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&% .. Progess. ?or t he manufacture of an |ndustr|al aqueous
solut|0n of &@si‘um chloride and use of the aqueous sodi um chl ori de

'sol.ution thus a the electrolytic manuf act us
sadlun1hydrOX|3£63%$zg Lﬁg for : t he manuf acture- cﬁgé? |un1car‘€nate

and for the . - nanufacture of sodlun1chlor|de crystals
‘The invention r Rroeess ‘ anu fa a :

sodi um chlori de SO' utions whi leut:.on of sodium chloride.

The invention relates to a process for the -
manufacture of aqueous sodium chloride solutions which
can be employed in :.ndustr:.al processes.
| Agueous sodium chlor:.de solutions find important

5 applications in industry. This is the case in particular
in the ihdustry for the manufacture of sodium carbonate
by the ammonia-soda process, and in the processes for
electrolytic manufacture of chlorine and of aqtieeus

. sodium hydroxide solutions.

10 . These industrial processes generally require
agueous sodium chloride ,s'olui;iohs of high burity,
especially in respect of polyvalent metals such as, for
example, calcium, magnesium, aluminium, iron, lead and
zinc. This requirement is particulaily strict in the case

15 of electrolytic processes I;tsing membranes which. are
'se],ectively permeable to cations, such as perfluorinated
polymer membranes containing funstional groups derived
from carboxylic acid (GB-A-13751é6). In these electro-
lytic processes sodium chloride solutions are generally

20 recommended in which the polyvalent -cation contest,

" especially of calcium cations, does not exceed 0.1 Ppm
(GB-A-2005723) . |

' The aqQueous solutions intended for the elec-

_ trolysis cells ar_e generally obtained by dissolving rock

25 salt in water (Chlorine, Its manufacture, Properties and
Uses - J.S. Sconce - Reinhold Publishing Corpera_tion, ii’ew
York - 1962 - pages 119. and 123). However, the raw brines
- obtained by dissolving rock sals in water generally have
a polyvalent cation content which is too high to permit

30 their use in the eiectrelytic pro_cess'es. It has been
proposed,l for this purpose, to treat them on chelating
resins of the Na- type., with the aim of extracting the
polyva.lent cations thereffom. (The American Institute of
Chemical Engineers, No. 219, ,vol. 78, 1982, pages 46-53 : -
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can be errpf oyed i# i ndustrial - processes ‘ Aqueous sodi um
chlori tde solugd ons find i nportant 5 applications ini ndustry This is the

_case in partlc%&r 3/ cadgzthe industry for,the manufact urgep Psﬂ?}m‘l,!
byt

car bonat e e anmoni a- soda process, and in the processe
el ectrol ytic waﬁqfa%aiffoanahhow nﬁnaa@seh a%acué&chang%ogaw oxdge .
solutions. 10 hese industrial . processes gener require

aqueous sodi um<ehi §‘FP§eb§éF‘Gt ifR% ‘E}‘Fl‘l’if'g?'ﬂ-]ﬁﬂdrt?lec‘:rc’égﬁéﬁl &Iell}sl'n thepect
of polyval ent nEdBé SofUsboBbte fE8-467) £xanpl e, cal cium magne3| um

aluminium iron, lead and zi nc his requijenent is cul arIy strlct
in the case 15 of el ec?‘?’fﬁ%?’r"@ﬁ"rbc%?s‘@s 18,8 %ﬁq@rﬁ)’??ﬁ vérﬁ

sel ectivel ys per:'rre;lbhesmokeatddmsai:ﬁwdw lapdpsrén uchloriéd, accp&kiﬂ.mgr to
renbranes CoN LAY uledpnal 8 uR8dR LBl coas il U G bggz'.'ﬁfocgc#g

(GB-A-1, 375, 12 es& 6l ectio- I'C processes sodiumc
sol utions are gzmedacbypgee redvso rivsedrciegen | th\nrcﬂet lradp oty v Epemt sxatiwm

f%ﬁt f\ntz 005, 723:“1{31?&*:?déy Ofu$al C4 160 664 Ongortals N ©xa’ed OpkJ¥iflire
h '12r. 895/5¢-B-1-1290) . According to this known process

10 sodium bicarbonate in powder form is introduced into the
smoke to be purified and a solid residue _contain;i.zig
sodium chloi’ide is separated from the latter. When the
smoke which is treated contains heavy metals, as is
generally the case with smokes produced by the incine-

15 ration of domestic or municipal waste, the solid sodium
_chloride residue is contaminated with these heavy metals,
which thus cause difficulties in the stofage or dumping
of this residue. - _

' The invent:i_.on is aimed at providing a process

20 which makes it possible to recover the solid ‘sodium
chloride residue from the known process described above,
to manufacture an aqueous sodium chloride solution which
-can be employed in industrial processes. |

Coﬁs_equently, the invention relates to a process

25 for the manufacture of -an industrial aqueous solution of
éodium chloride, _accbtding to which an agueous medium
comprising an aqueous solution of sodium chloride and of
polyvalent metals is prepared and the said a.quéous
medium is treated to rgmoxfe the polyvalent metals there-

30 from; acéording to the invention,; in order to prepare the
a;theous medium, a solid product collected from the dry-
route . treatment, with sodium bicarbonate, of --a smoke
conta:.n:.ng hydrogen chloride and polyvalent metals is
introduced into water. '

35 In the process according to the invention an
industrial aqueous solution.of sodium chloride is inten-
ded to denote an agueous sodium chloride solution which
is intended to be involved in the technical activity of

i fiiilﬁnl i
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_Tﬁe aqueous sol utjons intended for the el ec- trolysis cells are
.generatTy obtained by dissolving rock 25 salt in water (Chlorine, Its

manuf acture, PrgpeLtbi apd Uses - J. Sconce -- Rei i, Ng
Cor por at i on, nbﬁ5-55/8§8?§.- 1962 - pages I19 and 123) €£6g?§y?hgﬁg

bri nes obt g F ssolving rock salt in water general |y have

pol yval ent catlon con which is too high to pernmt their use in the

el ectrol ytic processes. The hayebgﬁnmedluqnaqninxbdfxncludqspnnp@qeeoue
treat themon chghatiBf of sodium chloride and of polyvalent metals. The

aqueous solution usually also includes some sodium
5 sulphate resulting from the reaction of sodium bicar-

bonate with the sulphur oxide présent in the smoke and

some sodium carbonate corresponding to the excess' sodium -

bicarbonate used in the smoke treatment. The polyvalent
_ metals of the aqueous medium are metals of va.lency higher

10 than 1 and include the heavy metals. These metals may be
present in the form of .compounds which are dissolved
and/or insoluble in the aqueous sodium chloride solution.
In accordance with the invention this aquecus medium is
obtained by introducing into water a solid 'prodtict

15 collected during the dry-route treatment, with sodium
bicarbonate, of a ‘smoke cont:a:.n:.ng hydrogen chloride and
polyvalent: metals. '

"'Dry-route t_reatment of a smoke with sodium
bicarbonate" is intended to mean a treatment in which

20 sodium bicarbonate is introduced in the solid state into
the smoke, in the absence of a liquid, in particular of
water. In general, the sodium bicarbonate is used in the
form of a powder which is injected into a smoke stream
moving inside a reaction chambézj. In the latter the

25 sodium bicarbonate decbmposes the hydrogen chloride
present in the smoke, forming sodium chloride. It is
advantageocus to employ a sodium bicarbonate powder of
uniform particle size which is as fine as possible, so as

. to accelerate the decoﬁpo_sition of the hydrogen chloride.

30 As a genefal rule it is recommended to employ a sodium
bicarboné.te powder whose mean particle diameter is
smaller than 50 um. The preferred particle size cor-
responds to a mean particle diameter not exceeding 25 um,
for example between 5 and 20 um.

35 ‘ The solid product collected during the treatment
of the smoke with sodium bicarbonate contains so&iu_m
chloride (resulting £from the reaction of hydrogen
chloride with sodium bicarbonate) and ‘polyvalent metals
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~ 2 - "resinseof the Na type, with the aimof extracting the

pol yvalent cations therefrom (The Anerican Institut e of Cheni cal
Engi neers, No. wd9%3yghogi8, 1982, pages 4G 33 : EPoPeoSe i
Ander'son, | on- exchanée purlflcatlon 5 of feed brine for %ﬁ)r-al&glfjh

el ectrol ysis Ceﬂxsthé r}Eeta.ll:[c':i”@rQ‘fon@!i.cﬂéci %t’%s:e‘mﬂl the case of a smoke
Furthernore, there is a known process_for purif g a_ snmoke

cont ai ni ng hydr%‘@’éﬁaém-ﬁglﬂ'él BE AEAIRE t‘ﬂ’e s°1\?oﬁ1 EH°FHF 3?1B‘Re°‘?%t§+’é%t ed

¥M th Sogl um bi cesaDEmt :eu:EphéQe wmi@m@w lweh;‘daageancbf osulshwand t o
orm sodi um

oride, A4, 767, 605; chur
Tr 895/ e B 1. 955095 AELERa: AGELR: PEORRIRFrbreslt SSteRAlY Afso
bi carbonat e5i n pomtainforsems |isudionn cearbonatiehecorrespohding btoputhéi ed

and a sol id reSéQ88s§°8£aﬁ&h&gmlﬁlcQPE' Ehﬁgéadéo'§e%§@a£fﬁﬁ“éﬁé£@%é§e

latter. Wien th ed contain eav
general |y the cebtouids §n§ke!!hﬁred§BE§°BylPhe:| aulpbur Oxldﬁat-l on of

domestic or nunicipal WefbkeabbBemsRtidns@Uhdlbous medium is obtained by
1ntroduc1ng the abovement:.oned solid product :Lnto water.
10 The quantity of water which is used must be at least
sufficient to dissolve all of the sodium chloride and
the other soluble matter in the solid product. Notwith-
standing this condition, the quantity of water is not
critical. However, there is no advantage in employing an
15 excessive quantity of water. As -an alternative, a dilute
sodium chloride solution can also be employed instead of
water. ' _

The origin of the smoke is not critical, ﬁhe

latter necessarlly containing hydrogen chloride and
20 polyvalent metals in the metallic or combined state. The
' invention applies especially to the smokes produced' by
the incineration of domestic or municipal waste, which
usually contain chlorine compounds, metal chlorides and
polyvalent metals (VGB Kraftwerkstechnik, 69, Part 2,
25 19‘8.9, pages 212-220). Depending on the source of the
waste, the polyvalent metals entrained by the smokes
include cadmiuﬁt. mercury, antimony, lead, cobalt, chro-
mium, copper, manganeée,' vanadium, tin, iron, nickel,
calcium, magnesium, aluminium and zinc, this list not
30 Dbeing e:ihaustive._ _ '

In the process according to the invention the
removal of the polyvalent metals from the aqueous medium
may be obtained by any appropriate means.

In a preferred embodiment of the process an

35 alkaline aqueous medium is used so as. to obtain the
polyvalent metals in the form of a precipitate of metal
hydroxides, this precipitate is separated £from the

- agueous medium and the resulting ' aqueous ii.quid- is.
/

i
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chloride residue is contaminated with these heavy metals, 20 which thus
cause difficulties in the-storage or dunping of this residue.

