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STABI LI ZATI ON OF WATER
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(54) Title: STABILIZATION OF WATER
(5T) Abstract '

The invention provides a process for the stabilization of raw water having a pH of 2,5-9, an alkalinity of at most 50 mg/l expressed
as calcium carbonate, a calcium content of at most 100 mg/) expressed a5 calcium carbonate, and a positive calcium carbonate dissolution
potential. The process comprises separating part of the water from the remainder thereof and acidifying said part to increase its calcium
carbonate dissolution potential. The acidified water is then fed through a bed of particles comprising calcium carbonate where said water .
consumes part of the calcium carbonate thereby increasing the calcium content and the alkalinity of the water which issues from the bed.
The water issuing from the bed is then mixed with the remainder of the raw water to obtain an at least partially stabilized product water
having a positive calcium carbonate dissolution potential which is at least 2 mg/l calcium carbonate less than that of the raw water.




of the water as it passes through the bed; and 20 m Xi ng wat er
issuing fromthe bed with the renainder of the raw water, thereby to
‘obtain a.product water having a positive calcium car bonat e di ssol uti on
potential which is at least 2 ng/[err] calciumcarbonate | ess than that of

the raw - water, and is at |least partially stabilized. WO
96/ 33952 WO 96/33952 PCT/NL96/00167
PCT/ NL96/ 00167 ‘ ' 2

By stabilized water is neant broadly aiwater where the chemistry is such
that the water has a cal cium carbonate precipitation potential of between O

ng/[err] and 5 ng/[err] at anbient tenperature, and where the water is
stable with regard to gaseous and aqueous carbonate species. 5
Usuwal ly the acidified part will be fed in an upflow manner 't hrough the
bed of particles. STABILIZATHON-GF WARER:r bonat e di ssol ution
potential of a water is neant nass in ng of cal cium carbonate which
must be dissolved in alitre of the water to saturate the water with

regard to dissolved cal ciumcarbonate, and it is expressed 10 as ng/[err]

cal ci um [ w rr]. Preferably
suffici Mm | ﬁhﬁe particles is consuned to reduce

~said dissolution potential of the product water to as |ow a val ue as.

Gacderr, “and vyt o INVEON ralsses vo S fatiacta e WA Ware ar 1y 10

stabi | i Sﬁaﬁ.balaw the métﬂidmeuam tbaarv Y&deds for |ti|13 bartial \6? :atslls&asmsaﬂnm

potential of at |east 10 err err]. In other words, sufficient

cal ci Um efawptaraweieh mﬁwbﬁepg ¢ uqaé%r 9fnPHROtablR Wiaker intensiedfonindustrial,

m xi ng Oégrlcultural or other use.

SUMMARY OF THE INVENTION

According to the invention there is provided a process for the
stabilization of raw water having a pH of 2,5-9, an Alkalinity of at most 150 mg/¢
10 expressed és calcium carbonate, a calcium content of at most 100 mg/{ expressed
as calcium carbonate, and a positive calcium carbonate dissolution potential, the
process comprising : _
separating part of the water from the remainder thereof and acidifying said
part to increase its calcium carbonate dissolution potential; N
15 feeding the acidified water through a bed of particles comprising calcium'
carbonate where said water consumes parf of the calcium carbonate of the
particles before issuing from the bed, which consumption is associated with an
increase in the calcium content of the water and with an increase in the Alkalinity
of the water as it passes through the bed; and
20 “mixing water issuing from the bed with the remainder of the raw water,
" thereby to obtain a product water having a positive calcium carbonate dissolution
potential which is at least 2 mg/f calcium carbonate less than that of the raw

- water, and is at least partially stabilized.



the water issuing fromthe bed with the remai nder of the water, the product
wat er having a cal cium carbonate di ssolution potential of between 0
ng/[err] calcium carbonate and 10 ng/[err] cal cium carbonate, or indeed
| ess, so that the dissolution 20 potential can be negative.

It follows that the dissolution potential may thus be reduced to a val ue

| ess thanwoogsieerr] CaCderr], ie a positive precipitati gcasandieal is
creat ed. Accordi ngly, sufficient calciumcarbonate fromthe particles
may be consuned to obtain a producg water having a positive
precipitation potential of 0-5 ng/[err] calcium 25 carbonate in the water,

t hereby to stBibstabilizedneatertie méant hroadly a water where the clﬁynistrkai!sisnichy

(al so k |t ' . t . centr

cxcpr oss oAt W yterbea it e ifabin bt Bboyy: af BT bid?

WO 96/ 3HMa25 mg/{ at ambient temperature, and where the water is stable wuttPEE'déHH&ﬁ/ 00167
3 di ssol ved g% 'ﬁd Cg’err and OH err] ions, |less the

concent r9ASPEHS AN RQueRYs.cprRERat SP?%?‘FS This can be expressed by:

Al kalinity (ng/[err] as CaCderr]) CJerr] + HCOerr] + OHerr] - H+
When water is artlall st abj ec S les ressive to

cementd ti ous cgnddﬂ‘ﬁ‘@ Bﬁ@&l#ﬁ?fpaﬁd"@&ﬁfegﬁ'? &8s "E?%’d"‘? '\?6F'P’(9é499éhﬁﬁ th
regard tgud of pARicles. VWien water is fully stabilized it is non-aggressive

and wi |l not attack cementitious concrete, and it is significantly |ess
corrosive with regard to nost netal s. AfuIIy stabilized water is

slightly supersat yatgdiuth bBrdiias didsBiittntpotehtial of & VPRBRA I meant mass
in mg of calcium carbonate which must be dissoived in a litre of the water to
saturate the water with regard to dissolved calcium carbonate, and it is expressed

10 as mg/{ calcium carbonate or mg/¢ CaCO4.

Preferably sufficient calcium carbonate from the particles is consumed
to reduce said dissolution potential of the product water to as low a value as
possible, e.g. between 10 mg/{ of CaCOgq and O mg/¢ of CaCO4, and typically to
about 2 mg/¢ CaCOa, partiaily to stabilise the water. Usually, the raw water will

15 have a dissolution potential of atleast 10 mg/¢ CaCO4. In other words, sufficient
calcium carbonate from the particies may be consumed to obtain, after mixing of
the water issuing from the bed with the remainder of the water, the product
water having a caicium carbonate dissolution potentiai of between 0 mg/¢ calcium
carbonate and 10 mg/¢ caicium carbonate, or indeed less, so that the dissolution

20 potential can be negative.

It follows that the dissolution potential may thus be reduced td avalue
less than O mg/¢ CaCOg5, ie a positive precipitation potential is created.
Accordingly, sufficient calcium carbonate from the particies may be consumed to
obtain a product water having a positive precipitation potential of 0-5 mg/¢ calcium

25 carbonate in the water, thereby to stabilize the water fully.

By Alkalinity (also known as total alkalinity) is meant the total

concentration, expressed in mg/f as calcium carbonate (CaCOg} in the water, of



10 By potable water is neant a water having the properties set
forth in the foll owi ng Tabl e:

Tabl e Properties Units Val ues

Typi cal Val ues pH pH units 4.0 - 9.5
4.5 - 8.0 15 conductivity nS/ m [err] 300 5 -
70 - MaBE26/33982 ng/[err] as My [err]100 PCT/NL9G/0167 70
cont ent cal ci um cont ent ng/ [ er % as Ca [err] 300 1 -
50 sodi um cont ent ng/[err] as [err]400 1 - 100 20

chl ori de,cont ent 219/ r]_a .. err] 600 . 1 - 250
sul phat ed'éﬁﬂlf’éatcoargf Hgﬁ@ %jéﬁ elonp- les th]Fe‘f‘?']CGUUat"’" of dissolyed H{o
Non- pot aiohe. VIEhieIcarcbé leXppet3ddy):y, IS water having one or nore of t he

properties set fokth,i n t he above_ Tabl e faazjs_l'i nlg out si de the ipecified
limts given Alkglinitpimglf agLafPgl=CO4f5 + HCO3™ + OH™ -d4{"d part of the
water, prior to its being fed to the bed, wll be acidified in a fashion

which leaves its potability or other potential use follow ng subsequent
bl endi ng subst ant | Whep wyaier de tpartialhd stabilized, rit rhegomest less raggreasivehioch

it cang ;@éﬁ!ﬂﬁtiﬁng cﬁﬁbﬁﬁ%og’%@%g%éﬁd Sfrubfiffedhd ie(\sls%%rro-gwéswnkc}re_gg% &ble

wat er,
PCT/ NLOonetals.7 When water is fully stabilized it is non-aggressive and willl not attack

cementitious concrete, and it is significantly less corrosive with regard to most
metails. A fully stabilized water is slightly supersaturated with regard to calcium
carbonate.

10 By potable water is meant a water having the properties set forth in
the following Table:

Properties Units Values Typical

Values
pH pH units 4.0-9.5 4.5 - 8.0
15 {| conductivity mS/m <300 5-70
magnesium mg/¢ as Mg <100 5-70
content
calcium content mg/¢ as Ca- =300 1-50
sodium content mg/¢ as Na <400 1-100

20 || chloride content

suiphate content

1-250
~1-200

mg/¢ as Cl

Non-potable water, correspondingly, is water having one or more of
the properties set forth in the above Table falling outside the specified limits given
therefor in the Table.

25 Said part of the water, prior to its being fed to the bed, will be
acidified in a fashion which leaves its potability or other pdtential use following
subsequent biending substantially unaffected and which increases the rate at which

it can consume the calcium carbonate of the particles. Thus, for potable water, a



liquid solution of an acid such as hydrochloric acid, sulphuric acid,

citric acid or the | i ke may be dosed into said part of the water in
guantities that are non-toxic, or preferabl'y an aci di fyimggas such as
carbon dioxide may be fed into said part of the wat er. The

acidification may take place under pressure, the pressure typically 5
bei ng 100 -wo®e33982. The process nay take place in a vessel pepsgddivoser | y

provi ded for the purpose of bringing the acid into contact with said
part of the water, in an extended | gngth of pipe or conduit, in a
static m xer or i ndeed In any suitable vessel, before the acidified

part ent dignid gelution affanrgid suth ashydpechioric acidl sulphuric acighicitdnatoid offthe bed
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6. More specificaily, the acidifying may be by feeding carbon dioxide into said part
of the water at a pressure of 100 - 300 kPa, the acidified part of the water being

20 fed in an upflow direction through the bed of particles.

The feeding of the acidified water through the bed typically causes the
pH of the water to be raised together with the Alkalinity and the calcium content,
while the Acidity remains unchanged, such that the calcium carbonate dissolution

. potential is reduced to a value of between + 300 and -300 mg/¢ CaCO4, preferably
25 about + 100 mg/¢ CaCO4 in the stabilized water after the mixing step.

