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Apparatus_for Purification of Liquids BACKGROUND OF THE | NVENTI ON
Thi's invention relates to apparatus for the purification of
aqueous liquids, in particular where the 5 purification treatnent
requi-res the wogsiasdsyd or purification to be passed thr ousrcesyepises al ity
of treatnent stages, each of which.conprises a bed of particul ate

mat eri al . Such treatnment stages include for exanpl e beds of
particul ate material such as sand, garnet, cgrbon or 10 anthracite for
filtration, ion exchange resin for rermval of an| oni ¢ and/or cationic
impurities or hardness renmygpe ¥a | rONn renoval

and beds of PaL Ly Gl A g. erigl Lol 1 acid or col our
correction.  The dEsEY Uifetted to ion 15 exchange
processes. However, t HEM?( esfdmﬁnté%nt redakes to apparakus scter n theher

purification treat papiicdtaen beQuitecus liguipassen &g ag bs&@rtﬂaeds
of part iculate ﬁfﬂffcation Mat%gﬁE@JHaﬂg'ek% gf (Eofga rﬁica?ioxbf a

process of conauct$ gm!on exchan urd consi
service cycle in wke ﬁﬁéﬁés"—hﬂ%@da Pl“’-’afld»FYp‘e# |qu9«95!‘?-0¥1 §tagess searh
through a bed, or eewiiidh comprisés aibed by partdeyddtécnsteriadlfferent

types of ion exchgﬂgﬁ ;@&m@gés&gggoﬂm  PEQY Ghandid el

t he desired chara I CS sefvice cycC
regenerating cycl ePaFRiGHY pAerdalce Sychgas  Sanfd. | sgatnet'réi}éﬁef'at‘?d
prior to the iaon eanhhra}amterl 2iltwetrionngion exchehgestesiimfort hemowl or

to the ion exchang bﬂ;,ggq us
regeneration is bysf L /r%ru'c%@ﬁﬂ&kg igup% ngc'?s ® QQ*‘E,%& il?gr %at i on
or anion 30 exchﬁﬂﬁ%"?"eﬁﬁ nngEEpeﬁ'H/el Pr Wt §F"‘§8?fer‘?é}d eRERS N RS

scal e-form ng i onspauticulatea mateniadd fogynessitien iaderyi tdeid or oolewral e

formng ions, and &ssﬁe@msﬁ ON ifie UAWBEL ¥ptibn below!Sig'UaSldtleldOn Oforpal ts
of such ions. type

atus re ation is
carried 35 Y BYEBMSS ? e FRRERE] o) BRHeFFEL, te /PROREREL TDVRRF LR 2y
t hrough the bed asaifie beusedecin IWW@#W@PMWGM:S wherieohiquid
regenerati on. This, pabged |thkougl RCba@VOF dSed¥ of particulate materials

not containing ion exchange resins.
A process of conducting ion exchange on an aqueous
20 ligquid consists of a service cycle in which aqueous liquiad
for purification is passed through a bed, or several
sequentially arranged beds of different types of ion
exchange materials, to produce a product liquid having the
desired characteristics. The service cycle is followed by
25 a regenerating cycle, in which the ion exchange resin is
regenerated, prior to the ion exchange material becoming
exhausted and thus prior to the ion exchange becoming
inadequate. For a deionising apparatus regeneration is by
flow through the bed of acid or alkali, for cation or anion
30 exchange resins respectively. A water softener exchanges
scale~forming ions such as calcium and magnesium ions with
non-scale forming ions, and regeneration is usually by
using solutions of salts of such ions.
For many types of apparatus regeneration is carried
s out by flow of regenerating liquid in the same Qirection
through the bed as the service flow. This is termed co-
flow regeneration. Thus, the flow may be upwards or
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2 downwards through the beds of treatnent material. Co-flow
regeneration is adequate for water-softening. For sone apparat us
i't is advantageous for regeneration to be conducted counterf |ow, that
is wth theweepgapant 5 |iquid being passed through tBemchBifetsd t he
opposite direction to the service flow This is particularly

advant ageous for sone dei oni sing apparatus, particularly the type of
apparatus sold by the applicant conpany under t he nane " Sci on
(trademark) in which the rate of flow of 1 l'i quids through the bed is

hi gher than nost gy&%&&%{&wﬁ the beflk abi&ew.enéméemwc'&-Eg&auency

is higher. In su aratus |1 nproved regeneration Is achieved since
the resin atrﬁﬁef‘FEFgg‘F“ o1 ﬂ'§§qﬁ‘n¥tﬁ ﬁé’rbgﬂgﬁﬁ?ﬁ%ipggener ant |iquid
having a different, oformemecappratiusoit isSadvariagRonRTor regeneratiom
vari ous known pr %‘&dfb%?%onﬁﬁéﬁk% t&fhrﬁfﬁﬁéﬁnttﬂﬁdﬁs wilthOEhP(LjiFéJe’é\‘éil]Ehﬁnd
material are carrjed.i.n separate ch enpl py i ndi Vi dual, beds.
Convent i onal 1Y, e]gmipan%eelng p?&?a‘i;eéﬁf)%‘f% \ggi’?n&??e)nb%nﬁtg? FPPORLtS her .
20- To reddicestionattes thast sexwice nprawe effhisi eiwyparticularker e
ha;/e al Iso begn. Vaid\i&ﬁ%aétbémér adond ‘delOnifiny ddppitatus, partiiicuibe®yi on
materials and in | s ver

appar at uses whi cﬁeon angtr}# %9'%@8 s5fd %yt a8 Waﬁéﬁ I‘é:gﬁ%ny Rader
various di sadvarkhgy@dme "Se¢ipntt (trpdemaxk) ip whieh fhecrpte of £gwt of be
repl eni shed pwr e Diguids throughhthe edeis Highee ganal abst othee aPpgagatudan

others and once oe tnid Xofe LA CHE BykibSefeflilicydsSRLGHL .Y Clnh LGRA2CCT:
It has al so been propose 0 Separate conpartfnen Wt hina“srngl e
tank. Inion e%%f@&“ﬁr%?%@ regensrabion ig pehieved sinFethe Ze8inhe
best results the atesiifferent points ihothel hednebntacts tragenerant iigagawi t hin
the bed. However phaving al B8efédlette Bhtidifin ROmpbhEeidn materials used may
vary. £ r mu I's known that sone ion exchange resins
expand or contlracts di ng upon their |evel of
In various known processes, often the different beds

of purification material are carried in separate tanks

which employ individual beds. Conventionally, each tank

may be operated independently of the other.

20 To reduce apparatus costs and improve efficiency,
there have also been various attempts at mixing the various
purification materials and inserting them into a single
tank. However, apparatuses which contain such mixed
treatment material have various disadvantages. In

25 particular some materials need to be replenished more often
than others or regenerated more often than others and once
mixed, the materials cannot be selectively replaced.

It has also been proposed to separate compartments
within a single tank. In ion exchange processes it is

30 known that to achieve the best results the resin beads
should remain substantially fixed within the bed. However,
the volume of the purification materials used may vary.

For example, it is known that some ion exchange resins
expand or contract, depending upon their 1level of

3s ionisation, as they remove impurities from the liquid which
is being purified. Likewise, for particulate filters, in
order to drive out particulate impurities, such beds need



35 I oni sation, as they renove inpurities fromthe |iquid which S

being purified. Likewise for particulate filters. in order to drive
out particulate inmpurities, such beds need WD 96/ 28252

PCT/ GB96/ 00583 3 to be
backwashed owg otuas requires sufficient space to al | RR/GRISPISEY ent
expansi on of the bed for backwash. Therefore in order to have a

sati sfactory apparatus havi ng nore than one bed in a single vessel
sone flexibility in 5 the size of the separate conpartnents is

requi red. In US 3554377, a novablFe filter-di aphragmfor use as

.a separator betwe ' bAOla8at h 3 EéufficientP us. f or
purification of | ﬂuﬁgﬁ&g@;gkgsg&’ %ﬁgswg&h#ﬁt etgf-‘gjicggﬁr aé%%i%argo al so
i ntended to ef f ec®lAoNr BUttigient; | eXRAnSIAN oL, PR RPDeABT e 9shint o

t he respecti ve be@hereforefin orderttd haveca isatisfactory apparatus having

di aphragns di scl osRgtel Rnhhi 5!15% e 3ifigle vesddlS@ohe 2léefbidliepoihhe
i nner walls of therecgtac e materials are

e.in whi Ch t held, to

permit conpacty on ¥ Ehge ‘1}5 the) sgparate é‘?ﬂ‘é’%g“'e'f%s PP SEAPER- i quid or
to permt expanskonU9f3G54377ads mevabile fiiterrdiapbragn forlusesas

}/\/ni | st still t Eeepid&]gséégﬁa?gg,sﬁt&i,f PeRBt irni | ggimger{-_ﬁbt& multi-fl&?@f”” ate

rom one anot her. e eL-di aphr e ed . [ s refefence

conprises a |ayer Wagﬁj‘q‘ﬁeﬁ?r f%"gz?hilt?%mfgm ts‘.'é"ﬁué'flssaghg%é%féln piragtic
with a sufficient|Silyext@iaphragnsorarei adseo iptended Xof jeffaqthgaf preti on
and having ame gildpacien of A01iduid Befdre eAti P iitioCthd rdspattivd Bed

di ver gi ng fl@%%?af:ﬁéﬁ{'gf&%%ih the internal sides of the container.

e fTiIlter-di

However because thes aphragns also provide 25 a filter
function, a higher pre3bgrEilher diaphragns,discipsed in thif refepench.axe
sequenti al beds sceddeattot B2idléoaloms acheofinner wallsqwifd thier pegéptaraebgd wil |

be reduced per unigy,Qh €He" Mterials hPe Hd1E EBS?LHM(& 8t E5h tJ}teﬁge

apparatus. In addition 0 |1 0ccur 1n

a arge pressure W |,
centre of thetbedP} 180 res?PF‘?ﬁri'gfb \aci bt ﬁﬂd%tiﬂé‘?'gfcﬂ% £PqReTmRF| |
tend to flow expamsjonhefi roher hesds swrfingheegeheratiznd om| baxckwakbie i s

a perfect saaliiat 56L110%e8HIRGENS Biad BE &l atentMiltetUhsterials
separate from one another. One filter-diaphragm disclosed
in this reference. comprises a layer of an inert fabric

20 material such as woven plastic with a sufficiently small
pore size to provide a filtering function and having an
annular ring or rim of elastomeric material with diverging
flanges to engage with the internal sides of the container.