The invention i 5(?%]4 gproviding a procgss "~ which 470859 bl e
to recover the vg%la% odi um chl ori de r§e3| due fromthe nOV\jhzt/process

descri bed abovecre?a‘stea ooﬁnag UEﬁSiHE?n&”réQ&'ﬁouins el ¥ MemBlbal inde 5 YUl

whi ch .can be enployed i'n industrial processes. - .
- Consequent | Y, tmqmmqf%ﬁ#%%t@s% anHFBEé§§ the aqupoysdimid dasure

3;1 aR i ndustri.adn mg@m.&%%@mu@cah be tré&éé&”&ﬁhilﬁ)riéi%n &?@Ugié]&ﬂ-o

I C an aqueou,s nmedl um conprl si an aqueous S utirqn o Lum

chioride and ofiRg Temifty il chii HANARERGSOUR diih TEFUhAFS Fe REN DRNRSTS

medium is8rea ealnﬂol&emmﬁa dlleaibitinl o8t tisel ad@eous mé@imﬁrcan be

according to the | or ar di,um ,
4' %YSSEQF éi:l.%%éﬂae 7- ro ga%ﬁgnggg 1cnr? :H:

a solid product™ rom rea sodi"um
bi car bonat e, ofcontalres sMeWquhalcmm'gsmdagéw cther exeeandofolspddiuant

netals is introiycedddie V8LEE- for the smoke treatment. If need be a

supplementary addition of an inorganic base may. be made,

10 such as, for example, sodium carbonate or sodium
hydroxide. ' _ .
The chelating resins employed in this form of
embodiment of the process according to the invention are
well known in the art. They include a polymeric backbone
15 onto which are grafted ‘comp'lexing functional groups
~ including interchangeable cations. Examples of polymers
which can be employed for the polymeric backbone include
polyolefins (for example polyethylene), polymers derived
from styrene (for example copolymers derived from styrene
20 ' and divinylbenzene) and acrylic resins. The resin is
generally in the form of granules, in contact with which -
the aqueous liquid is c:l.rculated |
In the form of embodiment of the invention which
has just been described a chelating resin of the H type
25 can be used just as well as one of the Na type. However,
resins of' the Na type (which are resins in which the
interchangeable cations are sodium cations) are preferred
because, everything else being equal, they ensure an
optimum extraction of the polyvalent metal ions, espe-
30 cially of calcium, according to the process described in
the document "The American Institute of Chemical -
Engineers, No. 219, vol. 78, 1982, pages 46-53:
J.J. Wolff and R.E. And'efso'n, Ion-exchange purification
of feed brine for ehlor-elkali electrolysis cells; the
35 role of Duolite ES-467%". At the end of the process the
resin must be regenerated, and this can be done in a
manner known per se by treat:Lng it with an agqueous
solution of hydrochlor:.c a.c:.d- in the case of a resin of
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- 3- ' bn the process according to t'he invention an

i ndustiti al aqueous solutlon of sodiumchloride is inten- + ded to denote
an aqueous sodi sol uti on which _ is intende din
t he techni cal aic“tg]l \§/| 8&9655 an industry. s Thgpéa‘gﬁgs(;%s ng%¥£ .

enpl oyed i ncl udgs é;%}é%?&%&eatme’ifﬂ Wil e8E & 9&&{:!81129*:9&' Q&.&”é’oﬂit:.on

pol yval ent netal s. ueous sol ution usual al so includes sone
sodi um sul phet efebkewed ndPY r dm treataent oWIGP s8R LATReeRF- sodium

‘hydroxide solution.
The preferred chelating resins within the scope
5 of:the invention are those in which the functional groups
include a nitrogen 1igand. The latter may, for examplé,
‘include compounds derived from amines or imines. Chelat-
ing resins which are _especialiy recommended are those
including functional groups derived from organic acids,
10 those including functional groups derived from imino-
diacetic acid or aminophosphonic acid.being preferred.
Such resins are descfibed especially in Patent
US-A-4002564 (Diamond Shamrock Corp.) and in Patent
Application EP-A-0087934 (Duolite Internatiéﬁgl S.a.).
15 Examples of resins which can be employ'ed. in the process
according to the invention are those marketed under the
names Duolite (Rohm & Haas Company) and Lewatit (Bayer
AG). In the particular case where the aqueous liquid
cdntains mercury it is advantageéus to precede the
20  treatment on the resin containing nitrogen ligands with .
a treatment on a chelating resin céntainihg sulphur
ligandé, in order to bind the mercury thereon.
. In a particular alternative form of tﬁe-preferred_
embodiment the alkaline aqueous mediﬁm is . acidified and
25 filtered. In this alternative form of the invention the
acidification can be carried out by addition of an
aqueous hydrochloric acid solution to the aqueous medium.
Its purpbse_is to deconipose the sodium carbonate and to
disgsolve the polyvalént metals. The filtration is used to
30 remove the insoluble matter, especially the fly ash from
the smoke. ‘ _ ,

When the a@ueous medium contains 8042‘ anions, it
may be desirable, in some applicationé,;to prevent these
anions from moving into the industrial aqueous solution

35 of sodium chloride. To this end, accordinj to another
alternative form of the abovementioned preferred embodi-
ment of the invention, the 5042' anions are p:ecipitated

in the form of calcium sulphate with the aid of calcium
e :
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10 bonate with the sul phur oxi de present in the snoke and sonme sodi um
‘carbonate corresponding-to the excess sodi um bi carbonate used in the

snoke treat nent -~The al ent nmet al s 0f_ t he aqueous ' tals
of val ency ﬁ?g?g(aghéé 1 and incl ude tr?(e) heavy net al sl.?- eggb?rgtsg S 15

may be present }pabBgifar Ml SRIPPIEES WY CRiAl® dhternativel! ¥8dmangeor
i nsol ubl e in the” aqueous sodi um chlori de solution. In accordance with
the invention tAReodémentsof thepipyvenrtisnobhgi Ararayirht FBBURE ngaFHied

water ‘a solid out Byoduaimbel! 6t gdpdeaagrbieed.y-route treatment, with
20 sodium bi carbaonate, . of _a e congai ni chl pori de

spok n dr ogen
and pol yval ent netals. According to apfirs uf%u'fge'é{l%eﬁ?gﬁ?‘uﬁ hydrexifien
sodi um. 5bi carbaklicr'ide iibt ezl t bonwdie cadueahseliguid\héshlected

The absence of BTFPELPEECFACSAR PELFhE BraciBiEhEblot Maeer pydfoRiRes: |

sodi um-bi car bonThe icalgsiane | sulpleate thegr puscipitatts i thei fanm ecfed

it'gto a smoke St{—%ﬂﬁ\:ivelgnﬂﬁgeﬂtthEeQ g@gsginoahszéﬁﬂb%; | Pellfe | BELAT

-t he SOdIlumbeI ggrslzg_gn trec 3C(;rr%os_esétti1: . {lroge,n dchl ordl e h

y recovered industrially or dumped as such on a

10 tip. Where appropriate,.it does not require a specialized
tip, and this is an economical advantage. In the case
where the aqueous ‘medium contains carbonate ions, a
sufficient quantity of calcium hydroxide or chloride must
be used to react with the sulphate ions and with the

15 carbonate ions of the aqueoué' 1iquid} with. calcium
carbonate then being precipitated.befbre the formation of
calcium sulphate. _ '

According to a second operétiﬁg route the alka-
line medium is acidified, for example by addition of

20 hydrochloric acid, and a sufficient quantity of calcium
chloride is added to it to form calcium sulphate with the
sulphate ions. The objective of the acidification is to
decompose the carbonate ions and to solubilize the
ﬁolyvalent metals. It is preferably regulated to impart

25 to the aqueous mediuﬁ a pH value iower than 6, €for
example between 3 and 5. After separation of the calcium
sulphate precipitate (generally in the form of_gypsuﬁ)
the aqueous medium is alkalified (prefe:ably by addition
of sodium hydroxide) and is then treated as described

30 above in order to - extract the folyvalent metals
therefrom.. | ,

.According to a third route the alkaline:mgdiﬁm.is
acidified to begin with, for example by addition of
hydrochloric acid, and is then alkalified by adding to it

35 calcium hydroxide and, optionally, sodium hydroxide. The

- acidification ie performed under the same coﬁditions as
in ‘the abovementioned second route so as_tb decompose the

carbonate ions and solubilize the polyvalent metals. The
__—-———————’_—_/ . )
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30 present in the smoke, form ng sodlun1chlor|de It is | advant ageous
‘to enploy a spdi um bi car bonat e powder of uni form particle size which

is as fine as’ | S§§/849§§ as generato acgeketate t he decaﬁgﬂﬁé§§#2h6g44he :

hydr ogen chl ori | rule i't-is reconmen

sodium 35 bi C &f qﬁoéé‘g drar1a<5'e pﬁﬁiéﬁlfs @éMsec@% nfalsyto a

smal | er t han 50 err err cle 'size cor-
mean particle dhvaget &e ok éﬁééédl%%l{e&q]m reactf gfitdyaadl e Hetthen 5

and 20 [err]m sulphate anions of the aqueous medium; furthermore, the
overall quantlty .of calcium “hydroxide and sodium
S hydroxide must be sufficient to pioducé ar alkaline PH
(preferably equal to at least 8) in the aqueocus medium.
In this third operating route of the process the calcium
sulphate (generally in the form of gypsum) and the metal
hydroxides 'pfecipitate simultaneously, and this con-
10 stitutes an advantage. It has been observed, in fact,
that this coprecipitation facilitates and accelerates the
settling of the precipitate and improves the subsequent
separation of the precipitate and the recovery of. the
agqueous 1iquid. . '
15 The process according to the 1nvent10n makes it
poésible to obtain industrial aqueous solutions of sodium
' chloride of very high purity in which the polyvalent
metal ion content is lower than 1 ppm. In particular, it
makes it possible to obtain saturated aqueous ‘sodium
20 chloride solutions which have a calcium weight content
lower than 0.1 ppm and generally not exceeding 0.05 ppm.
The aqueous sodium chloride solutions obtained by
means of the process according to the invention conse-
quently find various applications in industry. They can
25 be used in particularﬂés a raw material for the manu- -
facture of sodium carbonate by the ammonia-soda process
(Manufacture of Soda - Té-Pang Hou - Hafner Publishing
Company - 1969), for the electrolytic manufacture of
chlorine and aqueous sodium hydroxide sgolutions, for the
30 eiectrolytic manufacture of aqueous sodium chlorate
"solutions and for the manufacture of solid salt.
| The invention consequently also relates to the
use of the aqueous sodium chloride soln;ion.obtained by
means of.the process according to the invention for the
35 manufacture of .an aqueous sodium hydroxide solution.by
electrolysis or electrodialysis. Processes for electro-
lytic manufacture of agqueous sodium hydroxide solutions
are well known in the art and include especially the
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- '4-_ 7 «The sol i d product “col I,éct ed during the treatnent of
.the snmbke with sodi um bi carbonate contains sodi um chloride (resulting

fromthe reactl gen chl oride w th sodi um bi

pol yval ent met ﬁ&g g;,@ﬁ& he metallic or conbined state. Mmse&gg a
snoke cont X r

sodi um sul phat Zzh%%‘?‘?ﬁ?na ?i#;d r%%fffképg%éac%%%&oﬁgg % uér:@i& OXI es T t h
sodiun1bicarbonaesmeablegen@¢3b¥9nalsocell cdﬂ!@#?ﬁsscwkghknﬁlnﬁcafbEMEte
correspondi ng tﬂaﬁafaéeursxcleéépaétﬁwéﬂ‘a Rigell Lopake YSEHcEO- EAGIndid

hydr ogen chl oride and, where appropriate, sul phur_oxides
The abovenenti oﬁ%lalhﬁhb%%scmpﬁ'ﬁ]tlpﬁhoﬁ% ¥arky~ 1962 ey BGSGFnd-zﬂhetO

abovenenti oned 59} dwﬁiw:anl Pheenat GEP B-0259E306]UARG t BeDEixAt Gavdich i s
used nmust be at_I|east ‘15 n é% ) éﬁ g 3% 5 al og t he sodugnlchlorlde
and | the of RPPLOFREFenRa0 0fO Rl o stRPesE Gt ke £, the mame
standi ng thi s- cofididdlomy t l&e qmehtthradesuaaH ficr nthe mawmufactate of
However, there. i&uggugdé@c{':{tﬁg%];d}o%e()%BQthgns by electrodialysis are

. also well known in the art (Patent US-A-2829095 - Noguchi

10 Kenkyu-Jo) .-'A_ccording to the invention the raw material
employed in the electrolysis or electrodialysis is an
industrial aqueous solution of sodium c-:hloride,_ obtained

.by means of the process in accordance with the invention,
described above. ' | _ _

15 ' Another subject of the invention is the use of -
the aqueous sodium chloride solution obtained by means of
the process according to the invention for the manu-
facture of -sodium chloride crystals. The manufacture of
crystals of sodium chloride of high purity by evaporation

20 of aqueous sodium chloride solutions is well known in the |
art (Sodium Chloride - Dale W. Kaufmann - Reinhold
Publishing Corporation, New York - 1960 - pages 205 to
274; European Patent Application EP-A-03528-47 - Solvay &
Cie). According to the invention an industrial aqueous

25 solution obtained by méé.ns of the process in accordance
with the invention, described above, is employed as the
aqﬁeous sodium chleridé solution _éubj ected to
evaporation. - .

