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(57) Abrége/Abstract:

This Invention relates to methods and installations for producing ultra pure sodium chloride salt cyrstals primarily for use In
saturating depleted brine resulting from the electrolytic decomposition of saturated brine in chlor alkali membrane cells for the
production of chlorine, caustic soda and hydrogen. More particularly, this invention relates to the production of ultra pure sodium
chloride salt crystals by processing primary treated brine by first acidifying the primary treated brine, then stripping the carbonic
acld produced by acidification as carbon dioxide, and then returning the brine to a pH of about 6 or higher which Is sufficient for
processing it in evaporation equipment where the ultra pure salt crystals are produced.
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ABRTRALY

Thiy invention relstes to methods and nstalistions foy producing ullra puye
sodinm chlovide sl orvaisls nrimarily for use in salurating deplefed brine resulting
from the slecirelyvtic decomposition of satursted brine in chlor alksll membrane
pedls for the production of chlorine, causiic soda and byvdrogen, More pariicnlariy,
this invention relates 10 the production of ultya purs sodinm chlovide salt crysials by
pracessing primery tresied brine by first aeddifyving the primary freated hrine, then
stripping the carbonic acid produced by acidification as carbon dipxide, and then
veiurning the brine to g pH of about § or higher which s sutficient for provessing i

b svaporation eguinment wheore the ulirs puve sall cvvsials are progucsd,
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BACKGROUND OF THE INVENTION

T ae use of membrane cells for clectraivtic decomposition of bring io prodyce
sodinm hyvdrezide, chioring and bydrogen is now B2 major proceys smployed i
new awd copveried plants becanse i provides mapy advantages over the oldey
slectralytic provesses, which required the use of wercury or deposited dinphragms,
Amonyg these advaniages are elimipation of mercury snd sshesios poliniion .
probicms, reduced pawer copsumption, improved cell officiency, and hetier gualily

of ehinvine snd oausiic,

T he use of membirans cells reguires sall of high purily with mintwmam
nparities such ss caloiuwn, magaesivg, bavian, strontingm, and sther metailly
smparities fn the agueons sodinm chioride brine fod t0 the colls bocouse the
membranes are eaully plagped or otherwise fonled, For cxampie, ong part 6y more
of calvinm iong per witlion paris of brine could be tolerated in the diaphragm (ype
rells, Thiv amount of caleium in the feed brins fo wmembrane vedls will damage ﬂfg%
membranes sevevely gnd will veduce the membrane 4fe fromwm 5 10 5 vesrs o losy

than & months. T he high calchm causes 2 major drop in coll efficieney with o

corresponding noreass in pewsy consumpiion rosulting m shoriened membrane il

Also, ather metallic impuritics, such o8 barivm, stroniium, magnesium, nickel, iron,
eoppper, titenium, 2luminnm snd other muithalent metaly are delrimenial in the
hrine being electrolyzed in nrembrane eells and must be removed oy minimized.
Furthermare, most membrane cells reguire g sodivm sulfate lovel of lsgs than &
grams pey Bler i the {ecd brioe fo the celis to avald lower sifiviensies, incinding

mighey pows asmsnpe o § 4 ' “ |
shiy powsr cosds, damape io the gnode costings, and damage in the membranes,

in the aperation of diaphragm cells, the mejer opevating cost factory are
power, deam, and brine. Membrane cells offer significantly veduced power and
stegin costs but brioe (3all) costs are higher than alternative cedls heoguse the
menbranes veguire bigh purity brine to operats efficiently, This necessitaies
removal of the buldup of ceriain imporitiss in the sysiom, such ax these referred fo

above, which gre hormbul {0 the performonce of the membrane cells.
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PO IZINNE

The source of sodivm chioride ysed in membrane cells may be rock salt, solar
sakt, byproduct sell frow an oxisting diapliragmn cull pland, 4i8s REowe 8% causi
nrocess or .2 sall, purificd evapovative sall, or brine delivered in ¢ pipeline which
hax been solution mined from underground salf depostis. Mearly saturaied sodinm
chlovide brine from any source containg roughly three pounds of water pey pound of
sotivgm ohloride, This iuvention refates to the process nvolving fesding the

ehlovine/veustic plant with purilizd evaparative salt,

PRIGE AKRT

Dmited Kinies patent 4,309 538 aued Ootober 38, 2081 provides g bwead
averview of the eleeirelyile processes for praducing caustie suds {sedivm sydrogide
sofution), chlorvine and hydrogen that have been cmployed over the last severad

VERTS.

