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GiE-ReplaeadVNS, AND PROCESSES USI NG SUCH COLUWNS The 5

present: i nvel ned with ion exchange resin colums for use in
i on "'exchange! g 1B/ Mre particularly, the present invention is

concerned with ion exchange resin col ums ich prevent, or mnimze, the
fouling of ion exchange resin beds used therein with unwanted particul ate
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plurality of orifices or nozzles therein. In use, the fluid to be treated

(i.e. the fluid to be treated in the |oading cycle of operation of the
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mat t er and fowling 5 Janexshange resipikedsouses Elﬁ%ﬁitfbwit}hﬂﬁh@hﬂed@&rtinuh)tehange
resin col uq;i\w ¢ Hy%s suspended nmatter may be retained within the ion exchange
resin bed, Hers y eventually fouling the resin bed. Further, the suspended

particul ate nat {eh exelangs uédiniszsiﬂrm?ipsigal@% cbhtpride it le@st Ofie ROEZhAS i N the
plates typically |located at either end of_the ion exchange resin hed. In

i on exchang§entadBing a3y 4o exchangs resimbed- plig in exchangegesisntiRiealbe logted,
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dounst 1 eam ghot Be OB ange Lo bed i Che feslp fines

the fluid to be The fluid to be treated in an ion exchange resin column may, for example,
contain suspended matter and, on passage of the fluid to be treated through the
ion exchange resin column, this suspended matter may be retained within the
ion exchange resin bed, thereby eventually fouling the resin bed. Further, the
suspended particulate matter may result in blocking of the orifices or nozzles in
the plates typically located at either end of the ion exchange resin bed.

In ion exchange resin systems comprising a plurality of ion exchange resin
columns it is possible, in the operation of the system in the loading cycle, for
resin fines, for example broken resin beads or very small particle-size resin beads,
from the ion exchange resin located in one of the columns, to pass through the
orifices or nozzles of the plate located at the exit end of that column and to p.';xss
into the next column located downstream. In such a case, the resin fines may
result in contamination of the ion exchange resin in the column located
downstream, and may even result in blocking of the orifices or nozzles in any
plates located downstream of the ion exchange resin bed from which the resin

fines originate.

Clearly, it would be desirable if suspended matter, located in the fluid to be
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system ¢ or at least mnimzed. It would al so be desirable
if.the f iwmyw, i fices or nozzles of any plates |located within an

i on exchan m, and the foul__'brlg of the ion exchange resin in
such colum, by ion exchange resin fine§ froman upstreamion exchange :
colum and/or suspended matter present in the fluid to be treated, coul d be
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Al so, when the filter material bed becones, fouled with entrapped suspended
material renmolted lfmttﬁefﬂmrmt&méﬁﬁr@aquaiéfm Hid {te begtreateg igfrpion
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resin cobpumse 8f s&bh lOf1tEXANABEA B&Shas %ﬁﬁ%%méa%iﬁm%&. OForr@Ea‘_%nﬁHQh
colums, the purpose of the filter being to prevent the passage of io

exchange the faationneftHe filter meaterihlibred syithirc atseparaig tcontainef habghéilter to
t he col ugn%(ﬁ%) I?cate ownstreamof the filter. l—b\A/ee\égr, tge.use oé such
st rai ner SIFAVRNIREHSt s NTRRgRat STE%IEMHFSL%&W 5 Ofy PR SXG8278F t he
case of t88nahoien 4RRL thERAore) dNrehidst Bie B3t OF itRé sPadin.| Allsd, SiFR¥A NHe
suspended matérial, the strainers and filters are housed wthin a separate

cont ai nefilendnaterial dsbeenrnes foulpd withperexipyedadspastecomatprabresnravedi on

exchange .r esi st.e t use of .t t.r.ai ner d filters t he
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have nowtBeoperationof theina exchangemesingiystaye angl nesessikaiganhe shasiing
down of the ion exchange process whilst it is carried out.

It is also known to have strainers or filters, for example paper or fabric
filters, located between adjacent ion exchange resin columns of an ion exchange
resin system comprising two or more such columns, the purpose of the filter
being to prevent the passage of ion exchange resin fines from the column(s)
located upstream of the filter to the column(s) located downstream of the filter.
However, the use of such strainers or filters has a number of disadvantages. For
example, as in the case of the above-described known filter material beds for
removing suspended material, the strainers and filters are housed within a
separate container and this adds both to the complexity and cost of the overall
ion exchange resin system. Also, the use of the strainers and filters has the
disadvantage that, when they become fouled, for example with ion exchange
resin fines, it is necessary to shut down the ion exchange resin process to allow
the cleaning or replacement of the fouled strainers and filters.

We have now surprisingly found a column, for use in ion exchange resin



14 Septenber 1996 -3- systens and processes, which

jeen Replaced of t he above- descri bed known filtration _
devi ces; an M| (a) suspended matter, present in a fluid to be
tteated in gl resin systemifo.be renoved, or the |evel thereof
to be at least mninmzed, and (b) the pasSage of resin fines fromone ion
exchange resin bed of an ion exchange resin system conprising two or nore
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material I's closer to said inlét than any section for ion exchange resin.