By Acidity (also known as total acidity) is meant the total =
concentration, expressed in mg/f as CaCOg in the water, of H,COg*, and of
dissoived HCO3 and H * ions, less the concentration of dissolved OH" ions in the

water, where H2C03* is the concentration of dissolved H2C03 in the water
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with the concentration of dissolved CJerr] in the water. In the water,

this can be expressed by: Acidity (nmg/[err] as
CaCderr])=Herr]CJerr]* + HCQerr] + H - OHerr]

where H er ny@ofmaosd * = Herr]Cerr] + CJerr]. 5 PCT/NL96/00067 bed
of .particles will typically be contained in a container which may be a -

pressuri sed container. Preferably, wherPthe cont a| ner is a pressurised

of "1 he el With i (S iariianith BFibholel ORI R witer. i metera b

car bonat ean ibet évgprasséd dlyes by reacting with i t and/ or dissolving it,
whii e rel easing insoluble fi I he ticles, The.

cal ci um carbonate may b 5@ epﬁﬁe \’d#fﬂ?ﬂ'gﬁé bﬁn "P@Bbd'nﬁ'(e @R ch
Wil simlarly be di ssolWwirie 1th; | gs¢ t hus be | i mest one or
dolomite particles. Particle e upW| e introduced to the bed

intermttently or continuously, as required, to maintain the solids

inventgry of the TheltRR pértii‘?é‘é Mﬂtﬁpﬂt‘!ﬂiy be c@:ﬁtamed ina contameg lgﬂl i ds
feed to the bed may have a particle size of 1-2 refera

mm may be a pressurisethgontsiner. nBrefanablyhavben tbe ppotameﬁlsw DteSSblnlsed

anel ong t ch
Itohe aci di }Q{Q{ d%réﬁogglﬁeq &SaREc{dh& "B’gggggﬁﬂ;war a%ﬁid' 'éggﬁ%ﬂggw
distri bupamqamwarcﬂy kiroughahp etidr will consupge ¢aielum qarb@gatminahemfaracles
di t - - he ,. t al f
he per 1 BY sefing Wi if /st iasivide i Wnile Sprefripa TndBiloibaf ners W2 i ©
wat er \‘:\zeltmg paat:etatsed Tioe t caltiunai carbonateuih@y fhenessosiatdd ?&ltﬁi agmeisiums,
can, ile war ou erforations,
gravit at 83@&5}% éﬂ' yc hY”HL ety ![Q‘?fe %"é’ﬁ{l ﬁ'g‘? f%‘FaP Bfféeﬁ dnay p'g‘é‘ﬁt P8n
bel ow t hfimgktdrie of ruoworanet;bmbws Fartéle Unbke-up2Wwill Be Rtrddecsd ol éHebkle
roof of a distribution chanber having, an inlet inpto which the acidified

part of imermittently; or ¢entinkqusly. 5 faauirgdste Maintaisthe solids jguentory & thganpl e
i nterm t heatdtla désirdERWel,€d. The distribution chanber may be flat-bottoned,
downwar dly doned or 1nverted conical, having a closable | owlevel flushing
outlet.

18 : The solids feed to the bed may have a particle size of 1-25 mm,
preferably 5-15 mm.

The container may have a perforated distributor panel on which
particles of the bed are supported, and through which the acidified part of the
water passes upwardly into the bed. The distribution panel will have perforations

20 thereiﬁ, eg holes of a diameter of 2 - 8 mm or slots of a width of 2 - 6 mm; the
total area of the perforations and the water feed rate of the acidified part of the
water being selected so that said insoluble fines, such as silica fines, can, while
water is flowing upwardly through the perforations, gravitate downwardly through
the bed and perforations to a position below the piate. In a particular construction

25 the plate may form the roof of a distribution chamber having an inlet into which the
acidified part of the water is fed and from which said fines are flushed, for example
intermittently, as required. The distribution chamber may be flat-bottomed,
downwardly domed or inverted conical, having a closable low-levet flushing outlet.
via which the fines are fiushed from the chamber by said acidified part of the water



via which the fines are flushed fromthe chanber by said acidified part of
t he wat er WD 96/ 33952 '

PCT/ NL96/ 00167 T as it is
fed into the inlet, typically at an increased rate relative to the feed
rate when no flushing takes pl ace. The cont ai ner

pr ef er abl yWees/339seader space, unoccupi ed by particles, PCENDISMOigre bed,
fromwhich said part of the water, being partially-, fully- or 5
supersaturated with cal ci um carbonate, 6is withdrawn, for exanple via a

| aunder . or nifold | ocated in the header space. The
wat er pal&ihip f?r?wﬁhthPHéleéeﬁvm%ét ARdJNeregred ateyfelative to fhe feed ratessed
through wkenbes fludhiRy tHkeS!placd.he process may include recirculating a
portion of the water 1ssuing fromthe bed through the bed, thereby

i ncreasing water 10 flow rate through the bed relative to nett raw water
feed rate to the b Htben ' e [ .. i .ypwar dl y
t hrough t he bed mJH%gEr ecierr?lﬁt:{aelﬂp? Eg%]th'egaef{reatcﬁégﬁg%&s%gggip%?&.ﬂgs, :
di st ri buabhexe ghanbed, from iwhichasdid gparh ofnttiee wetenwbeiagepartiallyhr fullyh érhe bed

| at i ; 1h d f i .NCr. i th
Gogred caiebrspfurBtid Wi ol afthie isl ARpHERn G dimbI3 i 350000501 wocr
15 t he ren mapifoldiiaratedin the hasdemspacd. t he nett raw water feed rate to the

bed may be 1:1 - 20:1. In other words, the ratio between the rate of
water recircul ation from the header space to the distribution chanber

and t ?e ra’;) e ?f neThe veaterphassing Qﬁfbuglh tHeObéd) tndyehle recirdisted #16€R thas )

rati o) may_ be oml-1 - 20:1, typically,2:1 - 10:1. | ) . The

reintr ocﬁhﬁslegn{fgf’uggit&?p%df (ﬁc‘%ﬁ@"ﬂ&' dhe RIPFEFS Mahinelyde seairepating gugh

the bed,pdriion dfitheedter iREaIgdrorh ke bed BirougH thé Bed, theAdbyinBlesRing Waddt! 1S i N
10 flow rate through the bed relative to nett raw water feed rate to the bed. Thus, a

T T 6

proportion of_the water passing upwardly through the bed may be recirculated from
the header space to the distribution chamber for increasing the water flow rate
through the bed relative to the nett water feed rate to the bed, and for increasing
the degree of stabilization which the water so fed undergoes. The ratio between

15 the rate of water recirculation and the nett raw water feed rate to the bed may be
1:1 - 20:1. In other words, the ratio between the rate of water recirculation from
the header space to the distribution chamber and the rate of nett raw water feed
to the bed (ie recycle:feed ratio)may be from 1:1 - 20:1, typically 2:1 - 10:1.

The reintroduction of said part of the water, after it has passed

20 through the bed, into the remainder of the water, eg via a static mixer, resuits in
a product water which may be partially-, totally- or excessively stabilized with
regard to calcium carbonate. The degree of stabilization achieved will be
dependent upon the initial raw water quality, the mass ratio between said part and
remainder of the water, the type and quantity of the acid introduced into said part

25 of the water and the pressure in the container {the pressure being of increased
importance to the process when an acidifying gas such as carbon dioxide is

employed).



a product wat er whi ch may be partially-, totally- or excessively stabilized
wi .th regard to cal cium carbonate. _The degree of stabilization achieved

will be dependent upon the initial raw water quality, the mass ratio
bet ween said part and remai nder of the water, the type and quantity of
the acid introduced into said part 25 -of the water and the pressure in the
cont ai ner (WRP6REW3sure being of increased i nportance t ECTRMAS§¢H0IETsS
when an aci di fying gas such as carbon dioxide is enpl oyed) .
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1S5 BokbRE et Bal b by A ga it v e Al et 0
hydr oxi deatatfospb@reitakes place until the respective CO, partial pressures in the water and
the atmosphere are close to equilibrium, eg subétantialiy equal.. Such stripping will
_increase the pH and decrease the Acidity of the water. The product water may
then further be treated to obtain the required degree of stabilization by dosing with
20 an alkali, such as one or more of calcium hydroxide, sodium hydroxide or sodium
carbonate. Said dosing assists in achieving the desired levels of pH, total alkalinity
and calcium content. The alkali dosing may be such that a positive caicium
carbonate precipitation potential is achieved. The dosing may be such that the pH
of the dosed water is 8 - 9.5.

25 | By calcium carbonate precipitation potential is meant the mass in mg
of caicium carbonate which will naturally precipitate from a litre of water over a
period of time thereby reducing it from a state of supersaturation to a state of
saturation with regard to dissolved calcium carbonate, and is expressed as mg/¢
CaCOg.



carbonate. Said dosing assists in achieving the desired | evels of pH, total
al kalinity and cal cium content. The al kali dosing may be such that a
positive cal cium carponate precipitation potential is actieved. The
dosi ng may be such that the pH of the dosed water is 8 - 9.5. 25

By cal cium carbonate precipitation potential is meant the mass in ny of
cal ci um casmapepmhesawhi ch will naturally precipitate froma |pdmeseooisnt er
over a period of tinme thereby reducing it froma state of _
supersaturation to a state of satuBation with regard to dissol ved

cal cium carbonate, and is expressed as ng/[err CaCJerr].

WO 96/ 33952 Naturally, if desired, said part of the water may be passed as

PCT/ NL9
Nat-ur al lté/?&jr@%geasborvg dm sene& throut:gh ]a phﬁrallty of saud parBIcle beds dn Qhe same or

descri beebmateecomtams.earramwg'hsmqsl uThe labyvefdesanhleqbavatecra::mm;on n the

wnter 1 cend/ef BB Bieticn Ra] bR EaPaed bTIRGR T b 4ed e r 06y fetTaan >
i ndi vi &Iu@hwtalae phcehfrosttheteddes spece of uhafmalrbecﬁtomge dinsmbmkﬁcehémamr t he

header e of I nal edtothedstr uti.o theflrst
bed. 1 heDEaediTet beiki b BN RgHoR tka plage s ST B8 et bediand huve

hybri ds of thedafdrBgoin Qregmta&wr;ﬁbssmwral l'y possible. I'n
anot her enbodi nent of the process, the water issuing fromthe bed may

be stripped of excess CJerr], eg by cascading or spraying this water,

before 10 the m X'IH%n%Eﬁ&ehﬁo&n?érﬁ%?%&ﬁfﬁc%b@%e%ﬁ@i:s%u HEM tHithed 2@
pressure of -6,7 to -20 kPa gauge pressure (50 - ) at typically

20[ er r | Gnaythe strirpsdcef exaess CO,, ag-bwsaseadigoiar -’emevmvm's paater, dreforee
the. cishy e thDfing tackDiCe A6 cORtaiheihald o vaorareg el epbssli g ue St 1 r o
Cq err] @&bk(’asamblprassmy(aﬂat 460vmmhig) mtymdlvpzegemn)e strippeskwater
accumulating in the lower part of the container. The stripped water may then be
displaced or discharged from the container by pumping or by siphoning under
gravity. Recovered CO, gas {as well as any water vapour and air present) stripped
15 from the water may be recirculated back to the acidification vessel where it is
reintroduced under pressure to augment the acidifying CO, gas being fed into the
part of the water. Alternatively, said recirculated CO 2 gas (as well as any water
vapour and air present) stripped from the water may be recirculated back to a
separate' acidification vessel, upstream of the acidification vessel, through which
20 said part of the water passes, for this purpose. Accordingly, the stripping may be |
carried out before the water issuing from the bed is mixed with the remainder of
the raw water, the stripping being selected from cascading and spraying the water
in a closed container at a pressure of -6,7 to -20 kPa gauge pressure (50 - 150
mmHg) at typically 20°C, to form stripped water, the method further including
25 using CO5 gas sfripped from said water at least partially to acidify the part of the
raw water which is passed through the bed of calcium carbonate particles, before
said part is passed through the bed. The vacuum in the container may be obtained
by means of a mechanical vacuﬁm pump, eg a water pump or a compressor-type
vacuum pump, the gas to be recirculated being compressed by the same pump.
30 The COZ gas {(as well as any water vapour and. air present) may further be purified

by passing the CO, gas (as well as any water vapour and air present) through a



15 fromthe water may be recircul ated back to the acidification vessel

where it is rei ntroduced under pressure to augnent the acidifying
CJerr] gas being fed into the part of the water. Alternatively, said
recirculated CJerr] gas (as well as any water vapour and air present)
stripped fromthe water may be recircul ated back to a - separate
acidificati wo9sssss2l, upstream of the acidification vessel, PCRNLOGIPLIGI Ch
20 said part of the water passes, for this purpose. Accordingly, the
stripping my be carried out before®the water issuing fromthe bed is
m xed with.the r L nder_ of t he raw water h bei ng sel ect ed
[t ot cascE@anguafithusy flashy: veh AaF0? $SHatation ehrarhya ofr Afbsate
pressure @king atisdptiorOumitatc) segarary s 8 frothSéhy wateugpoai ahdical ly

