MANUFACTURE OF HI G+ STRENGTH, LOW SALT HYPOCHLORI TE BLEACH Fiel d of the

I nvention [0001] This invention relates to the manufacture of hypochlorite
bl each, iwopasddicashar a process and a plant for the maneCaaisososoefsesuch

bl each, especially sodi um hypochl orite bleach. Background of the Invention
[0002] Bl each (sodium hypochlorite) is a commodity chemical that is used in
numer ous applications. The basic chem stry for manufacturing bleach is a

matter of comon KMANEFXCTURROF I GH-STRERGEH! Y. gwdsalrer cal .
engi neering. Chlorine in gas and/or ITqurd phase 15 allowed t0 react with a

S
sol ution of sodi um hydr oxi de HXBOGHEORITE RLEAGHeous sodi um

hypochlorite. Wile that basic chem stry may be considered rather
el enentary, and essentially common to all processes for the commerci al

manuf acture qf bl each, specific processes that have been described in
patent lite e Bil@Ns| gni fi cant ways. [0003] Each of Lhe vari ous
known processes for commerci al. manufacture of bleach y be .
characterized as ei[?ﬁu‘zﬁ aoﬂnc %V?&OEJSht?%}%ﬂ@mﬁPBéﬁ&rpﬁj lfeﬁp@fgkglt@r a
conti nuous producti r : of P S _

particul ar advant arggés?(:ﬂ[ 8188)% 'S co%tpltr%g‘%as n&%%ﬁ@ §Og§ elrgaxﬁ,}fg %‘F‘F;\Q

controlled is noreshékeleachOespecindlyisoaiRa hypbbhidtghBleaph oduct i on ef fici ency
than a correspondi ng batch process, and hencte is likely to be nore

Background 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 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.

[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 is likely to be more

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



econom cal than a batch process. However, the specific manner inwhich a
continuous process is perfornmed plays a significant role in the nature and
qual ity olot2b&/mnesul ti ng bl each product. [0005] U. S. Patremtushims/246328, 918
and 4, 708, 303 each descri bes a respective continuous process for

manuf acture of concentrated (i.e. high-strength) sodi um hypochlorite
solutions. Sodiumchloride (salt) is however also a product of the basic

reaction, and its ey AkolfiABs)RoBAYSO S BRALYMANIPSBhAIGHPrqE Ut Can

i nprove both the continuous proc e resuftrrng p uct. i t her of

those processes reﬂié\/rﬁﬁul%'dndocﬁudlﬂgofﬂidre%ﬁnmgtlﬂeaélﬁptd(mbﬂg product. [0006]
U S. Patent No. 4,428,91 8 describes the resulting product as an aqueous

sol ution of sodi unf00P5dchlcS.i RatentNos.i4428008 endd,H18,303 bach dgscribee of 1775
kg. (kilograns) and that .contains 257 g. T(fgrams) of sodj um hypochlorite and
94 g. dissol ved sodf¢RcEHY®FpRfanysals negcessiopmaauacturerpd gangetsateds said to

' f ' |t ] . b fi.l [
appar at s thr ough Wi S eHGET SonPaER R TEBE R Sodivl Suspensi on i s
cireulated. 1t 1s {Rigdeialinfis hoalbrRlsaRAtoaitftebatigeAdiapURsol uti on

of sodium hypochlorite isr an I's said that t I'tration

appar at us separ at efis esthovalceded theatjaédlisnadib hypoghloritéprddacteghum chl ori de
and 19. 9% sodi um hypochlorite. The patent does not mention the presence of

any sodi um chl or at enprovextmél theecardinuous prodess and dhe resyltsggiprodubtpochl orite
product. [0007] U.S.  Patent No. 4,428,918 al sQ does not quantify salt
crystal size in thdeihepehioss prosessesiremonss aHdthe salh ffom pe resulting

product.

[0006] 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 is 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 chlorate
or excess caustic in the resulting sodium hypochlorite product.
[0007] 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



econom cal renoval of fine salt crystals is difficult. Crystal size is said
to be increased by a recycling of the suspension through a heat exchanger

t hat coolwoth@/amspension. It is also said that a poi nt PCTases02dsby
reached where further increases in crystal size are not obtained. The
suspension i s understood to exi st throughout the colum where
crystallization is occurring and hence, there would be no zone of

essential ly crystabydrtesllyRiaRREd Wlﬁ'r'@furtl[émﬂ&]eaééssm d??étﬁf‘hzé\‘ﬁre flot/ 08, 303

descri bes a continuous process where salt is crystallized fromthe

suspensi on in what obtaintels Thebespasian sammiedsteddyeexiat throyghaltitheer. A
solution, that is obtained froma first stage and said to contain 14.5%
sodi um hypochl or i t eolumn wheoe @rwatadimamwrlaﬂp@@rnngsandqhmauﬂme weudd t he
second stage where it is reacted ) th chl O%I ne t eate an aqueous

sol ution of sodi unp‘i’IFB(?@HF ,egg INC% al- P%é‘%‘ﬁ ﬂ‘l‘\orl n sol ution and

suspensi on. The so dﬂq d t]ﬁ@ iy t he
crystallizer whil et sosj;t i yfls' ‘Zﬁclﬁg é\%mt]t@ﬁtri%gm ?ﬁgéﬁ ?%Qﬁ@%&%&ghg
crystallizer, reci %@f@éﬁﬂlstd%yﬁuﬂﬁeé'fr(ﬁﬁttﬁé B@dpeRSidh iBXFRANY BEscriid
re-introduced into the bott of the crystalli zer A fraction of the

solution that is dasaweediid stagendrieeystalhizef. A belutioysthak is gletairies flomed t ed
fromthe heat exchanger to formthe resulting bl each product which is said

to conprise 25% soﬂr&mt&g@rfmdmadﬁ ta egntainsb4. é%dmdﬂlﬁhhmmdﬁéqutaramdaii 2% ght
excess of caustic (0,.3% by wei 0009 is also said that no
salt is precipitat R lgyfg'o?q 'ES R0 39 %ﬂ‘]l—:‘{t@t]&?}}; GONHStage WBSKG i with a
caust 1, SOt o, RSEIERR SRR ML IR ARG R BB =t oo
preci pit at ion, eitR@sochlorite 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

comprisé 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 (NaClO;), but the patent is silent about any



continuously or intermttently, and is said to have a nean crystal size in
t he nei ghbor hood of 400 m crons (about 400 to 500 mi crons). The slight
excess cawetnes/gi1s23gaid to avoid the formati on of sodi umpchhusease24sbaCl O ),
but the patent is silent about anyanmount of sodiumchlorate that the bl each
product m ght actually contain. [0010] Because U.S. Patent No. 4,708, 303
requires agitating the contents of the crystallizer to pronote reaction, it

orystalti zor woul dmeribal WRB GHIbas A, Bleach pRTHEF FbFackipllfT

recogni ze that cergghtgifpatch processes can produce aqueous hi gh-strength

bl each from which significant anounts of salt have been renobved. Various
bat ch processes ar {018 er Becauseldy.Sc iPataht pd. ey 768,303 réqudresegtiacingrthe f or ei gn.
[0012] It is believed that a continuous process that is capable of

consi stently produepPrignisfabe srystajlizer togigmete reagtionvittwouldbeconcent r at i ons

of both sodium chl ori,de a sodi u hl orate wth residual .glight excess
caustic woul d be b%%?fﬁaogﬂhﬁfot%ﬁﬁgl}gi%ﬁrax’%%dﬂw%ﬁ‘hE&P pEdeeven greater
strength, and | owe . I I.ans, than those nentioned
in U S Patent Nps&ry}?a%é(?g%&lgn tj}te%%@%%%%ﬁ%%@e especially beneficial.
The benefits resi dpgIajh Both Petetts lebdbynioé thdieRaRbEEN PRELdsSEeyANt _
econom ¢ factors. Summary of the Invention and Description of the Inventive
Process [0013] Thepprdaseagueowehighestrengtiableach droswethieh prgmifesant t o

apparatus that produces bl each by such a process, and to the resulting
hi gh- strength, | onaggnptsisattrhayedwgniremoved. 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 strength, and lower salt and chlorate
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.

Summary of the Invention and Description of the Inventive Process

[0013] The present invention 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.