{inited Sintes paient 5364514 isnued November 22, 1994 provides sn
sveryview of salf plant evapersiion fzchueiogy aud disclosey an evapoerative sait plant
instaliation for producing bigh purity alf emplaving the combinabion of g gus
turbine which drives 2 va ' Sinse axhs

FiVES 2 Yapor compresser, whose exhaust goses ave used to produes
steam o drive a topping stemm turline generator, which in farn generates he

elecirvivs! eneypy reguiroments of the plant,

fe- ve . o 2 ; ' o " a . X
Yarious methods for ireating depleted brine for use in membrang colls are
disclosed by T.F. (FHrien (¥ Brien, 1.F.; Control of Sulfstss in Meowbhrane Systoms,
_h(,ﬁk P RN . | o . " « ror, ‘
pages 326-34%), from Modern Chior Alkal Technslogy, Yolume 3, 1988, Chlorine

instituie.

One method diseclosed &8 to process raw untreated bring in muibiple sffest
pvaperators (e producse g slurry of salt and brine thal can be wixed wilth the

depleted brine after the depleted brine hay been devhinrinaied and negtratived.
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This huings the depleted brine back to the desived concentrsiion of sodium chioride
for use in the dlectvelytic decomposition, .. o shout 24 welght percent or more
sodium chioride. The brine is then ireated in 3 conventionn! brine primary
trestment sysien fnvalving the sddition of sodism carbonste angd sodinm hydrayide
sadutions 1o precipitate oaloium ay valcinm carbonate and magpesivin 2% magnesinm
svidrovide, The solids gre seltied and Sltered ot of the brine 3nd the brine is sent {o
wn srohanyge resin fowers for removal of additions! calcium and magnesinm g8 weil
g% metsl iony that may have been picked up in the vaw brine evaporation step. 14
method of operation reguives lurge amounts of ireatment sod neatyalization
rhemicals and places 3 heavier burden on ihe lon eschange step thereby mereasing

LO8ER,

Auoiher method purifies the incoming brive using & conventionsl primary
bBriue (resiment system, with the brine then being fed (v 2 maltiple offsct evaporstor
o1 (o o mechanical vapeor recompression svsiem to provducs puriiisd soind sail o
supply the salt reguivement for the membrane coil plant. In thic methad
dechliorvination, neutrslization snd ion eavhange sevapdary treatment ave roguived
ine the difuted depleded brine recvele system. To protect the ton excbange resing and
the membrane cells, the seidie, ehlurvine lnden depletod brine must be de-chiorinated
ared neutralized helove the solid i i added, beesuse the lon gxchange rosin is
destroved by chiorine exposnre and only functions in a near newtral enviranment,
Folimwing the ton exchanpe treaiment, the brine must be re-geidified helfpre

intvoductiog {0 the membrane ooilz bheeaguse the cells reguire agidified bhrine.

Sti anather method of reusing the deploted hring is 1o convert a pariion of
the cells i 2n existing dizphragm ooll pland to membrane cells, freal i the
incoming brine in the copventions! primary bring treatment and secondary on
exchange syxiemy, acidify and then feed all the bine {n the membrane cells, The
depicted brine is then hrowghl up o proper hrine concentration with revovered L1
sgit from the diaphrogm coll plund evaporator sysiem. The re-saturated brive 1 then
Pedd £ the disphrapm cells andior the membrane colls deponding on the pariicuiar

piant materisl balance,

---------------------------------------------
..........

...........................
........................................



______________________
.............
..........

\\\\\\\\\\\\\\\\\\\\\\\\\\

----------------------------------------------------------------------

-------------------------------------------------------------------
--------------------------------------------------

\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\

\\\\\\\\\
\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\
\\\\\\\\\

.........
\\\\\\\\\

--------------------------------
.....

CA 02438995 2003-08-28 TURPEN B .
PO PIIGGE

{ither methods for veusing depleted brine are disclosed in US patents
4,586 993, 5824, nd 5, 126,81% The '
B86.993, 028382, and 3,126,812, The methods and systoms deseribed in these
natents spphy when the brine wells are lovated close enough to the plant site so that