20[err]C, to formstri wat er, the met Hod further including 25 usi
CO err] gREeSEnt. ;5’;?2 8'&189@ i§ regireylatad yader pressyre;back F%t%%%ﬂlq'@c?tf%‘ part

of the yedsay Water which is passed through the bed of cal cium carbonate

particles, before said part is passed through the bed. The vacuumin
.the contai ner may be obt ai ned by neans of a nechani cal vacuum punp, eg
a Water?purfp or a Cﬁlmﬁﬁﬁ% falSB@e the dl-ﬂEé'é%BV%m&é‘easQ@ﬁnél%rD@ess step,
reci rcul at ed bei ng corrpresse the sanme err] gas (as well

as any wadesingabewproduct materpm @mtalknla}o pgtam@rdmephmqrawf stabilizatinfs si ng

{/\?)egg%gg re@Pthé Aikalfdlosind bRy sl fHar SHEitive Ol citint cBftoRatd prdcifititidh 2
PCT/ NLO6/ péreial is achieved, and a pH of the dosed water of typically 8 - 9,9 is achie@&flerr |

purification nmeans, such as a CJerr] separation nenbrane unit or.a

pressure. SW ng absorption unit, to separate the CJerr] gas from any
wat er vapour and air present, before the CJerr] is recircul ated under
pressure back to the acidification

Bé%ss gl . .5 lar-evlindci As
mentioned above, th& thesase ot fapressurized fixgd bed; cirgular;cylinddcal coptainers
dosi ng16 hﬁa\nhgcwfétaﬂme te,:endbh aa\aeal Hay ibe émplivald) withil 8 Heigiet: diasierer Aitio

stabilization hereof, the al kali dosing being such that a positive
cal ci um cef Behat‘b piPeeierablvt -8l - 3: hoalthew ﬁ‘%m&%‘M e Foptaingrs ‘&f diffesing he

dosed wat Rgrisnthl BidsaldettiBnal Sutinks, @é"?é&\éﬁﬂular, may be used, employing the
same height:cross-sectional area ratio as for cylindrical containers. Regardiess of
overall container height, the header space will typically have a height 0.2 - 1 m,

15 typically 0.2 - 0.4 m.

in the case of pressurized beds said container height {neglecting the

depth of the upper end which will typically be domed) will usually be somewhat
less, the height:diameter ratio for circular cylindrical vessels being 1:1 - 3:1 and
preferably 1.4:1 - 2.3:1, with similar height:horizontal cross-sectional area ratios

20 for containers of non-clrcuiar horizontal cross-section. The feeding of the water
through the bed may be at a rate such that the average residence time in the bed

of the water fed through the bed is 1 - 30 minutes. In each case, ie unpressurized

or pressurized fixed beds, the residence or contact time, ie the time which the
water flowing through the bed spends in contact with the particles of the bed, may

25 be 1-30 minutes, typically 2-10 minutes, although this will naturally depend on the
quality (primarily pH,total alkalinity and carbonate ion content) of the raw water,

the degree of water circulation carried out on said part, the degree of acidification

thereof, etc.



In the case of unpressurized fixed bed, circular-cylindrical containers 10
. having a relatively slender aspect may be enployed, with a height:dianeter

ratio of 1.1 47T preferably 1.8:1 - 3:1, alttough, naturally,
containers of differing hori zontal cross-sectional outlines, eg
rectangul ar, may be used, enploying the sanme hei ght:cross-sectional

area rati onapegidssecyl i ndrical containers. Regardl ess of PCRNEHEd067
cont ai ner height, the header space will typically have a height 0.2 - 1 m

15 typically 0.2 - 0.4 m 10  In the case of pressurized
beds said container height {neglecting the depth of the upper end which
will typically be A8ntb#)quality of sawl watasccarovienyhiiem place goplacsand from

hei ght : di ' : ' gy | .bej 1= 3.1 and
pr ef or e 1o §im. b Gahfls Bt iHediks fledied dile, KRTSahuridt dihedsboaay,

ar ea r atthedik2) shmuld dvet ermployedods aguids,rand outiner éxperirnéntatioasshotid ben. The
feedi ng of the ter t hrough the be be, at. rate such, that the
aver age Y584 G%nc%l,’%' [25e there, Hafag'é ers °roq {;%ét \ﬁﬁfag’ﬁ'sﬁeﬂ‘ AGreRtabie setfy is 1
- 30 18 rpdrametérs, aahingaacticsl anpeesrsomiczeshsideratidng ireasindg zed fi xed beds,
t he residence or contact tinme, ie the tinme which the wat er flow ng

t hrough the bed spends in contact wwth the particles of the bed, nay 25 be

1- 30 ni BRIEE. D [ ION. PHE RAN though this will naturally depend
on the quailty Epl‘ll’f&l‘”y pH, total alkalinity and carbonate ion
content) of the raw water, - t he degree of water circulation carried out

3\;‘) Sg} gsggrzt , the AegriRGeiorGhilll AbRAbkCBescribel Yy Way FfCexample, with
PCT/ NL9gefsrepge to the accompanying diagrammatic drawings, in which: 10

e e e Ml 12 R8RS E (ERARE AR R obn b SH T Sl or, |
and 10 installation for carrying out an unpressurized fixed-bed version of the process of the
present invention;
Figure 2 shows a similar view of another said apparatus or installation for
carryihg out a pressurized fixed-bed version of said process;
Figure 3 shows a similar view of a yet further apparatus or installation for
15 carrying out a pressurized fixed-bed version of said process using C02 gas as an
acidifying medium and, with CO o recovery by means of spraying water containing
CO, into a vessel under vacuum and recycling CO, recovered from the water by
means of a compressor-type vacuum pump; and
Figure 4 shows a similar view of an apparatus as shown in Figure 3, with

20 CO, recovery being by means of a membrane gas separation unit.

DETAILED DESCRIPTION

In Figure 1 of the drawings, reference numeral 10 generally designates

an apparatus for carrying out the process of the present invention. The apparatus

10 comprises a circular-cylindrical container in the form of a slender vesse! 12

25 having a height:diameter ratio of 1.6:0.6. The vessel 12 is mounted in an upright
position and has a flat horizontal lid 14 provided with 2 manhole 16 and a vent
opening 18. The vessel 12 further has a flat horizontal floor 20 and a vertically

extending cylindrical side wall 22 provided with a porthole 24.



the |like, should be enployed as a guide, and routine experinentation should
be used to optim ze these paraneters or at |east establish an

acceptable set of 5 paraneters, bearing practical and econom c
considerations in mnd. BRI EF DESCRI PTI ON OF THE DRAW NGS

The invention will now be described, by way of exanple, wth ref erence
to the accompasryiosy di agranmmatic drawi ngs, in which: PCT/NES@ET 1
shows a schenatic sectional side elevation of an apparatus or 10
installation for carrying out an unprestlurized fixed bed version of the
process of the resent invention; gw’e 2 shows a sim|ar

vi ew of anot her sai P&ﬁf?&?ﬁ%g's&'b‘ﬁ% Paneh28otermsgya horizental paptitionn she
pressuri zggh, drxﬁﬂa&f‘djaﬁlé‘\fesﬂh%”ndﬁr FohitHe RbBF 20%nd panel 26 deﬁﬁirﬂﬁ’é BisriBOGUF 2

sim-lar view of a yet further apparatus or installation 15 carryi ng out
a pressu rcrmnban therelnsweps: A ﬁnedbegaa&pfdme%tggewm@ew\ém]a RRfdicissiae

aci di fyi | b

cont ai i rgy S odEpSim ¥ abrurtel bh thERRKEI Je W BEE 2 avif DHAGN Bt

r ecover&chiat atheader spaee isigft free atparsictds, abovaphebed 28 gnbbelavuthe iig; and

' h I h h
coporr) rAegtmrpramasad Eietingf i REFRARI Fhacsc B by clskRligh the 0.7 20
DETAI LED goobidddPMith\a shut-off valve 31, issues from the luhdef 3Che dr aw ngs,

reference nuneral 10 generally designates an apparatus for carrying out
the process of the present invention. The apparatus 10 conprises a

circular-cylindricah @Onhiatae’feed ik I20MOMfa Paw Vader syarseeIndtZs@SwWhARVI Ng
a height:dianeter ratio of 1.6:0.6. The vesseb 12 is g%un ed i n .an upright
posi t i on byrassas theressehh2i buhadraneh ling 33obranshing iRB ol I8 STOVWhd a

vent 49 ﬁﬂﬁmq‘&ta%emﬁrméﬁl cﬂa’mw tWkile laaSaoad fdo%in ﬂﬁé 2 Ehcwd 20
and a verti cal extending cylind rical de wall 22 provided with a
port hol e somrce (not shown]) in turn feeds into the line 33 An optional water recirculation
line 368 provided with a pump 38 feeds from the header space at a level below the
launder 30 into the line 33, at a position downstream, relative to flow along the
line 33, from the feed of the line 34 into the line 33. Flow lines 32 and 33 are
15 respectively provided with flow regulation valves 37 and 35. A flushing line 40,
provided with a shut-off valve 42, issues from the distribution chamber at a low -

level, adjacent the floor 20.

A discharge flow line 44, provided with a shut-off valve 43, issues
from the launder 30 through the wall 22 and enters line 32. | The line 32 is
20 provided with a pump 46 downstream of where the line 44 enters the line 32, and,
downstream of the pump 46, with a plurality of aeration nozzles 50, feeding into
a storage vessei 64. The vessel 64 has a discharge flow line 66 provided with a
shut-off valve 68. An alkali dosing line 48 feeds from an alkali source {not shown)
into the line 66. The line 66 feeds into a stabilized product water reservoir (not

25 shown).