[ 0014] The high-strength, | ow salt bleach produced by the inventive process
and apparatus, when diluted to a | ower strength conparable with typical
donest i c wormmwwishd bl eaches has i nproved stability, ana&Cmarsec@sexisended

hal f-1ife when conpared to such bl eaches.[0015] One generic aspect of the

I nvention conprises a nethod for the continuous manufacture of a

hi gh-strength, | owsalt, aqueous sodi um hypochlorite bleach froma | ower

Strength agueous SIS NREGREEE bendh 6eH: IyehiibAZoRRCS AdhURbRY oxi de

and is essentially fr lum chloride (salt) cry s, the nethod

conprising: conti nfiauké ¥ohtRedusnganufastureok a high-Reech@helowisaRngt h aqueous
sodi um hypochl orite bl each that has sone sodi um hydroxi de and is

essential ly free ofqusaus sodipsn hypoctdpritepleacts frooua lowby sirengtb@aquedus i on
thin a range from about 45%to, about

havi . b " ah :
L it G R
crystals are preci?ﬁsfnéﬁ‘?llrlpé?rtgﬁto\fﬁ?giélga ﬁﬁ%ogﬁq%éﬁ@%}WFﬁaﬂsg%@%W%?({i to forma
slurry, some of whiGho}isin .E&%‘ixﬁi’&‘sl;ﬁ%%l?tiﬁg% SQanl@!i‘gtHeh%ﬁre’r%trbﬂ%ﬂhOduced

R n l% above [ , a

into the precipitation zofie, a he precipitation zon

crystal free notheraduedusodimeh iletitolgleasts et hat kymefsodiwat al - free
mot her |iquor containing a weight percentage of sodi um hypochlorite greater

than that of the |bydnoxsieanbisiessepiablysiremdf salt eryptads (29 aiqueotd sabimbei ng
reacted. [0016] A furthe neri ¢ aspect conpri.ses a nefhod_ for the
conti nuou[s maan ac%ﬁr@xﬁk sgﬁ%‘il‘@hﬁﬁ‘t’lpgr?g‘f(}ﬂceggﬁp%%gy welghkwitdun 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 slurry, some of
which i1s withdrawn, thén 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.

[0016] A further generic aspect comprises a method for the
continuous manufacture of a high-strength, low-salt, aqueous
hypochlorite bleach from a lower strength aqueous hypochlorite
bleach that has some hydroxide and is essentially free of chloride
(salt) crystals, the method comprising: continuously reacting in a
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



hypochl orite bleach froma | ower strength agueous hypochl orite bl each that
has sone hydroxide and is essentially free of chloride (salt) crystals, the
met hod cowprbeings4conti nuously reacting in a tank 1) tipeThmsess/osdseengt h
aqueous hypochlorite bl each that has sonme hydroxide and is essentially free
of salt crystals, 2) aqueous hydroxide solution, 3) chlorine in gas and/or

| i qui d phase that nmay or may not include inerts to create a solution having

a) aprecipitation : YR\ t of
ol U1 on and 1 ai 11 hAHEhZoRE sihert ¥tk S SrPPREIARE M W nar aun.

then cool ed, and td@@tﬁtidrﬁaﬁ@fﬂﬁﬂgﬁael/niv&rﬁrét@)ff@rrﬁra%@ﬁr@%',tﬁirh@afmmﬁl isand b)
above the precipitation zone, a crystalfree nother |iquor zone consisting

essentially of crysithdrafwrge¢hemtdued,) anguthen conntroduceg iatawtieght per cent age of
hypochl orite greater than that of the |ower strength aqueous hypochlorite
bl each bei ng reactR&cipitabonzoppandeh) ahayerthe presipidation Zee 8 Gy&Eali on

conprises a high-strength, .lowsalt bleach produc Il ch,coppri ses an
aqueous sol ution Oqtreegpg)ilgégrhqq%ﬁogg%gi}%%g 5?&“@8@-‘(%0_ %&ﬁ?%ri te with a
asi's, of Nadl (saroytes Gtk pehiifhibe BUrLER pertBitafe ofthyBocByife o el Nt
substantial |y 0. 3&rahte? Han@iagbf tiRAdiverstiypatiqebtehypédhlofie blaadto
decreasi ng as the percentage of sodi um hypochlorite increases above 25%
[0018] Anot her genmmingrespe&tt of the invention conprises apparatus for

maki ng hi gh-strength, |owsalt, aqueous sodi um hypochl orite, bl each
conprising: a react0037l t afothergeperiegspge of the invention 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 of sodium hydroxide (caustic), and a ratio, on a %
weight basis, of NaCl (salt) to NaOCl (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 aspect of the invention 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) alower 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



I ntroduced and reacted 1) an aqueous product containing at |east about 15%
by wei ght sodi um hypochlorite and 4. 5% by wei ght sodi um hydroxi de, and
essenti alwp 2eema7nfi salt crystals, 2) aqueous sodi um hyecorisd@shassng a
concentration by weight within a range from about 45%to about 51% and 3)
chlorine in gas and/or |iquid phase that may or may not include inerts to
create a solution having a) a |l ower zone where salt crystals are

precipitating out ol it | urry, some
b “ay ch i s i ¢ nar Sap e HedPRai, AU SRR 20h0 o BB T LY | Suer
zonewhere salt is gis@lBideahbih@r lighor Rdviag grdner thaa 5% byaseighti al |y
crystal -free nother | iquor having greater than 25% by wei ght sodi um
hypochl orite and |sskumhiapoahlnrite anddessythaweabbut Eava by wreeghtasalt, tevi ng an
outlet at which slurry is withdrawn fromthe | ower zone _and _an inl et

di sposed at an el efagkihening amentletad whighslusry ispuithdiavat frem theilewei « hdr awn

I [ -1 d d j he | h
Ele?&;én' fhlé?i 'n{“gi "G B PR et B Hevg o RS RAE RO R aun
slurry to liqui - QMM
I nt er%al cyl ?zdri g@ﬁh%& I‘Jeﬂdwgﬂdg\gﬁg%i%?ggﬁg{oidﬁgg@mﬁ?ﬁ?ge %:y | ngpi cal

wal | of the tank tgyfeohMeaneddHanker coitletidlithet@een tieinlétsarebaitlatfot he bottom
and extends upward to define an Irnner boundary for into the upper zone.

LOOlQ] A further gemesfewirgsbest fromnthe iveitisdrapmeslatry so fliguidresolagt
I gh-strength, |owsalt, aqueous hypochlorite bl each conprising: a reaction
tank into which arBowing ﬂﬂgéﬁlﬁﬂbﬂﬂ@ﬁ%éé@h%%)awfhﬂﬁ@@%cﬂﬂm cont ai ni ng

hypochlorite and h&/g{l% ibgﬁ‘le sﬁ{}ﬂ ceo%f)grnattiingl vlvxh farc‘ey‘i:indrical 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 aspect 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 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, 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



of salt crystals, 2) aqueous hydroxide, and 3) chlorine in gas and/or

| i qui d phase that nay or may not include inerts to create a solution having
a) a | owewozoswiwsere salt crystals are precipitating owtrafs2esitseon and
falling downward to forma slurry, some of which is w thdrawn, then cool ed,
and then re-introduced into the |ower zone where salt is precipitating, and
b) an upper zone of essentially crystal-free nother |iquor, the tank havi ng
an outlet at whi chwithdrawn skury tohidqeidrcoblamtnfloven dlerughdhe heatd an i nl et

di sposed at an el evation higher than that of the outlet at which w thdrawn

slurry is re-introekehengentodiandntesnglrcylisdeicabwabed batiimsldifer connect ed
between the inlet and outlet for trapsferri eat fromthew thdrawn slurry
to liquid cool ant $ORHHIE Wﬁ%ﬁylt“?fglqiéﬁalgg%%ﬁﬁ@%lf ,{0 ah APRYEf nal
cylindrical walled f KiLt, . i i i i Il of the
tank to forman anﬁﬁﬁﬁ@%&ﬁﬁ#ﬁ% lg§ﬁgﬁ§ﬁt§e%§%§%&§%ﬁhﬁg%§8ﬁ%rtnavgnd ext ends
upward to define agefifdgh ikRyHdahYalfyfor ittoqht hppePaste. zone. [0020] Briefly,
an exanpl e of apparatus that enbodi és principles of the invention conprises
a stage that conpr|[(29]a Barflypanerasmele ofappanitus thatreenbodieoprineiplesl) an

aqueous solution that conprises certain weight percentages of sodium
hypochl orite and sofithernKqutiexrempsacs & hage thateositsesia pnk osaessel sodi um

el ght per cent hge PROSBIAIHPRIGRERE: and 3) chior ne in gas and/or | quid
phase that may or may not 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.
[0021] For convenience, this stage may sometimes be referred to
as a crystallizer stage.
[0022] 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.