The preseot to beattleast minimigedyi des a coI urm accordi ng to the invention

when charged with a.b h d d, of
par i cul ae. 11 AGSPRHRERS) e B E RO RRRP rrUh&rcob B (REcustiit on

exchange LRYbA eSARARFR F\‘\Béz.fsb WOIEH 6 rQ@? 2ROl ¥or qTuid tol be &lehted B the
colums, according to the invention. The present invention still further
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nor nal Ioaﬂamgnyyselcﬁoﬁf‘o@nenamcnangé rédiﬁ col urm/system and (| ii) the term

"inert", when used in connecti on th the particul ate
The present invention also provides a column accordmg to the invention
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when charged with a bed of ion exchange resin and a bed of inert, particulate
filter material.

The present invention further provides an ion exchange resin system,
which comprises one column, or a plurality of columns, according to the
invention.

The present invention still further provides an ion exchange resin
process, which comprises passing fluid to be treated through an ion exchange
resin system comprising one column, or a plurality of columns, according to the
invention, said column(s) being charged with a bed of ion exchange resin and a
bed of inert, particulate filter material.

As used herein, in connection with the present invention:

(i) the terms "upstream" and "downstream" refer to the normal
loading cycle of operation of an ion exchange resin column/system;

(ii) references to the treatment of a fluid are references to the
treatment of the fluid in the normal loading cycle of operation of the
column/system; and

(iii) the term "inert", when used in connection with the particulate
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mean t hat inert to the materials with mhlch it conmes into
contact d of the i on exchange resin columm/system i.e.
during the

generatlon cycles of the colum/system The
materials with V\/mch the inert, partlcu1§te filter material may cone into
contact during operation of the i on exchange resin colum/systemincl ude,
but are not I|fdterema1tenalt ieirtendedtte mean atﬂuamteml soingihtashe em the -

regener ant rr:‘:ltrfgr8 lglét Phic Igégf}%%%sm V\ﬁ C@ﬁta;{tl el % '&5‘?‘0@%‘?%? ?ﬁm q

t he present assa

theret hrough r@eehai\gé r@sﬁ@r@l&mrb,%ylsﬂﬁﬁl el @ﬁnﬁgetherloaamg af\dtﬂegemajtmm ng
positions: (i) the end of the section for inert, particulate filter
mat eri al ¢l osesyclesook the roiugn feystemy i The aserialscwi@gwhich the ingrtend of t he

section for |ner rt I I; I
fluid to be trB3t %ﬂﬁ)ﬁ fﬁl‘f%{J ﬁ{aﬁeﬁél %{agfg@ﬁg lfs@c clgrgth'lPﬁ au;mg;%égﬁhlg%ge reS| n
cl osest to t hq&ué;k@ianfgerretﬂeeélamrﬁ}f sysﬂiemqmcludé, buthaeatst lirhitedetosehé i on

for ion exchange resin renote f tlet for treated fluid, In the
above retaini ngu%%?e(ﬁ'%teﬁﬁﬂ tE‘qu ﬁﬁx/éﬂét%t (egenprant materiple aBAdonhe
sane retaini NQgf e gf gxample, in the colum according to the present

i nvention the sect |nert particulate filter material may be defi ned
as the vol une heth\eeohanhl a&brdmlgatmthmgpmms ihventien, edtairtingupsanseavhiehd
of said section, and a seéﬁnd r.et ai.ni n%grreans | ocat e aﬁthe downst r eam end

of said saldewsihe pagsagecricilnid therpthr R2¥ e£08 RXarRp r‘?§ O Yw t he

passage olfrt rélﬁfqhtehﬁ)ﬂl%rvlﬂ itibn&- al l ow the passage theret hrough of fluid
to be treated 1n an 1on eXchange process and regenerant fluid. Simlarly,

in the col um 6&¢cor thegndmftthe sectisrifor inertnpanivuldte fildert materiar closest to

exchange resin may, for .ex ?rpohég . E‘? def | n%g_ as the volunme between a third

retaining means | oc e rlgt ferlald, P%gFﬁaé of said section and a fourth

L7 Tl o edpatot b SRR oot v ettt
from the inlet for fluid to be treated;

(iii) the end of the section for ion exchange resin closest to the outlet for

treated fluid; or

(iv) the end of the section for ion exchange resin remote from the outlet

for treated fluid.

In the above retaining means (ii) and (iii) may be integral, i.e. are one and
the same retaining means.