However because these filter-diaphragms also provide

25 a filter function, a higher pressure differential will be
formed between sequential beds so that the flow rates of
liquid through the bed will be reduced per unit of energy
to drive the liquid through the apparatus. In addition, a
large pressure drop will occur in the centre of the beds of

30 filtering material and therefore liquid will tend to flow
along the inner walls of the column and unless there is a
perfect seal at the outer edges of the diaphragm, liquid
will flow around the edges of the diaphragm and intermixing
of neighbouring beds will occur and tend to block with

35 impurities or particulate purification material. Because
of the high pressure differential such separators may tend
to deform and therefore, they may be unable to provide



wi |l flow around the edges of the diaphragm and interm xi ng of

nei ghbouring beds will occur and tend to block with 35 I mpurities or
particulate purification material. Because of the high pressure
differential such separators may tend to deformand therefore, they
may be unabl vdegngispvi de WO 96/ 28252 PCT/GB96/00583

PCT/ GB96/ 00583 _ 4 sati sfactory
separation between two beds in addition to satisfactory slidable
novenent up and down the internal wal | § of the col um. One

other filter-diaphragmdisclosed in this reference 5 conprises a disc of
plastic foam Hoggqyg a&wogfp%ﬁhon beH?é‘é'? é%oqfeagf ifCRARE LSS ¢gnd to

bl ock irreversibly ot her ficatio terjal.
e BRI et R A S R .
extrenmely accur at eralds efcthe [epdumpuch separators are not 10 satlsfactory
:3f ’;he :nternal Cross éﬁEtd&%rohlﬂlQ'-ﬁQh dnﬁdisclosddriﬁ&lﬂlh&rreference
articul ate i esca g such

separ at or . m#n s |°§’pﬁé¥?fcﬁl‘g’% b ro%ﬂmem %%%ﬁv?ﬁgae%ec PREFENPE are
to ‘be used as thethese tm%mforssperaﬁ@%tﬁe@dvé@smw drgeyersidlyonibiat
irregular 15  so jldpdbxEREMADQrobtieY puttik dtt itH fatetidIRY Df Gadition,
rere or Mstrong o g sBERCESRE HepbRRLLE NN 1A L g0 e, cute (Y alie DR 0N

acid or strong al R SU6n &% fdam
materials tend to %Emlbrﬁﬁqrét&nb"t even thene @igh Seppratexs @xe pot
re5| lience. 20b satisPaetoiydr theinternablorosspsectiion ¢of theossluvamh bs

"rolling di aphragrﬁ‘rregullgr? PPkl ca1 AL ﬁ&&g&ﬂ\*ﬂﬁh scape aQ'S CEné

rolling diaphragm a or ous mat er| | anet er
greater than the rﬂﬂ’ﬁefoﬁfig?sc‘?% s p%’?&"i‘bnal”‘ajﬁe |H§ "tll?é'lgoi‘urm
I s arranged bet weeprdbldem 2éhen sppu?a:tce collemnslhiazet ywe bé spdr asOr the

fixed around its interﬁ%ewpqras&@ctmdeﬁseemi £42hé s¥mednht XBd-<gRhaht
wi thin the lin be sub ect to a large
pressure di ffJe§ent‘T'°aI rﬁéﬁd Fﬁx?ﬂfd‘g Bﬁrgé‘é‘éﬁ@ %g; ‘épl‘ﬁ’Xg?r‘F U rolls
upwar dl y or downwar dl y A3sor in defippisatpios prosesges,hthe regenerants used
may be strong acid or strong alkali. On exposure to such
harsh conditions, foam materials tend to become brittle and
may eventually lose their resilience.
20 One other known movable separator is known as a
"rolling diaphragnm®. In a purification column which
includes a rolling diaphragm, a sheet of a porous material
having a diameter greater than the horizontal cross-
sectional area inside the column is arranged between two
25 separate beds. This type of separator is fixed around its
perimeter to the internal wall at a fixed height within the
column. Such a rolling diaphragm may be subject to a large
pressure differential and in addition because the diaphragm
rolls upwardly or downwardly past its fixed position in the
30 column it is subject to a large amount of wear and tear and
is liable to break.
SUMMARY OF THE PRESENT INVENTION
The present invention aims to overcome the problems of
the known devices and in addition to provide a useful
as separator which can be inserted into the pre-formed plastic
columns conventionally used today. These moulded columns
have a relatively small entry port having a diameter



30 colum it is subject to a |large anobunt of wear and tear and S

liable to break. SUMVARY OF THE _PRESENT | NVENTI ON The
present invention ains to overcone the probl ens of t he known devi ces
and in addition to provide a useful 35 separator which can be inserted
into the prewodsnsd2pl astic col ums conventional | y upeticbsstesss These
noul ded col unms have a relatively small entry port having a di aneter
WD 96/ 28252 PCT/ GB96/ 00583

5 considerably less than the internal _diameter of the col um.

The present invention ains to provide a separator whi ch can

effectively separ mgiuRrDOHs 1055 thandehll inRBrAZT) diamet&P\6E ¥hé Eolufin COI UM
overcom ng the proble of the

ripr art,_ ang whi ch.can_easi| e
inserted into a pre-fo dpre“'ﬁ" cb’f‘(ﬂﬂﬁﬁgviaﬁ@'sagwerﬁrr"yiéﬁrta sﬁ?&‘#gg"f han
the tross- sihdichosan effectiNelyhsepanate twodiedshbut dnuaddiviogheam it
i's y tolge ;Jﬁ%ve_ within a ogqmdwa-ldo&iﬁgf'tﬁétpﬁ;meﬁa @f.ﬁmepa;eﬁegt
i nvention ere i rQui de e,.se use i
ur i Ti cati on cbl uFE (i Sichagah FBEEEY cpforabfHEda fieo'S BrbForhd
cont ai ner, cont ai reaigmao| havingr tar ueBETY s@oxtateMaller than ckhe| CFRRFEh

exerts pressure Orsddtdonalizreacdt the hAteribr of theTolutintiewhdchi Mt is

sl i dabl e cont act 3{ tl%e gag!t ainer 15 against the internal walls of the
. o u . : . .

colum is effected, the contai ner where it contacts the jnternal

wal I's of the col AfAOTENtespnfirsisiaspent Aftldle present inventionhe
flexible, porpos cehera der provideds aSmavablec sSeparator o useni er ildguiad

general ly conpri si 2 G sh.
This material sho 1‘1?61‘699196 é%‘%tnén?f‘gl ﬁfﬁ% ect eg%glf%o%t Zl?ttelx\%nbt t he

regenerating PIEans Fontaimer . goptpin Qtid, particalats, seRarater ong

preferably conpri sesterdialecvinidhc sgerte presspre core the\/épntadid@r so thagr in
e Lo of cghorisgy ST S mBalogeefitast o e iocbither
gwi |l weave, éﬁo gi7g%ﬁ§?ethﬁt€ﬂet&f“f‘ﬁe@{ié° i“BFe§°b‘f“"2é.s39/§§?sch‘*ﬂor§E§i ze

181/ 567pm Pref era@pqﬁ,am where it contacts the internal walls of the

column, comprising resilient material.

The flexible, porous container comprises an inert

fabric material, generally comprising woven or more

20 preferably moulded plastic mesh. This material should be

substantially unaffected by contact with the regenerating

liguids to be used in a water purification process, and

preferably conmprises polyethylene, polypropylene, PVC, PVDC

or polyamide. The most preferred material is Tygan Cloth

25 or SARAN (trademark of Courtaulds). SARAN comprises PVDC

fibres with a 2/2 twill weave, an air space between the

fibres of 26.3% and pore size 181/567um. Preferably, the

material does not form any filtering function for

particulate impurities as this causes too large a pressure

30 drop across the separator which is undesirable. Most

preferably, the material provides substantially no

resistance to flow therethrough. Thus, the pore size of the

pores in the porous material may be any size appropriate to

enable the container to contain the solid particulate

35  material i.e. to prevent the particulate material from

falling through the pores. Generally the pore size of the

material is at least 50um or even at least 100um.



material does not formany filtering function for - particul ate
I muuritjes as this causes too large a pressure 30 drop across the

separator which is undesirable. Most preferably, the nmateri al

provi des substantially no resistance to fl ow therethrough. Thus, the
pore size of wdwsnss:2 pores in the porous material may bep&fisssiosss
appropriate to enabl e the container to contain the solid particul ate
35 material i.e. to prevent the particulate material from falling
t hrough the pores. Cenerally the pore size g)f t he material is at

| east 50pm or even at |east | 00pm WO 96/ 28252

PCT/ GB96/ 00583  Generally the re size of the pdrous mat@?ﬂﬁialiEy ide
pore size of the ggrous 6rﬁ;terla eater th

preferably no gr egF8RteH, rpad,fpmm a“‘{]prefeﬁ: s&° PR&2 %ﬁt l'}l ‘P‘é separ at or
material inside the In usenttheqargicnlatesepapatonmatprial daspdetthens of

the 5  contai Negohfa PRI ExEHI SpredisuRe! dCIIRENsIidE SE¥YidnBE o Nthe

t he internal ['ls t he col um e C aratl

bet ween the b&ds. °°“Ii'ﬂ’en%ro Pa%'fsqrg %f"% ﬁgtaéé Ge %%%?'é&‘esﬁ imuit-id 1'{%
separator is freethe ripferaphawvalls of thedcedwmnar ang henpeneffectireim.
10 The conkagaﬁtmrﬁet&&pmtseddﬁe | ther @dhtadt | $s Oklidabld he

col um in use, g?%gr é‘?‘%‘ fhQ® $RL &JJ:@EBP' Qﬁefree & Sovd mﬁpp#diryte i

especially preferre cont al ner
sl i dabl e contact Mﬁ‘h"?‘l’ﬂ""ml? whthin he,goiumny t he. purification col um
are porous. e s 15 ﬂnswcmtaﬁ.het wheresis tdontpeessthee idtepnda Dwalds dthe

centre of t hgpgol S itfhied 0 ﬁa_x;” Bk "¢BL-AEE #obf @Bhier?’éaggsfhflow

t hrough t he col urm [ ont ac novab rat or

with the internal ® erfﬁ\h‘i jRutyit 38 %H??f?% Pﬁﬁgﬁﬁf%ﬁhéﬁo'é}}*’dpsﬁ tg t hat
the 20  separ at oofi $£hier gohyathexriaiichuprendndshidabike icentdetowitinethe

colum but is suf fmehﬁaaimqhess& kfe tﬂ&ht%ﬁ)&oﬂhﬁﬁeﬂe poroud NerRassage
of particul ate material fro

upper bed abdve t FESNERE rlﬁrﬂﬁeo‘fhe pres?“’c‘% d\f@lpsﬁwﬁd}feggé\at Ogrtf(rjl €se in

the purification &euaplunn is kept to a minimum and more uniform fluld flow
through the column results.