i nclude inerts. [0021] For convenience, this stage may sonetines be
referred to as a crystallizer stage. [0022] The aqueous sol ution of sodi um
hypochl orwbeo@nd7sedi um hydr oxi de nmenti oned above may becprmsdwsedissn any
sui tably appropriate manner either in the sanme facility, such as in a prior
stage, or it may be manufactured el sewhere and delivered to the facility.
For conveni ence, such a prior stage nay sonetines be referred to as a

prelimnary stage. 19 | |f : prelimnary
stage may al so sorré@?zr;gs %{eb fr)eref?ltef?(rlégﬁiegé g(glt?lheﬂ rﬁe grtggé g(?rgxggts&?% whi ch case
the crystallizer stgf@nit ;ﬁ@ﬁ@is'tﬁ@ﬁpﬂ@ﬁué@_ & AGQEkoR sBfutidifcGRaINSL _
stage.[0023] A preferred process for the first stage conprises a conti nuous
process that produsedivanhgpoeshiostesgrcater tiranc bftoebynweighs ovithonthygochl orite
greater than 15% by weight wi thout the precipitation of sodiumchloride and
with slight excesspeemipitation of sadiwachdorde pyd wathyslightisxcess eaugtiety

somewhat hi gher. The ldt Lon i.s, produc I nt roduci ng chlorine, in
liquid and/ or gas E‘T?éi@ﬂ}\?\by %?‘ggﬁﬁugm‘?etdr yﬁ?mﬁgg‘ﬁgh@?{'&h%nd caustic
(sodi um hydr oxi de) f-fl.cl . i nt e finst dilution
of the sodium hydr QS b?‘lé‘gﬁ&%ggjé{‘ﬁmﬂgpg?‘ngh%‘é+%?%éh&@@’8& Bﬁ%ﬁﬁjfgl f the
caustic that is inpheeteRd ordry, WitR oriWislout iAdes, aallcalidse Bsodfiu@ngt h of at

| east 24% the liquid product of the first stage will exceed 15% by wei ght
sodi um hypochl ori t &y@Naui#)) ofosudfidicht/stiogn gt ngtot the datststagey df ddutien CRaCH) .

Hence, the use of first stage caustic of at |east 24%strength is
significant to cer the sodinm lnedroxide is required, water should be used.

[0024] If the caustic that is introduced into the first stage tank
has a strength of at least 24%, the liquid product of the first stage
will exceed 15% by weight sodium hypochlorite (NaOCl) and
4.5% by weight sodium hydroxide (NaOH). Hence, the use of first
stage caustic of at least 24% strength is significant to certain of the
inventive principles disclosed here, although more general
principles of the invention 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 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% by weight



I nventive principles disclosed here, although nore general principles of
the invention do not necessarily require that the caustic have that high a
st rengt h.wbanosemaaspl e, certai n bl eaches whose conpositi eos/Be@sihscsane as
those of the inventive highstrength, |lowsalt bleach products (whose
characteristics will be described bel ow) produced by preferred practices of
the inventive process, can be produced in processes where first stage

caustic feed st re\rgﬁ@?#ﬁgfpg)ggﬁr%?%ﬁ&%rﬁatm O?éti%:ﬁaﬁbgpéé]l.tghe i nventive

hi gh-strength, 1o oducts are t conpri se an aqueous

sol ution of great efhdifAD R WRIPY| YR KebsSORISHE) R atiplé of @i a ratio, on
a % weight basis, of Nal ‘(salt) "to NaOCO (sodium hypochlorite), |ess than

substantial | y 0. 38invehtive high-stedrigtiexoessalvbleachliprodirysidiseladed herst i c) .
After renoval of solids, a bleach having approximtely 30% bg wei ght sodi um
hypochl orite and a[0026] / NEmCrotabefifectbfe \&b‘tggt percent ebcaustigrused 26, wi t h

slight excess caustic, is one exanple of the inventive high-stsength,

| ow sal t ]E)I each pr@dues thy @@Pé&b{g)rﬁ@i"é.thaf’b&%] YTHEIG tvgfe%e#;gts{]ge wei ght
percent of caustic . t. ' 33% by wei ght
when the first staﬁgggg%ﬁilﬁwcgrgggqedlg%f@&g%ghé %ggflﬁg{a gcstgﬁgnrslt ag(:a }s/odi u?n
hydroxi de on a miﬂg(gpﬂﬁféﬁ{la htSpettéitakisahitBoht el gdaé hil@ifionrnei t her

stage. This is the i ght percent of caustic in solution if no chlorine is
added in either theitiérrssdges Thirisahe seighichestagef cibstigiresdlation o 33%

sodi um hydr oxi de, when chlorinated to the end point of greater than 25% by
wei ght sodi um hypociibuing isaddadnineither ghe fiest stage wfsceond stage. Wdel d yi el d
less than 9.5 % Nagrealtgrt a?ne 33% sodium hydroxide, when chlorinated to the end

point of greater than 25% by weight sodium hypochlorite with a

slight 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 second 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

heat exchangers. Principles of the invention however also

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 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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process could be done in one stage with the same end result and all
precipitated salt renoved fromthe solution after chlorination of the
caustic. werrpevmatisne of either stage can exceed 30 C. _ H@mmnoosbmsm
controlling second stage tenperature 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 heat exchangers. Principles of

the invention howeie talsQIGaGHLIR dded s8SardfSy & tHeyBeeh8 4tk t6hi | | ed wat er
i n another preferred practice for other certai’nh other types of heat

exchangers. [0027] prénens theifdromationafiltydeatts.r'Bie slilagaeicantbe laqgdl uti on of
caustic in an anount within a range of about 45%to about 51% caustic by
wei ght (48%to 51%@11@)3,5 2af eV eteen dryaMathcon withaet imertsf The parcgntage afecond
stage in which certain e i S arra(ggfoqlta forma B rface cool ed

gui tF)msnt I _
crystal lizer. A suff%es RUSHGH 1QIYUen iy ¢ ed IBrAPYsataets MRERCT O?/I des
sufficient retentigp il | em
processes to achi e\E/?l gmgrilﬂsa%piﬁ Pp ﬁéégb%gv&?#@ﬁ%t’ ?R V\(K'()h g%?élﬁoﬁl%ﬁgisﬁgmgxaﬁ Z’éf
separately to the ameﬁﬁﬂﬂ}eaﬂilalbl@?i%@é of Bguipphdmt i on of hydrates. The
chlorine can be liquid and/or gas, wet or dry, with or wthout inerts. The
percent age of exce$@028JustA hedtrexshingeranones posestofaquésméent thayissui t abl e
manner using an appropriate neasurenent, such as redox measurement, by a
comercial |y avai | aBiosiaied pathothesgeonshatage tando Tde h@agﬁe@ﬁ salwidomandr Tlh s (r)]net
i ece of equipnent that is associated with the second stage tank. e heats

gf sol ution and r eﬁ%?tcl?ifm af ée%}%‘@@&n} &%rﬁoﬂlﬁé%m |58F|01F($gtlagﬁt B¥d st age
tank by recycling thgchfikihé S8lutiBh Sheh 1Rl MGRExERSHRAPISY using A Righd @ hi gh

recycle rate through the heat exchanger, the temperature drop

between the recycle outlet from the tank and the recycle return to

the tank can be kept small, and thereby control the crystallization

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 aspect of the invention. 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 liquids

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 aspect of the invention
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recycle rate through the heat exchanger, the tenperature drop between the
recycle outlet fromthe tank and the recycle return to the tank can be kept
smal |, amslot2bewamsscontrol the crystallization of salt wctrhisposshesssank in a
desired way while avoiding fouling of the heat exchanger. The use of a high
recycle rate for keeping that tenperature drop small so that salt crystal
formation is controlled in a particular way is another aspect of the

i nvention. A tenpe . q1r L5 r about 4 F.
woul d be typical, %@%@@éﬁﬁé’%‘?@mﬂ% OS?QWI{S%Q geggg%ra%ed;v_vagegi ng nost
preferable. [0029] Princiileesf {2 invaiticH dé ReweosPalsalceheersislare the usklofi n such
a range, the heat exchanger is one that has sufficient heat transfer
surface area in rekaftigertedor bkilfedovatenf@eotain bther egmesatfiheat | i qui ds
passing through it and that presents low restriction to the flows. By

sui tabl e control ofXelM&ECE]l processes in the crystallizer stage, the

ool ing Loner vat ef0lIng s Buihckanperd of Bt intsnfiph e VRS Eanealintithos of

h h , [ ' . id h d
car exchanger s auibLRLBAEhsbetli QUGLLAT AR RND! 05 (he nec

to use nore expensive re rrnciples o

however al so cont egpblahglighrl in@f thi®fgh hernRhedxcHangbt.| A estgvptapipef or
certain other types of %ezalt egfsﬁé@ri;ers.g“[ 0030] A fur?her asgect gf t he