An adldi.tionai subject of the invention is the use

30 of the industrial agqueous solution of sodium chloride for
the manufacture of sodium carbonate by the ammonia-soda
technique or by the insoluble amines technique. The
ammonia-soda technique (also called th_e_s_olvéy process)
is well known and comprises dissolving ammonia gas in an

35 aqueous sodium chloride solution so as to produce an
ammoniacal brine, treatment of this ammoniacal brine with
a gas containing carbon dioxide so as to crystallize
sodium bicarbona_te and the conversion of the latter to
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excessive 'quantihy of water. As an alternative, a dilute 20 sodium
chloride solution can al so be enpl oyed i nstead of wat er .

The origin of the not critical,_t latter
cont ai ni ng hydroge% oride and poI yi\}gl ent netals |EnﬁtC rre}t a‘ﬁ I'Cc or.
conbi ned state. M%aiﬂé‘ﬁ&ﬁé0'@Tépﬂah&Sngﬁpeﬁb.ﬁhﬂici:ﬁrkh%fs @ala%s Wgguced

by ‘the incineration donesti c-or” muni Ci wast e usual l'y

contai n chl ori riPeHpburaierapeal tonithe m ProcesyyaPElr Hafner (VGB

Kr af t wer kst echm&lﬁ&lﬁ’gr bo&pany) 11989thea%%ha1&u%20.isn£§epaﬂslhae Gh the
source of the 30 waste, aJ$ taJ s entyai ned a\1/_lthe rmkes
i ncl ude cadm urRTHETESI8P ’a‘?ffl%/r ‘b’t?&?tan A Org er,

nmanganese, %/anasif ua) waicexr- u.nsa,lubtl.ekelm,:.ne are ahixedn) andgeRei ltl”éstﬂ]tlﬂﬁg"li um
and ZinC, LISl Se0lss oroBELROEIAUS LY BB aining. caskihal I U iGeSS

according to t Re-F Avent 1 renov e po S om
t e aqueous rrecnmerStalriﬂysz@Od;{lm hédapponayeapphbph i ks e:qie'lems:ed and

which is next converted into sodium carbonate- [Patents
GB-A-1084436 (Kaiser Aluminum & Chemical Corporatlon) and
io FR-A-2545079 (Solvay & Cie)l. Accord:.ng to the invention
the aqueous sodium chloride solution employed in these
two techniques is an industrial aqueous solution obtained
' by means of the process in accordance with the invention,
described above. _ '

15 The invention performs, in an original and
economical manner, a recovéry of residues originatihg
from smoke purificatidn. It is very specially suited to
the treatment of smokes originating from lﬁlants for the
incineration of domestic or municipal waste.

20 Special features -a_nd details of the invention
will appear in the course of the description of a number

' of embodiments which is to follow, with reference to the
attached drawings. o .

Figure 1 shows the d:l.ag'ram of a plant us:.ng a

25 particular embodiment of the invention. _

Figures 2, 3 and 4 are three schemes s:un:Llar to
that of Figure 1, of plante which use, respectively,
three other embodiments of the invention. - _

In these . figures the same reference numbers

30 denote identical components.

The plants shown in the figures are designed to
purify a smoke originating from the incineration of
domestic or municipal waste and to recover the effluents
collected from the purification of this smoke. This smoke

35 contains hydrogen chloride, ‘ sulphur dioxide and poly-
valent metals (for example: cadm:l.um, mercury,. antimony,
lead, cobalt, ehrom:.um, copper, manganese, vanadium, tin,
nickel, calcium, magnesium, aluminium,. zinc, this list

R
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- 5- ) kn a preferred enbodiment of the process an . “al kal i ne
aqueous nedium is used so as to obtain the ‘pol yvalent netals in the

formof a preci taI hydr oxi des, this preci 8'1?1&
separ at ed fromwe%f/ aqueous medi um. andqtq'he resul ting ?qu ous?lzsllnoc?tfi4d S
Lreated on & ChOIAl kAP fhaddb iV, AU 1Y Bonta LAY ao

according to the 1 nvent | o queous | ne pﬁ arid
can be treated Fhia smoke tJWe -'b%#%?ted bY epfersnre | pupberd\ZaneRgddss to

regul ate its pHatamn drawing. ,
The plants comprise a tubular reactor 3 fed, in
5 its lower part, with the smoke 2 emitted by an incine-
rator for domestic waste 1. Sodium bicarbonate 4 in the
form of an anhydrous powder is injected into the smoke 2
in the reactor 3. In the reactor 3 the sodium bicarbonate
reacts with the hydrogen éhloride in the smoke, forming
10 sodium chloride. Furthermore, it reacts with sulphur
dioxide, forming sodium sulphate. The smoke 5 extracted
from the upper part of the reactor 3 passes through a
dust separator 6 and is then removed to the stack 7.
Since the smoke 5 is dry, the ’ dust separator 6 may
15 advantageously consist of a mechanical separator with
filter fabrics (bag filter) whose efficiency is optimum.
Other types of separators can also be employed, such as,
for example, electrostatic filters. '
In the dust separator 6 the'smoke 5 is freed from
20 the solid particles 8 which it contains. The 1a£—te:r:
include sodium chloride, sodium sulphate, sodium car-
bonate,. polyvalent metals and fly ash.
In the plant shown in Figure 1 this solid product
8 is introduced into a dissolvihg chamber 9 where it is
25 dispersed in a sufficient quantity of water 10 to dis-
solve all of the water-soluble matter which it contains.
'The aqueous medium thus obtained is generally alkaline.
Its pH is adjusted to a value of between 8 and 14 by
addition of an aqueous solution 11 of sodium hydroxide or
30 hydrochloric acid, depending on whether its initial pH is
lower or higher than the required wvalue. The alkaline
agueous ﬁedim 12 drawn off from the chamber 9 contains
the polyvalent metals in the form of insoluble metal
hydroxides. It is treated on a filter 13 to separate off
35 the insoluble matter 14 (fly ash .and polyvalent metal
hydroxides). The aqueous liquid 15 collected from the
filter 13 is an agueous solution of sodium chloride,
) sodium sulphate and sodium carbonate. It is contaminated
T _
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10 8 and '14. The, al kdl i nity of t he aqueous nedium can be produced by
t he dissol ved sodi um carbonate which it contai ns and whi ch .corresponds

to the excess sodi - bi car bonat e us for the sno f
need be a O‘&%pﬁ%‘r@ﬂ%ﬁ?y_addition of 'énf?nbrgani C baslé&ﬁg{ﬁ%%%%%?&ﬁ
such as, for _ge [ a r 0 . [ de;
The chel ati ng r%’é%ﬁgagr%s?%égg ?’?lf,ﬁlg ﬁ% %‘%ofaas in %D |ar?etnzté%19&?§%}gpjr'%cess
accor.di ng to t heeheyahlyokoar digh tgeldllowwiti hothe used Hwean nihdaie- a

pol ymeric backbopes 20, -88k8sWN AR cHidindd @] t €le COAREAKLBA itUNG | &Bbyu-
.groups - including; mterchangeabl e, Cations. Exanples of polyners

whi ch can be enpab9@diror R YBt ifrin 8eBERSReWikE @ushelating \wesinns

(for exanple p%aﬁtayhﬁﬂg)fuﬂ@tymx _cf!&su £bf the NaOBYBLY'@8PivEQN £LXARND! €
copol yners deri ved froms §rene enzene nd ag’té/l i C [esins.

- i Bhe ]
The resin is 1nAPRPEPRORIG RR&Ys oFRPEP fa¥es 1 r? Vit i ch
t he aqueous |I%dehaﬁgel takeat @lace between thé nsbdumo cartdonentadtli tleat  of

wge' nvention Walgh, ‘ang W% JW&@eégéigfg 8rChpledd PSS 11 Qs g e H
15. An industrial aqueous solution of sodium chloride 17

10 is collected from the column 16, and is suff:.c:.ently pure
to allow it to be employed as such in an industrial
process. The solution 17 containing d:l.ssolved sodium
sulphate and carbonate finds use in an industrial plant
18 used for the m_anufacture of sodiﬁm carbonate by the

15 ammonia-soda technique. ' |

In the plant shown in F:Lgure 2 the alkaline
aqueous 11qu1d 15 (aqueous solution of sodium chlor:.de,
sodium sulphate and sodium carbonate, contaminated with
dissolved polyvalent metals) is obtiained as described

20 above with reference to Figure 1. It is conveyed to a
react:.on chamber 24 where an aqueous calcium chloride
solut:.on 25 is added to it in a sufficient quant:l.ty to
react with all of the sodium carbonate and sulphate and
to precipitate calcium carbonate and calcium sulphate

25 (gypsum) . The aqﬁeous suspension. 26 collected from the
. reaction chamber 24 is treafed on a filter 27 in order to
separate from it the calcium carbonate and 'sulphatel
- precipitate 28, which is set aside. The aqueous sodium
chloride solution 29 collected from the filter 27 is

30 conveyed to the column 16 to be treated therein on the

- chelating resin as described above with reference to
F:Lgure 1. '

In the plant shown in Figure 3 a suff:.cient
quantity of hydrochloric acid 11 is introduced into the

35 reaction chamber 9 to acidify the agqueous medium present
therein, to decompoée the carbonate ions and to dissolve
the polyvalent metals. In addition, an aqueous calcium
chloride solution 30 is introduced into it in sufficient

et Has Been R REPLACEMENT SHEET
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30 can be used just as well as one of the Na type. Fbﬁever,

the Na type (which are resins in which the . i nterchangeabl e cations

_ W' 83 g BEBRa extr acti on of Hie-pol yval ont REFARLPEAE08Es
i

saedi um cat i ons)
t hey ensure an

docunent "The Aferi can

e of e ca

78, 1982, pagespzécipitate gypsumyp| ff and R E. Anderson, |on-exchange

purification

10

The acidic aqueous medium 12 collected from the
reaction chamber 9 is conveyed to the filter 13, where
the insoluble matter 14 (calcium sulphate and fly ash) is
separated off. An aqueous solution 31 of sodium chloride,
free from sodium sulphate and carbonate and c.ontaining
polyvalent metals in - the dissolved state is collected
from the filter 13. The solution 31 is conveyed to the
reaction chamber 24, where it is alkalified to a pH of
between 8 and 14 by addij::i.-dn of'_ an aqueous sq_dium_ hydrox-

‘ide solution 32. The alkalifying results in the precipi-

15

tation of the polyvalent metals in the form of metal
hydroxides. An aqueous suspension 33 is consequently

collected from the chamber 24 and is treated successively-

in a settlihg chamber 34 -and on a filter 35, where a

' precipitate 36 of polyvalent metal hydroxides is sepa-

20

rated therefrom and is set aside. The aqueous liquid 15
collected from the £ilter 35 is an. aqueous ' sodium
chloride solution contaminated with dissolved polyvalent
metals. It is conveyed into the column 16 to be treated
therein as described above with reference to Figure 1.

 The solution 17 collected from the column 16 is an

25

30

aqueous solution of sodium chloride of high purity,
substantially free from polyvalent metals and £from
sulphate and carbonate ions. It is divided into two

fractions, 37 and 38.