The contact of the movable separator with the internal

_ walls of the purification column should be such that the

20 separator is freely slidable up and down the inside of the

column but is sufficiently close to substantially prevent

the passage of particulate material from a lower bed below

the separator to an upper bed above the separator and/or

vice versa. Preferably, in use in the purification column

25 the sliding fit of the movable separator inside the column

should also restrict flow of ligquid between the movable

separator and the internal walls of the column. Thus

contact of the container with the internal walls of the

column is around at least part of the internal perimeter of

30 the column, preferably with at least 40% of the perimeter,

most preferably at least 60% or even at least 90% of the

internal perimeter of the column, without resulting in a

pressure drop towards the middle of the column. Most

preferably contact of the container with the internal walls

35 is around substantially the whole internal perimeter of the

column.



25 the sliding fit of the novabl e separator inside the colum

should also restrict flow of Iiquid betweepn the novable separator and
the Tnternal walls of the col um. Thus contact of the container
with the internal walls of the colum is around at |east part of the
i nternal pegydwheiszof 30 the colum, preferably with at PCHGB0S of t he
perineter, nost preferably at | east 60% or even at |east 90% of the

i nternal perineter of the colum, without resulting in a pressure drop
towards the mddl e of the col um. Most preferably contact of the
container with the internal walls 35 i s dround substantiall y the whol e

internal perineter of e | \QQ,,Q 2 t
BCT/ CBO6/ 00583 Th8Ccontainet®'s¥Bl1a pe suffic $¢ 280nye ha_};hthe

contai ner shoul d 958iZ6Ar eI MR Of PaFpictiake Pﬁﬁenal c&é‘sPFeﬁe%l‘i}ﬁBiﬁf
part-i cul at e mat ertiheel contajimerel d within t he cont ai ner. The

container of the m)valahe é&%&%&?rofﬁt@ﬁo{?i@féagkpagatoﬁ ra\feaﬁéca}esﬁmr' ses
a flexible materi.al erted into a

purjfication %ol L?tﬂYePFr?'Bﬁ mprllseﬁ %ﬁaﬂ“g}ﬁ F?gﬁﬁﬁr? sucﬁa‘%ﬁ a"rai fhen it
is an open simfloxmadrto tminm%sm@mtpsa aupraficatinm pylgmgmf;m |y

resilient such tmtsﬁsmum&ﬁ}ﬂpéﬂy r@ﬁ@tﬂéuiatﬁyshme. omeiéoan iopahde the
col um. However, resi t he t he
contai ner can be %3&885 bgh? n%%'%taf% T3 is' s va‘?%ﬁ?’t"ﬁf&ﬁgﬁ“é 'p%\’ettla&# ¥t he
colum. This is reasildentrsuch that iﬂ:nplémwlﬁbly aeopinsnits sbape sncehese
nmay be placefoin irdde the colubiil MeRkverpid (D& PAGL WHIlAVEréSNdleat P!

mat eri al may be o) t r ntry
port 2t hechs, shipe Ot s SSHEEUNGDcah BY, RALAGIA by’ PHSKIeuS &
open, preferably §od {threyght anPPEF | ?frE%?I‘F%lr\'P‘" -HokB$8 18 partiqulaxdyessary
after insertion iidportaatctoniopen cantaingrbdas these mayr belpladednirotpe a

port in the col urugnt.@nl by, NEnd! dife Blire 1 ADluteOsbpatlacol nitii3h Ry B0 OPeN

t he cont ai ner recel vi ng t QrthU at separ at or rmt erial.
Alternativel §5 t HRGEORREPACPUBARTIRDELY Py RANZIOH, Shitpugh Ehe entry port

of the colunn. Thus, particularly if the container is

open, preferably it is substantially resilient. However,

if necessary after insertion into the column a rod may be

introduced through .a port in the column to lift the side

20 portions of the container and open the container ready for
receiving the particulate separator material.

Alternatively, the container may be a closed container

such as a porous bag of any shape, which is partially

filled with particulate material prior to insertion into

25 the column. The bag is formed from flexible material and

its flexibility and the fact that it is only particularly

filled and/or formed from elastic material, together enable

the bag to be inserted through a port having a smaller

diameter than that of the column, even though it already

30 contains the particulate separator material. After

insertion through the port the container will then lie on

top of a lower bed of particulate purification material

already in the column, the particulate separator material

inside the bag ensuring that the container of the separator

35 covers substantially the whole horizontal creoss-sectional

area of the column, and being in slidable contact with the

internal sides of the column preferably substantially



such as a porous bag of any shape, which is partially filled wth
particulate material prior to insertion into_ 25 the colum. The bag is
formed fromflexible material and its flexibility and the fact that
it is only particularly filled and/or forned fromelastic materi al,
toget her enapdesnssz the bag to be inserted through a porrcTicsvéesssa

smal | er di aneter than that of the colum, even though it already 30
contains the particulate separator material. Af ter i nsertion

t hrough the port the container will then lii on top of a | ower bed of
particulate purification materi al al r'eady in the colum, the

articul ate separ -]m;tr%' I imashge t s t
Eont ai ner of tﬁe gg‘g%‘gt gghhgti’?s (?o‘\fel?ngigﬁbst{a}ﬁtt?glq Sﬁl?ﬁ{ezﬁgl %#%ont al
cross-sectional © r % YRARD BORRALTS, P PREFETE SPF aERE cPEnCECt
with the i npartidulatee pusiifitation umaterigler iibl pseulforast malbase
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the side portions® \ﬁ"lg’l%aé%'éhd R F35%5h 1 BERethe side " portions

contact the internal walls of the column. The side
portions may extend above the desired bed depth of
particulate material to no detrimental affect. Generally
~the side portions. will extend upwardly from the base

20 portion at least 5 cm and no greater than 40 cm.

The side portions may provide a larger circumference
to the container than the internal circumference of the
column or may extend upwardly and outwardly from the base
portion to enable the container to have adaptable

25 circumference depending on the internal surface of the
column, or the side portions may be elastic.

It is particularly preferred that the material of the
side portions should be substantially deformable so that
the container may expand slightly (in particular where it

30 contacts the internal walls of the column) due to the
pressure of the particulate material if the internal walls
of the purification columns are slightly irregular. For
example, Tygan Cloth and SARAN, each as mentioned above
have a degree of deformability in the diagonal direction

35 but the original shape can be regained. Thus where Tygan
Cloth or SARAN is used to form an open container having a
base portion and side portions, preferably the side



20 portion at least 5 cmand no greater than 40 cm The side
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shape and dimensions of the purification column in use. Generally
such columns are cylindrical and therefore the base portion
20 will be substantially circular.

In this case a similarly shaped top portion may be
provided to form a closed container.

The container may also comprise a reinforcing material
to promote its resilience. In particular where the

25 container is open and comprises a base portion and side
portions, it may have a reinforcing rim for example at the
periphery of the base portion and/or the upper (open) end
of side portions. Alternatively, reinforcing strips may be
substantially horizontal on a container in use. Such

30 reinforcement may comprise for example a rubbery or similar
elastomeric material.

The particulate separator material held in the
container may be any particulate material optionally
comprising mixtures of different particulate materials and

35 in any amount which will exert sufficient pressure to
enable slidable contact of the side portions of the porous
container with the internal walls of the purification
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t he particlei have a |qmater W
5 materials are for example gravel or metal particles such as

ball bearings. Mixtures of different particulate materials
may be used. The particle size of the particulate material
may be arranged substantially graded (for example in
layers) such that in use the particulate material closest

20 to the liquid purification material has a smaller particle
size than that in a layer in the centre of the container.
This helps to prevent passage of purification material into
the movable separatof.

Gravel or pebbles are a particularly preferred

25 suitable particulate material for use in the separator of
the invention. However, if the aqueous liquid purification
process requires strong alkali to be passed through the
movable separator, it is preferred that the pebbles or
gravel should be coated for example with polymeric coating

30 to increase their chemical resistance.

Preferably the particulate material in the container
has a density greater than the density of the particulate
purification material generally ion exchange material in
the bed below the separator container. Preferably the

35 density will be greater than 1 g[cms, more preferably Zg/cm3
and most preferably Sg/cm'.', or even above 1Og/cm3 .
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exchange resin, wPf RProus F!Eﬁi'r'l‘%’d can Pﬁrsmdett’hé“m a hﬁaYYllaﬂM%'t-
material in the corus whennpysbeianed abdVena ed of ion exchange resin in

a column, a movable separator of the invention can enable
free space to be provided in the column but in addition can

20 effectively fix the ‘bed so that it must remain
substantially stable and cannot mix. It has been found
that during a service cycle, improved performance can be
obtained using ion exchange resin when the resin is held
substantially stable and movement is limited.

25 The invention is particularly useful in a counterflow
regeneration apparatus and process. It is well known that
for optimum performance when using counterflow regeneration
techniques, there should be no mixing of the resin beads
during any stages of the operational cycle. The advantages

30 of counterflow deionisation processes are also well known
and the success of such processes is highly dependent on
the presence of an efficient regeneration step. Therefore,
the separators of the present invention can be used to give
enhanced stability to a bed during the regeneration and

35 service steps and increase the efficiency of the bed,
whilst permitting expansion and contraction of the bed
during the operational cycle.



even 30 cm deep. The invention is particul arly advant ageous
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cont ai ner of porous material can be selected to forma heavy | ayer.
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resin bed. having a density below 1g/cm” and in use, in the column,
slidable contact of the separator against the internal
walls of the column is effected.

It is not essential that the container, where ‘it

20 contacts the internal walls of the column is porous. Thus,
for example the container may comprise a base and side
portions as described above, but in which the side portions
are formed from non-porous, flexible and/or elastic
material such as a rubbery plastic. The use of a layer of

25 inert material beneath the container ensures that in use,
the pressure of 1liquid flowing through the movable
separator does not become so great at the internal walls of
the column that purification material is carried past the
sides of the separator. Mixing of neighbouring beds of

30 liquid purification material is therefore prevented.

The present invention also includes an apparatus for
purification of liquid, the apparatus comprising a liquid
purification column, the column comprising in sequence a
lower bed of liquid purification material, a movable

35 separator and above the movable separator, an upper bed of
liquid purification material. The movable separator is as
described above. A plurality of beds of 1liquid



10 According to a second aspect of the invention, & movabl e
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T t he
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positioned a layer of substantially inert material having
a density lower than the liquid purification material of
the lower bed and lower than 1g/cm3 and in use in the
column, slidable contact of the container against the

20 internal walls of the column is effected.

The invention also includes a process in which water
for purification is passed through the apparatus described
above, in a service cycle, and in a regenerating cycile,
regenerant liquid is passed through the apparatus.

25 In this case, the amount and density of the
particulate separator material may be sufficient to
substantially hold down the inert beads to
result in a substantially floating separator, when liquid
for purification is passed through the column.