For example, in the column according to the present invention the section
for inert, particulate filter material may be defined as the volume between a first
retaining means located at the upstream end of said section, and a second
retaining means located at the downstream end of said section, and wherein the
first and second retaining means allow the passage of fluid therethrough, i.e.
allow the passage therethrough of fluid to be treated in an ion exchange process
and regenerant fluid. Similarly, in the column according to the present
invention the section for ion exchange resin may, for example, be defined as the
volume between a third retaining means located at the upstream end of said
section and a fourth retaining means located at the downstream end of said
section, and wherein the third and fourth retaining means allow the passage of

fluid therethrough, i.e. allow the passage therethrough of fluid to be treated in an
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exchange Mml k enerant fluid. Preferably, in the colum according
to the pr t he second and-Bhird retaining neans are integral,

I.e. are one and the sane retaining neans. In this preferred enbodi nent,

therefore, t gﬁ%%ﬁrgﬁegsog%é Q%]énergﬁ{ Elh?d‘l ek AbilSin TR %ftx.ﬂ}m?a'}goi.'dmﬁs

exchange ¥¥s ned ree retalning means,; one retalning nea

bei ng | ocg ek ?ﬁ-eéelm’ inpentierthesdcarid thd dénd retairfing meens ar@antegeral, dee
filter material, one retaining neans being | ocated at th% ownstream end of
the secti are boe anshthesaaAJetaindig meang thehis Prefered pmbrgimennstheseioze,

| ocat ed bet ween. t he 1,0 L Def: L [ A and t he
section f 5he Fetidrbol iEH? et @l Bilter BRAtblcHaR Soh ocRangBrElinHred 10, | 1
accor di ng definkAeipHaeretdining tricanslone ecmiminggnrensibeirg locasehat et ween
the section for the._i nei\tﬁf particulate filter erial and, the section for

the i on expstregmn eadiof thersechps fondnetoBRTICUHAE e Matealiang fetaining t he
inert, particulat.e fi rq 1 '

such  nat Stk ifig GHA 8 ARG ddmaRtadiid P U EARAPI QDR AR RS
resin and agld e third aetdirdingtraeamabeinigalocatedl betsvaent thessection fartinertp f | ow of
fluid through the % | um, th«li—: iatert filter, materi and i qn exchange resin
form sepaWBC% of IR A the; s?e[cgpnnfggéppegxc BRYEDHEFHY: | ocated cl oser
to the inlet (ip&n biterddtw embdiﬂnuh@okceh_b%omxﬂﬂtﬁ%rm% & tﬁ@?ré&wm
than the ion exchange resin bed. Further, in this enbodi ffent retail ning
means may ineemtiomaid yetalring cneamslisapraseat detivesn the section dor thve inerds t ,

particulate filter terial.closest to,the inlet for fluid to be treated,
Bt the - endrasticulsée S ThnRr il “Rah e adhtingeror dbf R Bshates st e TBURTE: 1 or
treated fldhgodidheOthe hiRadilpd denbitids BT iabf, Pacfieiiald Yilieh rhhRria0amdof
pl ates having a plurality of orifices or nozzles therein. Preferably, when

t he col umthadoorefichgnge resin shosddrhe suchethatonpps fbridizpdtorwpf the irent filter
particul at e

i lter terial, the volu f such.filier terial ,is.less
Phan ¢ ne vBrtara! and Rt tadiangs et rhl R Re g s apabir i i p&in S8
advant ageqisti@svith renablest Auid whebzgd the dolimi e irlere FilteR trRAicdal tiardbion
formed duri ng the ion exchange resin regeneration cycle and this increases
§

the ef fi ciexeBgnga reERJoEN WPasHe kesisewiiPathe ingrtfilkenmasenial beq Spingntocated er
materi al a&gserr}%nﬁi%’.inlet (i.e. the inlet for fluid to be treated) end of the column than the

ion exchange resin bed. Further, in this embodiment retaining means may,

optionally, be located at the end of the section for inert, particulate filter material
closest to the inlet for fluid to be treated, at the end of the section for ion
exchange resin closest to the outlet for treated fluid, or both.

The retaining means are preferably in the form of plates having a plurality
of orifices or nozzles therein.

Preferably, when the column according to the present invention is charged
with inert, particulate filter material, the volume of such filter material is less
than the volume of the section within which it is located. This is advantageous
as it enables a fluidized bed of the filter material to be formed during the ion
exchange resin regeneration cycle and this increases the efficiency in removal of
entrapped particulate material from the filter material and, hence, increases the
efficiency of cleaning of the filter material for further use. This formation of a
fluidized bed of the inert, particulate filter material will be discussed in more

detail hereinafter.
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- materi al ed in nore detail hereinafter. Substitute sheet,
- 714 Sept - =" The ion exchange_resin colum and ion exchange
resin system of t he present invention ma9 be arranged for upflow | oadi ng
and downfl ow regeneration, or for downflow | oadi ng and upfl ow regenerati on.
| on exchange rghé fon exthangaresingetuhar ang fidwwxkbangs gesin dydtmfdfahe

