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process and an apparatus therefor for separating one
or nore solids froma water miscible |iquid. The
invention may be utilised on its own, or in
conmbination with the |likes of a process and/or
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i scl osures of which are incgragorated in thei
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'HF?rPP%?‘f"F‘zge'U\FT"HeWhe addi tional treatnent of the

slurry or sludge. If, on the other hand, the slurry or

| ydge i,s unwanted and/or destined for disposal, the
é@gﬁg%mgr sludge is typically disposed of as waste

material. The presence of val uable, noxious or toxic
rocess J.iquids in th slurr sl udge can 'v rise
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&F\ers l'lljabns’dt ﬁa%ts'u?r'& <¥r slu gléclse unvr\]/an gc\f andltoydestlned for disposal, the slurry or
sludge is typically disposed of as waste material. The presence of valuable, noxious or

toxic process liquids in the siurry or sludge can give rise to problems including
- the release of potentially harmful substances into the environment,
- the requirement to purchase process liquid to replace what has been
lost with the slurry or sludge,
- the requirement to purchase and operate complex equipment and
systems to recover the process liquid from the waste slurry or sludge,.
and/or

- inefficient energy use.

It is an object of the present invention to overcome or substantially reduce in seveérity
the above-mentioned difficuities or to at least provide the public with a useful
alternative. More particularly, the present invention provtdes a process to separate one
or more solids from a process liquid and an apparatus therefor, or to at least provide

the public with a useful alternative.
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to separate one or nore SO|IdS froma process liquid
and an apparatus therefor, orto at |east provide the
public with a useful alternat|ve An industri al
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portion of the solid matter and any process liquid bound thereto to move
through at least a portion of the second water miscible liquid; and
wherein the passage of the portion of solid matter through the portion of second
water miscible liquid displaces at least a portion of the less dense process

liquid bound to the portion of the solid matter. .

Preferably, the process further includes the step of removing the solid matter having at
least a portion of the process liquid displaced therefrom, from the second water
miscible liquid.
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portion of the solid matter and any process liquid
bound thereto to nove through at | east a portion of

wo b@sgexond water m scible |iquid; and wher ei nPCTaZ2005/000077

passage of the portion of solid matter through the
portion of second water misci%ble |iquid displaces at

| east a portion of the | ess dense process |iquid bound
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process liquid. Preferably, thé process liquid

i ncl udes one or nore glycols, one or nore al cohols,
FeBRrably, 1Y 6nedi e, glyiootl are saletiedtfroneethifiene gfycol and/or diethylene
Preferably, the one or nore glycols are selected from
@qulene gl ycol and/or diethylene glycol. Preferably

one or nore mechani cal devices assist the novenent of

the solid matter throu t he seco L SERl e :
THERARY OF% B PRGN (7 s RIS DS sPicbmater
tRtcaBh &fe sephy vater Migdibleligaidency sound waves to assi st

t he di spl acenment of the process liquid fromthe solid
matter in the second water mscible liquid..In a
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Sddbad aatar isgbleiiquibl e with water and the solid
matter, the nethod including the steps of a) placing

the m xture of process liquid and solid matter into a
Ihessicond Bspde}, thepresdntdnventibe peaidestah@ocdsstia separatecaiderst a
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| ess portion of the second water miscible liquid to move upwards through at least

a portion of the mixture of solid matter and process liquid and
wherein the passage of the portion of second water miscible liquid through the portion
of the mixture of process liquid and solid matter displaces at least a portion of the less
dense process liquid bound to the portion of the solid matter.

Preferably, the process further includes the step of removing the solid matter having at
least a portion of the process liquid displaced therefrom, from the second water
miscible liquid.

Preferably, the second water miscible liquid is water that contains a guantity of
dissolved salt such that its density is greater than that of the process liquid.
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dense process |liquid bound to the portion of the solid
matter. Preferably, the process further includes the
waeb@p/1af491 enovi ng the solid matter having at | BEENZ2005/000077
portion of the process liquid displaced therefrom
fromthe second water niscibfe liquid. Preferably, the
second water mscible liquid is water that contains a ’
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greater than that of the pr.ocess l|'iquid.Preferably,
of RS RIIFESANTY 'H'XFLH%IBIF&Q one or more glycols, gne

or nore alcohols, one or nore am nes, and/or a m xture
t her eof . Pref er abl

the one ar re alyco -
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gkyicol . Preferably one or nmore nechani cal devices
assi st the novenent of the solid matter through the
second water miscible liquid. Preferably, the process
Prafetdbff orie 6t iste snddhenistlefevizks apgisitha mdvegient ofdioe evlisymatter

sound waves to assi.st .the.displacenent of the process
throygh thersesan W@teém'ﬁcbbl?‘ﬁﬂ"gr in the second wat g‘r

mscible liquid. In a third aspect, the present
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process |iqui hat is substantially miscible with
SRE® Watﬁﬁ@?ﬁ?fbg%@%&i ncluding the steps of: rapidly

boi ling or flashing at |east a portion of said feed
B e i
poF tLsFna ov afpvel dissalmetl solide Sfodhualfesdmoikives ingluding aneror side
DR Re s R RGP R S aBhichy RAAE i et e
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heat ed cempihgling seidded inature ovithas Insatedfeiclycle dauoristraemtip a first
sard hobeaina &R ep Brfilfna afly piEa S Heblifg thitporised
conmi nglpastessliduie ahd pstcipitetztisolid matter;