30 The density of the substantially inert material must
be lower than the density of the particulate liquid
purification material in the lower bed and is generally
less than that of water, for example below Ig/cm3 and
preferably below (l.9¢;/<:lns or even o.ag/cms. The use of a

35 combination of low density particulate material beneath the
movable separator ensures ease of adjusting the loading of
pressure exerted by the movable separator as not only can
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The invention also includes a process in which water for purification
I s passed through the apparatus described 10 _above, in a service cycle,
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ion exchange resin from the ion exchange resin beds above
15 and below the separator, when positioned in the column, the

apparatus may be used in conjunction with a bed of inert

exchange resin material on one or both sides of the

container. This ensures that any carrythrough of resin is

inert so that the ion exchange beds remain substantially
20 stable and immobile.

The separator of the invention may optionally be
provided with a honeycomb layer on one or both sides of the
container, especially where inert resin is provided. The
honeycomb layer extends across substantially the whole

25 cross-sectional area of the column. This substantially
fixes the inert resin and further reduces mobility of the
ion exchange resins and therefore improves the performance
of the separator.

The honeycomb layer may be provided by a layer of foam

30 which is preferably substantially chemically resistant to
the regenerating liquids which are to be passed through the
ion exchange column.

Generally at least 60% or even 80% or 90% of the low
density particulate material will have a particle size such

as that it will not pass through a mesh having apertures with
a width 0.5mm, preferably it will not pass through a mesh
having apertures with a width imm. Generally at least 60%
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aspi t enabl gé'lstn ﬁegﬁgggﬁff%aggipggﬁhgg%@t ﬁkﬁﬁb%%&ﬁttp&t at tnhé OB ner,

of the column without inq:ermixing of the beds of
purification material. This is particularly advantageous
as the low density, inert material and amount and density
of the particulate material in the container can be
20 adjusted so that the apparatus will retain the lower bed in
a substantially fixed position whilst still being allowed
room for expansion. In addition, the inert bed not only
ensures good separation but also contributes to good
distribution of the liquid for purification or regenerant
25 liquid through subsequent beds irrespective of flow rate.

The regeneration step can be either up~flow or down-
flow, preferably it will be a counter flow, down-flow
regeneration.

The low density material may be for example a cellular

30 structure in which air is trapped or may be a structure
comprising low density particulate material such as a foam
material in which the low density particulate material is
trapped.

The present invention also comprises a process for

35 purification of 1ligquids comprising passing liquid for
purification through at 1least two beds of liquid



10 purification systenms in which in the service flow, |iquid for

purification is passed upwardly through the colum, passing firstly
through the lower bed of [liquid purification material, then
through the | ow density inert mat eri al and upwardly through the
contai ner aggdéppRs bed 15 before | eaving the col um t penoBdsnosssexi t
port at the top of the colum w thout interm xing of the beds of
purification material. This is particul arly advant ageous as the | ow
density, inert material and anmobunt and dengjty of the particulate

material in the container can be 20 adjtSted so that the apparatus wl|

retain the | over gigdeiBatson mate2iRS AN BryeiLdCtbP BbhAT dlilabsted! ! |

bei ng al | owed room f or g,anm on. on, the ot onl y
ensures good sep&r"&i‘l e 8&?“5?5 YcBrﬂ?"’Sﬁ‘Fegeﬁfad’t%das described apbpve on of
the liquid for purifithei diguidr pgeificattion2ateriigli shayhrconghise bsaeuent

beds irrespecti V%xﬁﬁpi£owﬂﬁxfﬂculate filterT%t'éﬂﬁﬂerﬂdhonaét SRr be

ei t her upfl%wo down- \g gre erab .t % counter’ fl ow,
down- f | ow Pg@gﬁg?soﬁl%een sah '%“5’%‘8 i ?'S/ ﬁﬂi‘l"er PE| i%®y be
for exanple a cequehangemesimmmttumeyuhemaih @trong or apeel aniemy be a

structure WeARD6T Ht@nkyOva €S bt Ya ﬂ:lascba%&cﬁ&@sml ebk&faﬁdﬂ‘ﬂt fife @ ‘(‘joam
material in whic P a er| rappe
The present i nverlti{qggda ‘é%ﬂ;%%ﬁx" lﬁ‘é‘t'éﬁg'octj'(S {% C%ggge TR cation of

| i quids conprising pa%BengPresent f%ﬂ"e"t-‘-"“ Basi f ibegni ofound outth abe | east
two beds of 10 quipdrticularly \W3etal28db2separating two (or more) beds of

PCT/ GB96/ 00583 urification
exch
material in a purificat] ona'c‘%fureﬂgef)n garﬁicularf oth ong’ ez[;)mo Y a

nmovabl e separ at or® ié‘?eﬁes‘é‘ﬁkbeﬂralﬂx?‘é base anionhepinyiandp 2 i #eeand on
mat eri al may conpomprises strongebasplanigmaresdinl ate filter material such as

carbon, 5 mnganese:e&s% %aadmﬂasra'%%n é’éﬁéﬁ%ﬁ'& en&is %Q“ﬂothorla i&&‘
exchange resisp strang or ani o aR*9

strong cati of or é'%nfgg%‘"beﬂ‘m%@?ﬁ res4 e?ﬁﬁl’iﬁ ged. ‘¥here may be one

ion exchange column for anion resins and a separate column

for cation exchange resins or, beds of both anion or cation

may be in the same column. The present invention is

particularly useful for separating ¢two beds of anion

20 exchange resin because in practice, it is advantageocus to

use in a demineralisation apparatus for aqueous liquids

both a weak or mixed base anion resin and strong anion

resin. Weak resins are more easily regenerated requiring

less chemical regenerant than strong resins and will remove

25 at least some of the impurities in the 1liquid for

purification.' However weak resins will not remove all of

the impurities and so in particular for a deionisation

process, it is necessary to include a bed of strong resin

to ensure removal of all the ionic impurities. It is less

30 efficient to use only strong resin because regeneration

requires more regenerant and will take longer than for an
equivalent amount of weak resin.

However, conventionally it is difficult to use both

strong and weak or mixed anion resins in the same column

35 because their densities are too similar to enable operation

of the two beds without intermixing. Furthermore, fixed

partitions are undesirable due to expansion and contraction



liquid purification material is ion exchange resin. The present
Inyention has been found to be 10 particularly useful for separating
two (or nore) beds of ani on exchange resin in particular where one
conpri ses ei ther weak or m xed base anion resin and a second

conprises strwogstmse ani on resin. Oten i n a deimovGEI500383
treatnent, beds of both anion 15 and cation exchange resins are required.
There may be one i on exchange colum for anion resins and a separate
col um for cation exchange resins or, s of both anion or cation

may be in the sane col um. The present invention is particularly

usef ;J! for tsepar ah i&g?ﬁmxﬁ%dt&ﬁna&@ieoaez& deﬁﬁﬁmep?ssmtwaeeaw qsl tﬂn
practice, it is adyantagequs,tQg use i em ngral i sation apparatus
for aqueous |i qui dge "%"Sﬁfﬂ 31'\/\35Ei8?f?ﬁ£e€°%se g‘hel _o%r%eeg'l n l&ﬁv(%"éf'?’ang
ani on resin. \anablessthesuge ofpnanien eychangenresing creprisingweak
| ess ch]gam' Cﬁl regere aiked fﬁkesiﬁmleéig‘ignﬁn addditibh t&BRYOngd baselanibrast
sone of the Jnpuritie | r r er
weak resins w I% ncﬁ?‘?’én%@eéh& %Qg? ‘J’Al%t'hefrlp wpari H%gua%éggé‘&&nrhﬁgrgﬁgcul ar
for a deionisationwill fipyckhrough the HEEES%‘% r®Sine| thAn throygbr ther ong
resin t 0 ensumPvadievédparatak| and &heantitrdughlthé i stonlt base landionde
efficient to use OrlJééiElt rong resin because regeneration requires nore
a

regenerant and wll" také |longer than for, an , eggi val ent anount of weak
resin. Howe TBE Pgﬁﬁﬁ?@nt‘i'ﬂﬁ&ﬁ?"i’cs ialeq Mseul L9 SRRATASERG

strong and weao or qﬁq(eﬁpeslioancammxe'smnt heasam wditsnof t3n usbema]lysepéhei r
densities are t00 SigH | @kedhg@NOPeSiPPEYBé | 30r exampll (d1€stiBndedatibhhout

e X0 g U e age! kasth.  poweRaih s son ek arldiakiiblde T42:h2
PCT/ GB96/ 00583 discussed above, it is also desirable to use aotombimatiponn

chhange 3 efsi n dep%mxuaemM1migkéna'n§é Besinbvlliﬁm?ti-eﬂésﬁkfi(ﬂ. As
o oo el B o iaRRRACRAy BNEMARD: opsn. SHSRLE YA A"l R o
to strong base ani #hsily regenerated it dscpraferabdmto remoyR At Leagk gomer
purification of the catjons using a weak cation resin rather than to
remove all of the cation impurities using strong acid
cationic exchange resin. This ensures more efficient
20 regeneration and an overall increase in efficiency of the
water purification process.

The invention is also particularly useful for use in
processes which have to be run at high temperatures. Some
ion exchange resins tend to be unsuitable for use at high

25 temperatures. In addition, since a combination of weak or
mixed resin with strong resin has to be selected with the
resins having relative densities such that the two will
substantially not mix during use. The choice of suitable
resins which can be used in conventional processes

30 therefore is limited and it may be impossible to select the
resins most appropriate for the purification of the
particular liquid for purification. The present invention
overcomes this problem as the separator prevents
intermixing and enables the resin choice to be determined

35 Dby the technical consideration of the resin and particular
agqueous liquid source, thus producing increased efficiency.



will flow through the weak anion resin, then through the ~ novabl e

separator and then through the strong base anionic resin.