Fraction 37 is conveyed, in accordance with the

invention, into an electrolysis cell 39 equipped ‘with
selectively catiox_;-permeable membranes. In the elec-

trolysis cell 39 the solution' 37 undergoes an

. electrolysis in a manner known per se, resulting in the

35

production of chlorine 40 and of an: aqueous sodium
hydroxide solution 41.
Fraction 38 is conveyed to an evaporator 42,  from

which crystallized sodium chloride 43 and steam 44 are

collected. The solid sodium chloride 43 finds various

industrial applications.

resi ns of

are
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-6- of feed brine for chlor-alkali electrolysis cells; the role of
Duolite ES-4672". At the end of the process the resin nust be

r egener at ed, a be done in a nner known i ng
-t with an aqueous%; s%?%ltlon of hydrochI](') ic acid; in cas%l/é({;f%ey n
of Na type the trea e chlor dso ut

iﬂe he aII #fgxﬁfé ‘4 é\ﬂ]‘h{c eﬂé

followed by a treatnent wt an aqueous sodi u dr oxi 1"on.
The preferred ciamti by PéshﬂérﬂFMPﬁthécséoéé ie Wm@q%é{nhmrtMe

those in which afeséwmgoraiumwp@ to idwd agBiel r&&@&ﬁég%&tu@
| atter may, for exanp I ncl ude conpounds_derived fiomam nes or

i mi nes. Chel at Preseﬁ‘\'ﬂgﬂ‘é‘é‘?h‘é' whPcHesPEPREs-thg CRTPeRGReidE A ttRse

i ncl udi ng faInctdDésd1-e& othe ﬂslyvs]jeﬁtmeamnl c acids, 15 those including
functional groups derlv,f;lcli fro

ti h
aci d being preferred. esﬁ‘&%& Fe?gﬁ?"ﬁrﬁ‘eggfg?c#gg? §§§§E %O’:p OS‘&?‘FOHI :
Pat ent . US- Arela@0lon 64 Habiteerond Simnmockaqivequyg  acdutioBat et sod:Lum

chloride and sodium sulphate, additionally containing

dissolved polyvalent metals. It is conveyed't-o the filter

10 13, where the insoluble matter 14 (essentially fly ash)

is separated off. An aqueous solution 45 of . sodium

chloride and sodium sulphate, containing the polyvalent

metals in the dissolved state, is .collected from the

' ‘filter 13. The solution 45 is-conveYed into the reaction

15 chamber 24. In the chamber 24 the solution 45 will be

alkalified to a pH of between 8 and 14 and in ‘addition,

the sulphate cations which it conta:Lns will be precipi-

tated in the form of gypsum. For this purpose a milk of

lime 46 is introduced into the chamber 24 in sufficient

. 20 quantity to decoinpose all of the sodium sulphate in the

| solution 45 and, if need be, a. top-up 32 of an aqueous

scdinm hydroxide solution is also added so as to bring

the pH to the desired wvalue, between 8 and 14. The

polyvalent metals thus coprecipitate in the form of metal

25 hydroxides with calcium sulphate. Consequently an aqueous

suspension 33 is collected from the chamber 24 and is

treated successively in the settling chamber 34 and on

the filter 35, where a coprecipitate 36 of polyvalent

metal hydroxides and gypsum is separated therefrom and is

‘30 set aside. An aqueous liquid 15 is collected from the

filter 35 and is treated as described above with

reference to Figure 3. '

In a particular alternative :.mplementat:.on of the

embodiments in Figures 1 to 4, the smoke 2 is treated on

35 an appropriate filter," not shown, to separate £fly ash
therefrom and is then introduced into the reactor 3.

In the embodiments described above with reference

to Figures 1 to 4 the chelating resin in the column 16

nnuinl“iilfﬁfi‘ i
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Application EP-A-0Q,087,934 (Duolite International .S.A ). 20 Exanples of
resi ns: whi ch can be enpl oyed in the process according to the invention

are those markete he names ite (Rohm & nd
Lewat i t (Bayer%o dgfiA%eJB#n the particula (gca'se ‘wher e th?@mgﬁfd
contains nercunyld i3 ady3alageous { gePregsde Lhe; 20, el MRl Ol
resin containing nitiogen 1 gands W th" a Tredatnent on a chel ating
resin containi mprpgguthe columgadds isd nisglited ofbémdthie copduity 15
t her eon. : 1808 R BulCWldinaslder | ;59T Paobel NG o LElE I Ed
enbodi ment the %ﬁﬁ(a‘??)ne aqueou?bcrre_c%t?m IS a%d*%?’é%aﬁ% 30 ?I9| taer-ecf I'n
this alternatiand oFheoPreFatiopents okhene continnEdji in c fWpopucaeasive

carried outs by sdidd, 0N af AescribeAUEAUStRAYArASMRERE ACHKE S AnidriQiard O
the aqueous nedj um, %s%%%%ie | S ,toedrecor{%o.sM_e S d| Y car bonat e
and to di sSH%EF1ERe ol TRERESTRre N9y i 1P5is 'FeePAAFH5
renove the insdédiz® natteng. abgleff aldnd t IRe H. y 2aclerfsony Ion-ldxthmanges.
Vhen the 20UCOUS AN AON' S N hEle H:PUin dof-a1kar "V REATYP! ©
: cells; the role of Duolite ES-467". In a first stage an -
10 aqueous hydrochloric acid solution is introduced into the
column 16 via the conduit 21 to substitute the protons on
the active sites of the chelating resin and a dilute
aqueous solution of hydrochloric acid containing the
polyvalent metals is collected via the conduit 22. In the
15 second stage an aqueoué sodium hydroxide solution is
' intfoduced via the conduit 21 in order 'to substitute
sodium cations for the protons of the active sites of the
resin and a dilute aqueous sodium hydroxide solution is
collected via the conduit 22. The dilute aqueou-é hydro-
20 chloric acid solution and the dilute aqueous sodium
hyd:oxide solution can '‘be recycled into the process. For
-example, in the case of the embodiment of Figure 4 the
dilute aqueous SOdigm hydroxide solution can be recycled
into the reaction chamber 9, and the dilute aqueous
25 ° sodium hydroxide solution can be recycled into the
reaction chamber 24. -
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. o This Sheet Has Been Replaced :
-7- ani ons from nbving into H ﬂ“l ﬂuﬁ aqueous solution - of

sodiumchloride. To this end, acc alternative for m of

t he abovenenti ed enbo
ment of the in ??o}n Ifﬂ% Sqerr] - ani onsl%re pr eci pi tatpe%"/§99%('{%9e41‘ orm

of cal cium sul phate with the aid of cal Céﬁﬂus hydrOX| de or chloride. In

this alternative form of
1. . Process for the manufa.cture of. an industrial

-aqueous solution of sodium chloride, according to which’
an aqueous medium (12) containing an aqueous solution of
5 sodium chloride and of polyvalent metals is prepared and
the said aqueous medium (12)- is treated in order to
‘remove the polyvalent metals therefrom, characterized in
that, in order to prepare the agueous méd.ium (12), a
solid product (8) collected from the dry-route treatment,

10 with sodium bicarbonate (4), of a smoke (2) containing
hydrogen chloride and polyvalent metals is introduced
into water (10). -

2. Process according-td C}aim 1, charactérized in
that smokes (2) originating from the incineration of

15 domestic or muniéipal waéte are used. :

3. Process according to Claim 1 or 2, characterized
in that an.aqueous medium (12) is used which is alkaline
so as to obtain the polyvalent metals in the form of a
precipitate of metal hydroxides, this preéipitate (14,

20 36) is separated from the aqueous medium and the result-
ing aqueous ligquid (15, 29) is treated on a chelating
resin (16). ' ' o
4. Process according to Claim 3, characterized in
that the pH of the aqueous medium is regulated between 8

25 and 14. _ ' v '

5. Process according to Claim 3 or 4, characterized
"in that a chelating resin (16) contalnlng functional
,groups derived from iminodiacetic and/or aminophosphonic
acid is used.

30 6. - Process according to any one of Claims 3 to 5,
characterized in that a chelating resin (16) of the Na
type is used. ' '

7. Process according to any one'qf‘CIaims 3.£o 6,

characterized in that the aquecus medium (12) is
- 35 acidified, is filtered (13) and is then alkalified (24,
| 25). -

8. Process according Eo Claim 7, characteiized in

that, in the case where the aqueous medium (12) contains ’

REPLACEMENT SHEET
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enbodl ment- of the,invéntion the-operation can be carried
nunber - of separate rout es. According to a fir

out by a
st route the

cal ci um hydrOX| %5) ghloride is add_edl-{ o_the aqueou%é._*mg&/:ﬂ?g £5ted
0 t?1e pr hydr o

after separation ecipitate of neta xi des

The cal ci um

sul phate then F}i@@' PALES ddiditfn f&{mﬂfde (36! 8&i aah&a%eorittaramaéﬁéi

gypsum whi ch, s 4 result can be easily recovered in

dustriali or

dunped as such %#F‘%t fime | s VWeré-sapﬁFbﬂFféFé i%° d88s Fot R’aﬁfrﬂ’etad:e

speci alised . caj;d_.gmag@]_ﬁmsels an econom cal advant age.

In the case

where the aqueous nedi cont ai ns car,bonate ians, suf fici,ent
quantity of cal%‘l um hygﬁn’éﬁ?ﬁﬁsochﬁFg?‘Pge %s&almavbecﬁ‘?é‘a‘cltgrﬁéﬁgt iR th
t he sul phat® | atlsatandinididdime?@lkadilfgn&he agoesusfmediumq(Edlsin | tigi d,

with calcium __carhonate fhen 1bdq£é(}grnprc%9w%ﬁ%t eg.gbei or§

cal ci um sul phate. to_a secon oper

I@e f u]tr@{‘ﬁg'n of '

alngro

al ka- | i ne(haedif Lexide 2632 fJiﬂadidM texafrpin pyquantityrwhicksis at
hydrochl oric aqéas@@uéfﬁaiéweatraa@atwwhoéwaéflm s0,2Chbgii de is

added to it to{ormcalm um sul phate with t

0. - Use of the aqueous sodlum. chlorlde solution

10 obtained by means of the process according

to any one of

Claims 1 to 9 for the manufacture of an agueous sodium

hydroxide solution by electro(dla)1y31s
aqueocus sodium chloride solution.

of the said

11. Use of the aqueous sodium chloride solution

15 obtained by means of the process according

to any one of

Claims 1 to 9, for the manufacture of sodium chloride

crystals by evaporation of the said agqueous sodium

chloride solution.

12. Use of the aquedus sodium chloride solution

20 obtained by means of the process according

to any one of

Claims 1 to 9 for the manufacture of sodium carbonate by

" the ammonia-soda technique.

This Sheet Has Been Reilaced
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sul'phat e i‘ons.. The objective of the acidi:fitation is to deconpose -t he
carbonate ions and to sol ubilise the . polyvalent netals. It is
preferably regulated to inpart 30 to the aqueous nedium a pH val.ue | ower
than 6, for exanmpl e between 3 and 5. After separation of the cal cium
sul phate precipitate (generally in the fb8m of gypsum t he aqueous
mediumis alkalified (preferably by addition .of. sodi um hydr oxi de) and
is then treated as described 35 above in order to extract the

pol yval ent ~ netal s t herefrom According to a third route
the al kaline nediumis acidi fi edppOrREerN W th, for exanple by |
addi t'i on .of ’ = - ‘ o

PROCESS FOR THE MANUFACTURE OF AN INDUSTRIAL AQUEOUS
SOLUTION OF SODIUM CHLORIDE

Process for the manufacture of an industrial
- aqueous solution of sodium chloride, according to which
an agueous mixture (12) containing an aqueous solution of
sodium chloride and of polyvalent metals is prepared by
introducing into water (10) a solid product.(8) collected
from the dry-~route treatment, with sodium bicarbonate
(4), of smokes (2) containing hydrogen chloride; and the
said agueous nedivm (12) is treated in order to remove
the polyvalent metals therefrom.