i nvention invol ves of empeahhiragifferencenthat aveiddodling ef ¢ne hedietxehamgarhe
/rA\e;: g?lg:t S? ;ﬁ;gon aggpénhdes ocnotohlei dré:%iglni 0 utih(ej pg?t?csuilgrg het:art!, re?(g Qngte?.e Fcr)]rea;le })la%f):( changer.
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 when used
with a Swenson surface cooled crystallizer.
[0031] The inventive process forms an essentially crystal-free
mother liquor 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 level to
which the mother liquor rises is controlled, or regulated, either to
allow or to disallow mother liquor from overflowing. When the
mother liquor 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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of tenperature differences that avoid fouling of the heat exchanger depends
on the design of the particul ar heat exchanger. For a plate and frane type
heat exchwogeds/o1ti3e t enperature difference nmay have a r aogassedosfoessss about
20F. to about 3 F. The tenperature difference may have a | arger range, 50F.
- 15 F. for exanple, for other heat exchangers, such as a shell and tube
type when used with a Swenson surface cool ed crystallizer. [0031] The
i nventive process et '[ r N roxi nmat e
the top of the cr y{s‘rlif3 é?i_??tg[grrﬁéﬁage %L%Véj&%ﬁ%%&%%{é%?}tﬁ? i’g&r ﬁ?%%%%%&)t he
bottom As fresh sgiiihy aBwvnOTHelsRAE Bafds1iPifidsa @&infrat AitidrénesThe fed into
the tank, the slurry at the bottomis being continually punped out while
the nother |iquor anmdar belasng aone of essentid]lyofise bb tabdlencef espasiallyat t he
tank. The level to which_the nother liquor rises is controlled, or
regul ated, either th tapl By contingally 9a¢n¥w1nﬁtm@ﬁher 1iguer af abAPRIPEFIAIOW ng.
When the nother liquor is allowed to .overflow the overfl ow.i ol l ected as
i gh-strengt he 1 oW LiSarEsiERARpuRs (e JRFFh 24 ARd Wit duplhee
cylindrical sidewal]qaf & tﬁﬁyfl&@hlﬂaﬁara '@fb Eh%'blf% LA @ cylindrical

m ng the’s

wal | t_hat creates an annul ar cal zdne Ween Irt baffle and the
tank sidewal . Thes@k’i‘@dt&fati‘h@'tl’fb 'i*élnéﬁﬁ'ﬁ% tﬁﬁﬁti@ﬁ, thepy ﬁm%tﬂig @fy)éﬁa‘la| free
a

not her |iquor and a | ower zone where s is precipitating andfalling
down. The skirt bafdrhmtonrandugrdsvth ic dd salltiomner zone. The annul ar cal m ng
zone is essentially free of turbul ence, especially at the top. By

continual Iy overfl BM033y nBepauseiafdhe nature gif thepveptivepeogess,anothgr t

precipitates withi ﬂqlwred(l)eos\/\fort n%ggseshri?yngayg ttoq())eu(t.lratw%r (t))ﬂJ f‘rec?r%,eor overflow,
the upper zone to cause crystallization of salt, but the resulting
crystal sizes may be generally smaller than when mother liquor 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] As a consequence of surface cooling provided by the
crystallizer 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 slurry renders them well-suited for ultimate
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in that zone, falls downward, adding to the slurry and supersaturating the
remai ni ng solution, thereby pronoting crystal formation and growth in the
sol uti on.wpQo@&aj17Because of the nature of the inventiveppraseas 24563 her

| i quor 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 nother liquor is drawn off to

supersaturate the f&g@k@éghgegghﬁmg{)gr%gﬁ{dsgg Qtiﬁrﬁﬁgﬁf%ﬁ%@{ 6?ﬁecondi tions

for the inventive proce an cre oncen su ciently large

to cause crystalli #RtehfiBnVRECBHTY iferiGEREEbY Yrofessingthe dalekfurinin 4ot her
| i quor. [0034] As a consequence of surface cooling provided by the

crystallizer stagecontiniousrmannenasingdwhat arg esféntimbltyhraechangeadr, salt is
continually crystallizing out of solution in the crystallizer tank and
falling downward tPBra€gpiSSnual |y replenish the slurry at the bottom of the

tank. [0035] The p S Is condueted,.in such. a nner that the surface
cooling of crystal [@3@ sﬁFSW%ﬁme%‘?%ﬁa eég?a(gpﬁpgpt&llﬁgq} h. The

resul ti ' - : | hds:d ' tals both
assghelyn?a: InC{ ﬁ?gﬁ%fbso%??%h ﬁl%tg%lgdlétégh ttagﬁﬁgi?%nyttﬁé;s%}[rgg g{ytshg Eot ?om

and in subsequent ﬁﬁ@ﬁmeig:mwmgﬁ@@a,r@itmrbyfdﬁﬁkémcﬁbmwirhﬁm@f in the
process. The resulting distribution of salt crystal sizes in the slurry

renders t hem wel | - présswd Hlowing thromglerte Ao tler saras tiess shtriald heidgy solids, a
still further aspect of the invention. Recovery is perforned by processing
the salt slurry i ncentamrdiyrusugediienetheyyerlickgningtaakde adner al | y

mechani cal thickening device such as a 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
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 the
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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processes. [0036] The slurry fromthe crystallizer stage is continually

I ntroduced into a pre-thickening tank where the slurry is nmechanically
agi t at ed,wei2odvarn 73y a m xer and/ or by air under pressureclusasosg24shs ough
it. At the sane tinme, slurry is being continually punped fromthe
pre-thickening tank to a prethickening device such as a hydrocycl one,
static thickener, or curved screen that renoves nore liquid, or filtrate.

This filtrate f rorq(otﬂggﬁ%@-sgefé@pfe[va@aﬁwééeﬁm'eradﬁ&%ﬂawq%%%m-

pre-thickening tan e inside t tank to avol
substanti al di sturhidiening tdnke Beudint dhovdr€lowaiikthe[83Rickehmgnank ful |y

t hi ckened slurry fromthe pre-thickening device is then fed into a
centrifuge that rersoeparagddifrom thelshaty imther tankibyi amintéryeng mterhal ng a
product that is about 98% salt and about_ 2%I.i quid. [OOBBM referred
centrifuge is a twyabisdatlemuchmgdec onabehindgihichibe e ﬁft@t%e washed

i th f ' ' | h hl ori. f he final I d )
F i trace from the FPPofegayaiGeniibaRiae finfodird pBpridBsetl ™ e 0"
pre-thi ckeni ng ta”\g}ré/s{aﬁ)gﬁgln Jﬁ%iﬁi%ﬁhrtﬂggbﬁld\QW\c/{gr t bl each product

produced by the inventive process Is |1 qui at o 1 ows the

pre-thi ckeni ng tanpm xi Thé ighstréh Olow-b&lt Pleach predetipradicudkby Because
it has substantially the same conposition as the high-strength, |owsalt
bl each product ovethfelinvemtgve precpsschasts kleech styengthlgreatay thant 2686 Hyi quor
overflow fromthe tank of the c¢crystallizer stage c%n be addedto the

hi gh-strength, | owwsisht. Bhespasiii¢ suergtheferpartenlag blesshpradustarean pag

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%.

Brief Description of the Drawings Illustrating Practice of The Inventive

Process
[0041] Figure 1 illustrates schematically an example of the
surface-cooled crystallizer stage that has been described above.
[0042] Figure 2 illustrates schematically an example of

processing subsequent to the crystallizer stage.