# dual pipeiine way be installed 2t 2 reasonable capitad vost

The production of evaporated salt ip conjunciion with o membrane ¢ull
nlant insizlistion supplving treated brine sy evaporatay feed using current methouy
is Hmnited by the squilibrium content of calcium dissolved in the treated bring being
sppplied 23 evaporator foed, Typieally dizsselved caloium concendration i 1 {e 3 ppm
by weight, Ax this brine is boiled for formation of salt crystals withan (e .
svaporator, celeinm compounds precipifsts from the evaporator mother Hyuey by
regction with sodiven carbonnte, dnce ol dissshed compuunds are coutentvated by
hotling off water. When the salt is slutviated and washed for revavery from the unit,
# portion of ealcinm corbonate erystals iravel through the elutriating vystem with
the szl end contaminate it with an bnpurity level of 1 te 5 ppis. I8 & provesy now
psed commercially to produce these sall cryeials with o wmechanionl vaper
recompression {MVE) evapmrator, which produaces relatively unilorm and large
single sodium chlorids crystals with few Includons, a 158 te 28001 reduction of
impurity levels relstive to those in the feed treated brine is syperienced because the
wask brine and mother Bouoy are very effectively removed from the surfyces of the
single salt crysials by euploving a 2 stage uitya pure water wash a8 {he sait fravels
theonch the pusher centrifuges. For sxample, lovels of sodium suifate in the 1580
358 ppm range are redeced 1o less thae 18 ppm by the provess Bl calcium
carbonate i not removed completely boocguse ¥ traverses av 2 erysial within the sall,
The sait purigy is therehy Hmited fo calciym concentrations en the orderofl t 10 3
ppm in the eake. This cakie serves o3 salt feed i o large-seale mombrane chior allali
phant. After the sall cake iv uillized to re-saturate recycle depleted sodinm chisride
brine within the chior 2lleli plant nstplliation, great pains sre faken @ remeve the
diesolved metal tons, including ealcium and magnesium iens, to produce brine for
feed to the membrane slestrodyuiz cells whaere chiorine, hydrogen and sodium

hydragide are nroduced frons cadt An sxpensive |
k s ave produced from sall An cxpensive b exchange system i employec
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for reducing calviume plus other metaly to less than 4 toind of 28 paris per billian,
This calclum veduntion is sccomplished af wignilivent exponse reguiving multinie
cveies for regenerating the oo exchunge resing regeneraiions every 7 to 18 davs are
fvpical. The vesius sre vapiddy exbausted bhecause of the substantial loag of
contzginsting ious te be removed in order to olstzin a 58l purity sceepiabde for
mainiainiag o sultabie e for the wembranes, fon exchangs syeioms needed in the
present commercisl operations are expamsive because the resin employed s costly
snd reguires periediv replacement sfier continuing loading and regeneration oveley,
and demineralized water, hydrochioric acid, and sodiym hyddroxide megst be ytilized

for regensrating revin beds, thereby sdding (o the cosls,

OBIEUTS OF THE iMYENTION

Fhe prigcipst shiect of this invention I to produce substaniially pure zalt
seystals, Lo, ultva pure sall eontaining 2 atal of near zere to 300 ppb of calvivm and
sther mubtivalent mstal iong while af the same tioe providing substantiai reduction

in gperating snd waleriad vosis.

4 wsecomd object i to aveild precipitation of ibe metal specivs duning
preheating snd svaporation thus reducing fouling in the evaporaior piping, brine

preheating, and brine deaerativg units.

4 thivd abject is te provide asn intevmeddiaie salt gushity thot allaws
membrane chlor adkall plants to utilive the altrs pure salt therehy reducing thelr op
prehiange regemerstion fregueney thas veducing ihelr processing soigiestion,
aenlralization, end resin cosls, therehy providing the best cconnmic selectinn for

pperating exiating membrane plants,

4 fourth obiect is fo provide an sven purer ssit guaiily that silows foy
slimination of the secondary brine tresting system, parficuiarly the an exchange
sgaid, within mewmbrane chlory alkal planis of any svale, thereby provading the best

cpanomie selection foy new membrane planis.

.....................
............................................
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& §ifth obisct is fo supply sedivm hypochiorite cell eperators of gay seale
vwith altra pure asll to virteally climinate soid washing of the cells for metal depodits

and thus prolonyg cell life,

A sixth obiest is to smploy this slirs pure salt in wercury ¢oll planis o

subetantially redune siudype genevation.

A seventh obiest of this inventivn is fy provide insialistions capable of

acenmpniishing the firet ¢ix oblects within o practies? operaling system.
BRIEF DESCRIPTION OF THE IKVERTION