Figure 1.

is Sheet Has Been Re; leaced : _
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- 8- hydrochlorlc ‘aci d, and i s then alkallfled by adding to it
ca1C|un1hydrOX|de and, 'optlonally sodi um hydroxi de. The aci di fication
is performed under the sane ‘conditions as in the abovenenti oned second
route so ¢304b830npose the 5 carbonate ions and sol ubi'l i séPEHEPI2/00944
pol yval ent netals. The quantity of cal ci um hydroxide which is used
~subsequently - must be at least sufficléht to react with all of the

sul phat e ani ons of the aqueous nedium furthernore, the over al
‘quantity of calcium hydroxide and sodium 10 hydroxide nust be
sufficient to produce_an alkaline pH  (preferably equal to at |east 8)
in the aqueous nedi un In this third operating route of the process

t he cal ci um sul ghate_(generally in the feig qf gypsum) and the metal
hydr oxi des preci pitatffg Wultaneously, and this—con- 15 stitutes an
advantage. It has be¢robserved, in fact,

|

5
Yl
1
8 ~ | 3
- 6 T/ 1

11 ) 10 :

g 7—->- [ 7
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15
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that this-coprecipitation facilitates and accel erates the settling of

the precipitate and i nproves the subsequent separation of the
precipitate and the recovery of the -aqueous liquid. 20 pCT/EP92/00984
process amsumgﬁ%o the invention makes it possi ble to obtain
industrial aqueous solutions of sodium 2/4 chloride of very high purity in
whi ch the pol yval ent netal ion content is lower than 1 ppm In
particular, it ‘makes it possible to obtain saturated aqueous sodi um 25
chl oride solutions which have a cal ci um wei ght content -lower than 0.1
ppm and general ly not.exceedi ng 0. 05 ppm. ' The aqueous sodi um
chl ori.de sol uti ons olQtjai ned by means of the process according to the
i nvention conse- -queﬂtly find various appJigc@ions in industry. They
can 30 be used inp rBLe | ar as a raw nateri-e+—For the nanu- - facture
of sodi um carbonate Byt't he ammoni a- soda process (Manuf acture of Soda -
Te- Pang Hou - Haf ner | Publ i shing Conpany - 1969), for the electrolytic
manuf act ur e of hlearine and aquegus sodi um hydroxi de sol utions, for
the 35 electrolytic—hanufacture of | aqgueous sodium chlorate
' 5
- _ 6 | .
11 ) 10 : _ 2
Qg L 7 L[ ,
_ - 4 ;
— 12
J ] 13
14 "
l—-\ 15
- 25
24 “L_
— 26
28

%‘

23 | i -
' > L) 1 — 16

16
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sofuti dhs: and for the manufacture of solid salt. The invention
consequently also relates to the ~use of the aqueous sodi um chl ori de

sol uti on obtai ned by 9 nmeans
of the pr%ﬁ gsv039830r di ng to the invention for the manuf acPGTEERR/Q0944

aqueous saodi um hydroxi de sol uti on by 3/%) ectrol ysis or electrodialysis.
Processes for electro- | yti c manufacture of aqueous sodi um hydr oxi de
sol uti ons : This Sheet Has Been

(I llll 118
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5 =§gb ﬁ%ll knomn

in tthe art and include especially the mer cury cat hode
cell process and *t he sel ectively cation- per neabl e nmenbrane cel
process ‘Yég% P%j‘le Its manuf acture, Properties and UPECI/EPR/@944
Sconce - Publ i shi ng Corpohzglon, New York - 1962 - pages 127
to 10 199; European Patent EP-B-0, 253 0 and Bel gi an Patent
Appl i cations 09000497 and 09000924, all three in the nane of Solvay &
Cie). Processes for the manufacture of aqueous sodi um rﬂwdlksBamRelmmd
solutions by electrodialysis are  also well known in the
US- A- 2,829,095 - 15 mNoguchi Kenkyu-Jo). According to the in

mat eri al enpl oyed

industrial aqueous
the process in acconfdg
Anot her subject of

chl ori de sol ution

invention for the np

manuf acture of
evaporation

inf{the electrolysis or electrodialysis

-olutzon of sodiumchlori g6 4 obtalned by neans of
with the i nvent+on— descri bed above. 20

e i nvention is the use of t he’ agueous sodi um

optpi ned by neans of 't he process according to the

' acttH-e-~0f sodi um chl oride crystals. The

crystals of sodiymchloride of high purity by

_ ' . 5 '

//_

8 L\ 3

to

: 10 | 5 ;J//
::L—4> <+—£; | [ — |

N Ller

40
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-

25.-"of "aqueous sodi um chl oride-solutions is well
/fEbdiun1Chloride'- Dal e W Kauf mann - Rei nhol d
“New York - 1960 - pages 205 to 274; Europeat

EP-A-0,352,847 - Solvay = & Cie). According t
aqueous 30 sol ution obtained by neans
accordance -

i ndustri al

¥

.

7 QJ: _;'_.: in :-4.-_--;1_@1)\; C:é:s: o.hI . -
with the invention, descrjbed abbve, *{§%mpl Ked*as £He

aqueous sodium - chloride solution ™ %dbjectad to evapor ati on.

An addi ti onal
- aqueous solutio
car bonat e by

t echni que.
pr ocess)

10

15 -

35
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cessdifion dhesmanafagture of

the manufacture of sodium carbonate and for the

manufacture of sodium chloride crystals.

The invention relates to a process for the
manufacture of agqueous sodium chloride solutions which

. can be employed in industrial processes.

Aqueous sodium chloride solutions find important
applications in industry. This is the case in particular
in the industry for the manufacture of sodium carbonate

by the ammonia-soda process, and in the processes for

electrolytic manufhcture of chlorine and of aqueous
sodium hydroxide solutions.

These industrial processes generally require
aqueous sodium chloride solutions of high purity,
especially in respect of polyvalent metals such as, for
example, calcium, magnesium, aluminium, iron, lead and
zinc. This requirement is particularly strict in the case
of electrolytic processes using' membranes which are
selectively permeable to cations, such as perfluorinated
polymer membranes containing functional groups derived
from carboxylic acid (GB-A-~1,375,126). In these electro-
lytic processes sodium chloride solutions are generally
recommended in which the polyvalent cation content,
especially of calcium cations, does not exceed 0.1 ppm

(GB-A-2,005,723§. - '

‘The aqueous solutions intended for the elec-
trolysis cells are generally obtained by dissolving rock

salt in water (Chlorine, Its manufacture, Properties and
Uses - J.S. Sconce - Reinhold Publishing Corporation, New
" York - 1962 - pages 119 and-123). However, the raw brines
obtained by dissolving rock salt in water generally have

a polyvalent cation content which is too high to permit

their use in the electrolytic processes. It has been

proposed, for this purpose, to treat them on chelating

subject of the invention is the usg Qaﬁaﬁﬁqﬁggm@aﬂsmmﬂﬂam“-
. = pp hpdig Erial AGEaEdi um

5BEuBIBRNbA- §68fum_chl AW HE e BE ttm@'ia[a_tgabugl 8odlies
e hioridl 2015100 this obtained For “Ene Clecktro Oy;_ 4

manufacture of an agqueous sodium hydroxide solution, for

I
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- 10 - is well known and conprises dissolving anmonia gas in an
aqueous sodi um chl oride solution so as to produce an anmoni acal brine,
treatment of this anmoniacal brine with a gas' containi ng carbon di oxi de
so as to crystallise 5 sodium bi carbonate and the .conversion of the latter
to sodi um car bonat e (Te-Pang Hou, Manufacture of Soda with speci al
reference to the Anmoni a Process, 1969, Haf ner Publ i shing Conpany). In
t he techni que using anmi nes an aqueous 2sadi um chl or.i de sol ution and an
organic solution 10 of a water-insoluble amne are m xed and the resulting

mXxture I's trealad W the atﬂésn‘éoré 'e”' RéL ¢ g.ar@fé‘mﬂiﬂ?xbf'eextraI:Qlﬁéy%h@' lise

sodi um bi carbonate, which 1s coll IS next converted into
sodi um car bonatfé’l[mléﬂts cations therefrom. (The American Institute of

Chemical Engineers, No. 219, vol. 78, 1982, pages 46-53
: J.J. Wolff and R.E. Anderson, Ion-exchange purification

5 of feed brine for chlor-alkali electrolysis cells; the
role of Duolite ES-467).

Furthermore, there is a known process for purify-
ing a smoke containing hydrogen chloride, according to
which this smoke is treated with sodium bicarbonate so

10 as to decompose the hydrogen chloride and to form sodium
chloride (US-A-4,767,605; SOLVAY & Cie, brochure
Tr. 895/5c-B-1-1290). According to this known process
sodium bicarbonate in powder foirm is introduced into the -
smoke to be purified and a solid residue containing

15 sodium chloride is separated from the latter. When the
smoke which is treated contains heavy metals, as is
generally the case with smokes produced by the incine-
ration of domestic or municipal waste, the solid sodium
chloride residue is contaminated with thése heavy metals,

20 which thus cause difficulties in the storage or dumping
of this residue.

The invention is aimed at providing a process
which makes it possible to recover the solid sodium
chloride residue from the known process described above,

25 to manufacture an aqueous sodium chloride solution which
" can be employed in industrial processes.

Consequently, the invention relates to a process
for the manufacture of an industrial aqueous solution of
sodium chloride, according to which an aqueousnﬁdiwn~“

30 comprising an aqueous solution of sodium chloride and of
polyvalent metals is prepared and the said 'aqueous
medium - is treated to remove the polyvalent metals
therefrom; according to the invention, in order to
prepare the aqueous medium , a solid product collected

35 from the dry-route treatment, with sodium bicarbonate, of

a smoke containing hydrogen chloride and polyvalent
metals is introduced into water.
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GB- A-1, 084, 436 (Kaiser Al um num & Chem cal Corporation) 15 and
FR-A-2,545,079 (Solvay & Ge)]. According to the I nvention the
aqueous sodi um chl ori de sol ution enpl oyed in these two techniques is

an industrial aqueous sol ution obt ai ned by neans of the process in

accordance with the I nvention, described above. 20 - The

I nvention perfornms, in an original and econom cal manner, a

recovery of residues originating fT ofn Snoke purification. It is very

specially suited to the treatment of snokes originating fromplants
~for the i nci ner atinnthle doresss eccoumdingpdio wbke ¢ in¥®ntion an

Speci al featur ﬁdﬂggrggiaé%l?e&ist JENRNJORodium Bhibraagess imdhe

course of the escrl I on a nu nts.whjich is, to
follow, with réﬁéréﬁcéeﬂet?hén aqueaPFaEﬂéauﬂrﬁaFﬂﬁége solution whigh ., o 1

shomstthe di agiamiatendpiasd bei ngvaldeéd partheutecheiballi achivity tdf
I nvention Figures 2, 3 and 4 are three schenes simlar to
t hat of FlaureaT lgguBF

&hts which use, respectively, t hree ot her
enbodi ments of the i nvBhei agueous medium .. employed includes an aqueous

solution of sodium chloride and of polyvalent metals. The
aqueous solution usually also includes some sodium
sulphate resulting from the reaction of sodium bicar-

10 bonate with the sulphur oxide present in the smoke and
some sodium carbonate corresponding to the excess sodium
bicarbonate used in the smoke treatment. The polyvalent
metals of the aqueous medium.-:: are metals of wvalency
higher than 1 and include the heavy metals. These metals

15 may be present in the form of compounds which are dis-
solved and/or insoluble in the aqueous sodium chloride
solution. In accordance with the invention this aqueous
medium is obtained by introducing into water a solid
product collected during the dry-route treétment, with

20 sodium bicarbonate, of a smoke containing hydrogen
chloride and polyvalent metals.

"Dry-route - treatment of a smoke with sodium
bicarbonate" is intended to mean a treatment in which
sodium bicarbondte is introduced in the solid state into

25 the smoke, in the absence of a liquid, in particular of
water. In general, the sodium bicarbonate is used in the
form of a powder which is injected into a smoke stream
moving inside a reaction chamber. In the latter the
sodium bicarbonate decomposes the hydrogen chloride

30 present in the smoke, forming sodium chloride. It is

' advantageous to employ a sodium bicarbonate powder of
uniform particle size which is as fine as possible, so as
to accelerate the decomposition of the hydrogen chloride.
As a general rule it is recommended to employ a sodium

35 bicarbonate powder whose mean particle diameter is
smaller than 50 um. The preferred particle size cor-

responds to a mean particle diameter not exceeding 25 um,
for example between 5 and 20 um.
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In these figures the sane reference nunbers 35 denote identical

conponent s. The plants shown in the figures are designed to
purify a snmoke originating fromthe incineration of donestic or
muni ci pal waste and to recover the effluents col | ect ed
fromthe purification of this snoke. This snoke cont ai ns hydrogen

.chl oride, sul phur dioxide and poly-
- 4 -

The solid product collected d&ring the treatment
of the smoke with sodium bicarbonate contains sodium
chloride - (resulting from the reaction of hydrogen
‘chloride with sodium bicarbonate) and polyvalent metals

5 in the metallic or combined state. In the case of a smoke
containing sulphur oxides the solid product also contains
sodium sulphate (originaﬁing from the reaction of sulphur
oxides with sodium bicarbonate). It generally also
contains some sodium carbonate corresponding to the

10 excess of sodium bicarbonate used to react with hydrogen
chloride and, where appropriate, sulphur oxides.