The panel 26 has a plurality of perforations 52 in the form of circular
holes of a diameter 4 mm evenly distributed over its surface and in total making up

20% of its area.
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11 A perforated distributor panel 26 forns a horizontal
partition in the Intertor, spaced above the fl©oor 20, the floor 20 and
panel 26 defining a distribution chanmber therebetween. A fixed bed 28 of
| i mestone particles having a particle size of at nost 25 mmis supported
on the panwipegBagst he bed 28 having a height such 5 that artemIssoosgzace is
left free of particles, above the bed 28 and below the lid 14. - An

annul ar launder 30 is mounted in the He&ader space. A fines discharge line
29, provided with a shut-off valve 31, issues fromthe |aunder 30.
Araw water feed |Inneccosdancenwith e REREASSsotithe: PI9RANt JAVeRtioN andb‘ﬂiﬁsses
the vessglerbicetFigurd rﬁ%badue Psw%te?:@mahea ffd vwow liffe §§,.nfo%|&nw1§r w

feeding into the distribution chamber, e an acid dosing |Ine
aci d 33 andcied(inta thehdistyjbution ghambee&@m wehich ifcpasses Wavandly Sproughal

wat f
a1 " Gl SRy 57 i B 80 UG orh TR, P GA8 S4 MBS
posi t @riutbom!sﬂs chosedr milﬁaliwenddthrel walvel 3hgnt lire 29 is iopendd, sd rthat @y f eed

f th
O o e SRR Aph et HPE Ry R e e Tihord £ R o'
provi deCRHwt\baterSibuhustéd uﬁb\melkﬁstrib&auasclfamnérm dusshardwtwarﬂmhaimieer at
a |l ow | evel ath{'ilcent i schar e flow

line 44,29r8Wacs ﬁ*‘%‘*&%’fg‘g 4) "‘(?é?’ ig clear.; The, yaive 3 fer}ﬁ"t%B F‘AGH er 30
through $419e 8 lis dgenéd f6hBFhal bpératidn. TiThel ﬂmﬁ? stép 39 gahevam;ednw th a

punp 46 downstream of where the line 44 enters the line 32. and
downstQ eremuired: whep ihe vesseliliisainiialivafilled with limestone, Rastisles Srswhengedi ng
into a@dlﬁﬁﬂéla%emebaﬁlﬁles-r%?e \é’%§§i é‘ﬁl\h%ﬁa%é& ﬁﬁbafrﬁevﬁééﬁﬂ 12ne 66 |
provi ded w t shut-off val ve 68 n al kali dosing line 48 feeds from
an al kal maingaincthe heightabire bed 28.nt o the line 66. The line 66 feeds into a
stabilized product water reservoir (not 25 shown). The
panel 26 has a plurality of perforations 52 in the formof circular

hol es of a di amet efhelfeed rateenf vhelraw vwater aod satsrof any waténnresiraulation, ifot al

maki ng u'lpequired, (described hereunder) are selected so that water entering the bed from

15 the plate 26 spends a desired contact time in contact with the particles of the bed
until it enters the header space. The upward water flow rate and the total area of
the perforations 52 are selected so that silicate fines and other insoluble fines from
the bed 28, which gravitate downwardly through the bed 28, will gravitate down
through the perforations 52 into the distribution chamber, where they settle on its

20 floor 20.

The launder 30 causes a layer 54 of water to form in the header space

on top of the bed 28, up to the level of the launder 30, and the pump 38
recirculates water along flow line 36 from the layer 64 into the flow line 33 at a
selected recycle:raw water flow rate ratio. Dosing of acid along flow line 34 into

25 raw water in the flow line 33 upstream of where the flow line 36 enters the flow
line 33, takes place at a rate selected to reduce the pH of the water entering the

distribution chamber, to a desired level.

Water issues from the vessel 12 along flow line 44 and mixes into

water in flow line 32 where it mixes or blends with the water flowing along the



20% of its area. WD 96/ 33952
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In accordance with the process of the present invention and W th

reference to Figure 1, potable raw water is diverted fromflow line 32 into
flow line 33 and fed into the distribution chanber fromwhich it passes
upwardly t hmeaB3982 the perforations 52 into the bed 28, u@PCRINL&0G167
percol ates. The valve 43 in flow 5 line 44 is closed initially and the
valve 31 in line 29 is opened so that amh$ suspended | i nestone fines are
initially flushed through discharge Iine 29 to waste. Raw water is thus

fed into flew dinst 82but Toe wetenflawingdalengciiewding d2acan gheni Hedesiredyobg o
. . . . . | q
wast e un Pgdﬁngg% %ﬁéﬁ&@% the abl&tfin %i;?ﬁ/@b\«ﬁhéﬂe ttSs bpfited a%%ﬁﬁ 3“

val ve 43 nor na eration. ushing step 1's genera

only 10 r dipsoheatl abchont dioxidescrsitenvisi redunedi dlheyadrated-wanen issuesiiron tie
particles Lk, ' argd il es ar S

Char ged | AP5AERETY, a0d BGHRERTIn WG BLTDIMAT A HAUE GBS o

The f eel rcatcturofhydrexidavinteether flaw dine 86; takesipigcedpvmstreaim ofithet vessel 64,
required, (desgribed reynder) are sel ect SO, t water entering the bed
fram 100 Aist bl e A8 B dhaliaiofrasiis e B HEHa WRLGH B reREhsd
particl es tivd Aliketinigcand theLddicilm ¢ormBhe(iBcaibiunh hpdaxidgpizasedl.idowpvar, domat er
flowrate and the total area erforations Il%%are selected so

aof o th
fhat si |1 the Botablesaw wate o, duestion, tis WeHdGt nsrmally be Esauitedss.  whi oh

gravitate downwardly through the bed 28, will gravitate down ~ through
the perforations 52 into_the distribution chamber, where they settle on its
20 floor 20. From time to timeinas requicesh ligtesteng particles,gb p partige sz er

to for gy eft1hgsh%¢%%%naf§€ into Re (HURdEF shBle Rl mihhotd 160td RfaintaHethe |
t he | aunder 30, and t ef 38
height of the bed 28; and, similarly, the valve 42 is opened from time to time,
while the feed rate of water along flow line 33 is increased, to flush accumulated
fines in the distribution chamber out of this chamber along flow line 40 to waste.
Furthermore, from time to time, the feed of water along line 33 is stopped, valve
15 42 is opened and water in the bed 28 is allowed to drain to waste via line 40, to

flush accumulated insoluble fines in the bed 28 to waste.

In the bed the upflowing water reacts with and dissolves the limestone
particles so that their size is progressively reduced untit only insoluble fines remain,
while the pH, total alkalinity and calcium ion content of the water increases. The

20 water is discharged via line 44 into the line 32 which resulits in the produt:t water’'s
being partially or fully stabilised with regard to calcium carbonate. The acid dosing
acts, by reducing the pH of water entering the bed 28, to accelerate this
consumption, and the alkali dosing via line 48 acts to increase the pH and alkalinity
of the product water in a manner such that a desired calciufn carbonate

25 precipitation potential of 1-5 mg/¢ as CaCOg is attained.

Naturally, the flow rates of the water flowing in the flow lines 32 and
33 can be controiled or regulated by means of the flow reguiation valves 37 and

35 respectively.



recircul ates water along flow line 36 fromthe layer 54 into the flow line

33 at a sel ected recycle:raw water flowrate ratio. Dosing of acid
along flowline 3@ Tnto 25 raw wateér in the flowTine 33 upstTteam of where
the flowline 36 enters the flow line 33, takes place at a rate
selected to reduce the pH of the water entering the di stribution
chamber, twoacdssmpred | evel . Wat er | SSUPETANLS6I0OIéTE
vessel 12 along flow line 44 and mxesmto water in flow line 32 where
it mxes or blends with the water fl owi4g al ong the WO

96/ 33952 ) ) . PCT/ NL96/ 00167
13° flow | i ne With regasd \igt the dinensiensohige vessel 1 3c the heightiafothe | f

desired,, e éormmﬁpbdg,\ésso Veg@vteﬁ) iaRfatécratbl AtHeGpachivy B e it

i S. aerate di oxi de content is reduced. The
aer at ed th/atpaanel 26uard tholid t14el{1.6 mhoThe dwidtv oftheinpader spacebietweamthevessel

64, Dosi.n p?foﬁ'. gg sﬂat}%gaéf%%f tﬁei@g&w@dﬂxg&ﬁé' %}ﬁ%tf‘% hsae‘g%u"ne

t ake® ream e vesse ong Iow
dosi ng Iawvea:hesbddiés pL3 of, addsthndtdelt} isnsbowt 0.2cneakoveghe level hewkhdxtathml ty

and the cal ci conte hydroxi de is used). However, for

the pot dﬁ?@’r%@%\gfﬁg)’ﬁ“ﬁdﬁ %'n this would not nornmally be required.
F][omtl me to time, as required, |inmestone particl es of a particle size 10

of 1-25 mm are char edlntoth header spa nhol.e 16 i.nt ai n the
hei ght of the bed A8:3 Vafguan af F%F?Paftaﬁ@saﬁl?f igre. Ubeehﬂﬂhf’f’gﬁ'uot?% to
time, pe v»éunheeafw Sﬁfrﬁvér?é@ceﬁlc\wifl%r éseatuaowmm biakendfindsy, thetinassl, to
flush accunul at ed fines in the distrihution ckraanber s chanber

of thij
bl ong | lissingtomahe sisiEBution chamber sk ef AGIEENT e awWardY diiested SR aog
°f W&rsé‘bwﬂe g%&%obﬁ 58! QRN feMute Ban Fadiftats fines TREhived R@hokater, t he

is allowe drain fo waste via |ine 40, to flush accurrulated
i nsol ubI acid janesalikaii can e fedBY tRuMBIBgr by gravity, as desired.

Turning to Figure 2, the same reference numerals are used to
designate the same parts as in Figure 1, unless otherwise specified. The primary
difference between the vessel 12 of Figure 2 and that of Figure 1 is that the vessel

15 12 of Figure 2 is a pressure vessel, having outwardly domed or dished ends
forming a roof, designated 14, and a floor, designated 20. The launder 30 and
porthole 24 of Figure 1 are omitted from Figure 2, and a gas pressure relief valve
60 is provided in a gas relief line 62 issuing from the top of the roof 14. The
height:diameter ratio in Figure 2, of the vessél 12, is 1.8:1 but can vary in the

20 range 1.4:1-2.3:1, the height being the spacing between the panel 26 and the top
of the roof 14: and the header space has a depth from the top of the bed 28 to the
top of the roof 14 of 0.4 m, although this can vary over the range 0.3-0.5 m. The
lines 29 and 44 issue directly from the wall 2 of the vessel in the header space, in

the absence of a launder (see 30 in Figure 1), as does the line 36.

25 The process of the method of the present invention, when carried out -

| with the apparatus 10 of Figure 2, is essentially similar to that described above
with reference to Figure 1, with the primary difference that the vessel is closed
and is pressurized to a pressure of 100-250 KPa. The increased pressure increases

the rate at which the limestone particles are consumed so that the vessel height



In the bed the upflowi ng water reacts with and dissolves the |inestone
particles so that their size is progressively reduced until only insoluble

fines remain, while the pH, total alkalinity and cal ciumion content of
the water i'ncreases. The 20 water is discharged via line 44 into the line
32 which results in the product water's being partially or fully

stabi | i sed wiot96r3398gard to cal ci um carbonate. The aci d dosi n§CT/NLIGMIET by
reduci ng the pH of water entering the bed 28, to accelerate this
consunption, and the alkali dosing via 1%ne 48 acts to increase the pH and
al kal i ni t of the product ter (n.a ner ch that a,desired calcium
car bonat eZQ%t"ﬁﬁ ed AepY $%gﬁ5?t£€ﬁqd;{|e‘qﬁvefg§ﬂﬂ§7 f’i#’ﬂ”'ﬁg ’ %%féﬂe_eﬁaﬂe yessel

att ai ned. diameter and/or increased 'fiwiralek)oart b employedit es of the water flow ng

in the flow lines 32 and 33 can be controlled or regul ated by neans of
the flow regul ation valves 37 and 35 respectively. WO
96/ 33952 Turning to Figure 3, the same reference numeraisPord Nsd&/ 99167
14 Wth regard to the dinensions of the vessel 12, the

hei.ght of designate the same fparts: B8 ipuFiguees Jf ande2 apBlasshathanwise specidied.