Description of the Inventive Process and Equipment with Reference to

the Drawings

[0043] The inventive process disclosed above is further
illustrated 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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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
t he one bwbi2neb/oatd3eh t he recycled filtrate fromthe prePChiusk@siosgosievi ce
Is introduced, to prevent salt crystals fromentraining with the overfl ow
l'iquid. [0040] The high-strength, |lowsalt bleach product produced by the
I nventive process has a bleach strength greater than 25% by wei ght. The
speci fic strength gfawin ;@Willgp‘x'&@eredbinem@?hsﬂirﬁgﬁéﬁ tHE0REs lpkélehgd by
deconposition issues during the production process and size of salt

crystal s precipit aalelhughsipésioshd yppracintegiahit terlengt ktropgthsbleach thapey 1imit,
which as a practical matter is about 35% Brief Description of the Draw ngs
|l lustrating Practingedatedimothe entstalbzerranidd bayobaa nrngfacéuredi | | ust r at es

schematically an exanp|l e of the surface-cooled crystalli.zey stage that has
been descri bed abo%lég@szi%] SMLIAL PEOGESS Y ﬁHPE%‘){ Pitéﬁl ly an exanpl e
f ' b .t N - o i1BLAl f th

Pnvent  ve. Process SHACEIH pRARE |GePRirBlsrb ASYUBUARE, iBRATIRAE"  Coaa “he

i nventive process ghfighlosRtbRRAIE121S, dnd 4 fsy whlll 9%t TR OAndAEa1desIEd bed with
reference to Figures 1 and 2. The stage shown in Figuré 1 conprises a

sur face-cool ed cr yskietl Baffier] 610 stpypdrtezbimparysestabld ankndPwithimtiwhtank a heat
exchanger 14 is associated, as described above. The draw ng does not show a
first stage |ike tioecanpsratessith idawaldvd ibfarming anesden gnnudar of

thedrawings Wil PtaEae 20ne 18%hatis open af the botiorn, Skirt bitte 16

surrounds an inner central zone 20.

[0044] 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 at any appropriate
location. Although the drawing shows the location at a lower
elevation than the bottom of zone 18, precise location is 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). '

[0045] The two inlets to tank 12 are a chlorine inlet 30 and a
recycle inlet 32. A recycle pump 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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although it is to be appreciated that the | ower strength bleach that is

I ntroduced into the crystallizer could have been manufactured el sewhere by
sim | ar pwocessraszand shi pped for use in the crystalli zecr/ikams/0ide3
conprises a cylindrical sidewall 12A, a conical bottomwall 12B, and a top
wal | 12C. A cylindrical walled skirt baffle 16 is supported in any suitable
manner within the tank to cooperate with sidewall 12A in form ng an outer

annul arcal ni ng Zoﬁ%sljf%aﬁ%l?ctisia%dg(g:?@flg%rj:&?&?%mﬁt% hiPshel aRabd Cinth

surrounds an inner central zone I's crystalTizer stage has

various inlets to 3thtowbhatis 3bruptweaniuhp. 34andhys exchuhgat1L2 is at or
near the center |ow point of conical bottomwall 12B. A slurry outlet 24 is

at any appropri at eBleachtfram theXfirststage aflibe grecsissis addedsthrough ablktachn at a
| ower el evation than the bottom of zone 18, %(rg)eci se location js generally

not critical. The @gl3&integ cendpit 3 extenshing H@npheat giohangerats Wenet r at es

d tends into the int.eri th b t he t 4 [
e that tees | ngeutRanlae- imolghRn i RH s S PhatiEite Bk et 26 i s
proximate the top gié@'ﬁ%’g}@e it o1 Lég}i‘gglliﬁi’étrﬁi RurR R Dteddberegh the top

edge of skirt baff ent out provi des an escape for any

residual chlorine gages anddetydé bolatisaaré ntfodiicaddethdr phimbingi al chl orine
scrubber (not specifically shown). [0045] The two inlets to tank 12 are a

chlorine inlet 30 amzhgementyolay benised 8P alldwieg yepazateuntroddctdvmats | i qui d
I Lgm the bott OmvOfditffr&];ertltalgléat%oqlrs?ggg‘sisc%glgtl v%}thza%fo?dr}gg%?sr‘]cgyt;atncg ?n El?eat eads to
calming zone.
[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
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 slurry resulting from the continuous reaction of

chlorine and caustic within tank 12 having a density that keeps it
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suction side of the punp. The punp punps the liquid through a conduit 35

| eading fromthe punp outlet to heat exchanger 14.Fresh caustic is added to
t he recyowe 28@lmtizen t hrough a caustic inlet 36 into comdwius285/obstsveen
punp 34 and heat exchanger 14. Bleach fromthe first stage of the process

i s added through a bleach inlet 38 into a conduit 37 extending from heat
exchanger 14 to recycle inlet 32. Although the illustrated apparatus shows

the tank having a @ihifhd BbEbm!dYHRY idh it XhitiBacd§ bBlLgACD, 1 eon

caustic and recycl e so Ion are introduced I"unbi ng rangement s

may be used for al é@g\ﬁangzeﬂeﬁaﬂhﬁgn@owﬂtim@cth@tshﬁfy,ahoﬂief figuenat theaap iodns,
consistent with avoiding disturbance in the calmng zone. [0046] The

recycl e sol ution, the cappingpzome, ehat nsayppt maymot debyithdnawmmofrpedthedank i ons of
fresh caustic and first-stage bleach, is introduced back into tank 12
t hrough recycl e i nihgpugipoutielc26a OSSR SOMBASIHEN FPHH1Al Y IhE SBMERASt i on i s

i ntroduced into solut.ion already i.n the ta IS at ar itable | ocation

t hat does not crearlhg 1pﬁ§rgb\feem}¥9%&g%Rﬁpgpsr}%géts%g_scx%l%eéf%goav\ﬁ. ng shows a

| ocation within inpaygogon r i mewhat
above the bottom o t4 gg Zg%%,@on eﬁlﬁtlﬁgb%g%gﬁgg@}o&féﬁodﬁﬁﬁﬁ%Elarﬂtlrx%gs t hr ough
an upright funnel #8npfanknbfctghidiglel2amBiRimpidgnt ouPvR O pdissfori buti on of
recycle solution within that zZone w thout creating turbulence in zone 18.

[ 0047] Chlorine passisaguéerttipuocgssing iatac8ordasce wntheligire @. Althiosghitheit i on
system 40 that is proximte the bottom of inner zone 20 and arranged to
direct chlorine updmang shews patlet fhiesated stoiall 2gB, 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 appropﬁate 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.
[0051] Figure 2 shows additional equipment that includes a pre-
thickening tank 44 that is similar to tank 12 in that it has a sidewall
44A, a bottom wall 44B, and a top wall 44C . It also has an internal
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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creating additional reaction primarily within zone 20 with solution that is
being continually introduced through funnel 39. [0048] Wth the slurry
resul ti ngwbnoeswdimsscont i nuous reaction of chlorine and eawaisc@swopdses n t ank
12 having a density that keeps ittoward the bottom of the tank and with the
salt that is being crystallized falling down into the slurry, nother Iiquor
at the top of the calmng zone, that nay or may not be withdrawn fromthe

tank through outl et[0852] p@ianySesmaanionDasirticiuced selidiel 50 HhgusaEe as the
i nventive conposition of constituents described above. [0049] The

conti nuous process Sturey hdet S vdgiratiordebihiersjursy withinfzone 0ais ipet formed gut | et
24 b unping it o Vi a punp, 25 for subsequent processing in accordance
wi t hyFFgHP e g. Al t#‘g}ha’@mﬁl@, EV&W HeF %fw%lmr%meetmmnd%meéwrlaﬂs wal | 12B,

t he outlet could, boned above. t a ropriate | ocation,
including a tee i n?gpﬂgﬁcgﬂppugl%gn[agdg%ﬁl%%fﬁg ar‘%gﬁgﬁlw?qné Spltgétrlét ed by

Chem cal Processes pouid ik bSO UE! Al APInE hARTed Seytetghd on of fhe

t hroughput through"the crystallizer. Consequent recyclie rate and the

cooling liquid rat eitupwaghntdthelsiatry ¢x 26690 ThE Qire@idt 418} diftehihéd r el ation
to the crystallizer throughput so as to maintain both thé small tenperature
drop in the recycl &8¢ areiventessthroughes veust autled 3§hnttop wedth44€xokanges and a

tenperature differgnce between the recycle solution and the cooling liquid
appropriate for thgapgrmﬁﬁ%ﬂrﬁPalt%@thfmﬁéhﬁ used Halige of..erda, cangunationi oned

above. In is in that. - that the process is said to have a high
recycle rate. [005 1t1f1%81{]§3€§&§m§h0m addi tional equi pnrent that includes a

pr et hi ckeni ng [0053]  The slurry 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.
[0054] 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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tank 44 that is simlar to tank 12 in that it has a sidewall 44A, a bottom
wall 44B, and a top wall 44C . It also has an internal baffle 46, creating
an outer woneos7izet ween itself and sidewal | 44A and anpcmnseosons6H0
toward the opposite side of itself. Baffle 46 need not be a full
skirt.[0052] Slurry fromtank 12 is introduced into zone 50 through a
slurry inlet 52. Agitation of the slurry within zone 50 is perforned, for

exanpl e, by the USﬁn@{xgHioruﬂEf@9%Jélﬁ)sta?itifallgrtﬁé"sarﬂé%ﬁgkﬁitioﬁl sifhel i ed through
an air inlet 54 to a drstribution system56 that is proximte the bottom of