The abovementioned aqueous medium: is obtained by
introducing the abovementioned solid product into water.
The quantity of water which is used must be at least

15 sufficient to dissolve all of the sodium chloride and
the other soluble matter in the solid product. Notwith-
standing this condition, the quantity of water is not
critical. However, there is no advantage in employing an
excessive quantity of water. As an alternative, a dilute

20 sodium chloride solution can also be employed instead of

" water. '

The origin of the smoke is not critical, the

" latter necessarily containing hydrogen chloride and
polyvalent metals in the metallic or combined state. The

25 invention applies especially to the smokes produced by
the incineration of domestic or municipal waste, which
usually contain chlorine compounds, metal chlorides and
polyvalent metals (VGB Kraftwerkstechnik, 69, Part 2,
1989, pages 212-220). Depending on the source of the

30 waste, the polyvalent metals entrained by the smokes
include cadmium, mercury, antimony, lead, cobalt, chro-
mium, copper, manganese, vanadium, tin, iron, nickel,
calcium, magnesium, aluminium and zinc, this list not
being exhaustive. _

35 In the process according to the invention the
removal of the polyvalent metals from the aqueous nmedium
may be obtained by any appropriate means.
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valent nmetals (for exanple: cadmum nercury, antinony, | ead, cobalt,
c‘hrom’ um copper, nmanganese, vanadium tin, 5 nickel, calcium nagnesium

alum nium zinc, this list not bei ng exhaustive). It additionally
contains fly ash. This snoke is indicated by reference nunber 2 on the
attached draw ng. ' The plants conprise a tubular reactor 3 fed,
in 10 its lower part, with the snoke 2 emtted by an incine- rator for
donmestic waste 1. Sodi um bi carbonate 4 #nSthe form of an anhydrous
powder is injected into the snoke 2 in the reactor 3. In the reactor 3

t he sodi um bi carbonat ey, a " paeleerPelih dSodifliiOeBChiid | de-okBskheass moke,
formng 15 sodiumchloride. "Furthernore, it reacts with s

It | phur :
di oxi de, for ni AGXedANEmMATNSINS o™ smbRe W58 1§ cRBd T °%‘Jfo"’r‘d‘m e upper
part of the repollgvalepasmesalir angbhe form dfish pepalpitaté afidmestal hen

oo o SjaSkides, cnPbl Bl NS S ksl dhsbus B of ©
fabrics (b&y fRAGUEPPSIhFBELWES f | @Pdnclhes xpRulifg aqueenserligpids &%
separat ors cantzeatede otnal ehedatinghrasin. In this embodiment of the
process according to the invention the aqueoxis liquid has
an alkaline pH and can be treated as it is on the chelat-
ing resin. It is advantageous to regulate its pH between
10 -8 and 14. The alkalinity of the aqueous medium can be
produced by the dissolved sodium carbonate which it
contains and which corresponds to the excess of sodium
bicarbonate used for the smoke treatment. If need be a
supplementary addition of an inorganic base may be made,
15 such as, for example, sodium carbonate or sodium
hydroxide. - :

The chelating resins employed in. this form of
embodiment of the prdcess according to the invention are
well known in the art. They include a polymeric backbone

20 -onto which are grafted complexing functional groups
including interchangeable cations. Examples of polymers
which can be employed ‘for the polymei:ic backbone include
polyolefins (for example polyethylene), polymers derived
from styrene (for example copolymers derived from styrene

25 and divinylbenzene) and acrylic resins. The resin is
'generally in the form of granules, in contact with which.
the aqueous liquid is circulated.

In the form of embodiment of the invention which
has just been described a chelating resin of the H type

30 can be used just as well as one of the Na type. However,
resins of the Na type (which are resins in which the
interchangeable cations are sodium cations) are preferred
because, everything else being equal, they ensure an
optimum extraction of the polyvalent metal ions, espe-

35 cially of calcium, according to the process described in
the document "The American Institute of Chemical
Engineers, No. 219, wvol. 78, 1982, pages 46-53:
J.J. Wolff and R.E. Anderson, Ion-ei:change purification
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for exanple, electrostatic filters, I n the dust sepérator 6
the snoke 5 is freed from25 the solid particles 8 which it contains. The

| atter i ncl ude sodi um chl ori de, sodi um sul phate, sodi um car -

bonate, polyval ent .netals and fly ash. In the plant shown in
Figure 1 this solid product "~ 8 is introduced into a dissolving chanber
9 where it is 30 dispersed in a sufficient quantity of water 10 to dis-
solve all of the water-soluble matter whigh-it contai ns. The agueous
rreldi umfthus obtained is generally al kal. ne. Its pHis adjusted to a
val ue o betwe d e td f ﬁ.g:q, S QN of
sodi um hydr oxi g §F§8 gl.iﬁlgyrf&ﬁﬁlcorl C acﬁ%ﬂdeegiraén q'%s R lSQ cHle

on whether its
initial pHis role Péw@fdoélltﬁl &Ref 61 an Athdhee Rd é?tfgv"é}%e?r"ﬂﬁs%l% i ne
aqueous medi Unyesin N mfré?@mf@ee@haaher thieoniaai rse donetlim a

pol yval ent m‘:"t:%laﬁsxncia:r:! tkhr?ov];norgeg sensgl UbL:? %Ji.r?g it with an aqueous
5 solution of hydrochloric acid; in the case of a resin of
- Na type the treatment with the hydrochloric acid solution
is followed by a treatment with an aqueous sodium
hydroxide solution.
The preferred chelating resins within the scope
10 of the invention are those in which the functional groups
include a nitrogen ligand. The latter may, for example,
include _compbunds derived from amines or imines. Chelat-
ing resins which are especially recommended are those
iﬁcluding functional groups derived from organic acids,
15 those including functional groups derived from imino-
diacetic acid or aminophosphonic acid being preferred.
Such resins are described especially in Patent
US-A-4,002,564 (Dianiond Shamrock Corp.) and in Patent
Application EP-A-0,087,934 (Duolite International S.A.).
20 Examples_df resins which can be employed in the process
according to the invention are those marketed under the
names Duolite (Rohm & Haas Company) and Lewatit (Bayer
AG). In the particular case where the aqueous liquid
contains mercury it is advantageous to precede the
25 - treatment on the resin containing nitrogen ligands with
‘a treatment on a chelating resin containing sulphur
ligands, in order to bind the mercury thereon.
' In a particular alternative form of the preferred
embodiment the alkaline aqueous medium is acidified and
30 filtered. In this alternative form of the invention the
acidification can be carried out by addition of an
aqueous hydrochloric acid solution to the aqueous medium.
Its purpose is to decompose the sodium carbonate and to
dissolve the polyvalent metals. The filtration is used to
35 remove the insoluble matter, ‘especially the fly ash from
the smoke.
When the aqueous medium contains S0,% anions, it
may be desirable, in some applications, to prevent these
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- 12 - hydroxides. It is treated on a filter 13 to separate off

the insoluble matter 14 (fly ash and pol yval ent netal hydr oxi des). The
aqueous liquid 15 collected fromthe filter 13 is an aqueous sol ution
of sodiumchloride, 5 sodium sulphate and sodium carbonate. It is

cont am nat ed wi th dissolved polyvalent netals in a quantity which is
generally too high to allowit to be used in an indus- trial process.
According to the invention it is circu~ 7 - lated in a colum 16 in contact

with a chelating resin 10 containing functional groups of the Na type,
derived from

exchange takesarﬁogégérglgqm\?ve%g%% l??@?l}nq%ggt%%@t ﬁ'{gﬁ <o Bo14E 18R ! ON
: of sodium chloride. To this end, according to another
alternative form of the abovementioned preferred embodi-
‘ment of the invention, the S0,> anions are precipitated
5 in the form of calcium sulphate with the aid of calcium
hydroxide or chloride. In this alternative form of
embodiment of the invention the operation can be carried
out by a number of separate routes.
According to a first route the calcium hydroxide
10 or chloride is added to the aqueous' liquid collected
after separation of the precipitate of metal hydroxides.
The calcium sulphate then precipitates in the form of
relatively uncontaminated gypsum which, as a result, can
be easily recovered industrially or dumped as such on a
15 tip. Where appropriate, it does not require a specialised
tip, and this is an economical advantage. In the case
where the agqueous medium contains carbonate ions, a
sufficient quantity of calcium hydroxide or chloride must
be used to react with the sulphate ions and with the
20 carbonate ions of the aqueous liquid, with calcium
carbonate then being precipitated before the formation of
calcium sulphate. '
According to 'a second operating route the alka-
line medium is acidified, for example by addition of
25 hydrochloric acid, and a sufficient quantity of calcium
chloride is added to it to form calcium sulphate with the
sulphate ions. The objective of the acidification is to
decompose the carbonate ions and to solubilise the
polyvalent metals. It is preferably regulated to impart
30 to the aqgueous medium a pH value lower than 6, for
example between 3 and 5. After separation of the calcium
sulphate precipitate (generally in the form of gypsﬁm)
the aqueous medium is alkalified (preferably by addition
of sodium hydroxide) and is then treated as described
35 above in order to extract the polyvalent metals
therefrom.
According to a third route the alkaline medium is
acidified to begin with, for example by addition of
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resin and the pol yval ent cations of the aqueous |iquid 15. An

i'ndustrial aqueous solution of sodiumchloride 17 15 is collected fromthe
colum 16, and is sufficiently pure toallowit to be enployed as such
in an industrial process. The solution 17 containing dissolved sodi um
sul phate and carbonate finds use in an industrial plant 18 used for

t he manufacture of sodium carbonate by the 20 amoni a-soda techni que.

In the plant shown in Figure 2 the alkal4r® - - aqueous liquid 15 (aqueous
sol ution of sodium chloride, sodi um sul phat e and sodi um car bonat e,

contam nat ed Wﬁ?drochl&ffé%lc\i@' aﬁhy@'%n R 13)s sled 8P 2448 Ao it

descri bed 25 aboyve mﬁtgéie erence-to conveyed.

ure
reacti on chanmbef2b2i Wk eArarids &ocy 8&]"— ﬁlliﬁl'o??ﬁéum hYd’é‘E)’F%ﬁ?or?l‘fS is
added to it in achdfficaridn qmmergomd underatie vdne addndiit idis sadi um

oo sl pas S8 S R AL ARSI e .,

t he redct i BAT %%ﬁﬁ%rl995|%94rﬁﬂ%ﬂ?#h%ﬁeathﬁlP@lY2¢19ﬂtdm€é¢14()The

separate from iguaheitp 6f Wa X o Midiroxides whibat €s used subsequently
must be at least sufficient to react with all of the
sulphate anions of the aqueous medium; furthermore, the
overall quantity of calcium hydroxide and sodium

10 hydroxide must be sufficient to produce an alkaline pH
(preferably equal to at least 8) in the agueous medium.
In this third opérating route of the process the calcium
sulphate (generally in the form of gypsum) and the metal
hydroxides precipitate simnltaneousiy, and this con-

15 stitutes an advantage. It has been observed, in fact,
that this coprecipitation facilitates and accelerates the
settling of the precipitate and improves the subsequent
separation of the precipitate and the recovery of the
aqueous liquid.

20 The process according to the invention makes it
possible to obtain industrial aéueous solutions of sodium
chloride of very high purity in which the polyvalent
metal ion content is lower than 1 ppm. In particular, . it
makes it possible to obtain saturated aqueous sodium

25 chloride solutions which have a calcium weight content
lower than 0.1 ppm and generally not exdeeding 0.05 ppm.

The aqueous sodium chloride solutions obtained by
means of the process according to the invention conse-
quently find various applications in industry. They can

30 be used in particular as a raw material for the manu-
facture of sodium carbonate by the ammonia-soda process
(Manufacture of Soda - Te-~Pang Hou - Hafner Publishing
Company - 1969), for the electrolytic manufacture of
chlorine and aqueous sodium hydroxide solutions, for the

35 electrolytic manufacture of aqueous sodium chlorate
solutions and for the manufacture of solid salt.

The invention consequently also relates to the
use of the agueous sodium chloride solution obtained by

This is the replacement sheet
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precipitate 28, which is set aside. The aqueous sodi um chl ori de .
solution 29 collected fromthe filter 27 is 35 conveyed to the colum 16

to be treated therein on the chelating resin as descri bed above with
reference to Figure 1. - 13-
In the plant shown in Figure 3 a sufficient quantity of hydrochloric

acid 11 is introduced into the )
-9 -

means of the proceés according to the invention for the
manufacture of an aqueous sodium hydroxide solution by
electrolysis or electrodialysis. Processes for electro-
lytic manufacture of aqueous sodium hydroxide solutions
5 are well known in the art and include especially the
nmercury cathode cell process and the selectively cation-
permeable membrane cell - process (Chlorine, Its
manufacture, Properties and Uses - J.S. Sconce - Reinhold
Publishing Corporation, New York - 1962 -~ pages 127 to

10 199; European Pateht EP-B-0,253,430 and Belgian Patent
Applications 09000497 and 09000924, all three in the name
of Solvay & Cie). Processes for the manufacture of
aqueous sodium hydroxide solutions by electrodialysis are
also well known in the art (Patent US-A-2,829,095 -

15 Noguchi Kenkyu-Jo). According to the invention the raw
material employed in the electrolysis or electrodialysis
is an industrial aqueous solution of sodium chloride,
obtained by means of the process in accordance with the
invention, described above.