regeneration are, for exa e, di sclo ed 5P B- 0142359, If the col umm
accor di ngpt@et\h@‘fﬂ“é%h{nai ArTagger Oart’rpafrfb‘gZ{OP ng ard APWBHEM g and’
downf | ow [ e ocatf& dqge - fowhlBwS RidiR afnaruRHSWr ekd 5. aTISnfe'xkh%"\%e

mat eri al T ow t he section exchanhge resin), and
vol ume ocsagp eylstb;nssmhngedl tfor upfloer laading andsdowindlow magertﬁratma as.recforon

thin which it | blhe for_th t
U have aexeBle cisyss iy orE P BilazERE: EoRer SR ferorginietq Fie,PRRrehY i on
exchange, ; and a@ég Aﬁ§ﬁ éévqarh v@ioécﬂﬁ r AU aeRAHow! rebenedtid (i%e. ¢h¥es

rise to sever ant a stly, durln t he nor nmal | uid treat nent
cycle of sgmioat farineft, tplwncmllatmﬁltet meatgsiel &f lagated beltomhe sectiorn fott fom a

specific gravi | es that of the £l ui ret

inthe fif¥ “rét @ 6‘1‘885{ egcc uﬂe‘gbéfoﬁbczlc lggr eng[] S(ﬁ% ls&‘?team
end of thg E%ﬁ&&é&fbﬁ%t}hﬂ Whichitiis 16@tédcmendt islprafef 1886} Bie Giited
conpacted bed enabl es efficient renpval of &@étlcul ate materi al fromthe

fluid pas matgrlahtsr bave suecifis graviyhess than Bt @idhg fluiditprig ERated by ion

regeneratlo cle esuIt
ol oi SR RnEue S hcipal BLIRG P e SIREIE, it pivelingg &F

ef fi ci ent spesray abivahtapies! FARLY, RAring thahormal fluidl trédmtesit rcgmet of bperauon
achieved. Alternatively, if the columm according to the present invention

i s ar r anged thecolwmaf thawise 8f @rfé}t%l‘n@‘aﬁﬁﬁﬁﬂok)@‘flége%éﬁ%ﬁlﬁl%ﬂr"(lYlt)é lesspihagditat on

f t t f
exchange. PESRR IS EHsFirld GFEIBLER Bhults 1o OREHER, RAUAL! BERPfcA, &a | OO
than that ceinpdeeedetlj anti dbwmswehghend of shé seatiad withianwhich & 1prledaeed.bl e

for the filter material to have a sp cif V|t reater t han that of the
fluid to H&is feapadonyt iaoﬁoepéﬁf&%g%edgﬁaa %@fgﬁnéa mpKahof partigilate,e

e 8 L SERE SRR ey gt

filter nattheiragereratiog czyckpedte‘ dowguvaarict floyr efither regearraritaiuist willarestigiio

passing t qﬁu ttgrt?ol%tggf e 'I'lllter rinatenal bed and this, in turn, enables efficient removal
of entrapped particulate material therefrom to be achieved.

Alternatively, if the column according to the present invention is
arranged for downflow loading and upflow regeneration (i.e. the section for
inert, particulate filter material is located above the section for ion exchange
resin), and the volume occupied by such filter material is less than that of the
section within which it is located, then it is preferable for the filter material to
have a specific gravity greater than that of the fluid to be treated by ion exchange
and also greater than that of the regenerant fluid, as this gives rise to advantages.
Firstly, during the normal fluid treatment cycle of operation of the column, the
use of a filter material having a specific gravity greater than that of the fluid
passing therethrough results in the formation of a compacted bed of the filter
material at the downstream end of the section within which it is located. As
already discussed, the formation of a compacted bed of the filter material in the

normal treatment cycle of operation of the column enables efficient removal of
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of the col um s)/system n one enbodl t chan esin system
accordi ng tBA Wéﬁfﬁfgﬁq{tmﬁFR}'éﬁﬂtquHof‘ tc{lﬂﬁﬁ‘flge@ ge%EﬁCL

exchange r I A
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Eh be at | east to be E@&e ﬁrlor
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accordi ng t?résbﬁt i@t drO fhe bVsteh ebmpaiesthSingheidn eR@{dngeltedire chlurhal In
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fluid to be treated in the system, to be removed, or the level thereof to be at least
to be minimized, prior to passage of the fluid through the ion exchange resin
located within the column. | |