i nner zone 50 and &iquahbledch pratiuce diat wes thar withdeawh fronotdnkel 31 urry in zone
50. The air and ang entrai nedaéases .are vent ed'through a vent outlet 58 in
top wal |l 44C over Hygughoutlat 2@onesniagiit hag graatsr than2H hsweight 1ieu of, or

in conjunction with, ,air, sparging. 053] The _slurry.tends to fall to the
bott om of the tanksg\ﬂé‘%h}’foq Orb% e%ahaflg)ré)@glw &yeéglﬂrsﬁ (Eding 60 by a
recycle punp 62. T 1S \Y/ ' 6 f a
hydrocycl one 66 thgﬁloglgfg’?';ﬁéez}etgéé‘%he\}r?olgg&nnopﬁﬁﬁ?%&ag%ﬁ}gbrlﬁ%eﬁ gﬁo_ur ry,

i ncreasing the conegithpRy HRNrAE floheoSQELE0 iYL dihtheSdider Bf PRESHRg t hr ough
a conduit 67 from hydrocyclone 66 to a centrifuge 68 that is used for
recovery of cryst atinmesdhe satktfrdiy omélet 261 Ty reges imaysiany mide[ydsiséd oh
preferred centrifuge is a two-stage centrifuge that allows the product to

be washed after paZRSi¢RiCERiTEsytlempenatwes,cne:ancayisationsy@ndiasiexplangdshed
product then being centr '

one fluid that may2B2¥&ud éfléf e‘?gh:t/vgg?ﬁ Eg%gﬁﬁ aﬁ%’%&@%"%@%ﬁﬁ&é ough \ﬁ/a'?]:ar

inlet 70 and a outlet 26.
[0055] 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
in 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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wash water outlet 72. Washing the product renoves hypochlorite fromthe
final salt product that is delivered fromthe centrifuge at a solids outlet
74. Filtrnabeodoam3the first stage of centrifuge 68 is recCuwuseasiobsezigh 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 proxinate the top
of zone 48. Liqui dcbitinglstethafidhaiirehghdlesitel ebr &hdefitratedBlandted! | y the
sanme conposition as the liquid bl each product that was that w thdrawn from
tank 12 through outhatthagé beerdiluteg, can hasised, eaennif hiads eleoteye vBugint sodi um
hypochl orite and | ess ,i,han 9. 5% by weicglgi salt (sodiumchlori de%?i The
respective rates of fgiikythatdpenhiversuche firststagedanmaking hicachthatiig om
outlet 80 may be on t fromoutlet 26.

f f. t i t t he rat
The rates may var yr?ﬂclg% f;‘rtggéégst%l %E%Etﬁg%sr‘?lc’)éeet‘# %gtg{nppgé}é]g(rsilpﬁﬂgyn and

concentrations, an = e hght ] r awal
of nother |iquor t rﬁ&ﬁﬁgﬁﬁggt% 5@%?&38@5% (%ﬁgg}lﬁg\%é%%@s@o%ﬁgg}gﬁﬂ%&lg%uct
will contain some fimigetias30BeWiubdoNarbe! The blchbRfrAARNE FirdtStdge SOMe
extent a function of the reaction tenperature. In general a | ower reaction
tenperature will resefguifabld commmecdibbgrtde thatneithtor atitlout dilonsagiteanl v,
certain principles of the inventive process apply to plants that use
refrigerated wat er be gtvestndozent the seeid stage @ﬂéﬂsﬁﬂhﬂéﬁwhﬁlﬁ: iarthesamg enabl e
t he reaction tenpe hand, the high-strength

ature to, be | ower. On the_.other
of the bleach prod%tﬂiLlj rSHﬁggéhW\gﬁﬁgairﬁM‘ff%ﬁ%'rocess allows for its
dilution by the adfyj9gpn Fhiteh preseRily pth¥eted 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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that will necessarily reduce bleach strength, it will be also effective in
reduci ng chl orate concentration. [0056] Potassium hydroxi de can be

subst i t utwo 20@wo13mdi um hydr oxi de to produce hi gher strergrhspasassicsim
hypochlorite from | ower strength potassium hypochlorite in a simlar
manner. [0057] Although reference has been made to a first stage of the
process that nakes a |liquid bleach product having nore than 15% by wei ght

sodi um hypochl or WIEAINSCCIAIMEDAS?% by wei ght sodi um hydr oxi de (NaCH),
generic principles of the inventioncontenplate that |ower strength

bl eaches, or concentrated bl eaches that have been diluted, can be used,
even if made el sewhere. But in a facility that does have such a first stage
for making bleach that is reacted in the crystallizer stage, a need to

tenporarily shut,down th econd stage for i.ntenance,or, the like, does

notrrp mean t%at { hi ‘girpg Ogtfgb&‘eh“a?gl%lpg%%nwacmgf%ﬁl.ghIﬁée"rﬁ%é’al@ﬁ"f romthe
first st . : ol e i1 . i dil ution,
i;riansbgggféllz’rt@(?%?% %%&llélﬁ]eﬁgecopl tgtbellge{e an% usIe0 elfés%re rg)#é&l n theI s;n;aon

facility, ogodiupehgpodhiedte BledcH aphas §@ae kbdum hO@RXiddVnd & a presently
preferred enbodi nent of the invention has been illustrated and descri bed,

it shoul d bessmpirHyifesesaf sodatmmhioredey(selt) ofystalg thewethodcompeisagg! i cabl e to
all enbodinents that fal] within the scope of the clains that follow
her ei naf t er . WHATCOI$INons lyeoaetng i a ket hod for the continuous manuf act ure

or 2, MLan strengti, | oveal . TS SR ENBRSN ot e, Bl ggELTom 2
%?Lgé' gg WSP?S: f] g:esse”t | alhehchths: 1 SR éHHiﬁx'i‘l' 1 drofideSaAld s essofithaflys. the
free of salt crystals,
2) aqueous sodium hydroxide solution having a
concentration by weight within a range from about 45%
to about 51%,
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 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 hypochlorite greater than that of the lower
strength aqueous sodium hypochlorite bleach being

reacted.
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continuously reacting in a tank 1) the |lower strength agueous sodi um
hypochl orite bl each that has sonme sodi um hydroxide and is essentially free
of salt owpv@l@7232) aqueous sodi um hydroxi de sol uti on raviusgood 024563
concentration by weight within a range fromabout 45%to about 51% 3)
chlorine in gas and/or |iquid phase that may or may not include inerts to
tati.on zone where.salt crystals are

create a sol uti havi 1 pl

g ][ e\(lzvih ng':] a}t ing 1)%]' @%’éﬁ?ﬁﬁ% égﬁ fg:ﬁ@clhgtllavﬁglhwbmm 1R A7 Befﬁla?? , sone
s. Wi t hdrawn en.cool ed. 1e0.: i 6 i :

preci pi tati Bh? &%ﬁ‘e}}av&\% ?B)o_ugﬁgetewﬁﬁg% il%&l%ﬂ{%\gﬁ%ﬂﬂg%qgwg ?;’g{%ﬁer ee

mot her i qugfy cipPafibatzong aﬁ&?ﬁgglﬁ'ﬂﬁs}bo@éd 8f %9 ERVELiSR higHdhehad | quor

cont ai ni ng a weight “percentage o um hypochlorite greater than that of

the |ower siyaeo@iie actlesyisoliwitidiywachiey id e-bitedabedtatognnegrpered. 2. A
met hod as set forth in Caim1 wherein the reaction is perfornmed in a tank

havi ng an opoitin af thetiretipithtion gone afin havingdeen eapledl ower portion of the
precipitation zone and an inlet disposed at an el evation hi gher than that
of the outlet at which withdrawn slurry is re-introduced into an upper
portion of the pr

set forth in C ai3ﬁ%ﬂf}@$de$%nseig§ﬁ?%tg#m?%\é’bﬁv&qfﬁlm\}@%%me withdtaWit hod as

slurry comprises flowing the slurry through a heat exchanger.

4. A method as set forth in Claim 3 wherein the heat exchanger
functions to transfer heat from the withdrawn slurry to liquid coolant flowing

through the heat exchanger.

5. A method as set forth in Claim 4 wherein the temperature difference
between liquid coolant flowing through the tubes and the slurry flowing
through the heat exchanger enclosure is controlled to a range extending from

about 5°F. to about 15° F.

6. A method as set forth in Claim 4 wherein the temperature difference
between liquid coolant flowing through the tubes and the slurry flowing
through the heat exchanger enclosure is controlled to a range extending from

about 2°F. to about 3° F.