20 Another subject of the invention is the use of
the aqueous sodium chloride solution obtained by means of
the process according to the invention for the manu-
facture of sodium chloride crystals. The manufacture of
crystals of sodium chloride of high purity by evaporation

25 of aqueous sodium chloride solutions is well known in the
art (Sodium Chloride - Dale W. Kaufmann - Reinhold.
Publishing Corporation, New York - 1960 - pages 205 to
274; European Patent Application EP-A-0,352,847 - Solvay
& Cie). According to the invention an industrial aqueous

30 solution obtained by means of the process in accordance
with the invéntion, described above, is employed as the
aqueous sodium chloride solution subjected to
evaporation. _

An additional subject of the invention is the use .

35 of the industrial aqueous solution of sodium chloride for
the manufacture of sodium carbonate by the ammonia-soda
technique or by the insoluble amines tedhniQue. The
-ammonia-soda technique (also called the Solvay'process)

Tris is the replecement sheet
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r_eaction chanber 9 to acidify the aqueous nedi um present therein, to
tleconpose the carbonate ions and to dissolve 5 the polyvalent netals. In

addi tion, an aqueous cal ci um chloride solution 30 is introduced into it
in sufficient . quantity to react wwth the sodium sulphate and to
preci pitate gypsum The aci di ¢ aqueous nedium 12 collected from
the 10 reaction chamber 9 is conveyed to the filter 13, where t he

i nsoluble matter 14 (cal ci um sul phate andof ky ash) is-. separated off. An
aqueous solution 31 of sodium chlori de, free from sodi um sul phate and

carbonate and c¢gnf ai ni I : ' h N I i
collected 15 goﬁ??ﬂeﬂg?v?e?8§é*ﬁﬁhgﬁ%ﬁyﬁéggﬁlg%nbsggggégge%ggdﬁé%%? -
reaction chambagueauswf@ddium ¢hleridg i sptutionaspHas to RFOGREEn Fand 14

g?/kaldd} tion of aa@?agaeaglswm@pmﬁwh@m_ of thile simoniacal3Brifbevith

alifying results in e.precipi- ati.on of t y s in
the form of nefal9%0 cﬂi}g?i}ﬁf‘ﬁ%sgaﬁﬁogq (?lfslgséus%%nggoﬁ:oéglégggélﬁggéﬁent ly
col | ect ed Br omspdéunmhiicerbpaatad and thheataomversdessiofe|the latger gto

settling chanbgpa3dmaedrPBndth |(rBLPdRg HBE) €MAnufacture of Soda with
special reference to the Ammonia Process, 1969, Hafner
Publishing Company). In the technique using amines an
aqueous sodium chloride solution and an organic solution

10 of a water-insoluble amine are mixed and the resulting
mixture is treated with a gas containing carbon dioxide
to crystalliée sodium bicarbonate, which is collected and
which is next converted into sodium carbonate [Patents
GB-A-1,084,436 (Kaiser Aluminum & Chemical Corpbration)

15 and FR-A-2,545,079 (Solvay & Cie)]. According to the
invention the aqueous sodium chloride solution employed
in these two techniques is an industrial aqueous solution
obtained by means of the process in accordance with the
invention, described above. '

20 The invention performs, in an original and .
economical manner, a recovery of residues originating
from smoke purification. It is very épecially suited to
the treatment of smokes originating from plants for the
incineration of domestic or municipal waste.

25 Special features and details of the invention
will appear in the course of the description of a number
of embodiments which is to follow, with reference to the
attached drawings. _

Figure 1 shows the diagram of a plant using a

30 particular-émbodiment of the invention.

Figures 2, 3.and 4 are three schemes similar toi

" that of Figure 1, of plants which use, respectively,
three other embodiments of the invention.

In these figures the same reference numbers

35 denote identical components. -

The plants shown in the figures are designed to
purify a smoke originating from the incineration of
domestic or municipal waste and to recover the effluents
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precipitate, 36 of polyvalent netal hydroxides is 'sepa- rated

therefromand is set aside. The aqueous liquid 15 25 collected fromthe
filter 35 is an aqueous sodium chl oride sol ution contan nated
wi t h di ssol ved pol yval ent nmetals. It is conveyed into the colum 16 to
be treated therein as descri bed above with reference to Figure 1.

The solution 17 collected fromthe colum 16 is an 30 - aqueous sol ution .of
sodi um chl ori de of high purity, subddantially free from pol yval ent
nmetals and from sul phate and carbonate ions. It is divided into two

fractions, 37 gpthéSted from the purkfacatdon JE ithisosmeked, This amexkedance

with the 35 inveption,.into an electr.alysi 39 | |
sel ectively ca‘f?%ﬂéb'é‘? By Fggﬁﬁnﬁ)ﬁﬁé’g‘f&eﬁn %’F1)'ce‘r§ﬂe"+rec(-glg}g'!ﬂi@!to %gldységgy-cel I
39 the sol utvahenB7metatier (fex ewample: cadBium} \BSECUFY a FFHRINKmowWn

per se, resultjggql eddlt, chromium, copper, manganese, vanadium, tin,
5 nickel, calcium, magnesium, aluminium, zinc, this list
not being exhaustive). It additionally contains fly ash.
- This smoke is indicated by reference number 2 on the
attached drawing.
The plants comprise a tubular reactor 3 fed, in
10 its lower part, with the smoke 2 emitted by an incine-
rator for domestic waste 1. Sodium bicarbonate 4 in the
form of an anhydrous powder is injected into the smoke 2
in the reactor 3. In the reactor 3 the sodium bicarbonate
reacts with the hydrogen chloride in the smoke, forming
15 sodium chloride. Furt_hermore, it reacts with sulphur
dioxide, forming sodium sulphate. The smoke 5 extracted
from the upper part of the reactor 3 passes through a
dust separator 6 and is then removed to the stack 7.
Since the smoke 5 is dry, the dust separator 6 may
20 advantageously consist of a mechanical separator with
filter fabrics (bag filter) whose efficiency is optimum.
Other types of separators can also be employed, such as,
for example, electrostatic filters.
In the dust separatbr 6 the smoke 5 is freed from
25 the solid particles 8 which it contains. The latter
: include sodium chloride, sodium sulphate, sodium car-
bonate, polyvalent metals and fly ash.
In the plant shown in Figure 1 this solid product
8 is introduced into a dissolving chamber 9 where it is
30 dispersed in a suffi¢cient quantity of water 10 to dis-
solve all of the water-soluble matter which it contains.
The aqueous 'medium thus obtained is generally alkaline.
Its pH is adjusted to a value of between 8 and 14 by
addition of an aqueous solution 11 of sodium hydroxide or
35 hydrochloric acid, depending on whether its initial pH is
lower or higher than the required value. The alkaline
aqueous medium @ 12 drawn off from the chamber 9 contains
the polyvalent metals in the form of insoluble metal
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- 14 - production of chlorine 40 and of an agueous sodium

hydr oxi de sol ution 41. Fraction 38 is conveyed to an evapor at or
42, from whi ch crystallised sodiumchloride 43 and steam 44 are 5

coll ected. The solid sodiumchloride 43 finds various i ndustri al

applications. _ In the plant shown in Figure 4 a sufficient
quantity of hydrochloric acid 11 is introduced into the di ssol vi ng

chanber 9 to acidify the aqueous m xt ure 120~ present therein, to deconpose
t he carbonate ions and to di ssol ve the pol yval ent netals.

hydroxides. It is treated on a filter 13 to separate off
the insoluble matter 14 (fly ash and polyvalent metal
hydroxides). The aqueous liquid 15 collected from the
filter 13 is an aqueous solution of sodium chloride,
5 sodium sulphate and sodium carbonate. It is contaminated
with dissolved polyvalent metals in a quantity which is
generally too high to allow it to be used in an indus- .
trial process. According to the invention it is circu-
lated in a column 16 in contact with a chelating resin
10 containing functional groﬁps of the Na type, derived from
aminophosphonic acid. Consequently, in column 16 an ion
exchange takes place between the sodium cations of the
resin and the polyvalent cations of the agqueous liquid
15. An industri'al aqueous solution of sodium chloride 17
15 is collected from the column 16, and is sufficiently pure
to allow it to be employed as such in an industrial
process. The solution 17 coritaining dissolved sodium
sulphate and carbonate finds use in an industrial plant
18 used for the manufacturé of sodium carbonate by the
20 ammonia-soda technique.

In- the plant shown in Figure 2 the alkaline
aqueous liquid 15 (aqueous solution of sodium chloride,
sodium sulphate and sodium carbonate, contaminated with
dissolved polyvalent metals) is obtained as described

25 above with reference to Figure 1. It is conveyed to a
reaction chamber 24 where an aqueous calcium chloride
solution 25 is added to it in a sufficient quantity to
react with all of the sodium carbonate and sulphate and
to precipitate calcium carbonate and calcium sulphate

30 (gypsum). The aqueous suspension 26 collected from the
reaction chamber 24 is treated on a filter 27 in order to
separate from it the calcium carbonate and sulphate
precipitate 28, which is set aside. The aqueous sodium
chloride solution 29 collected from the filter 27 is

35 conveyed to the column 16 to be treated therein on the

chelating resin as described above with reference to
Figure 1.
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The aci di c aqueous nedium 12 collected fromthe reaction chanber 9 is

ah aqueous sol ution of sodium chl ori de and sodi um sul phat e,
additionally containing 15 dissolved polyvalent netals. It is conveyed to
the filter 13, where the insoluble matter 14 (essentially fly ash) .

I's separated off. An aqueous sol ution 45 of sodi um chl ori de and sodi um
sul phate, containing the pol yval ent netals in the dissolved state is
collected fromthe 20 filter 13. The selaBien 45 is conveyed into the
reaction chanber 24 In the chanber 24 the sol uti on 45 wil | be

al kalified to a pH of \M%s] B%M 14va0d i a?géﬁggn %or S hate

cations which it contains IP‘gempl in the gypsum
For this purpos@ankitx of 125‘“’-“P‘F iy jacidtodik ntradnaade iadeniidye 24 in

suf ficient rqa@ﬂiéﬁwﬁamac@masacﬂifpftﬂéwaq&aduumxﬁdﬂmha dgerithe
sol ution 45 and ({f&

hydr oxi de sol utF%%rlegggldts%e%%c?Pent'(P%;s&ua cgf b%{%%g”%}{% and I—Fcf 0 Jtﬁ?é)la’em red
val ue, betwBen Bhangolwvatﬁetsuetpésyvémmddml@m talmsaq;m@cuqﬁlmt@ in
the formof nmetghloride hyST@XisESIMild igtiredudeauinbst et fRNaeErRINdnL an
agueous quantity to react with the sodium sulphate and to
precipitate gypsum.
The acidic aqueous medium - 12 collected from the
10 reaction chamber 9 is conveyed to the filter 13, where
the insoluble matter 14 (calcium sulphate and fly ash) is
separated off. An aqueous solution 31 of sodium chloride,
free from sodium sulphate and carbonate and containing
polyvalent metals in the dissolved state is collected
15 from the filter 13. The solution 31 is conveyed to the
reaction chamber 24, where it 'is alkalified to a pH of
between 8 and 14 by addition of an aqueous sodium hydrox-
ide solution 32. The alkalifying results in the precipi-
tation of the polyvalent metals in the form of metal
20 hydroxides. An aqueous suspension 33 is consequently
collected from the chamber 24 and is treated successively
in a settling chamber 34 and on a filter 35, where - -a
precipitate 36 of polyvalent metal hydroxides is sepa-
rated therefrom and is set aside. The aqueous liquid 15
25 collected from the filter 35 is an aqueous sodium
chloride solution contaminated with dissolved polyvalent
metals. It is conveyed' into the column 16 to be treated
therein as described above with reference to Figure 1.
The solution 17 collected from the column 16 is an
‘30 aqueous solution of sodium chloride of high purity,
substantially free from polyvalent metals and from
sulphate and carbonate ions. It is divided into two
fractions, 37 and 38.
Fraction 37 is conveyed, in accordance with the
35 invention, into an electrolysis cell 39 equipped with
selectively cation-permeable membranes. In the elec-
trolysis «cell 39 the solution 37 wundergoes an
electrolysis in a manner known per se, resulting in the
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5

suspension 33 is collected fromthe chanber 24 and is treated

successively in the settling chanber 34 and on the filter 35, where a
coprecipitate 36 of polyvalent 35 netal hydroxides and gypsumis separated
therefromand is set aside. An aqueous liquid 15 is collected fromthe
filter 35 and is treated as descri bed above with reference to Figur
3 - 15 - . In a -

particular alternative inplenmentation of idhe

production of chlorine 40 and of an aqueous sodium
hydroxide solution 41. '

Fraction 38 is conveyed to an evaporator 42, from
which crystallised sodium chloride 43 and steam 44 are

5 collected. The solid sodium chloride 43 finds wvarious
industrial applications.