in secordance with this ipvention, by adding hvdrochinrie anid fo acidily
nrimeary ireated brine from 2 pormad pH ronge o7 2.3 4o 12 down do 2 pl of 2 t0 4,
the dissolved veactive metal apecies avre converted o seluble chiloride species and
copeomitanily  disselved sodium carbonate sad hydroxides gre coeaveried (o
carbonie goid [dissolved cavbon dioxidel. These disselved e3cess concentrations of
sedivm carbonate and sodivm hydroxide ave reguired tu drive preeipliation of the
saeisl cerbonstes snd hvdrozides during primgry bring tresiing, Acidifving the
carbounntes and hydvoxides produces zofuble salte, water angd dissoived s::za%%&em
digide, which is g vipped and vented, Following sivipping, ihe brins is
neptratized using smiiem hydroxide belore fending ¥ {0 the evaporsior for the
purpese of avoiding metab corresion. Whan this neulvalized brine @ fzd to the
pvaporaior, multivalent medal species, such as culviuw, magaesivm, baram,
siroptium and other commeon coniaminunts of ssll, ne ager pregipiate with the
salt from the muother Hauor as nocurs in the present operation. T be reactive metals,
whish have been converied o soluble speciss and/or sodinm carbopats in sninlion,
are eliminsted, by smploving the teachingy of this invention. Allhough these mamﬁ
species comoentrate within the evaporator methey hguay, thelr conceniralions are
pontrotied below solubility lmits and no further conceniration of sedium carbonade
and meial Bvdrovides socurs, sinee these are now absent thux guavaiiable in cause
metals precipifaiion with the unit. The Wil dissolved metal species are removed

frow the system with the mother Boyuer pures, The resultant washed salt produst is
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uitry pure sl conteining bhelow 500 peb colviem sed otheyr wmultivalont metals. The
sotwal concentration is o Yunctinn of tepacily of primayy ireating and acidifization
and the wash ratis in the evaporsiion system, angd there will be an oplhme! operating

gt depending upon cach application.

THE FIGURESY

Figure 1, “System Befove Acidifiestion and MNewirslization™, i3 3 bisch
dinpram of the svaporative saif niant instelistion, a5 i presently exizts showing the
treated brine production pland, the evaporated sait plant, zud the chivr slkalb plant

Biock gingram.

3 25 Lo . _— %75 X L. ] 2 5 . o
Figure 2. “System With Acidification snd Noulvalizatinn”, & 2 bloek disgram
of the system of thisy invention showing svidification, ciripping, snd nouiralization

inverporated inde the exbiting process shown in Figure 1.

Figure 3, “Trested Brine Acidification, Mivipping, & NMoutvalizsfion Bisck
Pingran”, i ok dinpram showi vo dotal  A36T 0 83 g
sram”, 3 8 bioek dizgram showing move detail of the acudification, sinipping,

ased neuirsiization ook of Figure 4.
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PETAILED DESCRIPTION OF FIGURES

Beferving 1o the drawingy briclly described above, FIGLURE § 8 3 bisek
diagram of a system presently installed angd operasied in the southrwestery part of ihe
Limited Statex and is presented as & typics] embodiment of prior art velated 1o the
ivention. § his syatem producses appravimadely three guariers of o mitlioy shoert
tons pey vesr of evaporasted ssll coniaining 10040 1o 5000 parts peoy billion caloium
ions foy supplying the reguirements of 2 membrane chior aikisl plant which has
speraied for sgveral vears, A mors deistied desoription of the system is given in g
paper presentsd fo the K Toch Semipar in Cleveland, Do on Ootober 11, 2808 and
a refated paper presented 3t the Solution Mining Research Instiiuic mesting in
Albugunergus, Mew Mexicn on Oeieber 9, 2081, These publicalions are made & pyrt
of this specificaiion since they Wusirate 2 fypical instalintion thyt may be modifind
i sreoydance with the teachings of thiv invenlisn snd also because they show (he
Sifferent tynes of equipment comploved in such plaut instaliaticns ncluding the
primary brine fresting cquipnient, the copcentyators which sre the evaporaiors in
the salt plan? systen, and the seconmdary brine {veatmeni system molading the on

eXehange systeni.

FIURE 2 i 8 Block dispram showing the embadiments of thie invention
when nciuded o the provess of FIGURE 1. in the methad of this invention, primary
treaied brine (streamm )y at pH 9.5 40 12 i first acidified using consentrated :ﬁ%gmamf;
hydrochioric scid (Stream 23 to pi 2 1o 4 fo convert mefal parbonate and
bicarbonate species 10 Savbonis ackd and disselved metal cavbonsie and hyvdreside
spegies in their chioride sguivalents, The carbonie acid I8 sivipped 48 carbon digside
aund the resulting bring i returved 19 9 pfd grealer than &, preferably 7 o &, by
sning sodivm hydvoide or any suitable base {stream 3} to aveid melals corvosion
the evaporator eguipment, Dperation at above pH € s not necesssgry o sohieve the

shiccts of this inventicn. The resulting de-curbonaled neutval brine (stveam 4} s