rati o, §S ' the. t ' he
hei ght 5 RH%S‘*@E%@Q%&%:Z@%@F%’! n‘rﬁ@gé tag‘%'gdf%t"hwgds%éi §£n ?%S’ge“ége of
t he | aund&rfoBBarryimgtdus the proceds ofthednventicyy AJZanbwatenfeedibioe, 72 is shadvm
and the Iid 14 i,s abput 0.2 m.above t V . ] . . S
kept by t*‘F@#’?ﬁl#’U@?’gg(ﬁ présSufibing Blfnd 7. Lrﬁeiée%}'(‘/%,?ga thﬁ%ﬁ "1‘@"3’%6@?& us
10 of Fi gusaint 78hahe fidwilinesr7628nd I8 are pgrovided| with dldwy regulativn Mabebsc8i cal

floor 56 gﬁé‘ %ngr;sr;]:etc):{iegﬁp Jﬂllen Ef\l?.))w n&Q E‘7é i‘eneeds4i91to a pressure vessel 84 via spray

10 nozzles 77, the vessel 84 being provided with a pressure gauge 86. A pressure

outlet valve 88 is provided in a gas relief line 89 issuing from the vessel 84. The

vessel 84 contains packing material 85 supported on a perforated distributor panel

87. The veséél 84 has a gas discharge flow line 101 provided with a pressure

reguiator valve 103. A liquid discharge flow line 91 issues from the bottom of the

15 vessel 84 and feeds into another pressure vessel 150 through a liquid distribution

manifold 151 which is provided with spray nozzies 153. The vessel 150 is except

for water in use essentially empty and contains no packing material, butis provided
with a sparger 139. A carbon dioxide feed line 138 feeds into the sparger 139. '

The vessel 150 is shown having a header space designated by reference numeral

20 155 in which the manifold 151 is located. The vessel 150 is aiso provided with

a pressure gage 152 and a gas diécharge flow line 157 issues from the top of the

vessel 150, .a branch line 93 branching from the line 157. The branch line 93 is

provided with a flow regulation vailve 1'54 and the flow line 157 is provided with

a flow regulation valve 156.

25 An acidified feed discharge flow line 92 issues from the vessel 1 50
and enters the vessel 12 through an optional distribution manifold 94. The vessel
12 is essentially identical to the vessel 12 of Figure 2, unless otherwise specified,
and the same reference numerals are used to designate the same parts as in Figure
2. The vessel 12 is provided with a fines discharge line 141, the line 141 having

30 a flushing valve 143. An optional collecting manifold 96 is shown in the header



I ssuing fromthe distribution chanber at or adjacent the downwardly
directed apex 10 58 of the conical floor 56, which feature can facilitate

fines flushing. Rawwater, acid and al kali can be fed By punpi ng or by
gravity, as desired. Turning to Figure 2, the sane
reference nunerals are used to designate the sane parts as in Figure 1,
unl ess ot hawaw&ssespeci fied. The primary di fference bet peamnibosorgessel 1
2 of Figure 2 and that of Figure 1 is that the vessel 15-12 of Figure 2 is
a pressure vessel, having outwardly dongd or dished ends formng a

roof, designated 14, and a floor, designated 20. The | aunder 30 and
por t hol esmaseoﬂncrdgqsahermnmfeoromet\@@sqelr ajang flewdine:98, whighsflowdine 98

relief v i r . thé
op-of 1 MeUE yip o piSedueiW hiilatds ob BR3 olBré dioidls oudihd Welbbind B
vessel 1206itkrolgh d plupality uf speaynozeieshtOB0 Thamgit 106is prévided ; wm‘na Idwirg ht
being the, s g h 2 of th and
the head® °§§§8§ magodi dep§ R 8 Yermest ?’Sﬁ’ rind8, & Resehig Hingq fuatet ‘?lé

It_he r opf sttippett d¥.gas(C )bhshghn;éuwnuﬁatedanyhobenomef thengit 006- All&vem The
e, 2Vpaolk, AT8e Mo bl g Tidl v e, o200 debebint e
| i ne 36. conmérted (broken line) toTﬁﬁquOtﬂs.S Of the method of the present .
i nvention, .when carried out with the apparatus 10 of Figure 2, is

essentlally simlar to that described above with reference to Figure 1,

with the primry dAfW%?ars%htak%é ﬂamm\éeﬁﬁﬂssués frbATHIE lower 8R4 of the unit
pressurized to a pressure of T KPa. The increased pressure increases

the ratel@6 and the flaw lmwéﬂkmpmd#d:mﬂﬁ ardraipdineui2Q. e drain finge12Q@ssel
hei g m B\bl g_?'-: drain vale\‘?z%/ Prie A8w line 117 feeds through a non-re&ngn valve 1%4

PCT/ t he
bed dept imto,alne bemmetiliGed flealine ¢ 19 dssussSeorothepympel 16 and, aftee feadingvessel

di amet ertha}g&ié a éor}\%oell%gﬁl% ‘{ iP%ﬂt%I‘se&e%mﬁe Wét%ytﬂgnding point 100. From

the biending point 100, the flow line 78 feeds into an optional static mixer 102.
A mixed water flow line 118 issues from the static mixer 102. A pH measuring

15 probe (not shown) is provided in the flow line 118. An alkali dosing line 126 feeds
from an alkali source {not shown) into the flow line 118, downstream from the
mixer 102.

The unit 108 is provided with a vacuum gauge 127. A vacuum line

130 issues from the top of the unit 106, the line 130 having a non-return vaive

20 137 and being connected to a biower- or compressor-type vacuum pump 132. The

line 130 feeds from the pump 132 through a non-return valve 136 and a pressure

control vaive 131 into the vessel 84 via the sparger 80. An air vent line 140

having an air vent control vaive 142 branches from the flow line 130 between the

non-return valve 136 and the pump 132. The line 157 issuing from the vessel 150

25 feeds through the flow regulating valve 156 into the line 130 at a position 123

between the pump 132 and the non-return valve 137. The flow line 101 feeding

from the vessel 84 branches into flow lines 102 and 128. The flow line 109 is

provided with a flow regulation valve 107 and the flow line 128 feeds into a
distribution manifold 105 in the unit 106 below the level of the water 112,



Turning to Figure 3, the sanme reference nunerals are used to desi gnat e
the sane parts as in Figures 1 and 2, unless otherw se specified. 5

Ref erence nuneral 70 generally designates a variation of the apparatus of
Fi gure 1 for carrying out the process of the invention. A raw water
feed line 72 is shown feeding through a pressurising punp 74. The feed
line 72 br awoess39sat o fl ow |ines 76 and 78. The flow | i PEINIGIMET 78
are provided with flow regul ati on val ves_80 and 82 respectively. The
flowline 76 feeds into a pressure vesstl 84 via spray 10 nozzles 77, the

vessel 84 bein rovi ded with a.pressure e re.. - .outlet
val ve 88 is pr gv?de‘&' ??F"éyj\%% 2 P”@ﬁ'f gTe Pf%gggg’qﬁggﬁf“ﬁé"%’béﬁg ﬁ’é"%‘éfseé%%.
g_he - V&SF@urBﬁa,Cﬁm?JlﬂsaﬁaW&m ulvptﬁuiﬁaia\ﬁﬁg wmrnl-ﬁdsfoetwﬁ me!s;l‘ 'a”awigl
i stributor pane : e vesse as as_di schar ge w
provi ded %'?'ﬁ'“’é %%’éﬁ?g 23 mpLh §pSCACQa) 9@‘%8@’. a&aﬁ?'ﬁﬁi"g s HHQ#;??ﬁ ow
line 91 iéﬁ@@;’ fis pdB hldAgFRIV ARk 912 dtheprdasuAsse2o64 %W?@ﬁﬁ&ugﬁttﬁe pagigder
pressure vess 150 through a liquid distribution mani fold 151 which is
pravi dél ¥+ thespuEip K4-b8ieg used toTinerapsgtbe pressyre ofihepwater if ngeeggary | n

use essenhigld g@&h@%ﬂg%%@é&%&mwagkmgtraagﬁéé'sah eBWt AgprBkiNAaERA

W th a sparger . A carbon dioxide teed line 138 feeds into the sparger
139. 30Q KRss salbng Fow dinehdbvis icantrofed byetheevalypRQ this fignacempsising
reference 5Rof | WEbALli | 0 el
150 is alas@%g%ér\%t@fég 3\}\5 ? #’ %f%gggérs}g?ur elgi%ggié?l a'r:lgwg' ggé%ci}ﬁ%ﬁgragﬁl ow
i ne 157 apmgrogimareiyn260ckRanibe fsstthan that afthedlovi Bbngfiowdinel7 6)i aleng Sow

branchj nq. fr the Li 157., The,branch.lisne 93 is. . i de ' a, f | ow
oot md'Sine 2B 8 Sorurdlfeg BY.20¢ iy PRc s At Shrherising - Y7 %°6k e Hord
regul at i offowadiyng ihé.72. THe flow along the flovriinac 8lnfaydnistead dedefteimresteictddbw
line 92 issues fromthe vessel

15 d t t he, | 12 th h
optional #MEE PHIR MPHERPWH J"@YI%ETH@"\%%%Z‘P ésﬂ"i’ﬁq‘"\éezég?nﬂcéﬁ{?oﬂ% "

i dent i cal ple@stifCintheshdwlithe0ls b AW hue higher thsn eidtahthe diow &t flbiekhe 78, and
the sane reference nunerals are used to designate the same parts as in

Figure typicallyh8Oyd00LPa higheryr ovided with a fines discharge |ine 141,
the line 141 having 30 a flushing valve 143. An optional collecting

mani fold 96 is shown in the header . ) .
15 The potable raw water enters the vessel 84 via flow line 76 at its

upper end via the spray nozzles 77 and is sprayed on to the packing material 85.
The water flows downwardly through the packing material 85 before exiting at the
bottom of the vessel 84 into flow line 91. CO, gas (mixed with air recovered from
the vessel 106}, at a pressure slightly in excess of the pressure in the vessel 84,
20 is fed to the sparger 90 via flow line 130, which CO, gas/air _mixture rises
upwardly through the water in the vessel 84 and dissolves in the water (more
specifically in water films which form on the packing material 85 as the water
flows downwardly therethrough). A counter-current gas mixture/water flow is
therefore obtained in the vessel 84. Any undissoived carbon dioxide {and any
25 water vapour and air present) issuing along line 101 from the top of the vessel 84
is fed back to the carbon dioxide vacuum stripping unit 106 through the manifold
105 via the flow line 101, the.flow being controlled by the pressure regulator 103.
Residual air trapped in the various parts or components of the apparatus 70 aids
or enhances the CO,, stripping process. Additional air, if required, is fed into the
30 stripping unit 106 through Iine\ios and controlled by means of the valve 107, to
assist in the stripping of carbon dioxide. Alternatively, co-current operation can be
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and di scharging fromthe vessel 12 along flow |iné-98, which flow |ine 98
feeds via a pressure/flow regulator 99 into a carbon di oxi de vacuum

stripping unit 106 through a plurality of spray nozzles 108. The unit
106 i s prowodedsseth a | ayer of packing material 110 i pcrinesésvien of

