiamidrosa sigoificapty-tiriuating theshsey in the pre-thickening tank. 12. Apparatus
as set forth in Claim 8 wherein the mechanical equipment comprises a two-stage centrifuge having a

wash between stages.

2. A method as set forth in Claim 1 wherein a portion of the pre-

thickening process is performed in a pre-thickening tank, and the filtrate

resulting from pre-thickening of the slurry is re-introduced into the pre-

thickening tank.

3. A method as set forth in Claim 2 wherein the continual addition of

fresh slurry from the crystallizer tank causes the liquid level in the pre-
thickening tank to rise to an elevation at which liquid having substantially the

same composition as the mother liquor in the crystallizer tank overflows the

pre-thickening tank.

4. A method as set forth in Claim 3 including overflowing mother liquor

from a calming zone of the crystallizer, and mixing together the mother liquor

overflowing the crystallizer tank and the liquid overflowing the pre-thickening

tank.

5. A method as set forth in Claim 3 wherein the elevation at which

liquid overflows the pre-thickening tank is defined by an upper end of a baffle
in the pre-thickening tank, and the baiffle is disposed to prevent the filtrate

being re-introduced into the pre-thickening tank from significantly disrupting

the slurry in the pre-thickening tank.
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6. A method as set forth in Claim 1 wherein the mechanical processing
of the pre-thickened slurry comprises centrifuging that separates the slurry

into substantially liquid-free salt crystals and liquid.

7. A method as set forth in Claim 6 wherein the centrifuging comprises
first- and second-stage centrifuging, and after first-stage centrifuging, the

centrifuged product is washed to remove residual sodium hypochlorite.
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8. Apparatus for making high-strength, low-salt, aqueous sodium
hypochlorite bieach comprising an agueous solution of greater than 25% by
weight sodium hypochlorite, and a ratio on a % weight basis, of NaCl (salt) to
NaOQCl (sodium hypochlorite), less than 0.38 at 25% weight sodium
hypochlorite with the ratio decreasing as the perceniage of sodium
hypochlorite increases above 25%, comprising:

a reaction tank into which are introduced and reacted
1) an agueous product containing at least 15% by

weight sodium hypochlorite and 4.5% by weight sodium
hydroxide, and essentially free of salt crystais,
2) aqueous sodium hydroxide having a concentration

by
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weight within a range from 45% to 51%, and

3) chlorine in gas and/or liquid phase that may or may
not include inerts to create a solution having a) a lower
zone where salt crystals are precipitating out of solution
and falling downward to form a slurry, some of which is
withdrawn, then cooled, and then re-introduced into the
lower zone where salt is precipitating, and b) an upper
zone of essentially crystal-free mother liquor having
greater than 25% by weight sodium hypochlorite and less
than 9.5% by weight salt,

the tank having an outlet at which slurry is withdrawn
from the lower zone and an inlet disposed at an elevation
higher than that of the outlet at which withdrawn slurry is
re-introduced into the lower zone,

a heat exchanger connected between the inlet and
outlet for transferring heat from the withdrawn slurry to
liguid coolant flowing through the heat exchanger, and

an internal cylindrical walled baffle skirt
cooperating with a cylindrical wall of the tank to form an
annular calming zone that is open at the bottom and
extends upward to define an inner boundary for into the
upper zone, including a further outlet through which
mother liquor overflows from the upper zone and which is
disposed at an elevation below that of the upper end of
the baffle skirt,
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a premthickening tank info which slurry from the
reaction tank is introduced and further processed to pre-
thicken it, and mechanical equipment for processing the
pre-thickened slurry to remove substantially all liquid so
as to leave substantially liquid-free salt crystals, and

a return from the mechanical equipment to the
pre-thickening tank for re-introducing filtrate resulting
from use of the mechanical equipment info the pre-

thickening tank.

9. Apparatus as set forth in Claim 8 wherein the pre-thickening tank
has an outlet at an elevation at which liquid having substantially the same

composition as the mother liquor in the reaction tank can overflow the pre-

thickening tank.

10. Apparatus as set forth in Claim 9 including an outlet in the reaction
tank through which mother liguor overflows from the reaction tank and is

subsequently mixed together with the liquid overflow through the outlet of the

pre-thickening tank.

11. Apparatus as set forth in Ciaim 9 wherein the elevation of the
outlet at which liquid overflows from the pre-thickening tank is defined by an
upper end of a baffle in the pre-thickening tank, and the baffle is disposed to
prevent the filtrate being re-introduced into the pre-thickening tank from

significantly disrupting the slurry in the pre-thickening tank.

12. Apparatus as set forth in Claim 8 wherein the mechanical

equipment comprises a two-stage centrifuge having a wash between stages.
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