The present invention is also useful for separating 10 two types of
cation resin. Cation units often use only one i on exchange resin
type for exwodkgs® strong cation exchange resin. Horeavwenseoosss or t he
ani on exchange resins di scussed above, it is also desirable to use a
conbi nati on of weak acid cation exchange resin with strong resin. As
15 explained for the anion resin, since weak resin is nore easily
regenerated it is preferable to renove at Yeast some of the cations

using a weak cat gRpah&fdn a"nﬁt Behttdtidn®of the s&we a&inofpei-ﬂ . on
i rrpurl ti es usi ng s lS ensures

nore efficient 20 ror‘g"géﬁémﬁﬁ%'h 15n8‘5ﬁp%%’§m u?%gﬂ)’egg’é ﬁer?aé? ?’&? &cy of

t he wat er pixedi ont weak panien sexchange resinTifizomngecstiong i anixinso

particul arly usegibhdfge $28ihWhere th@ T¥EARSHES oNei GHEdWAYE shﬁ.tlSSlé Urppat hi gh

b f
2t high 25 3 roNge ab, PR cAlSelARAFeTRE ek Bllke. Redin IPUG &Y Sk or

m xed resin withabpverRpiCeor mafss {Thuse £95| 2 4OWNELOW Berviice apparatus ns

havi gg relative deéﬁltihdrﬁi'eﬁmftohhainiﬂitﬁ colamitinay compriseudetchy Eation not
| r | n
cConvent | onal pr of A3t PoRf Rl dfilan, ateed; B3 UaakAUER" eRRERL

to select the resj-Fe%!TqﬁeﬂbE‘!“&'pBYobH"XPBl? (ﬁePPHEt%PFfF%tiPUﬁ"%PQ he
particul ar lloqui dnBorljyuidl | foat | purifiivatioas @ussesy downeardly fipstEIyCcOones

this problem a%hraggh EREB P o' tétﬁ.on reiﬂ{ eJ:fH )Qdiﬂggﬂgn@ﬂﬁbl €s

the resin choice eé‘erm ned 35 e, techni ca erat1on of
the resin and pa eueh, CEARGe oFR ir‘?'f\;ufﬁs’s’burc@ termtiveituci the
i ncreased effici secryice flow came&my and the beds of ion exchange

PCT/ GB96/ 00583 resin in the op osite arrangement. i@ior to thePppasény and
contraction e _beds is fmcmﬁ% v e, invention is
particul arl y‘ use vep ?°'§e'3§r‘aprﬂ§ 4 el W%a&ya’rﬂ‘iﬂfp@%ﬁ%
resin froma str@ndfigedorconnectoreharlipweves sughepe conpeetay ndoes omet whi ch
is suitable for operate as a separator and intermixing between the beds
still occurs. Alternatively a stationary separator could
be i.ncprpora.ted in the column and regenerate using a split
20 flow which reduces operating efficiency. The present
invention overcomes all of these prior art problems.

The present invention enables efficient separation of
two beds of ion exchange material irrespective of their
densities, whilst still enabling sufficient expansion of

25 the beds throughout the deionisation and regeneration
steps. Thus, the invention enables use of the preferred
ion exchange resin for purification of a particular aqueous
liquid: the most appropriate resins can be selected on
their merits appropriate to a liquid for purification and

30 irrespective of their respective densities. This results
in considerable benefits to process efficiency.

In addition, because there is no risk of considerable
intermixing of the beds which are separated by the movable
separator, ion exchange columns can be packed more fully,

35 and therefore greater process efficiency results for a
given column size. In conventional processes, sufficient
free space must be left in an ion exchange column to enable

bIe



5 use at high tenperatures for exanple above 30[err]C or even above

35[err]C or _40[err]C. Thus for a downflow service apparatus a_cation
resin containing colum may conprise strong cation resin positioned
beneath m xed or weak cation exchange resin and separated by a novabl e
separ at or ofwddsmstsavention 10 and |liquid for purificat PCR/GRISHSE
downwardly firstly t hrough the m xed or weak cation resin and
subsequent |y t hrough the strong cation resin. Alternatively, the
service flow can be upwardly and the beds %f I on exchange resin in the
opposite arrangenent. Prior to the present 15 I nvention this problem

coul d be Overcowsaéstmqﬂ%aiwe after uﬁeféﬂ@q'é‘s%'i'ﬁﬁﬁ{:%xxmgm such

a connector does,n as a separator. an ter Xi etmeen
the beds SoPRr L petbEiGasol: | BateriRte, obadmashiBga sl o
be incorporated effedtedcin erdandte apsornateo mega&esmcls 20 flow V\:hl ch

reduces operating ef figémcys noTlaeearQserBrovme d NYépira®e Puekcoams all
of these prlg,’r art I nyention_enapl es

effi'cient separaf PSﬁi§€Y "t the  BPRAFALUS; °%o%h§‘%§%§8¥ﬁ%’f eri Bre Préd
irrespective of spafe in a cojumpishauld fherefoxe ke sufficient &of allownt

expansi on of  25exphhgidedand hesnigfaettionhetdeneniion! idkehafide I PELIEIEE | ON
steps. Thus, thevh?iﬁﬂ&'?ﬂa&&@b Pst# esSPV{éLe Qx'i&f%é?ez?erat&ont ﬁg eXChange

resin for purlflcalono as par ar a

appropri ate resi AePenfing %'elfé'@t chemiral °mt REi i"—hﬁeFﬁ%“ WS Bﬁﬁﬁa@@’- to a
liquid for moif hazei to Bndo gheat iasr €6 pambilecbaékdvdeli.q TRE frelei ¥pace

densi ti es. Thlsnassei.éfefor m'WEhHﬁfﬂiﬂ ofaees&. LS4t 8r DI 82 tne

efficiency. * % ?n becguse t'here 1's no risk
consi der abl e interpat Y ‘WQ 8 PReHERohi ch are separ at ed by the
novabl e separ at dlthough exbeanpressnitunrinveatibs piskepanticeléanlyy, 35

and therefore gr@dgeted 0CESS ﬁi%hﬁh@@fdhr%&wcegsagr 3guch %seabf&' um
size. In co;}tﬁentlonal rocesses

in an ion e an SPayp "gef I:.ncorporm%éé%g?&er smfgem.nql eft

PCT/ GB96/ 00583 units (for exchange of hardness ions]iguch as calcium and
magnesium and chloride).

If it is decided to incorporate a filter bed

comprising particulate filter bed material in addition to

20 an ion exchange resin bed or beds, the apparatus will be

arranged such that in use in a service flow, aqueous

liquids for purification will pass first through the filter

bed and subsequently through ion exchange resin. It is

desirable to leave sufficient space so that the filter can

25 be backwashed in situ, without having to remove all of the

ion exchange material. Thus for example the separator can

be used to separate an ion exchange resin from a filter bed

comprising for example sand. Generally, in the service

flow, liquid for purification flows downwardly through the

30 Dbeds of purification material. Therefore, where both a

particulate filer material and ion exchange material are

provided, in a purification column, preferably the ion

exchange resin will be at the bottom of the column and the

filter bed will be arranged above the ion exchange resin.

35 Thus, the density and@ weight of the separator can be

adjusted so it exerts sufficient pressure on the bed below

to substantially pack the lower bed comprising ion exchange



backwashing so that after use and resultant m xing of two beds of
purification material, back-washing could be effected in order to
reformtwo separate beds. There is no need to provide a separate
back-wash 5 facility to the apparatus of this invention. The free
space in a Ggpygpsasahoul d therefore be sufficient to all owPCT/GBI&0OSEINSi ON
and contraction of the ion exchange resin at various stages of the
service and regeneration cycles, dependi ng on the chem cal formof the
resin but does not 10 have to be S0 great as to enabl e backwash. The free
space may therefore be 1 ower than 20%2%r even 15% or 10% of the

nternal vol ume ofp Lg 28 \Wkais. tne upperbhBOUOhdthSePLE SN WKEDtION 1S

particularly el onl rocesses
separat or may al séree $PRIA phPYedhe hed ‘W&t%‘? hackpashing, the dansity of
exchange of hardnane sqs&mhiasmaicim todsubstantiallys revaiwpacking i de) .

FlpL s cect ded 1 bREVhRlbéa Bd Lhi€endfilter ni8 Y §wﬁ1@€ern§ gLt e

filter bed material | a tron an_1on esin eds,

t he appar at us 3w | IsI’B€2 to %ﬁf&ﬁéj@&"ﬁh‘éwaﬁﬁ? sh 'usesg?'fi %e’r‘*/"ﬁ“ée“ﬂﬁv

aqueous | i quican ber made ideépeatiing uwpdn thesseduirel degres)loft ithef béd er
bed and Subsequemde\ses%a%wsb ﬂ@aaaetnreeﬂéh sph&e'& expanﬁf’cﬁi g

| eave sufficient s:pace 58 frlie‘ can 25 r’r"g‘ srt
wi t hout having to gs either,fids Sfafhe AepPY "'.' Thus for

exanpl e the separat or Ganerally,beimsw.ténseparaewm |ﬁ:1rWexdliqngé fersi n
froma filteryded purifieaemﬂ isaegeécuommif thdtgh GUae’ ok | partieul Bee

service flow, or rifiicati f hr hthe 30
beds of purificat |p“ﬁi%§fg}"| e a for'lglral m‘?ﬁ‘ %‘q@%‘%"&"cgﬁ/ﬁ (rlf'

filer material and®thex érﬁeﬁahgetbmtla%rofaﬂéfferentppevraealatrqw n;terial
purification col umnpbefﬂmhb;dtﬁmm @hat the mattdydagewhifch mw liquia 2¢ the

bottom of the coI us th:teoh dsenfst*i beﬁegtl lidea ?r RRIGD ab&/etﬁge i on

exchange resin. ht of the se FatOF can be
adj usted so i}% exé&‘@‘?ﬁ'f‘ﬂ c"r'EhP‘ﬁF PE"%?F BE%F%“GV\P fng hegeath
substantially packit hénl cseguebee, c prefesably | exclexskequertial bed béfhg

96/ 28252 separated from a neighbouring bed'zig'_/acﬁ@ﬂﬂ@sgéparator of
the present invention. A column, or other purification
apparatus may therefore contain a plurality of movable

20 separators. The apparatus and processes of the present
invention are particularly directed to counterflow ion
exchange processes where in the service flow liquid for
purification flows downwardly through the beds and in the
regeneration and/or cleaning cycle, regenerant and/or

25 backwash liquid flows upwardly through the beds.