In an alternative embodiment of the ion exchange resin system according
to the present invention, the system comprises two or more ion exchange resin
columns located in series. In such a situation, one or more of the ion exchange
resin columns may be a column according to the present invention. For
example, the first ion exchange resin column may be a column according to the
invention, in which case the inert, particulate filter material will remove, or at
least minimize, the level of suspended matter present in the fluid to be treated in
the system. Alternatively, one or more of the columns located downstream of
the first jon exchange resin column (i.e. the column farthest upstream) is a
colu_mn according to the present invention, in which case the inert, particulate
filter material will enable any resin fines, passing out of the column(s) upstream
of such filter material, to be removed, or the level thereof at least to be

minimized, and thereby prevent such resin fines from entering ion exchange



celum (i.e. the columm farthest upstrean) is a columm according to the
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exchange rméninjize, the fouling of the anion exchange resin bed with the cation exchange

resin fines which would otherwise result in deterioration in the quality of the
treated fluid, for example water, and give rise to rinse difficulties after each
regeneration, and will also avoid, or at least minimize, the blocking of the
retaining means (e.g. blocking of the orifices or nozzles of the plate) which may
be present at the inlet side of the anion exchange resin bed. Similarly, ion
exchange resin systems are known in which an ion exchange resin column,
containing a bed of cation exchange resin, is located downstream of an ion
exchange resin column, containing a bed of anion exchange resin. In such a
situation, the presence of a bed of an inert, particulate filter material between the
anion and cation exchange resin beds (i.e. in the column containing the cation
exchange resin) will enable anion exchange resin fines to be removed from, or
the level thereof at least to be minimized in, the fluid passing from the anion
exchange resin bed to the cation exchange resin bed. This will enable fouling of
the cation exchange resin, and also blockage of the retaining means (e.g. blockage

of the orifices or nozzles in the plate) which may be present at the inlet end of



wi-l | ena i exchange resin fines to be renoved from or the |evel
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exchange r e cation exchange resin bed. This will enable
foul i ng_of change resin, and also bl ockage of the retaining
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t he regener ant
the ion exchange resin.

The depth of the inert filter material in the column according to the
present invention is preferably about 10 to about 50 cm.

In operation of an ion exchange resin system, flow rates, through the ion
exchange resin beds, of the fluid to be treated of about 10 to about 80 metres per
hour are commonly used. It has been found that the use of an inert filter
material, in accordance with the present invention, is efficient, at such flow rates
through the inert filter material, in removing particulate material from the fluid
to be treated in the system.

During the regeneration cycle of the ion exchange resin system, the
regenerant fluid will remove, from the inert filter material, any entrapped
particulate material which has been removed from the fluid passing through the
system during the loading cycle. As already discussed, during the regeneration
cycle, the inert filter material is preferably fluidized, such fluidization improving
the efficiency of removal of any entrapped particulate material.

Loading times, for the ion exchange resin system, of up to 8 hours, or



wi-1 | renov L Liert filter material, any entrapped particul ate

materi n-renoved fromthe fluid passing through the system
during th ﬁg\ “ﬁl e. As already discussed, during the regeneration
cycle, t [ r material is preferably fluidized, such fluidization

i mproving the efficiency of renoval of ad@-entrapped particul ate material.
Loading times, for the ion exchange resin system of up to 8 hours, or
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Exanpl es kegéR' siich lorg headingopetiedscconpanyi ng drawi ngs, in which:

Figure.l is a graph.jll.ustrating the i L O I i f.. by
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used in qﬁg“gg,?rém fedHifore IS a bar graph illustrating mgration, at
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il lustrati ng he mgration, at various fluid flow rates, of broken cation
exchange & 1% beads through the inert, particulate material beds used in
Exanpl e 3; and ﬁ'gqgge i¢ al graphoilgkraitinguitter aligragion) wersigr titniep of brekemgatione,
of the broken cation exchange resin beads thropgh the ipert, particulate
mat eri al exghangexesip heads t—%@:@t@%}@@b@ffl@ﬁ? @Eﬁ&&ggéd? sgidBented to
show t he aé%iaHx%PéPf a bed of inert particulate filter material to renove
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used in Example 2;

Figure 3 is a graph illustrating the migration, at various fluid flow rates, of
broken cation exchange resin beads through the inert, particulate material beds
used in Example 3; and

Figure 4 is a graph illustrating the migration, versus time, of the broken
cation exchange resin beads through the inert, particulate material bed of
Example 4.

EXAMPLES
EXAMPLE 1: '

This Example is presented to show the ability of a bed of inert particulate
filter material to remove resin fines from water.

The apparatus used in this Example comprised a column containing a bed
of inert, particulate filter material, the bed of inert filter material having a height
of 10 cm and the inert filter material being as stated in Table 1 below. The

. volume of the column was greater than the volume of the bed of inert filter
material. The base of the column had an inlet for fluid, and the top of the
column had an outlet for fluid.