,,,,,,,,,,,,
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shen fed to the svaporsied salt production plant whers ulivs pure salf cake {stream
%3 is produced. The salf caks is uwsed o re-saturate membrane pland depleted, de-
shiorinated noutrs! brine {iream &3, which containg de-chioringied volf 2xit
depleted brine, makeuy domineralived water {sivesrn 73 and caustic {stream 8}, to
produce sear newiral resatursied membrane plant brine (stream %) The stream i
fod to re-saturgied brine Blfration snd fon exchange puvification for finsl remnval
of meisl species via o exchanpe, With each regeneration of an 1o exchangyy bed,
2@3‘&3’1@@;?&?@3‘%@ acid {stream 14) and sodinm hydraxide (siream 11} ave cousumet i
restore the lon sxchange vesin for the next pysie, The resultant brine ¢xit the jon
sxchanger constituiss demineralized brine foed fo the meombrane colls {sirenm 12},
whivh is re-seidified pricyr {o feeding i the colls utilining hydreehioric asid {stveam
1335 The meombrane caustie-chiorine plant colls & caustic / bring vecovery systems
nroducs stream & for revvele in sddition in producty chierine, sodivm Rydrozide,

an hydrogen for further provessing.

Referring to FIGURE 3, primary ireated brine {strean 14} is acidified m an
Seidification Benctor io pH 2t 4 with B0 Sdrenm 133 and the acidified brne
futregin 163 is fod 4o g sivippey where carbun diogide produced in svidification i
stripped with stripping pas {strsam 175 The stripped brine exiting the siripper is
peuniraiized {9 pH gresiey than & with NaOH (siream 18} fo produce de-carbonated
hydne fstrearm 1% of Fiz. 3 and stream 4 of Fig 2 for fepding the evaporaiog.
trverhead gas from the CLE stripper (28 is waler serubbed lo produce e

sergbbed vent gas {stream 21} frec of brine drapiets,

DETALLED DEBCRIPTION ¥ THEY INYENTION

From the forepuing desoription of those Gpures depicting this fnvention and
she following Siscussion, # is shown below thet there are many advantages over the
nrior art disclosed oy fechnology emploved commercially in addition o the majoy
sdvantage of producing ultrs pure sl contalning near 2ero io 500 parts per billien
calvivm fous rather thon 1880 to 3000 ppb gs B curvently produced. Among ithe

ather advantages are as nllows:

..........................
..........................................................................
................................
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2 in the ferd syetem of the pvaporater, the frented brine i prav-hented in g
sevies of Houid-fLiguud heat exchangers ang denerated in packed siripping
columns, With riving fempersture, further reavtion counsing csloium
earhonate o precipifaie from the bripe fouls the heateys and sivipping
eatumnse with solids. These heating unils must be zcid washed as olien g4
pvery othey day, somelimes every day. Cleaning i sffecied by temporsrily
bypassing the fouled healer or deasrator and acid washing i te disseive the
carhonate, This is costly reguiving scid, manpower, aud reduging the easrgy
effiviency and capacily of the evaporater. By nenirslizing the byine, the
fouling effect is eliminated becanss there iv no sodium carbousie {p drive the

precipitation reaction and produve the Ipuling soluds.

¢ The ultrs pure sshi, when wtitized o feed the ohlnr alkali plani, resulis in
s substantial (st least 141 zecondary treatwent mzisls lead veduction
resuiting in redoced lon suchange bed resin rogemerstion frequency. 10
imeresses fon exchenge resin Hfe proporficastely and saves substaniisd
auzniities of hydrochlorie sckd, eaustic, and demineralized water employed
i resin regeneration. Alse improved is chior alkali crll curvent efficiency and
membrane e, Ol maintesanes cesty are redused with inereased
membrane e and chior atkel plont operaling wiility is enhaneed by the

innger membrans e,

% This invention bmproves the soures of pure water fov a deminevalized
water supply for the chior alksil fucility snd adjoining plantz by eliminating
carbonie acid from the svaporstor condensedis resuliing in reduced frequeney

of regencration of the water demincralizer resin,

# This fnvention alse facilitates veduction of the guandities of sedium
eyrbonsie excess in primary trestment and henee fhe guantilisy of
hydrochioric scid reguired for achlification, because higher concenirstions
of exlvium, uy to about 388 ppb, may be isderated in the syatem when serving

membrane olanty sfiliring secondary brine freatoment jon exchange, AR

il
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ceonentic opiimization of the aperating sysiem must be mgsde in oxactly

defing targel concentrationy of sedivm carbonnte excess and calotum in ultra

e $584.