In the plant shown in Figure 4 a sufficient
quantity of hydrochloric acid 11 is introduced into the
dissolving chamber 9 to acidify the aqueous mixture

10 present therein, to decompose the carbonate ions and to
dissolve the polyvalent metals.

The acidic aqueous mediumn 12 collected from the
reaction chamber 9 is an aqueous solution of sodium
chloride and sodium sulphate, additionally containing

15 dissolved polyvalent metals. It is conveyed to the filter
13, where the insoluble matter 14 (essentially fly ash)
is separated off. An aqueous solution 45 of sodium
chloride and sodium sulphate, containing the polyvalent
metals in the dissolved state is collected from the

20 filter 13. The solution 45 is conveyed into the reaction
chamber 24. In the chamber 24 the solution 45 will be

-alkalified to a pH of between 8 and 14 and in addition,
the sulphate cations which it contains will be precipi-
tated in the form of gypsum. For this purpose a milk of

25 lime 46 is introduced into the chamber 24 in sufficient
quantity to decompose all of the sodium sulphate in the
solution 45 and, if need be, a top-up 32 of an aqueous
sodium hydroxide solution is also added so as to bring
the pH to the desired value, between 8 and 14. The

30 polyvalent metals thus coprecipitate in the form of metal
hydroxides with calcium sulphate. Consequently an aqueous
suspension 33 is collected from the chamber 24 and is
treated succeésively in the settling chamber 34 and on
the filter 35, where a coprecipitate 36 of polyvalent

35 metal hydroxides and gypsum is separated therefrom and is
set aside. An aqueous liquid 15 is collected from the

filter 35 and is treated as described above with
reference to Figure 3.
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enbodi ments in Figures 1 to 4, the snoke 2 is treated on an appropriate
filter, not shown, to separate fly ash therefromand is then introduced
into the reactor 3. 5 In the enbodi ments descri bed above with
reference to Figures 1 to 4 the chelating resin in the colum 16

must be regenerated at regular intervals. For this pur pose the col um

16 is isolated fromthe conduits 15 (or 29) and 17- by neans of .
i solating valves 19 and 20, 10 and the oderation is then continued in two
successi ve stages, as described in the docunent "The Anmerican

Institute of Chem cal ERQOh Sicd¥ar & tiv&Sim N 3 31
Wl ff and R E. Anderson, I(r)k?])@x'F cd¥br d1%eriativ prgesntatiotbodithe

f
chlor-alkali eCSPPAIFSOEtS 18 F&E}IFEg ke r&ur Il}ﬁl C%?gﬁopt gflﬁfs%%gﬁéhngnf o
first stage anan apmcpeoistehyflibodn pr hot ashdwael o eparatea rbhyicaghinto
t he col Um%hth%e\fr%“{ Qﬂdcaed%htenZhI:eoau@éal i e R N - the

active sites of

ating resin and ol ution of
hydrochl ori% acid cont &hthg eReodHentH WéFéﬂr&’eﬁe‘[’}é?‘ée q'?tgblrf%?f"‘g& Cqi aot he
conduit 22. | ndderigureserons &tahje ehedquingsresiinuinhyteoxodemsolléti on

'S must be regenerated at regular intervals. For this
purpose the column 16 is isolated from the conduits 15

(or 29) and 17 by means of isolating valves 19 and 20,

10 and the operation is then continued in two successive
stages, as described in the document "The American
Institute of Chemical Engineers, No. 219, vol. 78, pages

" 46-53 : J.J. Wolff and R.E. Anderson, Ion-exchange
purification of feed brine for chlor-alkali electrolysis

15 cells; the role of Duolite ES-467". In a first stage an
aqueous hydrochloric acid solution is introduced into the
column 16 via the conduit 21 to substitute the protons on

the active sites of the chelating resin and a dilute
aqueous solution of hydrochloric acid containing the

20 polyvalent metals is collected via the conduit 22. In the
second stage an aqueous sodium hydroxide solution is
introduced via the conduit 21 in order to substitute
sodium cations for the protons of the active sites of the
resin and a dilute aqueous sodium hydroxide solution is

25 collected via the conduit 22. The dilute aqueous hydro-
- chloric acid solution and the dilute aqueous sodium
hydroxide solution can be recycled into the process. For
example, in the case of the embodiment of Figure 4 the
dilute aqueous sodium hydroxide solution can be recycled

30 into the reaction chamber 9, and the dilute aqueous

sodium hydroxide solution can be recycled into the
reaction chamber 24.
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i ntroduced via the conduit 21 in order to substitute sodi um cati ons

for the protons of the active sites of the resin and a dil ute agqueous
sodi um hydroxi de solution is 25 collected via the conduit 22. The dilute
aqueous hydr o- chloric acid solution and the dilute aqueous sodi um
hydr oxi de sol ution can be recycled into the process. For exanple, in
the case of the enbodi nent of Figure 4 the di | ut e-aqueous sodi um
hydr oxi de sol ution can be recycled 30 Fnt® The reaction chanmber 9, and the
di | ute aqueous sodi um hydr oxi de sol ution can be recycled into the
reaction chanber 24. CLAIMS :

1. Process for the manufacture of an industrial

aqueous solution of sodium chloride, according to which
an aqueous medium (12) containing an aqueous solution of
5 sodium chloride and of polyvalent metals is prepared and
the said aqueous medium - (12) is treated in order to
remove the polyvalent metals therefrom, characterised in
~ that, in order to prepare the aqueous medium (12) a
solid-product (8) collected from the dry-route treatment,
10 with sodium bicarbonate (4), of a smoke (2) containing
hydrogen chloride and polyvalent metals is introduced
into water (10). _
2. Process according to Claim 1, characterised in
that smokes (2) originating from the incineration of
15 domestic or municipal waste are used.
3. Process according to Claim 1 or 2, characterised
in that an aqueous medium (12) is used which is alkaline
so as to obtain the polyvalent metals in the form of a
precipitate of metal hydroxides, this precipitate (14,
20 ---36)" i’sf*'separa‘te&"'ffam'“the- aqueous medium ' and the result-
ing aqueoﬁs liquid (15, 29) is treated on a chelating
resin (16). ' '
4, " Process according to Claim 3, characterised in
that the pH of the aqueous medium is regulated between
25 8 and 14. -
5. Process according to Claim 3 or 4, characterised
in that a chelating resin (16) containing functional
groups derived from iminodiacetic and/or aminophosphonic
acid is used. N
30 6. Process according to any one of Claims 3 to 5,
characterised in that a chelating resin (16) of the Na
type is used.
7. Process according to any one of Claims 3 to 6,
characterised in that the aqueous medium - (12) is
35 acidified, is filtered (13) and is then alkalified (24,
25). '
8. Process according to Claim 7, characterised in
that, in the case where the aqueous medium (12) contains
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- 16 - _ _ CLAI V5 1. Process for the
. manufacture of an industrial- aqueous solution of sodiumchloride,

. according to which an aqueous medi um (12) containing an aqueous
solution of 5 sodiumchloride and of polyvalent netals is prepared and

t he sai.d aqueous nedium (12) is treated in order to renove the

pol yval ent netals therefrom characterised in that, in order to prepare

t he agueous nedium (12) a solid prodluct (8) coll.ected fromthe

dry-route treatnment, 10 wth sodi um bicarbonate (4), of a snoke (2)

contai ni ng SoyEr %% Ch!aqrdl@ﬂl A oaldey gl Int 1.r§3ta'dd?ed Std Ni€ OgtICEHe
into water (10). SS acg Cl aim 1 charactg sed I n

that snokes (2F 308 gFH&?l R f r"gm ’t%eacr’rgr"%éFgfl JiP of 51550 aBAESIPEC3

muni ci pal wast eadrcdums @tlphate.3. Process according to Claim1 or 2,
characterised o, -in Hhajcedd aURAEAPAIe{de) 15 unadavbbehsés ghkaline
5 that, in order to alkalify the aqueous medium (12) in
the case where the latter contains S0, ions, calcium
(hydr)joxide (32) is added to it in a quantity which is at
least sufficient to react with all of the S0, ionms.
10. Use of the aqueous sodium chloride ' solution
10 obtained by means of the process according to any one of
Claims 1 to 9 for the manufacture of an aqueous sodium
hydroxide solution by electro(dia)lysis of the said
aqueous sodium chloride solution. °
11. .Use of the agqueous sodium chloride solution
15 obtained by means of the process according to any one of
Claims 1 to 9, for the manufacture of sodium chloride
crystals by evaporation of the said aqueous sodium
chloride solution. ° '
12. Use of the aqueous sodium chloride solution
20 obtained by means of the process according to any one of
Claims 1 to 9 for the manufacture of sodium carbonate by
the ammonia-soda technigque.
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So as to obtain the polyvalent netals in the formof a precipitate of
metal hydroxides, this precipitate (14, 20 - 36) is separated fromthe

aqueous nedi um and the result- i ng aqueous liquid (15, 29) is treated
on a chel ating resin (16). 4, Process according to Caim 3,
characterised in that the pH of the aqueous nediumis regul ated
between .25 8 and 14. 5. Proc 8s according to Caim3 or 4,
characteri sed in that a chelating ' resin (16) containing functional
groups derived from i m nodi aceti c and/ or am nophosphonic acid is used.
30 6. Process according to any one of Clains 3 to 5,

characterised in that a chel ating resiABSTBECIf t he Na type i s used.
7. Process according to any one of Clainms 3 to 6, characteri sed

|, that the a8gousTB0rUhe dddlead i o Uikl sty  Wihighad (13)
Claim7, CharagummjgﬂLgﬁLégg;gmfchloride and use of the aqueous sodium
chloride solution thus obtained for the electrolytic

manufacture of an aqueous sodium hydroxide solution, for
‘the manufacture of sodium carbonate _and for the

manufacture of sodium chloride crystals.

Process for the manufacture of an industrial
agqueous solution of sodium chloride, according to which
an aqueous mixture (12) containing an aqueous solution of
sodium chloride and of polyvalent metals is prepared by '
introducing into water (10) a solid product (8) collected
from the dry-route treatment, with sodium bicarbonate
(4), of smokes (2) containing hydrogen chloride, and the
said aqueous medium (12) is treated in order to remove
the polyvalent metals therefrom.

Figure 1.
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that, in the case where the aqueous' medi um (12) contains

SAerr] ions;, calciumchloride (30) is added to it at the

sane tinme as it is acidified, so as to precipitate cal ci um sul phat e.
Process according to Claim?7, characterised in 5 that, in order to
al kalify the aqueous medium (12) in the case where the latter
- contains SOerr] ions, calcium ' .
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(hydr)oxide (32) is added to it in a quantity which is at | east
sufficient to react with all of the SJerr] ions. 10. Use of the
agueous sodiumchloride solution 10 obtained by neans of the process
according to any one of Clainms 1 to 9 for the manufacture of an aqueous
sodi um hydr oxi de sol ution by electro(dia)lysis of the said - agueous
sodi um chl ori de sol uti on. 11. " Use of the aqueous sodium chloride
solution 15 obtained by neans of the pkptess according to any one of
Claims 1 to 9, ffor the manufacture of sodium chloride crystal s by
evaporation of {{the sai d aqueous sodi um chl oride solution. 12.
Use of the aqupdus 5 sodium chloride sol ufiléh 20 ~ obt ai ned by neans of the
process accordj npgto any one of Cams—tto.9 for the manufacture of
sodi um car bonaf ¢ by t he amoni a- soda techni que.
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