Pall rings or Raschig rings. Water 112 5 stripped of gas (CJerr]) is
shown accunul ated in the bottomof thd8unit 106. A |evel controller 114

for controlll%g_ ne | eyel of the water 112 is shown_operatively
connect g&'\;{lgy iffheicq |gygat%prb§nﬁ)IayPgtof the apparatus 70 is alterad\gemewbat char ge

flow |ing thelréchS#éiﬁCUQﬁEhﬁm #msnenﬂaeoi 3éfmré¢m,tmt th&%%ﬁﬁ?@tfr}ﬂef | ow

line 117 is prowded with a drain_line 12 raln havi ng a
drai n vieseeliiZ: aligydng digsqlyutien 9&@‘3‘?@&%1@1\‘\'@@#\'&!'%&& €OpLand walarcard24

i nto th%aesmp dpwErdi thicRigh! ﬁH&ec%gnﬁémaf:é B il 3nD ViRsdr! %and aft er

f eedi hrough a control va enters t 78 at a
bl endi ng poi nt 100. From t he bl endi ng point 100, the flow line 78 feeds

nto an opti onal ne. 1 i ssues

:‘ rom tg he gt atic mﬁiﬁ%"‘ﬁS?Z < 'I%((gﬁgﬁ'&ﬂ T’ﬁa{%e‘g‘?aﬁi‘%’% °§ﬁ W)laggls?ﬁw ded
in the frtovthei nesskel IE0 Aia ahekziéed diaei r@alanwrﬂezspimda 39 unfm @Re ARaferkal |
into the flowli strea m xer

105 ¢ IdiRing'fBMthe Blobelf Tedatial 4 pikaetanines 4L dekireq Ieve) &% STARIARTD- 157, A

vacuum Diusieg fillind 39 thes:gssel 150) bifgs Veated td Bﬁnb'EbHeréQﬁrongﬂnl\é 3, ]tﬁg
havi ng a _ngn-return val ve 20 137 and beé ng connected.to a bl ower-

conpr es¥8’r’“??ﬁ@'%m%‘ﬁﬁpb‘i§ge ¥afue 154 Qpce #9id é’@&geﬁrﬁfﬁpt‘lﬁéﬂﬁﬁnﬁ 132

t hr oughaghiaoad; 8 widhticiedeabici/e, mwl% FEVATEH Fom the %&t 1'@6 (4 YRy Wareh NL O
the vessel 84 via the sparger n air vent line ' aV|Kg an air

vent coMEPeyr #adyair 1&'256F9n'éﬂésbq feeh tonghe IWQ?’n@oliibebGQ@éhw Haeing

t VNG essel
150 og fonudfied By kAR VMo 133 JILAD bW ind13d. M ReRiods) Yin's Wead By 0o

posi t i oHndissolved Gfdp remaining qmma@smmmmesmhsnesm»mgm froea thé’he

flow lig ﬁyﬁ?{eﬁglmd iasfiéﬁ“ m?sug a?e%spf]é”‘%%?ﬁt%l VHige ' éna ¢ 109

and 128. ow | I ne ow regul a afve 107
and iﬁerdmtymuw:bmgahbeféag resovery vessebl1ﬁﬁnhbmugmthsrdmrﬁhlhnbrﬂ_ﬁ&mimld he

uni t 10@03(3' RWdHlﬁ'lal %’62, gL rEHS:rXVé‘t g’ supp]hed via flow line 138 from the CO,
supply intoc the vessel 150. The vessel 150 is generally operated such that little
or No excess COZ accumulates in the header space 155, in the header space 155.
If excess CO, accumulates in the header space 155, the CO,, flow into the vesse!
20 180 via line 138 is reduced. Any excess accumulated CO, in the header space
155 is fed via flow line 157 back into the flow line 130.

The acidified water, generally having a pH of 4 - 5, containing
carbonic acid and dissolved carbon dioxide, 'pass'es from the vessel 150 along flow
line 92 through the manifold 94 into the bottom of the vessel 12 and passes

25 through the calcium carbonate contained therein. The calcium carbonate reacts
..~ with the acidified water taking a high concentration of calcium bicarbonate into
solution. The contact time or retention time of the water in the vessel 12 is
typically 5 - 15 minutes. The treated water discharged from the vessel 12, after
contact, typically has a pH of 5.5 - 6.5, a calcium content of 800 . 1000 mg/¢ (as

30 CaCOg3) and an alkalinity of 800 - 1000 mg/¢ {as CaCOg). The treated water has
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I n accordance with the process of the invention and with reference to
Figure 3, potable raw water, typically having a low pH of 4.5 - 6.5, a |low
calciumcontent of 2-5 ng/[err] (as CaCJerr]) and low alkalinity of 2 - 5
ng/[err] (aWO9%3ESEJ err]) is fed along flow line 72 at a pPEENLIY? 200 -
300. KPa through the punp 5 74, the punp 74 being used to increase the
pressure of the water if necessary, T8 nto flow lines 76 and 78

respectlvel . El ow, apressure . eg.of apprgxi ly .. 300 KPa g
f1ow | i nd8°¢ 'F@ﬁ&%‘?r@@%ﬁg‘ﬁ%@e&"@m gg{:ﬁ@/?'ﬁﬁ?mP?g ﬂ?éeﬁt'g of
appr oxi met@d y 300 mg8.0h thirtstatd, aheWarter il stablel dstengas the®M rethainselewur €
of eg approximately 250 kPa (ie less than that of the flow along flow
line 76) & ong flow 10 line 78 is controlled by the valve 82, this flow
conprising 95- 97% of the total flow along line 72. The flow al ong the

flowline 78 may instead be |eft unrestricted and a pu (not shown)
may be provided i n €3eium-gariched waser passes, fearadheyuater 'a\rﬂ‘gi!sthf@ulﬁ thee
flow li [

Lypi Cals{‘%é@fa@o%s @h%ﬁ:ﬁ#&?@s Lm&édg%rddbﬁéﬁﬁ erﬁé’l’:rb%o&%n%‘é"v?%esmg ﬁ-\eto
enters t maeme épﬁahrml@h T-h&)wﬂalvrmzzbsatoa t YWhen tmmm:uenmmtmd watepisay -

I 7
P one cowRiAPeR i HER 185 ol IR RESHIRD nPBES 18, Vohich ynid I adRiafly
bott om ogexﬁdwammo SQSOMNHgiggrs*sclnedm 2 Glitained igake @vamedezwgtdt Iaastf .
recovere r.0 ves a ssur.e J n exce 0 e
F Couor ¢ Rartile stinsdl R S geray papitts arRdran greh It Wtk M derRao
whi ch 1@ ¢ tHe gaéﬁuaFrthun ¢Q0lih $86 unit 10QWAKEl l\l%téhéaughuialfés ety lowert he
vessel 84 and _dj sso hﬁ;e wat er (1?5); ecj ficall in water filns
whi ch f orRArbRT the uagc strated agd %H“wf pr is PUPeR QUL 9 FRA2g.Y

ther et hr Guedlgh foGaiHE £17 %ﬁgnttheﬁan%ﬂruwoeatm b elinsf the pubs ¢ 6r e
obtained in t e vessel 84. Any undissol ved carbon dioxide (and any 25 water

vapour arfthreiughptheseantyolivalyg ﬂ&%l%ﬁgfﬂ@"ﬁe‘@d?‘ﬁ’ﬂ'ﬁﬁl?%é‘ theblending: PRI s e|
&d mma&.oe&h% g.%?t?gs.gheﬁ 1HS YREWHIThavink PaY aapw%ﬁuagepf fdpough

the manlfo(? viat w |1 ne 101, theflow belng contr ed by the
pr ess e minimum d‘pll 1@ be employed to draw water from the umt 106. The level

controller 114 activates the pump 116 {or a solenoid valve opens if a gravity
siphon is employed), thereby to pump water from the unit 106 to keep the water
level within preset limits in the unit 108. The water discharged from the unit 106
typically has a pH of 6.5 - 8, a calcium content of 800 - 1000 mg/¢ {as CaCO3),

20 an alkalinity of 800 - 1000 mg/¢ {(as CaCOg), an acidity of 1000 - 3000 mg/¢ (as
CaCOg3) and a CaCOg precipitation potential of -10 to +500 mg/¢.

As mentioned above, the calcium enriched water issues from the

vessel 106 aiong flow line 117 and is’ pumpe'd by the pump 116 into the flow line

78 containing the main stream at the blending point 100. The water is mixed in

25 the static mixer 102 and issues along flow line 118. The blended water typically

has a pH of 5.5 - 7.0; a calcium content of 30 + 50 mg/¢ {as CaCO4); an alkalinity

of 30 - 50 mg/¢ {as CaCOs); an acidity of 50 - 100 mg/¢ (as CaCO3) and a
CaCO, dissolution potential of 0.5 - 10 mg/¢.



Residual air trapped in the various parts or conponents of the apparatus 70

ai ds or enhances the CJerr] stripping process. Additional air, if
required, is fed into the 30 stripping unit 106 through |line 109 and
controll ed by nmeans of the valve 107, to assist in the stripping of
carbon dioxide. Alternatively, co-current operation can be
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enpl oyed if the conflgur ation and Iayo'm of the apparatus 70 is altered
sonmewhat , eg the recovered err ed al on ine 1 rectl
into the bottom off PHYCT anésg‘ggﬁés é"ﬁi TR ugpén'sof‘e?!&J i n%/o
the wat edtabifisb@ Wwith reshedtrto ead sﬁa c%hebe funwmmsad UR\eéral c‘.ﬁsédﬁlﬁﬁuﬁh t he
cal-ci um car bgnat e bedlnthe ves 12 Initially CJerr].

gas is SRAIENHEN o G ke adiusted 19 hgmmsysbﬂu?%ﬁmreamaﬂea potentig|; BYt he
vessel UpQ dddiié 8t bathall idnd§bruIall B8R CARAIONEHS, dHléium i odhie: lor

i ssuing fromthe process reaches a predeterm ned or desired

st abi 13 Aadiym. hydroxide) iniected diresglydnta the flewdine h‘a@aloaligrﬂqw liperkZ6) the
at msphe&@slﬁgggﬁ.gjgc“gg"&ﬁ ytrHSans of YI?J‘EH obgl Ng controlled by the valve

154. Once sa Ired stabilization achi eved, as nentioned above,
CJerr] recovered fromthe unit 106 (and any water vapour and air

present) can be fe e i

controlled by the @%f” Jfgi%B? uf:ﬂ?g%&ékv&ﬁl?%ﬁ‘g%ﬁ@zéla?d 2% el |
as any watanndmolamddu(ﬁi{eeem]} frcmmhemng 1106 eia Imasﬁmmdlmnrbssuﬂﬁesahem i's
di schar fromthe vVes 84 v feed .y 01 through the pressure
Contr ol SapAPeRERH o8 the CPBtELVRe 31V s fand Sy Wt Vanal i BB5 s e
106 tio Cbtsbeﬂiﬂ) Gbed'ltﬁfegi iAtg tr?mmlal 8o kl@l‘ggg? t&QEpaM 90i. aral ndeictertsrr vales
required s su led via f)Jow |line into
e vesski® Bepveninenyavathr et baing dianm G3FRoi0Eh AEYSCUUR Rue 1441 | o
or no excess COerr] accunulates in the header space 155, in the header

space 155. | f excess C err] accunulates in the header space 155, the
cOerr] flow into Tweingwefaguredt thesamersfereace gymesals agg esad togdesignatess

accunul %@ﬁ]ﬁ Fﬁﬁk dsr]ntﬁg%rg@cmﬂe&o@ﬁﬁrmse dpueified. | TRe Blifhar) AifféreRBe 157

back into ow lin
. between the apparatus 70 of Figure 3 and that of Figure 4 is that a flow line 159

15 replaces the line 130 issuing from the top of the vessel 106 and has a branch line
168. The branch line 168 is provided with a discharge vaive 170. The flow line
157 from vessel 150 feeds through a non-return valve 158 into a compressor-type
vacuum pump 160. The flow line 159 feeds into the flow line 157 at a point
between the non-return valve 158 and the pump 160. A flow line 172 issues from

20 the pump 1680into a membrane gas separation unit 161. An air/water vapour flow
line 162 issues from the unit 161 through a pressure control valve 163 and feeds
into the flow line 101, before the flow line 101 feeds into the distribution manifold
105 in the unit 106. A CO, flow line 165 issues from the unit 161 and feeds into
a compressor-type vacuum pump 166 {which is of smaller capacity than the pump

25 160 and feeds into the line 130 in the fashion of pump 132 of Figure 3). The flow
: line 130 issues from the pump 166, which flow line 130 then feeds into the
sparger 90 via the non-return valve 136 and the control valve 131. Alternatively,

in another embodiment, the flow line 101 can feed into the flow line 157 between

the valve 158 and the pump 160.