In accordance with a further embodiment of the
invention, a collector/distributor may be incorporated in
the movable separator and if desired, this permits split
flow processes and also enables the use and regeneration of

30 both anion or cation exchange resins to be used in the same
vessel. In this case, the collector will be provided with
a grommet or other means to allow the collector/distributor
to move with the movable separator. Therefore the
present invention is particularly advantageous because it

35 enables the use of a single purification column to fulfil
all of the requirements of a water purification system and
it way therefore include beds of anion exchange resin,



20° resin and permt the upper bed to settle so that there is
free space above the bed and on backwashing._the density of_ t he

separator is sufficient to substantially retain packing of the | ower
bed so that the filter bed has sufficient free 5 space to be
effectively bea®esasised. Sim | ar adjustnents can be rerioBsi®pseadi ng
upon the required degree of the bed beneath the separator and the
free space or expansi on space required by the beds either side of the
separ at or. Generally, in use, in e service flow, liquid for

10 purification passes downwardly through beds of particulate

purification mater baltioxms&:nsrﬁearmu.f ifGateP b ¢EB DM the sam@iviéskel.

vessel, the beds o dlffer t ﬂ!ag I r ed
such that t he mat e&P&F B tﬁgil qu e“ %s?d ‘g‘ﬁ fe Qré %rag%gh
first is at the tofleprtspace.s I"mép?ﬁa!ﬂa%ﬁe thenbeighfs #thSMEﬂh%rﬂaY be
treat ment being bembb two metded,n evefiushiove refoar abmgteesh Thgpugibonl

bed bei ng %Le@eé&mé %Wﬂ ?ﬁd &&uéeavaamﬁ&ssggaw of

the ptesent i nvent i g’ er, purifical on &9 ys may
therefore contain AYOMRRa M yOBf eNgR Bt T RF O33R QFoPEIoV TR aﬁﬁar‘ﬁf‘us
and processes of the:epaagertysten mmvanmm anoéuqnamt cigina ekghangecreednt o

counterf low ion ?F §§§§1 v&erfgohnlt&e evenvege flow liquid
for purlflcatlon ows

vvnvvar thro ds .a t he
regeneration and/ or cl eZREn{NYARHEN £ i,%% ggbgf aglﬁaa’& s KBAFqui d
fl ows upwardl ya@ hr cugfasthElowdsate in both se#wic@c(fdpyano@ i» tpaxtijcudahner

embodi m?nz gf the aiso fﬁb&’(&‘ﬁt‘;% ffoﬁ@a{t%cﬁﬂﬁ Il ;Eghﬂe%éﬁd wﬂﬁﬂhmb@ undue

i ncorporated in e se or esire is_per

ol 1t 1 ow AR0E.RE B abef BoRfGarEe Hrndsth” & PopRsahes opPoris; °
30 both anion or rresept cibpventjon.esi nInt oppeticwler ninhecounter flow
vessel. In this Ca&‘;ﬁ:cde@%eﬁ?'ﬂé@%h&faﬁdﬂ r€e i bé fhcilehBed withou® ugaenet

or other means é 0 %iﬁmt h% %Olgﬁ%c tag]/fmes tﬂd\g%tlgr seﬁ?rato:t a@*%o%ag Lhe

novabl e separ abor

particularly advant%fgj’éél}éséegaﬂséqlﬁ ahove %bPQ@ t"hbl%es?ﬁflla anakhding
purification col unmespansibhytontractionl 6f othd bedr dgpendireguponfits \stage

gﬂghghggt :‘ggl ?]yst erg@Ntbnisation! | PRy fdVentlicheik nﬁ&%ﬁﬁgiy%sﬁ?ﬂlo'}or
: flow rates in the service flow of the order of 80m’ /= /hour
20 although rates in the range 20 to 80 n’/nz/hour may be used.

The regenerating flow is preferably at a rate of 20-
24m3/mz/hour through the ion exchange resin beds although
the rate may be as low as 4 or 5 m’/nzlhour.

The 1lifting of conventional constraints on the

25 purification of liquids has a significant effect on the
cost efficiencj of a purification process.

The present invention enables processes to be carried
out at higher flow rates but also increases efficiency of
the process in particular of the regeneration step.

30 Therefore, the overall time required for removal of unit
concentration of impurities from a unit volume of liquid
for purification and regeneration of the system is reduced.
The overall time required for an effective cycle is
therefore reduced. In the current climate of water

35 shortages and the high environmental cost of the use of
large quantities of water, any saving to be made on use of
recycled water is therefore highly advantageous.
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21 _.. cation exchange_resin, filter beds etc in the sane vessel.

Thus, very tall colums may be used which require |ess fl oor space.
For exanple, the height of the vessels may be above two netres, even
above 2.5 owodsamistes. The floor 5 space requi red can pCRGBIsMOSE3 be
reduced considerably to around 1nferr] or even O0.5nferr] or 0.25n{err]
or below for an ion exchange system conprising a volume of ion
exchange resin and other filter nater% | of from1l or even 2nferr].
The invention al so has the additional advahtage that 10 a fast flowrate
in both service fgoMrpgstR | gl _

a&s0 regeneration flow rate

ADEsERYT T DF ' PTHE DRAWING
can be permtted w yt u e m X1 n . a.hQed positioned heneath a
separator of the (}13% g‘t t°i11v‘é1+f“l‘5ﬁjage (illqﬁlgpﬁ’f‘?ﬁ §#on golupps i o
flow pr ocesirewhichgditferentnarnangenentscof nditexentypuhificathdne 15
m xi ng of a bed ggatddigaiBVake &heeRar at or can provide a stabilising

- wei ght above the bed ilst still,gnahlin xpansiQn/contracti on of
the bed depen%i ng upon PrE°st &ge lf\{quzr(?f"'gfoni"’zat ﬁsﬂ‘?“%ﬂ’%‘f’ﬂvem%ﬁ%s
particul arly usefincorporating mpyahle geparaten pecerding softhenwinfentionor der
of 80nB/nferr]/ hprTAIZR 3 &5 PR : §

nferr]/n{err]/hour may  he d. " The.J egeney at o Wi
preferably at a rate o_TIQZQ- of 2F4lrﬁ“errer /gr[g‘?r] I'lou% ?ﬁ?’gﬁgg%%%e%?ﬁn
exchange resin beRRFifiication column,; 2. represepks fdhe, POrYs Mmaterjalsof
nferr]/nferriphouthe movable sepabatorfandg3ofrepresents othe partiiculaés on
the 25 purificplddiiall of A¢hdS miidnies fifaratdp! ©f [RClriGlrbNS, o
cost efficiency o{ %%tl}l‘l ficatlon .ﬁr ocgg;i i e %,esent I nvention
enabl es processes*? e8ar YRRk, acid 9Ric; frshanggy FeRids #ne afso
i ncreases effici e¥epresents strong qm@:emiion{ipaexelmanqn reisinhe mageheration
st ep. t30t_ The][ cdé¥viice T2 oRY Ciildouls _&&qhsiaumeq?&farﬁes@aﬁ'eﬁi:fefumai,e
concentratiogg0 | rom ni ol u 0) I.qui or
purificati onggnd 'Jf"e eyﬁf?‘éﬁ? g?rfaheagé/s 1@,#?%"‘(‘&3}'83& througn T vEokr al |
time required foragif f3tdonigcexchange resin, thecmovable rseparator and t he
current climate ofubségtientlp thsbagH aglhé sbfondCabid/hcabionid&ithahgeost of
t he use of LEL 8f apkid| OLoYRhe" enfd | ob use of
recycled water is ﬁere‘f]&ore %{l&rg ?/ advant a‘:’éousg.hsaﬁﬂ’&g 7" %u;f?g'g the
regeneration, regeneration quid enters port 7 and flows
20 upwardly through the column through strong acid cation
resin, through the movable separator, through the weak acid
cation resin and exits the apparatus through port 6. 8
indicates free space within the vessel enabling expansion
and contraction of the beds depending upon their degree of
25 ionisation. If desired, a further movable separator may be
incorporated upon bed 4 to help prevent mixing of the bed
on rapid regeneration flows. Figure 2 represents the
regeneration and backwash flow of a column in which 9
represents a sand filter bed during regeneration and
30 backwash and 10 represents strong acid cation exchange
resin which is expanding on regeneration. The movable
separator might move very slowly upwards to allow freeing
of the bed but does not enable significant mixing in the
bed whilst allowing sufficient free space in 9 that
35 effective backwash of the filter bed can be attained. The

regenerant is flowing through entry port 11 upwardly

CED
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22 BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1 tao 4
idTustrate liquid purification colunmms in which different
arrangenments of different purification materials are shown. 5
Figure 5 iwbygisiat es a deionisation process ROT(GRGOASEY | ng
novabl e separator according to the invention. DETAI LED DESCRI PTI ON OF
A PREFERRED ENMBODI MENT In each of Figures 1 to 4, 1 represents
t he purification colum, 2 represent 3the porous material of 10 the
novabl e separator and 3 represents the particul ate material of the
novabl e separat %én'oughl Enél Béd ©10 knd €hrough ifiditert BEa Ve ako aiit TRbONI C
exchange resin and 5 represents strong acid cationic exchange resin.
In the serviR%¥% t8oy, aqueous liquid for purification enters the 15
col umm through port 6IanBigurms3,ddanvepxesentsr aubed (9fc apdgric exchanged

czﬁt-i onihc ﬁxchangq,édeibgintma m/&bbsﬁsm al streng acid calilbs cspchany
t roug t he strong acl arlLonl c _ex to um
" o fefinkor  watpf if¥oner acphERdb, O pftibdyd 1%

t hrough port > 3 n n, " regenera enters
port 7 and fl ows £ox0 sofihendngl \£1oWsodhWardly cBREANIR MRty St rMRWRTAAY d
cation I esithroughOUghet hBedOVEN)| € thepagiat algvakileougapitratorealanaci d

cation resin and &méegr.snagnamg;x?wrm RRGp f2 Hatore exitilif3hes free

space within the vVess enabl I'ng ansi on ntraction of the
beds dependi ng upAtumRethrough Rery; 1695 On regensratipn, acigcregenprapt
further novapse sepatheostidpgbacid cationcbe@oentexts hen cbdunnl tho-dughp

prevent mxing ofodie Bad ana  £I8wh2Pawd S CLRALLEN it OVPeaches Jhe 2
represents the regenerati on and backv\%s fl §w of col u&rrg\%éﬂ whi ch 9
represents a sandetYACEPTAAISHEARURET, A nRPSAYigRed iR JBhe Ra atfd 10
represents strongnatermialat3 oefextidieampvable separatowhi chLikewigspandialg on
regeneration.  ToQ1y@ADESr regenedffiMgiithe fokiY r@BYA #RiWE abwwbardigwar ds

the " botbuni FRROUH BEFo 18, T EIN Ehp, S0h SAGtere” pUE 1y BRuek 1O 1
ef fecti ve backwasteagheshcthe |distriibuteniseparateri Aédin the particylatener ant
i's flow ng througRatetial Peft thé whovablé yseparator. Both regenerating
liquids having regenerated the anionic and cationic resins,
respectively then flow through the collector distributor 17
20 to exit the column via line 18. '
In Pigure 4, 19 represents a bed of anionic exchange
resin and 20 represents a bed of cationic exchange resin.
During service flow, liquid for purification enters port 21
and flows upwardly through bed 20, through the movable
25 separator and through bed 19 to exit the column through
port 22. During regeneration, acid for regenerating the
cationic exchange bed enters the column through port 21 and
£fills upwardly through bed 20 and is removed via collector
23 to exit the column along line 24 and base for
30 regenerating the anion resin enters the apparatus through
port 22, flows downwardly through bed 19 and is removed by
collector 25 to exit the apparatus along line 26.
Figure 5 shows a cation column 27 and an anion column
28. In column 27, a bed of sand filter material 29 is
35 provided. A basket 30 formed from SARAN mesh contains
gravel 31 (Grading 2-3). A bed 32 of inert resin having a
specific gravity 0.535 and particle size 1.3-1.7mm, a bed
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23 t hrough the bed 10 and through filter_bed 9 to exit from port
12. 77 In Figure 3, 13 represents a bed of anionic exchange bed
resin and 14 represents a strong acid cation exchange 5 resin bed for a
wat er soft eqRyoeaRRar at us. Aqueous liquid f or soft eRCTIGBY6/00543