= With the teachings of this invention in place, it is possible, slihough not
neoesasyy, (o eliminate from the membrane plant essentislly all of the

speondary bring freating couipment inciuding

i depleted brine Jde-chloyvinstion and pH sdiustment io prepare for fon

exLhanye,
3. re-saturated brine Biration jealied secondary flvation],
3. saturated brine low suchangs ireatment,

4. and re-acidification of the saturated brins following e sxchange.

Abthouph the invention amd s advaniages have been desoribed with rospect
to mrembrane chlor alkall plants, it is alse applicable to mercury coll chior alkab
piants oy walt supply. Here the brine dreating section of the mevoury c2il plant is
reduced or elimsinaied and generation of sludpe contauminated with mercuyy i3

suheiantisily reduced praviding g very dezirable envireonmenital offect

in addition, use of ullrs pure salt i any scale sodivm bhypochloriie genoraior
wikd virtually climinate cell acid washing to remove metal deposits thus impraving
the fife of the vel and voducing maintenance snd reducing average clsctric powey

eonsamption.

in any process utiliving ondy valt ¢s raw material, subsiitution of ulirs pure
spit will eliminate generafion of wolids waste. An exgmpls s the sodinm chinreis

stectrolysis pland,

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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Amony the stripping gasses, which may be smploved in acoordance with this
tnveniion, ave wir, slean, ailrogen o other inert gavses, and hvdrocarbon gasses

such 9% methane a8 long o8 the gas doos ot interse! with the prosess.

Among the avallabie strippery, 1 nyrefer the emuplovient of the packed
cohuen bype rather than traved, venturd, or other type strippers, slihough these may
e used, The paclied colume offers good efficiency and may be condrucied of
corresion resistant materials economically, The same vomments apply to the water
serabher column. For examply, among the sorubbers that suay be emploved, §
nyefer the packed oobumny fyvpe, although traved, veniuyl, oy sther types may be
ueed, Ascevidingly, my invention allvws for choosing the most effivient and

eponomic combination of such eguipment,

Yavicus tvps of concendraiors may be used, the preforred cmbodiment uses
YR svaporaiors such as duvdrated In the 1 Teeh and Solution Mining
publications referred to in the Detniled Description Of Figures, which are typical of

vorrent industrisl practice,

Operation bolow pH 2 offers no benell! hoeanuse 100 niuch acul ¥ used and
too much caustie s then reguired i neudralize the acid following siyipping,
Furthermore, sopversion of the reguired carbonate species socwrs in the pH range
of 2 10 4. {iperation sbhove pid 4 does sot result in suificient carbonaie conversion o

strippabis carbon dioxide,

Aithough the installation | have deseribed employs 2 pipsiine type
aeigdification repetor and nentraiizating reaotor, which is the most soonomic chaice,
ather types, such as stirved fank roactors or packed column resctors may be

empioyed.

Farther, slthough § have emploved poncentrated aqueous hyvdrochioric acid
as the aoidifving spend in the forgeing desoviplion, 1 & of cowrse the preferred
geigifvine avent when g ohior slkall membrane wstallstion is involved and i v

preferred $o use concenirated acid alhouph weaker councentrstions may be
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prppioved.  Adso, concepirsied  liguldl  sodium  Bydroyide i3 the preferyed

peuiralization agent to be emploved in the chilor sikall meombrane instalistions.

Washing operationy  desevibed  hersin  primarily invelve washing of
crysiaiing salt produced within the evaporsior by couvenbional wmesns for the
prrpese of sunimzing carface contaminzation on the salt prioy io debvering i io the
membrane plant, Wash fluids are feed brine snd svaporginr condensate, bud pould
be othey availabis pure bripe sireams when compsatible with the procsgss. The
calcium, magnesingm, and sther mein! lons congentration in the product witra pure
spdl zve all within the surfsce contaminsiion that pure weier washing fails to
remave, Generslly the norms! washing procsdure will suffive, but, i thal proves
insuificiend, the suriasce confaminations may be vemoved by g feed suueous
bydrochiorie gcid wask of the ¥ prior fo emploving the seid in the acidification

»

reactay. | hls is acogmplished with no inerease in ingredient or energy oS,

Yyashing of fouled byving prebeatery and the brine deacvators involves walery,
seid, snd bvine flushing for the purpose of removing depoasited multbalent metnd
compounds, particularly ecslcium carboepate, fthus restoring efficiency of the
coguipment. he water serubber cuployed i3 used fn reduce emmbssions of acidified
brine dronisds o 2 neglizibie amount. Iy 3 preforred embodiment of this inventinn,
a sepurgts serubbey 8 emploved, however, mulliple deminiors or demisters sad &
serubber incorporated within the fop of the sinpping colume may aise be wsed

depending wpon the ool enviremmentad repnistions snd conditiong.