Water, containing broken cation exchange resin beads having a particle

size of from 0.1 to 0.2 mm, was introduced into the column through the inlet at



greater than the volune of the bed of inert filter material. The base of

t he col urtis She®HayBetnReplhcei Or f1 ui d, and the top of the columm had an outl et
for fluid i ni ng broken cation exchange resin beads having a
particle H!M“"Mﬂm 1 to 0.2 mm was introduced into the colum through
the inlet ute sheet - 14 Septébber 1996 -11- the base thereof.
The fluid passed through the bed of inert material and exited the col um
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bed of iner rom to 4 res per hour. This procedure was
carried out gyisifaniehrighotie dntdet ahtitetomtisereobt Fhei floWatate of fhatdothrough

the height at which the broken catjon Eéch?&?@ resin beads were found
within the Hexbed of inert materigt Was EPILFV WE 87 887 &% ar yi ng ti nes.and
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Figure 1, axis X&#‘é%fﬁéés%n setvﬂaegzlt:%grreéa( munutses and axis Y representsst he1n

hei ght (cm TapleMibelowhend tik beighitatonhishctherkrokensiatiopeaxthange gesioUprads
within the bed of inert filte Hate.riatl .gi . €. thellevel of m.gration Oft' t he
br oken beadsyererosnarvibin the ped Giing fligh Haeal WaSdpedowgr s YAying e
equi librium_i [ meknH F 1
Further. Tneod kEHEHTls lifusqiied I FIghEOTEINE fQufiphafliy ShRS, In

i nhi bits fuRigere Tyiguiadd mpresentsehe tiayeréminuten) angxihy tepaessmts e heightt er
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passed downygridly AleéOnaberid1€i.eoeTeval of rhigeutioRiof the HroReh beadsi0 nmetres
per hour. Thi's simulates downflow regeneration in an_ion exchange resin

col um. During p&reayFiguretlhis cantles serswivalr aftor  icepaim time atbpgwilibrium’is
fluidization of the .bed of |ner Ll ter] neks his L ded
removal of Fﬁ%%?”&?%i@%é%g f%aeérlhﬁ}lfs; %{gﬁn‘\o?‘r%]tdg ?%grt‘ﬂgﬁgtgg@bﬁ hﬁ%ﬁ?&h%
material . TaRhetHe Pajingrdpthens fornPal 'yakepwiide inhiboisyfantiser migrativrbef the e
(PE) PP PA). o RF- 14*
fragments through the bed of inert filter material.
After passage of the water, containing broken cation exchange resin beads,
through the bed of inert filter material, fresh water was passed downwardly
through the column at a flow rate of from 1 to 10 metres per hour. This
simulates downflow regeneration in an ion exchange resin column. During
passage of the water downwardly through the column, fluidization of the bed of
inert filter material was noted and this aided removal of the cation exchange

resin fragments from the bed of inert material.

Table 1
Polyethylene Polypropylene  Polyamide Amberlite
(PE) PP) (PA) RF-14*

density 0.94 - 0.96 0.96 - 0.91 1.09-116  0.95-0.98
(g/ml)
average size (cm):
diam. 0.3 0.5 0.3 0.1
length 0.3 0.5 0.3 0.17
width 0.2

* Amberlite RF-14 is a polypropylene material marketed by Rohm and Haas
Company
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broken cation exchange resin beads, as a function of the particle size of the inert

filter material bed at various flow rates (i.e. 20 m/hr, 28 m/hr and 36 m/hr), was
measured. The cation exchange resin bead fragments had a particle size of from
0.3 to 0.4 mm.

The results of this Example are illustrated in Figure 3 of the accompanying
drawings. In Figure 3, the X axis represents the particle size (mm) of the inert
filter material, and axis Y represents the height (cm) at which the broken cation
exchange resin beads were found within the bed of inert filter material after 15
minutes (i.e. the level of migration of the broken beads). The values shown for
inert material having an average particle size of 1 mm were obtained using the
Amberlite RF-14, the values shown for inert material having an average particle
size of 3 mm were obtained using the polyethylene, and the values shown for
inert material having an average particle size of 5 mm were obtained using the
polypropylene.

From Figure 3, it can be seen that there is a correlation between the
migration of the cation exchange resin bead fragments and the particle size of the
inert filter material. For example, it was found that, for the fragment size

utilized (i.e. 0.3 to 0.4 mm), the most efficient inert filter material particle size is
approximately 1 mm.
EXAMPLE 4:

Example 3 was repeated using Amberlite RF-14 particulate material as the

inert filter material and utilizing cation exchange resin bead fragments having a
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The apparatus used in this Example comprised a column having a cross-
section of 3.14 an2 and containing a bed of inert, particulate filter material
(polystyrene) having an average particle size of 300 micrometres, a density of
1.06 g/ml, and a uniformity coefficient of 1.2. The bed of inert, particulate filter
material had a depth of 10 cm.

1 ml of strong acid cation exchange resin fragments, having a particle size
of between 46 and 150 micrometres, were then placed on top of the inert,
particulate filter material bed. The resin fragments were produced by grinding a
strong acid cation exchange resin and screening the resulting particles between 46
and 150 micrometres.

Water was then passed downwardly through the column at a flow rate of
20 m/hr and the distance travelled by the resin fragments through the inert,
particulate filter material bed was measured at certain time intervals.

The above experimental procedure was repeated except that the flow rate

of the water through the column was 40 m/hr.