I nwardly through port 15, upwardly t hrough the bed 14, through novabl e
separator and subsequently through the anion trap 13 before exiting

t he colum through port 16. On regeneration, acid regenerant 10 for

the strong acid cation bed enters the col &t through port 15 and fl ows

upwardly until it _reaches.the |1 s87/ digt fal BHEPC 34 7oPOREL din-
the particulate 53 &na?‘e%r"f’gl egwg}an@ﬁe ’%%%gbl ghé_e Sar at or:?“1 oﬁilég/l\#lg%,? salt
sol ution for regonanite n(gradingorra) r 88Anif| BYRV V& g £81umR 1 2% gh

port 16 through #he icpusked hguweiteebel3 1tid priovided seathat the ion

di St ri but or/ separglindy righshn idd hSUL@En nas dHBYerabaplidiiesTRpD! o
tin I gqul ds

separat or. Bot h"regenera avi ng regenerated the anionic
and cati oni c 5 esilfis ,substan#f@éﬂxcpregsvt%e?m S\ﬁ‘gh’r‘b‘ggﬁ%e“;‘c?of’f’g r
di stributor 17 2@hrotgh ethe pohe 35| ukTsandaand nesis. trap 36 preventsFanyire 4,

19 represents a padeohy AP i ialAVIACh eschBesN£26H J8sEEDT #FCREma bed
of cationi c exchange resi

n. During.seryice fl liaui g, faor
purification ent ®edngjpasssed into V&ﬁ&eﬁ o Bveé“rs&e@\’%?w (?%éh%@%efﬁf‘t? hr ough
t he novabl e 25 asdedr @foweakdbase cariPthcarchange regin. hdsc Refere: h3dugh
DOFL 22. bDU(rjidWQt r:%@%?&éﬁié l(tﬁe é%‘c?]ék E@ﬁtieﬂeﬁei éﬁaislltﬁttf‘&-n}e_d £r6uR SARAN £
exchange bed enters.the colu LQu r y
t hrough bed 20 ar?&ailglifﬁ?rovéec?}\/itbglgo?’ﬁ‘e’g? 8$52313 W'gght Srgx%{'ﬂ’%]ael& \égﬁ'g*m
along |ine 24 ancpbericabr apd havidwhepnt iavysrage SipBAteesiof o®rarehe
appar at us t hr ouglprovidedPélidve’d, béd ¥ ifiewsVeginy having ahdensitho lawdri s
removed by G Sl 60 LBr8Y! lnk LGRS 'Ot | Bfie 2hater
Figure 5 shows a cation col um .and an anion col um . . 28. . I.n_colum
27, a bed oflBandPunification Materiad (strong bage Anigny resin) Uk xed389+ o ned
from SARAN nesh asiXosi.ns gravel 31 (Grading 2-3). A bed 32 of inert

resin having a In use, in a service cycle, water for purification

passes along line 40 enters column 27 through port 41 and

passes downwardly through the free space in 42, through

20 sand filter bed 29, the movable separator comprising

container 30 and inert bed 32 and subseguently through the

bed of cation resin 33 prior to passing through inert bed

34 to exit the column through port 35. Liquid for

purification having passed through this column, it proceeds

25 along line 43, through the sand and resin trap 36 and

| subsequently a long line 34 prior to entering column 28

through port 45. It then passes through free space 46,

through the bed of weak base anionic exchange resin, 37 and

subsequent through the movable separator comprising the bed

30 of stainless steel particles in container 30 and bed of

inert low density material 32. It then passes through bed

39 strong base anion resin prior to leaving column 28
through port 47, along line 48.

In the regeneration cycle, regenerant enters column 28

35 through port 47 and passes upwardly through the column

where it is passed out of the column through port 45 and

then a valve 49 is lead away along line 50. Either



specific gravity 0.535 and particle size 1.3-1.7mm a bed WO
96/ 28252 . _ _ PCT/ GB96/ 00583
24.- 33 of cation exchange resin, and a bed 34 of crushed granite
(grading 2-3) and is provided in the colum 27. The crushed granite
bed 34 is prowveleghsss t hat the ion exchange resin in bedr&B¢nussirh has
smal |l er particle size) 5 is substantially prevented from escaping from

t he col umm through the port 35. A sand and resin trap 36 prevents any
particul ate material which escapes from vessgg 27 from bei ng passed
into vessel 28. In vessel 28, bed 37 present a bed of weak base anion
exchange resin. e\ r;gqugg h I sket
formed from SARAN . t%t al6 s‘:’r glmlsﬁ%)}tear%?eé%&aﬁﬁ Lty a‘ioh&
subst anti al | y lsmrerﬁlcaandaﬁaahaﬁﬁa v RRSHR. T, sobinn 2% fhesugh
provi ded above a bepbutf aASner itr passes apwardiydtheough [theeication exchangkat

of water and | Ower d&Rihn Bake fnd RBviBi€ rseyiratay rdrid Gaha onzm&t.-eiwltnen
(strong base an use, .i,n_a

Corvi o0 ouere hor heavss s PRRagT sprouah pREE 4x and g 2end 5. A12nd

col um 27 through pbme 4Pp.and passes downwardly through the free
space in 42, through Z(burxaan‘&télédﬁxchedyaﬁ a'@ath&”m{&d& S &pAr @iciange ]
conpri si ng cont t t he
bed of cation resin % %ﬁ%ﬂpas é) u:ghq'lgng?’ B%% Uﬁ&u& E’tou'%gx t
t he col umm t hr ough mvabls;ssepanm &onm?ising hﬁmrf#aéasro?ftqwéwn‘g rasdded
through this cabunmbed t m¢Wer ciriide2the pespertivec cbIumhiéir 8oigthdthers aaghand

resin trap 36 and %QS&%},@E H{ @%llugggoé [Yp1: %g{f,ﬁg#ge‘ﬂ}ﬁé{l%@n

colum 28 throu ' port Easses ree sgace

"through the bed of ’amsceageasmvonbélﬁeﬁ& gPeing held “Bﬁﬁ'““ ly fixed
subsequent through ahd whtlhite plagdingt anduenpressuxe tdre e réiin asf its

stainl ess steel par{bpifs chBngadl! Al g indgr ae&.éwh% 3 thel Vi¥ue! 8#the
density materi It t stron?gubase ani on

h
resin prior to%Peav}ﬁﬁ‘%opgaﬂpgggggseg' r&\?oﬁ‘ﬁﬁa jcﬁtsﬂaar‘atl"(fnd” fie AARIN

inside the column. An effective separation of the beds
either side of the movable separator is provided, even
though the internal surfaces of the plastic columns 27 and
28 have irregularities.




I.Ln the regeneration cycl rs colum 28 35 _ through port
47 and passes upmrdluawﬂﬁjmnmamﬂmr ___Where it ITHlS)SHEE‘ﬂHAGtBEHN
t.he col um through port en a valve 49 is ljead aRERLAREDND

i ne 50. Ei t her WD 96/ 28252

PCT/ GB96/ 00583628252 25 PCTIGBYGDESSI eous| y,
or sequentially, regenerant is passed al ong line 51 and via val ve 52,
passes into columm 27 through port 35. It passes upwardly through the
cation exchange colum past the novabl e separator and sand filter and
then 5 | eaves the vessel through port 2% and is |ead away al ong

| i ne 40. %&mikging the service cycle as the beds of ion exchange
mat eri al becone ted, their volune changes and the novabl e

separat or conpri &t ng A hBOYaRke:| SRRATALAT| vt 1Vsi Fon guse hdn P biauidsi de
t he respecti ve cparificatiohh@olumnedth 27, 28psetheé heepaxatypr i(2,vaAmne of

ped beneal the SRt fliYlg o lexibler W%ﬁe&nw'dﬁmm& ljg0 hol d

substantially fiX nd wt undue pressure on t e resin as
its vol Bne PRAERHRYats,, FﬁBaF’é'é’é'nePﬁF? 1 a3 ne’®ol (RECBr eXRFtES
| ower beds changpsess\hsa naav aiiee mmsatcontauves sgathat in udensirdethehe

colum. An effecabymqur atgy0n £ t@f;ctm% contac%' ttﬂ'.ertﬁéd%oﬂéaiﬂ&
novabl e separ at or |5#0 dedt eve

t f f
the plastic col uf e’-‘“tg veRMe of 85& spiyan. 4 e Hectel 'dd™ °©

26 CLAI VS the container, where it contacts the internal walls of the

10 column, comprising resilient material.

2. A movable separator (2, 30) for use in a liquid
purification column (1, 27, 28B), the separator (2, 30)
comprising a flexible porous container, containing solid
particulate separator material (3, 38) which exerts

15 pressure on the container beneath which is positioned a

' layer of substantially inert material having a density
below 1q/r:.1||s and in use, in the column, slidable contact of
the container against the internal walls of the column is
effected.

20 3. A movable separator according to claim 2 in which the
container, where it contacts the internal walls of the
column, in use, comprises non-porous flexible material.
4. A movable separator according to claim 1 in which the
porous container {2, 30) comprises a closed bag, preferably

25 having cross-sectional area greater than the horizontal
cross-sectional area of the column (1, 27, 28).

S. A movable separator according to any of claims 1 to 3
in which the container (2,30) comprises a base portion and
side portions extending upwardly from the base portion in

30 the form of an open container, the container being wholly
or partially formed from substantially resilient porous
material.