¢ showid be notfed thei by firyg somploving ths coneentrated wmuyistic suid to
wash the sall praduced by this invention any surface coniamination by undesirabis
mypial tons that may fraverse or slip through the sysiem onte the product because of
potentiaily ineflicient wash ratlos of below about 48 {0 | within the conecenirsior oy
evaporater sysfem, will result In producing an ulire pure salt o frez of metfsl
conptammants that adversely affest the coll membranss, that the lon sxchange systern

and processing may be eiiminsiod

14

.....................................
.........................................................................................................................
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Contaminsting of the salt crvstals may be 2 surfsce effpel, Lo calehom
cyrhonste evrvsials formed within the sencenirsior or svaporator may be lonsely
attached io the salf surface. Ackhd washing experimenty indicats thal the majority of
the ealelum carbonate copinminant i locduded within the 32l crvsiale This
invention aveids these “inclesions” by climingding precipifation of csltium
carbonate beegues i noe longer exists az cavbonate and alss climingiss other meigl
carbonates during thes crvstallization. Furthermore, any  sarisce  effect
contsmination of the orvsials is removed in sccordanee with this mvention by the

washings referred in shove,

§u the {nregeing deseripiion of this mvention snd in the appended cintms the
fermn neny zevrs means sbout 2 0 5 pereent of the vange invadved, thus negy zevs {0
268 peb means sbout 2% ts 3% of the 308 pph. i &8 to be undersissg that the
apadviies] instruments snd fechniguss emploved are z facter i measurement of

such small guantities of materials.

v my use of “plant” and “instellation” in the specificadion and cisims, §
intend that either usape cover large seale indusirial plants ey linstrated in fhe E8
Tech Sewmingr and Bolution Mining prosentations, or such small scale wsisiisiions
as iy be emploved o sany soale sodiow hypochioriie generators whether for use in
purifying swigpwing poed water or for commercial suspufacture of bousehaid

blesching solution.

Although | have desceribed my inveniion gsing primery froafed brine ag ihe
pyeferred embodinent, other brines may be smploved. For exanmplz brine that hus
aoi necessarily been frested By currently knowwn provessing keewsn (o producs
“mrimery treated brine” moluding processes that become avsiiabic fu the future by
pew oy madifled techuologiss that way be wsed in produce an eguivalent
somposition. Ale brines that result from pavtisl or inetlicient use of the presest
sommersial primary tregtments of brine which resuit in 2 Gifferent composition and

vei ean be empioved in my invention with eqguivalent resuifs.

-----------------------------------
.................................................................................................................................
.................................................................................................
.................
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Although this hwvention bas been dexeribed using speciiis drawings and
sxamples and certaln specific embodiments thersof have beew emphosized, 1 do not
fntend that this Imvention be limited in scupe excopt as exprossiy delined in the

appenided cinims.
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Claim 1: The method for producing ultrs pure salt, coniaining below %08
parts per
bidtion {prh of caleium and other muitivalent motal lons, which comprises:
e acuhifving primary ireated brine from pH 2.5 0 12 40 ph 2 10 4, thevely
ponverting the caleinm, barlug, sirveniium, aund othey reactive muditivalent
il compoungs to soluble chlorigdes, such actditivation alio converting
excess sodinm carbongis and hvdraxides 1o salf, water, angd dissolved carben
diogide,
2  removing the carbon dioxide by sivipping,
« peutvalizing the stripped material to g pll of 21 besst & bud vof syeseding
%, thereby preveniing meials corvesion, st p¥l lews than 6, and cavhen Joxids
uptake from the surreundings, st pi above 8,
e copventvating the geatrabived stripped brine, aud washing the cryvaials so

preduced, to produce ulirs pure st crvsials.

Clatm 2 The method of tlalm T wherein the ultra pure ssl s fed to 3 membrane
chior alhali viectrolyvtic codl plant o re-snturate deplefed recvele brins, said plant
meiuding 2 secandary bvine treaiing system, thereby substantiafly decreaning the
sy sxchange regeeerstion frequency reguivements of said sevondary brine treating

syaiowm, wheveby acidification, nentrslization, snd rosin costs are reduced,

Clatm 31 The method of olaim £ wherein the ulirs pure <2l is fod {0 2 membrane
chior alkall electrolytic cell plant to re-saturste acidified, chlorinated, depleted
vecyele brine tBereby permitiing the eliminaiion of the membrane plant sevondary

brine freating gystem,

i
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Claim 4: The wethod of clabm I wherein the ulire pure salt is fed {o 8 membrane
chior aikali elexireiviic voll plant to re-saturate acidificd, chiorinated, depleted
recycie brine, and wherein the acidification acld it fivet emploved fo acid wash
nroduct walt, when the washing sysioms within the plant do not eperate gt
sefficiently high wash ratios, thereby permitiing the elimination of the membrane

plant secondary brine treating sysiem,

Claim %: The method of Clalm § wherein the ulirs pure salt produced contamns & o

268 pob caletim and other muifivalent metad jons,

Clatsn 40 The method of cluim 1 whersin the concontrating is by evaporation.
{iaim 7 The methad &%‘ clatin 1 whereln the vripping & by an inert gas,
{iaima 8 The method of clalm 1 wheveln the stvipping I8 by atr yripping.