The acidified water, generally having a pH of 4 - 5, containing
carbonic acid and di ssol ved carbon dioxide asses fromthe vessel 150

along flow line 92 through the manifold 94 into the bottom of the
vessel 12 and passes 25 through the cal ci um carbonate contai ned therein.
The cal ci um carbonate reacts with the acidified water taking a high
concent r at i W@968395a| ci um bi carbonate into sol ution. Th&@TAVO6B16T | e
or retention tinme of the water in the vessel 12 is typically 5 - 15
m nutes. The treated water di scharged T2r1omthe vessel 12, after

. contact, typically_has a pH of 5. I u content of 800 - 1000
my/Terr] (as 30 Ca®Pg)Pacess P! m@de?ﬁW 'B?’e%w cagledopt with the

CaCJ err t e
PCTL NL%/L%B‘”:E%GS 163 Higpé ©f, P8ssentially similar to tH? aﬁéé?rﬂ%ﬁz above wnth

aci di ty tAfesame to Simoend/ the primany chﬁexqr@ﬁrtmmaﬁaaht@a@wum pumdﬁat i on
potenti a t

long as h}fﬁdr ﬂgl s rsn:%qpe Egﬁ{tﬁ'ﬁlhb Cd) st dirainhe éﬁcnﬂﬁiﬁrﬁ%ﬁ%ﬁ% € as
wat er §amsth§ tﬁml@ mQ&eavhe dlow liper 594 thierehyyereating acp amial Yatuuradnithe ainfti ow

i 98

106 t hr ol 3R ¢ RES By e el BSeR i GO ityrd A5, ol bl uaser waSUH™ !
sprayed tmh(prékwrumftapb@ﬁmtﬂatewoa h800KRa/hefora bemp]:@@ tha\bas mixnire inte
parti al | evacuat ed (100. -

con tal in
t he wat e}’h%g]a[%hranelgﬁsste a'at'%?‘ Q&méttwﬂbeéﬂ rﬂn(?nq ‘%Jﬁ? Hon Ei'f‘!}p 's and
from SUCEG#!&séﬂérBfed)fromiiw gé@s$ niivtute Jaadqe féd@izpBeW link T864htoithelgdmpn t he
unit 106. e water accunulates in t uni t. 106, as

| TP Sin Sthes \iAeer ot JegatraTtinly pURDEY GRa idRes, Bom the dnik e ovian

flow |ingeed e (1BEUGNHE fmgw&t%m e Wit 131 B aTBWeF gresélle thdRthe 16
(through the control valve 121) and enters the flow |line 78 at the blending

poi nt  remaimdenof she QFFVEWW'%WQWFFW%FE%WE( Yt 1§7oanarflaw digeatp2.
appr oxi ngy fﬂeyuﬂ@ 181 , the membrane allows CO to pass therethrough while substantiaily

preventing passage of other gases, e.qg. nitrogen and/or oxygen, thereby separating
16 the CO, from the other gases and water vapour being fed, together with the CO 2:
into the unit 161.

Air, as well any 002 which does not dissolve in the water passing

through the vessel 84, is returned via the fiow line 101 to the stripping unit 106.
CO, recovered from the unit 161 is returned via the flow line 130 back into the

20 vessel 84 to acidify the water entering the vessel 84. The remainder of the gas
mixture from which the CO, is separated passes through the unit 161 and, as
mentioned above, issues via line 162 therefrom before passing through the
pressure control valve 163, being then fed with the contents of flow line 101 into
flow line 128 and then via the distribution manifold 105 into the unit 106. The gas

25 mixture circulating in this manner assists with the stripping of the CO, from the
water passing through the unit 108. If excess CO5; accumulates in the header

: space 155 of the vessel 150, itis fed aiong flow line 157 into flow line 159 before

entering the pump 160.

Optionally, in another embodiment of the invention, the membrane
30 unit 161 can be replaced with a pressure swing adsorption {PSA) unit {(not shown).



15 mninumfall can be enployed to draw water fromthe unit 106. The | evel
controller 114 activates the punp 116 (or a solenoid valve opens if a

gravity si phon is enployed), thereby to punp water fromthe unit 106 to
keep the water | evel within preset limts in the unit 106. The water
di scharged fromthe unit 106 typically has a pH of 6.5 - 8, a calcium

content of ®@96/3390200 ny/[err] (as CaCJerr]), 20 an al kal i RCTANLSG/003€0 -
1000 ng/[err] (as.CaCJerr]), an acidity of 1000 - 3000 ng/[err] (as
CaCJerr]) and a CaCerr] precipitati 0212potenti al of -10 to +500 ng/[err].
As nentioped above, the calciumenriched water issues fromthe vessel
106 " al ongThF RISEPYEE SWING RAACTRYIOR HRIE FaRyinclude ting or mare astiviated IcarPan ne

78 contai BhREIkIR. "BTHE Sbh&iieratark %ctebegwénpq,m ailQQnréJ hﬁﬁ\@@% Jg dé“ xed

in 25 the static m xer ‘102 and issues along flow |line 11
wat er typl€@pl pir and measer vapeu te flow thrapghsone pt thenceotainens charsed t60e

/ ; Kk iner°8
(ks b1 1 PR FLS0E) g, i e, ovpre L8 Rk, (hRer
CaC( er 5] dschstdingi othepoortainer| beifig dischargedl ispdépressurised, ventmg any CO, WO
96/ 33952 6/ 167

2 Pr odulTSHEPE ONeATtVBe garRon inta the ing139 s acidifying p plp? i
st abi | i sedessel [84 as glestribed Saﬁiﬁ,ewh}ie ahel gasmixturelis| passedithtoughitie aexer o

di ssol ution tenti 0 d to have a slightl ositive
or oci pi ¢ aEPREInRS;wiferresiye. Sfovii e GLIR R opS MEizetoe Adpedpeliion
al kal i (sthd gapow, bonat e, cal ci um hydr oxi de, or 5 sodi um hydr oxi de)

injected directly into the flowline 118 along flow Iine 126, the
dosi ng being controlled by .neans of the pH probe. As

i ndi cajgd above, thadvaktbgelRY iRe ihventibh hﬁéﬁ%laﬂqﬁddschﬁﬁﬁ Wit reference’at ef
vapour and air present) fromthe unit 106 via line 130 and repressurises

t he tactye Argwings: Aemthastb bringing the limestene ime contrctoujtbrarly pamdotiny
vat er Vapﬂ'Wra‘WQrsﬁbf a very high degree of calcium carbonate dissolution in said part can

be achieved by acid dosing to a low pH lsvel, resuiting in supersaturation with
regard fo calcium carbonate. By reintroducing this supersaturated part back into
15 the remainder, partial or total stabilization can be achieved. The ﬁhal control of the
degree of saturation can be attained by dosing of an alkali into the water after the
reintroduction (eg by reduction of the dissolved carbon dioxide therein by aerating
this water using sprayers specifically as illustrated in Figures 1 and 2). Pressurised
operation and water recircuiation both promote increased limestone
20 consumption/dissolution rates and provision is made for flushing of insoluble fines
to waste. Excess carbon dioxide used to promote the rapid dissolution of the
calcium carbonate particles can be recovered and reused in the process, thereby
reducing process costs. The use of limestone in the process in accordance with
the invention is preferred as limestone is generally inexpensive compared to lime
25 (calcium hydroxide} thereby further reducing process costs. The invention is
believed to provide a practically feasible and economically attractive process, using
straightforward apparatus, for upgrading waters, eg for municipal, agricultural
and/or industrial use, which is stabilized to have reduced aggressiveness to

cementitious structures and reduced corrosiveness 10 metal structures.



10 present) being fed into the vessel 84 through the sparger 90. The
non-return val ve 136 prevents _any water from being drawn back into

t he vacuum punp 132. Turning to Figure 4 the sane
reference nuneral s ar MH [ te the sane parts as in Figure
3, unl ess otherw se sﬁl“lﬁ Il ﬂﬂ" mary difference bet ween t he
appar at us WO33Syure* 3 And tMatSof*Figure 4 is that a fl| RCIINI96006D 15

repl aces the line 130 issuing fromthe top of the vessel 106 and has a
branch |ine 168. The branch |ine2368 is provided with a discharge

val ve 170. The f|ow | E ne 157 from vessel 150 feeds through a
non-r et 18: a conpressor-type vacuum punp 160. The fl ow
line 159 feeds into the flow line 157 at a point bet ween t he

non-return valve 158 and the tgurrp 160. A flow line 172 issues from 20 the
punp 160%4i nto a nefRrasessier theshakilization.ef raw wvatenhaving ant of 2va4Han f | ow

line 1624j I ' I Nt . val and
feods  AKBRAY oraRdetol ol ias! HipctsBds AiRamatibn b bglpidl c¥Beay e
di stri buef ah mesti 1 80dmg/¢ expressednas [calciwnt carbenate, Gajc: ar positivay calgieml 65

| ssuesg f ' [ ppressor-type vacuum punp
166 (%lé%g}obggef u@ﬁ%l“\]{%}‘ @é%gglﬁﬁ&ﬁﬂﬁa}%g?%sec%ﬂﬁ%s'ﬁgﬁ 160 and feeds into the
i ne 130 i n t$apdratihg parpdf thenwatd Frarh the gamairitler théreof and/acidifying isaid 130

i ssues fromt pu 66. which flqw line 130 then feeds intq the

spar gor Bt aReRuaThs 18 netiAse i cAlthum Bhkonate dSplEEn harpyBal 57

Al ter nati vel yfeeding the Bciiféd) vaterBnrdughd bed F ddritiel i dtengriting @aldiesd i nto
the flow |ine 157 bet vvee_g t he val ve 158 ahnd tpe I{g‘ung) 160.

WO 96/ 33%Afbonate where said water consumes part of the calcium carbonate of the

PCT/ NP6 419ikfes before issuing from the bed, which consumption is associated with an
The process of the present invention, when carried out wth the

appar at ugcransgfinithg galcium ganteat ahtheawpierand with andncraasede she Alicalinittyov e
W th | | di fference being that the
vacuum pﬂ%ﬁ%@?&ﬁ;&%ﬁ]ﬁg&gﬁué)ﬂ;@%ﬁiﬁﬂg containing CJerr] stripped
from t he cal cinixing rwatsndsswingdromsthienbechavitmitive t@@ainder wofigheé| raw water,159,

ther eby ﬁ\re‘la’@t;\} @goﬁtﬁﬁratﬁr%ldu\é‘?wm i\&liﬁ&% ﬁﬂyiﬁve calcium carbonate dissolution
15 potential which is at least 2 mg/f calcium carbonate less than that of the raw
water, and is at least partially stabilized.