7. A method as set forth in Claim 3 wherein the cooling provided by
the heat exchanger is controlled so as to cause the temperature of the slurry
flowing through the heat exchanger to lose from about 1° F. to about 4° F,
and preferably about 1° F. to about 2° F.
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slurry conprises flowng the slurry through a heat exchanger. 4. A nethod

as set forth in Claim3 wherein the heat exchanger functions to transfer

heat fromvbheooitdsdrawn slurry to liquid cool ant fl ow ngctriusessgh24see heat

exchanger. 5. A nethod as set forth in Claim4 wherein the tenperature

di fference between |iquid coolant flow ng through the tubes and the slurry
| osure is controlled to a range

flow th h heat h .

ext?\émngigng ;?g?n ag]ogst H%%}oféscgq%gggﬁig%ﬁau@} whersimthe tampseatureopithein G ai m 4
wh inth i liquid | ant | owi th h
the tubes. ardiihas PSS Fosanfolfifie 265 BEE Oreodlie' Sitniketo Satite et S
control |l ed tgitAdfasnosluet and &lﬁwhée{ﬁ%ﬁbﬁﬁfé& ﬁﬁ&ioﬁsﬁgi@@&fﬁrﬁwﬁhfe‘rg{n fgret hod

as set forth in Claim3 wherein the coold ng provi e exchanger

is control | eslithdraaa slaryaoswolifg towepatsrfl@vizlg thicugl therheat bRVHapget. hr ough
t he heat exchanger to lose fromabout 1 F. to about 4 F, and preférably

about 1 F. to about 2 F.8. A nethod as set forth in daim3 wherein the

tenmperature of the slurry is caontrolled for allowi ng the use of cooling
tower water to cdof® Migth "%Sniﬁtz%ﬁfl @lﬂ3mrﬁmhﬁg@ﬂtmwér functi ons

to transfer . it slurry to cooljng_.t.ower ter flow ng

t hr ough t he érqggﬁoéi@h%a%ﬁg}g?%e@?ﬂ&%q‘u\ggﬁgga%%ﬁf r%[orf%ifﬂg?ﬂaéﬁqmw’fﬂi'gt%er ein the
heat eXChan@ﬂRﬁwfdg%}él@ﬁtthlefaféﬂﬁi gbepeat fromthe withdrawn slurry to
refrigerated water flow ng thr ouga ?ﬁe heat exchanger. 10. A nmethod as set
forth in Claim2 wherein the tank conprises an internal cylindrical walled

baffle skirt cooperating with a cylindrical wall of the tank to forman
annul ar cal mi ng 28nA matodias sspéorthain Cleinbd whemreindhe hank comprises 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 to the

precipitation zone and extends upward to an open upper end, bounding a side

of the mother liquor zone.

11. A method as set forth in Claim 10 wherein the mother liquor is
caused to continually overflow through an outlet from the tank by the

continual addition of fresh reactants.

12. A method as set forth in Claim 1 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.

13. A method as set forth in Claim 12 wherein 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-
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precipitation zone and extends upward to an open upper end, bounding a side
of the nother |iquor zone. 11. A nethod as set forth in Caim1l0 wherein

t he not hewol2oepumar234s caused to continually overfl ow t hr egglusasvsoedsket from
the tank by the continual addition of fresh reactants. 12. A nethod as set
forth in Aaim1l wherein the reaction is perforned in a crystallizer tank,
slurry is withdrawn fromthe crystallizer tank and further processed to

thicken it, thgkencdehifty ¢4 edifdve Sibistantialysdl liquidid 4o BARE tlflly emove

substantially all liquid so as to | eave substantially liquid-free salt
crystals. 1Bquid-fre¢ baltcastalet forth in Caim 12 wherein the further
processing of the slurry conprises processing the slurry withdrawn fromthe
crystallizer tank so as to pre-thicken it, and then nmechanically processing

the prethickened,gluyrry.tqg renpye substantjally all.ligquid so to | eave
substantial | y Iic],]%i -m¥@8358§|89tfqryg{@i@lmlhfmeﬁ%{lﬁﬂga res@llingiem i n  ai m

ro- i nt otucls TROHRESEIHS Jfri SR R LLA TR0 g8 Pl difsBnliartesd orin i1

Claim 14 wherein a portion of the prethickening process is perforned in a
pre-thickening tank, and the filtrate resulting from pre-thickening of the
slurry is re-introduawmthodaosdtferthrintClamh ddiwlgereank pottéon 6f thetpred as set
forth in Claim 15 wherein the contjinual addition of fresh slurry fromthe
cryst al | i zethigkaming aresess tsrerformaddin) aeprstthickening tankt and enfiktpteank to rise

to an elevatiop. at.which Liquid having,substantially the sane conposition
as the not h@rsu[%}%%?mﬁ Weffhgﬂ‘épyﬁ (i’qvq%ie%g}rry éang-g\;@dppgé\éntpﬁse PF&-t hi ckeni ng
tank. thickening tank.

16. A method as set forth in Claim 15 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.

17. A method as set forth in Claim 16 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.

18. A method as set forth in Claim 16 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 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.
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17. A method as set forth in Caim16 including overflow ng nother |iquor
froma calmng zone of the crystallizer, and m xi ng toget her the nother

| i quor owsofb@wiimgst he crystallizer tank and the |iquidpovrasbéoswessgs t he
pre-thickening tank. 18. A nethod as set forth in Caim16 wherein the

el evation at which liquid overflows the pre-thickening tank is defined by
an upper end of a baffle in the pre-thickening tank, and the baffle is

di sposed to prevéhtAtethpdiasrsat ﬁartimrn@lammw%amjnéhle mecbanicel

S ke A SR ey B Rk e e

hani cal h he. et . Crifuai
that - separ at i RS BRI TR S PR TS S5 T Cryotas and
liquid. 20. A nethod as set forth in Caim19 wherein the centrifuging

conprises first- and second-stage centrifuging, and after first-stage
centrifuging, thg0canhe¢thbdgredepfartunt Clamesvddrdin theooveifigiagdual sodi um
hypochlorite. 2 1. A nethod as set forth in Claim1l wherein the |ower
strengt h aq@eopsisesdirstrang soedridsstage contedeginghand hfier Bovisstagedi um hydr oxi de

conprises at | egst. abgut 15%.by wei ght .sodi hypochl ori t nd .about 4.5%
by wei ght sﬁﬂpﬁﬁﬁ’ﬁ&s erntriuged proguetda “é?éﬂgaltgf@m)ﬁc F‘ﬁl@fﬁisﬁfhzmi wher ei n

t he agueous %ﬁgﬁ@b contai ning at | east about 15% by wei ght sodi um
hypochl ori tél (tﬁlt 4.5% by wei ght sodi um hydroxi de i s manufactured by
reacting 1) an aqueous solution that conprises sodium hypochlorite, with
slight excess sodium hydroxide, and that is essentially free of sodium
chloride (salt) 2tyAtmethod as set forth in Claim 1 wherein the lower strength

aqueous sodium hypochlorite bleach that has some sodium hydroxide
comprises at least about 15% by weight sodium hypochlorite and about 4.5%
by weight sodium hydroxide.

22. A method as set forth in Claim 21 wherein the aqueous product
containing at least about 15% by weight sodium hypochlorite and about
4.5% by weight sodium hydroxide is manufactured by reacting

1) an aqueous solution that comprises sodium
hypochlorite, with slight excess sodium hydroxide, and
that is essentially free of sodium chloride (salt) crystals,
2) an aqueous solution that comprises sodium hydroxide
in concentration greater than substantially 24% by
weight, and

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

include inerts.
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2) an aqueous solution that conprises sodi um hydroxide in concentration
greater than substantially 24% by weight, and 3) chlorine in gas and/or
| i qui d phweeotdmat2saray or may not include inerts.23. A neChag@s/0se63forth
in Caiml wherein the crystal-free nother |iquor has greater than about
25% by wei ght sodi um hypochlorite and | ess than about 9.5% by wei ght salt
with slight excess of sodium hydroxide. 24. An essentially crystal-free

mot her |iquor megle Adyndiisd %%Q%Bf)l}f in@ @i 12\%5e?g?n gﬁ:ﬁ?%@ﬂéégﬁhgﬁwr

crystal -free nother Iiquor nade t he netho

hi gh- st r engliuot bas gebter bhaaghoun23d6 by weiphhsahiviy hygrsehdsriteqmedess sol ution
of greater than 25% by wei ght sodi um hypochlorite with a slight excess of
sodi um hydrthaincfrbo(u(t&éﬁ)ihy)we?@hm salt math sJighd exeeswafesodiumbydrexides Nad
(salt) to NaOC (sodium hypochlorite), less than substantially 0.38 at 25%
wei ght sodi um hypochlorite with the ratio decreasing as the percentage of

sodi um hypochl or4.f e, | s above % 27.:: A bl each, product, a et forth
in Caim26 vvherie ﬁA‘ %Egsgeﬁﬁﬁgxg&%ﬁ?alaggggﬁt@,llcﬁh% %?@%Bgfh%%ﬁ&fﬁg antially
30% by wei ghyaigposum hypochlorite and a NaCl/NaOCO ratio of about 0.21 to

about 0.25, wth slight excess caustic. 28. Apparatus for making

hi gh-strength, | owsalt, aqueous sodi um hypochlorite bl each conprising: a
reaction tank into which are introduced and reacted 1{) an aqueous product

cont ai ni ng at | eAstAmbstentialywcoystalefrehmosheti lignarypadhby the methratl af 5% by

wei ght Claim 1.