6. A movable separator according to claim 5 in which the
base portion has substantially the shape and dimensions of

35 the internal horizontal cross-section of the column in
which it is for use and the side portions extend upwardly
from the periphery of the base portion.
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por ous contal ner cont ai ni ng S I cul ate separt or

(3, 38) which exerts pressure on the porous contai ne

use in the wootgd2sam (1, 27, 28) slidable contact of the PcEGBS6cmess3
against the internal walls of the colum is effected and t he
container, where it contacts the internal wal I s of the 10 col um,
conprising resilient material . m)éabl e separator according to
claim1 in which the por ous cont a| ner 30) conprises a closed bag,

having a Crosg;sec '%’bﬁr ,a &%treEcEH?&‘iﬂdﬁQthﬁyZﬁEcﬂdiﬁéoéﬁain

cortignel aree o, LBl Uhe bl pibprsak, g RO a3 Prgh)

separator (2, 30) 8. bmﬁngeaaﬂm bbsop@*mmcemapmedi@anchﬂn ng
sol i-d parti culatgnE@Pahal pirt Bkt niteridd) (mm eugpE fses gravel

pressure on the contain en ich._i | ayer of
substantial ly ?’ner Prnﬁ?gﬂ‘% ﬁ’ggp?ﬁé\{lﬁs &é’ﬁ?egggﬁ b%rig Pgag‘f')" % err] and in
use, in the colum®.s| iavabdensaparayor acco;@gng;m anneprmfgmm Clyin

internal walls of tiRewROthNthe particubiteqiftbrial (34.38)A vasvahl avefaye at or

according to clai %M@&gﬁ Zﬁn t g%ﬁl ner, where it contacts the
use

i nternal walls of , ner ses non-porous flexible
material . 5. 18. Mﬂﬂ@@&pﬁ?&%’éﬁt%é&FaF g FoaAPY Pprecadipgeclain
precedi ng cl aires, in V\hhi:d'h t Hm caséai e ( 3eplratompr(Rses3n) isa praced

portion and side pqgh ay %w ¥ryaRdloe féog‘aggiculta!%% bﬂfﬁﬁfﬁ%ﬂ&? in

the formof an open co cont ai ne

partially fornmed BAFS al, prefprably jiop exchange; Bﬁ?eﬂdﬁoﬁg"nﬁﬁapf"ﬁ?lw
6. A novabl e sepaoft uheasohidjlmmuum mmatemialhinhthéccontainkasks pakti on

has substantially 4@ggehane #ished YH%‘%%’:QPS tdhn32hat! loe Iﬂieerﬂﬁéiffiestz&m al

Cross- sectlonﬁ%f the _co Wm in which it is for use and the sid
portions exte PAFSERL- fromthe periphery of the base portlon..
27 7. A m)véBI-e Ammﬂlsr sgp3MR LI Gocording e adyi hreesding claim

in which a collector/distributor (17, 23, 25) is provided
in the bed of particulate material (3, 38).
-12. An apparatus for purification of 1liquids comprising a

20 liquid purification column (1, 27, 28), in use the column
comprising at least a bed of particulate 1liquia
purification material (4, 5, 9, 10, 13, 14, 19, 20) and a
movable separator (2, 30) according to any of claims 1 to
11. '

25 13. An apparatus for purification of a liguid comprising
a liquid purification column (1, 27, 28), in use, the
colunn comprising at least two beds of loose, particulate
liguid purification material (4, 5, 9, 10, 13, 14, 19, 20)
and a movable separator (2, 30) being positioned between

30 the beds (4, 5, 9, 10, 13, 14, 19', 20) comprising a lower
bed beneath the separator and an upper bed above the
separator, the movable separator (2, 30) being in direct
contact with each of the lower beds and the upper bed and
the movable separator comprising a flexible, porous

as container (2, 30) containing solid particulate separator
material (3, 38) which exerts pressure on the porous
container so that in use, in the column slidable contact of

-_
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particul ate materi al veI "5 or netaflic pBEPLAOESs
preferably ball beari ngs . A rmvabl e separator according to any
precedi ng clwosw2s2sz i n which the particul ate materi al (3pchgbosndsssan
aver age dianeter to from2mmto 20nm 10. A novabl e separator
according to any preceding claim10 in which in use, the separator
(2, 30) is placed i medi atel y abov; a bed of a particulate
purification material, preferably ion %xchange material and the

density of tiifa $Bht&ima hl;sw.aé Wiﬁééﬁ}al %i*ﬂé f&h@' EHunin® (31

| east 1.5 tines eatzg éhan %ﬁ t& | cat | on material;

11. A novable se%'at ) A8 8F %gfq Ry 8 Q’hGFEU it contacts,kheh a
col | ect or/ di stri buternal Walls of Thej column/comprising resilienbashteirial.

particul ate materigl @& a ﬁﬁératus acéardfﬁt; B 1S 150 n PiMii ?ﬂbﬁew)f
| i qui ds corrpré5|

a 20 ication c I'n use
t he col um r%?ﬁ)r‘f"g\tﬁé t( fegé* é‘ ffagye o‘fh% é‘&t §heF?q&§d
purdi fication mat cresditipned byerocomiqmg 1ow @@)sitydmaterial mavihge
separator (2, 30)a aréiwidynmoisr mrﬂfthbhﬂiﬁﬁﬁ&eﬁ“m;catioﬁ|ﬁ’dﬂ&'ia§5in 13.

An apparatus for of a liquid conprising i qui
tﬁw(lfb%g wd}s

purification columm in use, the col umtm conpri sing at

| east two beds 0f2%+00d®, ‘m‘%lﬁl aceording o Elaimadi o 4t inwhishethel (4,
5 9, 10, 131014 mcvhbl2Oseparatoxndsaaceoiiiing topaiyicr cldins(®) c3CqOkdi ng to
claim1 or any 30y,. one of the preceding clains when dependent upon cl aim
1, t he separator 30 beln p03|t|oned bet ween the beds (4, 5,
9, 10, 13, 14, 19620 8 i6a%igR eG4 1iquid (epmprisinat or
and an upper bed aabbmxmeplaa;tar-atbon thtumn (1,022pl e8pLpaKause, ( he30)

bei ng in direct Q‘ﬂﬂt\%t c¥hg ﬂs&%&hagieas‘&f thd B a%pse{dieatRBR" Ped.
e eH e T K
28 pOSi ti orﬁpﬂxaltayer(%oﬁml bﬁhggl pesitinnied) hektweenakhaabedsg, a

lower bed beneath the separator and an upper bed above the
separator, the movable separator comprising a flexible
porous container, containing solid particulate separator
20 material (3, 38) which exerts pressure on the container,
and a layer of substantially inert material having a
density below 1g/t':m3 which is positioned beneath the
container, and in use, in the column, slidable contact of
the separator against the internal walls of the column is
25 effected. .
17. A process for purification of liquids comprising in a
service flow passing liquid for purification through at
least a first bed of liquid purification material, anad
subsequently through a movable separator and then through
30 a second bed comprising a liquid purification material, the
movable separator comprising a flexible, porous container
containing solid particulate separator material which
exerts pressure on the porous container so that in use, in
the column slidable contact of the container against the
35 internal walls of the column is effected, the container
where it contacts the internal walls of the column
comprising porous material.

i.n which the particul ate substantlally I nert €
nmovabl e separ at or accordl g@ﬁbhﬂﬂ"lﬂ ng claim I T"%ﬁ&h&tl H#\S BEEN
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a density lower than the liquid purification material in:

F?gw d pur |1f5| CQPi gﬁpgg?blrjrﬁmﬂ“l m'“ muzﬁlj!"l! usefi ![ikTgUi .

o

at least two beds of liquid pufiffcdtidn material (4, 5, :

14, 19, 20) wodsmas30vabl e separator (2, 30) accordi n(PAIGRISAESSI 3, or
any one of the claime 4 to 11 when dependent wupon claim 3,
being 10 positioned between the beds, a |ower bed beneath the

separator and an upper bed above the separ ghor. 16. A process for
purification of liquids conprising in a service flow passing |iquid

for purification t8rouglprotess acdAshgard id1alimbed Di WHiGhi dheuddvdoat i on

mny O one of cPerHERE 3H e de¥iRdd sF IR B Q120 AT 4 FES AL N0 T

conprising a |iqutd- pft PFPERSS diPrnBuEtfigation of Jiquids cruperd siBgoitidng to

claim 16 in whi chservgiged fimw passipgrLidwiad | £or ipunifdsadicovicimanughy atthr ough

the colum inga 2Qq4556L VESESCYELL @Pdliﬂfﬁi r%ﬁ%@EQE%&? f¥CdSal, and
T d upwardly t’hrough t

D 506es acear di ngSHRERIUERTYORBTouER AmAFARYF (RaLatr an FRER: FRFPUSH uim
is a de-ionisati oa sssoprnbedhdosprisiofg a liquikdepdrifiicagndn smtendabedhe
cechnd bede conpr oy BepRLMER: chapr LS o PUKIBEC potos) Gohtd lexdnd
according any g}P 8?%?%5’”‘?@ t%°]1‘éievxﬁ?’6$‘l’9‘i‘ﬁéte se‘ﬁrra&’rbe??t?% i s% c?_trong
acid cation RésinesgErs hergssurel on thed conpringxs waBR o n+3@&F c&Eion
resin. 30 20. &ubstRrdaldgchishingateridninavifgis deeby tiad Lgycived

i xod base anton PEgrh 1Y 9Bai6Lib e Rnkde ST MpbRther, anBORRyaE5 O O

c

] or purrticatio )

conprising in a the qlumneosiidable,sonract iqfuitder 8PPIATON AIRIBFF tihough a
35 liquid purifistermal eallsof tthe toljumil fsoefpactdd.cati on entering

the bottom ofyst hezgol M, 3RAsPaSSINNA1hE PYHAm 19 1h AECHDEHe Ohovdrii d
purification material, then u

29 t hrough aSFRI%ATO3} lﬁo%mo‘g%si‘l&g iRy F claedust ity

21. A process according to any of claims 17 to 20 in which
liquid for purification is passed downwardly through the
column in a service cycle and in a regeneration cycle,
20 regenerating liquid is passed upwardly through the column.
22. A process according to any of claims 17 to 21 in which
the purification column is a de-ionisation column and each

A

of the first and second beds comprises an ion exchange

column, preferably each of the first and second beds
25 comprising ion exchange resin.

23. A process according any of claims 17 to 22 which the

first bed comprises strong acid cation resin and the second

bed comprises weak or mixed cation resin.

24. A process according to any of claims 15 to 19 in which
30 the first bed comprises strong base anion resin and the

second bed comprises weak or mixed base anion resin.

25. A process for purification of liguids comprising in a

service flow passing liquid for purification through a

liquid purification column, the liquid for purification
s entering the bottom of the column and passing through a

lower bed of liquid purification material, then upwardly

through a layer of low density material, subsequently
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through a novabl e separator ‘and then upwardly through an ___ upper bed of
liquid purification nater t he top of t Ta N
density of the | ower dens“mmﬂ“!mgm‘l“ml ng Tower than tt (Jenﬁ z@ﬁﬁﬁ@“
| ower | ayer of liquid purd fitcatti oh nateri al aabig:

PCT/ GB96/ 00{fpoer282s2 30  pcr/GBYshbsesIgh a
novabl e separator and then upwardly through an upper bed of liquid
purification material to exit fromthe top of the colum, the density
of the |ower density |ayer bei ng Iomer than the density of the I ower

layer of liquid 5 purification materiaP! 30
through a movable separator and then upwardly through an
upper bed of liquid purification material to exit from the
top of the column, the density of the lower density layer

being lower than the density of the lower layer of liquid
5 purification material.
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