The results obtained from the above experimental procedures were as

follows:-




coeff|0|ent ’Ph:s e% inert, particulate filter material had a '
depth of 10 C g acid catl on exchange resin fragnents, having
a particle si m 6 and 150 micronetres, were then placed on top
of the inert, Iter mat eri al _ ped. The resin fragments were
produced by gri nd| ng a strong acid cati ohl xchange resin and screening the
resulting -particles between 46 and 150 micronetres. Water was then passed
downwardl y_thro ghzdme lum at a flowrate of 20 nihr and the distance
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materi al bed was neasurgghali(ntifg} ain tinme inter v@hstaniglé mve experi mént al
procedure was repeated except that the flow rate of the water through the
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Fl ow Rate: 20 rﬂhr r@b(m ns) Distance (cm** g 0 10

0.5 30 ih 05Flowrat8 40 mhr: Tinme (mns)
Di stance (cm** 0 120 0 10 S0 0.6 120

0.6 **Distance travelled by the resin fragrrents downwar dly through the bed
of inert patlﬁg! agg rﬁl;h{,er material. Follow ng each of the above

experi nment the flow direction of water through the columm was
reversed (i.€Water wegiraas@eihsypwar dl y t hr ough Dibtance| fenm*and,

bt 0 0
10 0.5
30 0.6

120 0.6
** Distance travelled by the resin fragments downwardly through the bed of
inert, particulate filter material.

Following each of the above experimental procedures, the flow direction
of water through the column was reversed (i.e. water was passed upwardly
through the column and, hence, through the bed of inert, particulate fiiter
material). The flow rate of the water was 10 m/hr and it was observed that more
than 95% by volume of the resin fragments were washed out of the inert filter
material bed and removed from the column. .

From this Example, it can be seen that inert material having an average
particle size of 300 micrometres is able to efficiently retain resin fragments of 46
to 150 micrometres size but is able to release the resin fragments when the flow

of water is reversed.
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‘Bonprises an inlet for fluid to be treated in the | oading cycle of the ion

Bxcmanderobeo aeated i&ﬂthlulfdadﬁné eyclelofitHe i @keldange proessicarcyatlet fdr the ion
AMxchange process, a section i on exchange resin, and a section for
Anerflyidpeatedindoading tydle mﬁtthe e exslErgespridess) o sactioneor Jjoparticul ate

#i | ter material being | ocated between said section for ion exchange resin
fnd exhdngelresinsand a $eatiosafod ipertt partidulate filber maserial, saidasectian faar
Faterial is closer to said inlet than any section for |on exchange resin.
inep, @@m@nﬂaé%ﬁktpamnphb@m lacated pivegen sadd etiag f ﬁém whi ch al | ows

sage of, flujd thereth s, located at one or f the
$ol I%ﬁ?‘ gﬁG@?lf‘ said; jnlet g Sﬁ’ld f?f'émsf\e&i‘ 15RTY g,artp fe i Fticul ate
B | ter rraterl cos inlet for be treated; (ii) the end

8 | RadBsh st Ak 23050 afly Sectioh Ot Pk hatiae fS: o ifomine Dol
A Séte&%lﬁf%f* SUSh 1 cldidn 1} Whefll frailifiy HEAO WAL MR EXRBRNIC

ect¢9ggagebfﬂl ARG AT ok RER 2R o H&ewtrhetfoﬁem geat ed fluid. 3.

In cl wherein retai ning nmeans d (iii) are
‘ dtiond:- A colum as claimed in claim2 or cIa|m3 wherein the or
'ach retaining means is in the formof a plate having a plurality of
arifices @) nozd esdtdfeheisection for infereopartitubiste ¢iledrnmdtdrinladysest t6! ai s 1

§0 4, in which the section for ion exchange

the inlet for fluid to be treated;

(ii)  the end of the section for inert, particulate filter material remote
from the inlet for fluid to be treated;

(iii)  the end of the section for ion exchange resin closest to the outlet for
treated fluid; or

(iv) the end of the section for ion exchange resin remote from the outlet

for treated fluid.

3. A column as claimed in claim 2, wherein retaining means (ii) and (iii) are
integral.
4. A column as claimed in claim 2 or claim 3, wherein the or each retaining

means is in the form of a plate having a plurality of orifices or nozzles therein.
5. A column as claimed in any of claims 1 to 4, in which the section for ion
exchange resin is charged with a bed of ion exchange resin, and the section for
inert, particulate filter material is charged with a bed of inert, particulate filter -
material. |