26. A high-strength, 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 NaOCI (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%.

27. A bleach product as set forth in Claim 26 wherein after removal of
solids, the product has substantially 30% by weight sodium hypochlorite and
a NaCl/NaOQCl ratio of about 0.21 to about 0.25, with slight excess caustic.

28. 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
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sodi um hydroxi de, and essentially free of salt crystals, 2) aqueous sodium
hydr oxi de having a concentration byweight within a range from about 45%to
about 51%voaneb/@y23¢hl orine in gas and/or |iquid phase tlpatr/useysoe4se6Ry not
include inerts to create a solution having a) a | ower zone where salt
crystals are precipitating out of solution and falling dowmmward to form a
slurry, sonme of which is withdrawn, then cooled, and then re-introduced

into the | ower zone where ﬁetr\jv hﬁrfﬁnﬁktf%ﬂl%gouﬁﬂg‘% h@%‘%@% Aane of

essentially crystal-free not I quor Favi ng greater y Wei ght
sodi um hypochl orite and | ess)tohddtimbiautashrdlebquiaighate Salttmay bendagnk

havi ng an outlet at which slurry is withdrawn fromthe | ower "zone and an
inlet disposed at an el evabt meludeginerts thareatchasoltionHmving hpta latvenhi ch
wi thdrawn slurry is re-introduced into the | ower zone, a heat exchanger
connect ed between the inl 80n&icErsalberystals arepeeipitaiing oms of selusiont he

i thd I toliquid ant, f1 ow t t he heat : : d
an internal oyl ndrical wiPf SAUBEMOVUNERRTD 1668 ST ntPaF OF “NEG F nd | oal
wal | of the tank to form %tlﬁﬂ%hafheﬁ%loméaggﬁgﬂﬁ%rﬁ%tfoo%tu%%[i‘nt%tthéhe bottom

and extends upward to define an 1hner bound e upper zone. 29.
Apparatus as set forth in]&{/@im&&yhmlsqﬁii@gr@i wtt ,rangtg)la@tuljﬂégough whi ch
)

not her |iquor overflows fromthe upper zone and which i
zone of essentially crystal-free mother liquor having
greater than 25% by weight sodium hypochlorite and less
than about 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
liquid 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.

29. Apparatus as set forth in Claim 28 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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di sposed at an el evation bel ow that of the upper end of the baffle
skirt.30. Apparatus as set forth in Caim28 including a pre-thickening

t ank i nt owoho@mnisisurry fromthe reaction tank is introdecedsangobisss her
processed to pre-thicken it, and mechani cal equi pnent for processing the
pre-thickened slurry to renove substantially all liquid so as to | eave
substantially liquidfree salt crystals. 31. Apparatus as set forth in daim
30 including a rgpuAﬂi’Pﬁf&ﬁm ahectifeshani(daim d§unglnding a pre-tHuckering itdndkeni ng

tank for re-introducing filtrate resulting fromuse of .the nmechani cal

equi prrent | B YRETHEyremdhe Fepcanranich inigaueed aad furtaerProgsssadi n of ai m
3 1 wherein i i . el evatign at which

liquid havi géﬁ%@é@a{% :‘%Fﬁ@l"ﬁggﬁ‘@%ﬁ{eg‘i‘g lenP ir bg s Rt éah! epes,

t he reacti onghigiko 6&A 1PIi8tid ' : atus as set
forth in daim32 i nc?%i@é\%dt%%ﬁ%{}ﬁ Iéth%u? ﬁ%@ggﬁ?ﬁlﬁ)ﬂti}ﬁ?l@ﬂmgh whi ch

mot her | i qudirecosadtr driystads.f rom t he reaction tank and is subsequently m xed

together with the liquid overflow through the outlet of the pre-thickening
tank. 34. Apparatus as set forth in Claim32 wherein the elevation of the

outlet at which Ijquid overflows.fromthe pre-thigckening tank is defined b
aﬁ upper endI of ag']gfmﬂaéatiuﬁ a@ﬁ@%ﬂf@klﬂlrﬁ@!@@%%gcrﬁw az{ﬁg‘r{l&@rﬁé]ﬁffl eis g
di sposed to Tt [ -l nir ed.into t.he

o ePosed, o EHAEl G0 B S ORALP SRR RE e

pr e- t hi ckenirggyltiagrom vsc OP AR AlebBariSalRfuipBEAtinkd tHd ﬁt'e%?&em%\ging. the
mechani cal equi pnment conprises a two-stage centrifuge having a sh bet ween

stages. 36. A nethod for the continuous manufacture of a high-strength,

| owsal t, aqueous _hypochlorite bl each froma | ower strength aqueous
hypochl orite bl ed2hApparatugas sabderthyal Cdaintd! avherein the pretthiskeyingrterk of

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.

33. Apparatus as set forth in Claim 32 including an outlet in the
reaction tank through which mother liquor overflows from the reaction tank
and 1s subsequently mixed together with the liquid overflow through the
outlet of the pre-thickening tank.

34. Apparatus as set forth in Claim 32 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.

35. Apparatus as set forth in Claim 30 wherein the mechanical

equipment comprises a two-stage centrifuge having a wash between stages.
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chloride (salt) crystals, the nethod conprising: continuously reacting in a

tank 1) the |lower strength aqueous hypochlorite bleach that has some
hydr oxi dewendodgm7sssentially free of salt crystals, 2) agquase®shyseoxi de
solution, 3) chlorine in gas and/or liquid phase that nmay or nmay not
include inerts to create a solution having a) a precipitation zone where
salt crystals are precipitating out of solution and falling dowward to
forma slurry, sone of which is withdrawn, then cool ed, and then

re-introduced intg the precipitation zone, and b) ahove the precipitation
zone, a crystal f?@e%ﬁ&ﬂq@éﬁ%@%%m@d’ﬂ%@@%%e Qgéé‘rﬁgli"éﬁpggglﬁ loh"lV‘ _
crystalfree r qﬁ@r i i t ypochlorite
greater thansr%ggu%(%dst Olcg%#glg?éfagggif%ﬁq%qlgg}gagﬁrﬁﬁg@c%g%?g%e bl each bei ng
reacted. 37.hyNueRlctitybléah tﬁ&khd&%dﬁh@ﬁg&b&ﬁfwéﬁh is'é@%rﬁ?ﬁilfgﬂ fr8dYEOUS

hypochl orite bl each conprising: a reaction tank into which are introduced
and react ed chlonde &l ongstas pidieanethod caimprisgngry pochl ori te and hydr oxi de,
and essentially free of ?alt crystals, 2) aqueous hydroxide, and 3)
chlorine in gas &RBHBYOUSIyigastisBA8a tapkt nay or may not include inerts to

ot cci pitating out of solut] o) URAOPT SREREdisaR veodPHSD BAGh ipt some
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 precipitation zone where salt crystals
are precipitating out of solution and falling downwafd 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
hypochlorite greater than that of the lower strength

aqueous hypochlorite bleach being reacted.

37. 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
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of which is wthdrawn, then cooled, and then re introduced into the |ower
zone where salt is precipitating, and b) an upper zone of essentially
crystal - fweeossntimsa | i quor, the tank having an outl et atcwhiseévssbisesy i s

wi thdrawn fromthe | ower zone and an inlet disposed at an el evation hi gher
than that of the outlet at which withdrawn slurry is re-introduced into the
| oner zone, a heat exchanger connected between the inlet and outlet for

T e, Lo i MO LB e SSEUA FATS ,
ConReT 1178 VL1 591108 ek nebie sl b s, o
boundary for into the uppef salutien 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,
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
liquid 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.
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