Chaim 2 The method of clabm § whereln the sipvipping & by vacuum stripping with

nityogen.
{laim 18 The method of olatyn | wherein the stvipping is by cieam stvipping

Cinim 1 The method of claim § whereln agueous conceniraied hvdrochioric seid 48

srnploved i aoidifving the primary treafsd bring.

Cinin 120 The method of cladm 11 whereln the bhyvidrochiorie acid i miradured indo

ihe primsry freated brine througl & pipeline reaier.

Clatm 13 The method of claim 1 whereln Hould conventrated sedinm hydroside @
prapiovesd to neutralize the siripped meterial,
nim i4: The methed of cialm 1 wheredn the stripped material s introduend into o

walry serubber 1o reduee vmiszions of brine droplists.

""""""""""""""""""""""""""""""
..........................
.............................................
""""""""""""""""""""""""""""""""""""""""""""""""
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.......................

Clabm 15 The wisthod of claim 1 whereln concentrator condensals is smploved in

washiing the crysials,

Chalm 16 The sethod of cladm 1 whereln the primary freated brine bas & pii of

about 18 and i acidified 1o g pif of about 3.

{Cintm 17 An insialiafien for processing primary freated brine {0 produce uitry
pare 23l containing bolow 588 paris pey billion {ppb) of caloiumn and athey

muitivalent metal lous, which comprises:

¢ an scidification reacioy {or converting weisl carbonates in he prisery
sreated brine to cavbon dioyide,

¢ g stripper for removal of carbon dioxide senerated during acldification,

» g peuiralizetion system refurning the brine pH o 2 value shove ahout &
thereby avaiding metals corrosion,

» anid n concenirator foy evaporating the nendradized sivipped brine in producy

thie witry pure sail

Clatm 18: The lostaliation of clatm 17 having means {or removing endrgingd acidie

hrine droplets frowm the stripper vent gas.

izt 19 The instalation of iz 12 whereln s waley sorabber 5 smpioyed io

reove the endrained brine droplels from the sivipper vent gas,

£ hude 20 The Instpllation of oladw 17 wherein the seidificalion reactor is o pipeline

gridiiioalion reactsyr.

§taisn 23 The inztadistion of ¢latym 17 wherein the conpentraior iy g mschanical

vaper rReonipression evapeorator,

1%

........
....................
................................

........................................
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Claim 23 The nstalintion of claim 17 having means for removing carban dinxide,

Claim 23: The instaliation of claim 22 wherein a stripper I8 emploved fo romove the

vavhon dingide,

80y ¥ 28 ° 5, a8 g g " iy N ; : 5% ;
Cinim 248 The imstellotion of olatm 17 whevein the eguipment emploved in the pland

instaiiation iz free of fouling by precipitated muitivalent wmetal conipounds,

Ciatn 25 The installation of odebm 17 wharein the alfra pure sail s faul to 2

membrane chior sikel clevireiviie coll plant {0 re-ssinrate depleted reoyele brine.

Clatme 26: The inziallation of clatm 28 whersin the wltrs pure sait §s fed to ¢ nearby
mombrons shior alkall electralviic coll pland thereby stmphifving transport of the

suit thevehy avoiding centamination of the ultvs pure ssil

§hatun 27 e insialintion of olaim 28 whevein the membrane chior athal
ciectvolvtic cedl plant has o seeondary bvine treatment insfglistion incinding a re-

spinratzd brine Bliradion svstem and an lon sxvhange purilication syelem,

Ciaims 24 The insialiaiion of claim 23 wherein the ulirg pure oalt f24d o the
mammbrane chler albhsll electrolytic coll plond pormits the elinination of said plant’s

sepandary brine ireating system.

Lhat 29 The mstfsliation of clajm 238 wheredln the alire pure sait feud {o the
membrane chinr alkall clectrelyic ooll plant permits the elimination of said plant’s

nenirsiizetion and ackl adjustment wysisws,

.................
...........
...................
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