2. A process as claimed in claim 1, in which sufficient calcium carbonate
from the particles is consumed to obtain a-product water having a calcium
carbonate dissolution potential of between -100 mg/{ calcium carbonate and

20 +600 mg/f caicium carbonate.

3. A process as claimed in claim 1 or claim 2, in which sufficient calcium
carbonate from the particles is consumed to obtain a product water having a
positive precipitation potential of 0-5 mg/¢{ caicium carbonate in the water, thereby
to stabilize the water fully. '

25 4. A process as claimed in any one of the preceding claims, in which the
water which is fed through the bed is subjected in the bed to a pressure of 100 -
300 KPa.



106. The punp 160 reconpresses the gas mixture (CJerr] air and water
vapour) to a pressure of approximately 200 - 300 KPa_before punping the
gas mxture into the menbrane gas separation unit 161 . In the nenbrane
gas separation unit 161L||||mmliﬂu“mu"separ ated fromthe gas m xture and
is fed via flow line 16 0 166. In other words, at |east
partial |y modsssst CO er "] fsshes' frfom’the unit 161 via PATABA6MIIE 165,
The CJerr] issues fromthe unit 161 at a | ower pressure than the

remai nder of the gas m xture which i sg4es fromthe unit 161 along flow line

162. In the unit 1 61, the nenbrane aIIovvs CJerr] to pass therethrough
whi | e s®bst ant i al Ay Process: agshaimes jmeoygeneoftheepresasing claigs. whicBgen

and/ or Haldaes, bASH £ ¥rsSEEIAG Yol Nare ﬁhﬁe%erarc]dw@g@aruapahh@hww and
wat er vapour being fed, together wt err] into the unit 161.
Air, aswater, shg (myléca]lom@mmdesmmasg the|alcium cacbapater disselytiag
' through pi ng
ani ¢ Jogotentii e Hateh SufEidssRPfor th ke bRl fo irdiign o BEFad bielP; 13
i ne $3thébekd atna pH ok <26.vessel 84 to acidify the water entering the
vessel 84. The remai nder of the gas m xture fromwhich the CJerr] is.
separ ated passes through the unit 161 and, as ment i oned above, issues
via 1in@.162 t her & privebs hsrctaipeaisnrdaitn6 pingiwhidhethe acigifging s by feeding|
val ve 163,, bein hen fed contents of flow |i fl ow
(e 1265thRn SHErICS 1ato, s hact of 3fie FaRtereth 2 Brepevs of AU RO RPS. b8 ' The
gas 25 @eidifiéd® part 68 hAé ivigter 'bdify TedBANRT upflewWwsiPedtion thitkight tHedBeddfof t he

CJerr] f rom t he wat er passing through the unit 106. 'If excess CJerr]
accunul REECIES: t he header space 155 of the vessel 150, it is fed al ong
flowline 157 into flow |line 159 before entering the punp 160.

Optionally, in another enbodi nent of the invention, the nmenbrane 30 unit
161 38n7be repl acéd PFPeessaap ralaimad: in\anyy oRa s the Mreceding claies wijeh

Sp?;?'m?_g includes, reclrcptatrngvppgﬁl oiaPthe water issuing from the bed through the bed,
thereby increasing water flow rate through the bed relative to nett raw water feed
rate to the bed.

8. A process as claimed in claim 7, in which the ratio between the rate

15 of water recirculation and the nett raw water feed rate to the bed is 1:1 - 20:1.

9. A process as claimed in any one of the preceding claims, which
includes stripping of CO, from the water issuing from the bed, the stripping being
to an extent such that the amount of C02 remaining dissolved in the product water
exceeds, by no more than 5%, the amount of CO, dissolved in the water in

20 equilibrium with the atmosphere.

10. A process as claimed in claim 9, in which the stripping is carried out
before the water iséuing from the bed is mixed with the remainder of the raw
water, the stripping being selected from cascading and spraying the water in a
closed container at a pressure of -6,7 to -20 kPa, the method further including
25 using CO, gas stripped from said water at least partially to acidify the part of the
raw water which is passed through the bed of calcium carbonate particles, before

said part is passed through the bed.



22 The pressure swing adsorption unit can include two or nore
activated carbaon cont ai ners Ih_e_c.o_nta| pers are successively used by

al l owi ng the gas mxtur air and water vapour) to flow
t hrough one of t he co mmlﬂs mMEmto a pressure of 300 .- 400 KPa
whil e the other conta s undergo 5 discharging. The

cont ai ner WIS schargell i's deprfesdurised, venting any 6/00167
adsorbed on the activated carbon into the Iine 130 thus aci di fying the
water in the vessel 84 as descri bé¥ above while the gas mixture is

passed rough thg n ai,ner__under ssure, allo the CJerr]
in the é;is m xt urg P%)&t?gsaa&s%ll%ﬂ'gﬁd df} any opg Bﬁced’%cm'mg which
tAdv?Rt amd d¥s, tasa fimalprocess, stapr Tdoelﬂgat{]iﬁmraaudmt férbﬁﬁ?\&\tahk{l?{cfémt ®
o the drawn are e | jmestone into contact w only
part ofades"f'agep ‘?/fv;sttg]t?"'z%“%wgﬁ? thealspli dosing baing swck thatanrasitive

di ssol Ugaleiurhtafiforiatd Précisation polihtiaf [ ARl aﬂa'é’plq%?'tﬁﬂ dbSed v&%&é pH

| evel . resulting in supersaturation with regard to cal ci um carbonate.
By r P nof §d'u31£b‘ ‘!‘Fh'%"%‘bper saturated part back into 15 the remai nder,
partial or total stabilization can be achieved. The final control of the
degree of saturation can be attained by dosing of an alkali into the water
after the. rei Atnfeqmaaﬁiaw inanyone of the precedingdilsisw, ire svhich then

di oxi dea’eﬁﬁ( e eC|f|caIIy as
il lustrat ibplt—'bgur es rggﬂhfyetbgpzs\égtraﬁéé%%mt%a;trwaét%% d ?153%

r eci r cutionei iorthiedbed pf theatented-ttwedghithe dednis 0 30ominutps. on/ di ssol ution
rates and provision is made for flushing of insoluble fines to waste.
Excess carbon di oxi de used to pronote the rapid dissolution of the

cal cium carbonate particles can be recovered and reused in the process,

t her eby reduci ng process costs. The use of linestone in the process in
accordance with the invention is preferred as |inestone is generally

i nexpensive conpared to lime 25 (cal ci um hydroxi de) thereby further
reduci ng process costs. The invention is believed to provide a
practically feasible and economcally attractive process, using

strai ghtforward apparatus, for upgrading waters, eg for nunicipal,

agricul tural - and/or industrial use, which is stabilized to have reduced
aggressiveness to cenentitious structures and reduced corrosiveness to
metal structures.
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st-abilization of raw water

at most 100
5 car bona®

/g‘{eﬁr

havi
nost 150 ng/[err] expressed as
r] expressed
ution potenti

PCT/ NL96/ 00167

1 A process for the

ng a pH of 2,5-9

al ,

, an
cal ci um car bonat e,
as cal ci um car bonat e,
t he process conpri sing:

Al kalinity of at
a cal ci um cont ent of

and %c%&i'oél&o\f% cal cium

separating part of the water fromtRé3reminder thereof and acidifying said
part of the water to increase its cal cium carbonate dissolution potential;

feeding the acidified water }@gr gh| d of particles conprising cal cium
car bonat e where sai d sgdgr ns %‘a t he cal ci;yiOcar bonate of the 10
particles bekLgre %63 _ng om The bed,] Wy chasonsunpfon is associated with
an increage_in the st = ter and with an increase in
~the A kalini HatBs as6_+l1-|paskes 3zhe bed; and
m xi ng wat er igsuing} fro| £+ the re of the raw water,
thereby to obt¥din a fprod s ng B po | um clar bonat e
di ssol ution 15 potenjti al easf 2 ny i unp car bonat e
| ess than that of t ra nd Js at bilized.
2. Aprg as Hetrm=28 i n v al ci um
car bonat e fromghe p nsuy % ter
having a cal ci ar t 225 nti gen |- 100
mg/[err] calci camona herr] Honat@6
3. A procegs as i I Wi clhdufficient
cal ci um car bonatle fr | '54 ongu iAn @ product
wat er havi 3¢—=3 osi t Py A4 on/poTenti a dokeer r] cal ci um
carbonate in tr{e tler =t abiliz A 25 4.
A proc® s clai in =6 = di clarnms, 1n w@gh the
wat er whi,of _iag f ed38hr L §2-hed S gubjgetedin the bed to a pressure of
100 - 00 KPa. 86~ \ <TE,- —32
s '1 "‘ l. >
22 37 32 ssF'4G‘2 [ 40
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24 c A process as.clained in any one of the preceding

cl ai ms, which i ncludes, prior to its being fed through the bed,
acidifying said part of the raw water, the acidification acting to

I ncrease the cal ci um carbonate di ssol ution potential of the water

suf fi ci ent WO PE9%2e water being fed through the bed to entf&TNIZPYUE? hoq At
a pH of [err] 6. A pr¥f@ess as clained in claim5, in
which the acidifying is by feeding carbon dioxide into said part of the
water at a pressure of 10Q - 300 kPa, the acidified part of the water
bei'ng fed in an upflow dirfectijon through t hgy bed of particles. 10 7.
A process as clained in arfy one gb tie@ preceling clai ng Wy ch i ncl udes
recirculating a portion off] theg wer T ssuing, from t he kedQ hrough the bed,
t hereby incgeasi ng wat er fllow¥ ate 1 hAJNOANT Fo DB Aelalicve L0 nett raw
wat er feedlccéh rate to the bed. :A‘,A“Ag processgas clained in
claim?7, in whick the ratio betwgen the ratea f €rhLeTi reul ation and
the nett raw wat feed rate to@he bed is 1:1 o - A
process as ar ed Ay one o e precedt T }u’pms& th= I ncl udes
stripping of CJerr] f8 the wat & issuing f€n] e Bw hhe-lst'ippi ng
bei ng tlo an extleDs-AAND T ha\DNe ,,“i‘g\‘i' T OT} TR e PN\ a8 nijng| di ssol ved
in the product v P2 ceedHO NN thah 59, 1t anoyint | of G err]
dissolvedintcge MRS 24 \ . '
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20 equilibriumw th the atnosphere. 10. A process as cl ai ned

dn claim9 in which the strippingis-carriedout  bhefore the water

issuing fromthe bed is mxed with the remai nder of the raw wat er, the
stripping being selected from cascadi ng and spraying the water in a

cl osed container at a pressure of -6,7-to -20 kPa, the nethod further

i ncl udi ng™298@3g C err] gas stripped fromsaid water atPGEOHIONE(ially

to acidify the part of the raw 3@t er which is passed through the bed of
cal cium carbonate particles, before said part is passed through the
bed.. WO 96/ B395% S o PCT/ NL96/ 00167
25  11. A process as®lfai m@ in any orfE of thEprecedi ng clains,

whi ch i ncl ydes, as a fi Dr QCESS ISE-eh
al-kali to oby®i@. a desired degree o : )e al kal i
dosi ng bei ng—sucﬁ\that a positive cal cium carbonate p i on

potential ji' s akglevedﬁncfa H of the,dosed water 5 of |8 - 9,5]is
achi eved. . A@aes_a_cl aygnegh i n any oge of thg preceding
clainms, in @i dhm he _fe_e§ ofr@e_jv\@teﬁg tﬂ‘)ugh thelbed is 4 a rate

such that fth aggr n == 4=t bed of thg wag$er fled through
t he bedisﬁj&-’ it es. ] . N =
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