6. A column as claimed in claim 5, wherein the volume of the inert,




resin-is--charged-with a bed of ion exchange resin, and the section for
inert, particulate filter material is char gmssnealm fafeci Nert,

ar ' i aterial. 6. Acolurm Ia|m5 wherein .
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partTCLFI ate filter” materlal is |e¥s-than the section within :
which it is |ocated. 7. A colum as clainmed in claim5 or claim®é,

i r: Ni,al
g’;ﬁe{rgfgxﬁkgggte@%}uem xgllgwemagxofﬂyés %§{uerﬂ§togrth@ 5F§fion helngleRti e as
clighgedeqn any of claims 5 to 7, wherein the inert, particulate filter
materla? has a particle size of fromabout 0.1 m"nto about 5 nm 9. A
COf. UM & ScobhMnBS claim@edainti@im VB ef @idint Bewhieesih, theainerg \Partieufaté t er
material has a particle size of from about 0.2 nmto about 4 nm 10. A
C (i ltemaserdalaisrighi dersliyi polyethyiene; polyipeopylene, pphstyrenkeatre filter

material has a particle size of fromabout 0.5 mmto about 1.7 nm 11. A

copelyanddec| ai ned in any of clains 5 to 10, wherein the bed of inert,
particulate filter material has a depth of from about 10 cmto about 50 cm -
128.  AA dadumaxah sldeedely any: of whaimssS &9 & weherpin awuwt,cpaxrmlaset o 11, :
wherein no _retaining neans is _present between t section for the ion
exféﬁ%g‘é‘t?ré%li }hasaﬂd’atrﬁéles%é?io frqmpra G Lhemp to ‘-}toﬁﬁ"&f‘e filter material),

oot | CupaeR o A 1 L e BT ORCA (Rt FAFOFUIRRa PR of these
thrgaﬁér% ds"s BAFHGE SEDORALALbAN % m,gggta% a;m% gwi th no 1 ow of fluid

ity 1ey orm separat e € latter being |l ocated
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ange resin system conpri ses one co urality of

Cohiéri@%l 1’5 &'pairfiBd dire 8PY¥rdh a%b%'tf(ﬂpo' trhQoldbout4.7 mmMD i on exchange resin
systemas clained in claim13, which conprises two or nore ion exchange

resi.n cal golagnivab RlQfeedin 8RY of elaigich 16 QDpwWheréial the ed of tartas cl ai med | n" -

any of claims 1 to 11. 15. An i on exchange resin process, whi ch conpri ses
papaitimplddefildert maberidlrlesst ®dlepth of from about 10 ecm to about 50 cm.

12.  An ion exchange resin column as claimed in any of claims 5 to 11,
wherein no retaining means is present between the section for the ion exchange
resin and the section for the inert, particulate filter material, and the hydraulic
densities of the ion exchange resin and the inert, particulate filter material are
such that, upon fluidisation of these materials in the column and allowing them
to settle with no flow of fluid through the column, they form separate beds with
the latter being located closer than the former to the inlet for fluid to be treated.
13.  An ion exchange resin system, which comprises one column, or a
plurality of columns, as claimed in any of claims 1 to 12.

14.  An ion exchange resin system as claimed in claim 13, which comprises
two or more ion exchange resin columns with one or more of such columns
being a column as claimed in any of claims 1 to 11.

15.  Anion exchange resin process, which comprises passing fluid to be treated
through an ion exchange resin system comprising one column, or a plurality of

columns, as claimed in any of claims 5 to 12.




thr“0ug‘h an’ion exchange resin system conprisi ng one col um, —6—r_' a plurali ty

of ¢ din any of clainms 5 td 12ThlSSheeSHh§;‘Cén sheet - ST
Sept MS‘@‘; ﬁ[‘E An i on exchange resin | rred in cI a| m
e colum(s),_ gas clained in !]5 to 11, are - |

arranged for upflow | oadi ng and downhf | ow regeneratron he vol ume of -
the inert, particulate filter material is |ess than the voI unme of the

se, i Oflfxﬂhbhlé?ccw@hg@ rédini procespdLelaimad inCdlaim tise vileRei:y of the inert,
particulate filter material is |ess than that of the fluid to be treated

17. (@h i otheecsianye), rassdlainmdbireasy a$ cldimsn® ¢ 1D, atecarraiged férer ei n: (a)
the colum(s), as clainmed in any of clains 5 to 11, are arranged for

downf | ow | oadpﬂgmammpglamrd deymilavatregenerakipn; the vol ume of the inert
particulate filter material is less than the volune of the section within
which i®)is theuehime pithednert, ppetiqats filtepmataeial ielass ghanitbal ate filter -
material is greater than that of the fluid to be treated. 18. An ion
exchange pro¥eldangof s.%@omwﬁw Wﬁ“?ﬁéﬁﬁslofﬁteﬁoaﬁ wher ei n the f1 ow

thrG. Of( She ‘;ﬂe“bgnéz o? tlt\é ?x?et par cu late’ fqpegur%at[egxa[l()ts gsosuﬁtan that of §eS Per

the fluid to be treated.
17. An ion exchange resin process as claimed in claim 15, wherein:
(@  the column(s), as claimed in any of claims 5 to 11, are arranged for
downflow loading and upflow regeneration;
()  the volume of the inert, particulate filter material is less than the
trolume of the section within which it is located; and
(c)  the density of the inert, particulate filter material is greater than
that of the fluid to be treated.
18. An ion exchange process as claimed in any of claims 15 to 17, wherein the

flow rate of the fluid to be treated is from about 10 to about 80 metres per hour.