- collecting at least a portion of the residuum in a liquid pool in a reservoir;

- drawing a recycle liquor stream from said liquid pool;

- heating said recycle liquor stream in a second heating zone to produce a
heated recycle stream that contains sufficient heat to vaporiée at least a
portion of the feed mixture when said heated récycle liguor and the feed
mixture are commingled in the first heating zone;

- introducing beneath at least a portion of the residuum a second water
miscible liquid having a density greater than the density of the process

. liquid and .

- allowing the movement of at least a portion of the precipitated solid matter and
process liquid bound thereto from said portion of the residuum into and through
at least a portion of the second water miscible liquid, and wherein said
movement into the second water miscible liquid displaces at least a portion of
the less dense process liquid bound to the precipitated solid matter.
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drigdre desne andlor aomidugd theebt, one or nore al cohol s,

one or nore am nes, and/or a m xture thereof.

Preferably, the one or nore glycols are selected from

Rrefeydiey) ehg by of maredglpeolslaret sejdctanefrah piryleneRylysbandiondiethylene
ne or nore nmechani cal devi ces assist the novenent of
¥Y€'"solid matter through the second water miscible

liquid. Preferably, the process further includes the

t f | yi high.. i
PR 618 Bc oy et BP B i bRt of R T} fpater
thrdugRthe seddnd vexteranidcibietliguidm sci ble liquid. In a
fourth aspect, the present invention provides an

apparatus for separating a process liquid that is
Brefshislntthalprgcess oihkt mcludestheaten offappiping ik frageency sound

i ncl ydi_n Lid I 'Jﬂi i gt in th

s s e Firaig D 83 blsBe S RRRPfon i dhd rhater n the

seoohdlmaterfmisciblediquidt t er and the process liquid in the

reservoir, and; (b) a conveying means proxi mate the

base of the reservoir for bringing the upper |ayer of

ia ssfeanh dspedt ethe presenbineeritiog pravides\dnrapparates &ir sgparating a
roggsts quuH]tﬁgt is substantially miscible with water from a mixture including solid

matter and the process liquid the apparatus including i

(a) areservoir to hold in use the mixture of solid matter and the process liquid
in the reservoir, and; '

(b) a conveying means proximate the base of the reservoir for bringing the
upper layer of a second water miscible liquid having a density greater than
the density of the process liquid into contact with the lower layer of the
mixture of process liquid and solid matter so that at least a portion of the
solid matter passes from the reservoir through at least a portion of the

second water miscible liquid.

Preferably, the apparatus further includes an outlet means for allowing the removal of
at least a portion of the solid matter from at said at least a portion of the second water

miscible liquid.
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matter passes fromthe reservoir through at |east a
portion of the second water fiscible |iquid.

Preferably, the apparatus further includes an outl et
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Further aspeéts of this invention which should be considered in all its novel aspects will
become apparent from the following description given by way of example of possible
embodimerits thereof, and in which reference is given to the accompanying drawings in

~ which:

35

Figure 1 shows schematically an outline of an apparatus used in a process for
removing solid matter from the lower portion of a vessel that contains process liquid
and unwanted solid matter.
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description given by way of exanpl e of possible

embodi ments thereof, and in which reference is given

to the acconpanying drawi ngs in which: Figure 1 shows
EighRRSHoNR! dciemBticily bihoetlingé ofian appsratus disatuseiabiesrth@apparatus in

rocess for renovin olid matt fromthe lo ; ‘
B, D BaCREGE SR SEBRL aich e A prokfiBge In e 02
petwent ed solid matter. Figure 2 shows schematically an
outline of an apparatus that includes the apparatus in
Figure 1 in conjunction with certain elenents of the
PR BDyscridton of the thventibrhe ' 802 patent. Detail ed
Description of the Invention A special characteristic
of water is that it has a high capacity to dissolve a
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ﬁqmdlstféén?ﬂs? datasatdd/ echdan satmtated $dlbtiomesck aolidsaigsolved in water
nsi, at i

(a3 G bl ek <R by ), FOf ha el B el For

Sélingle tife dbrstiyp biimthesthali aontairs 340 glef qissolvedtsodiuni clrleridsr per litre
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e B PLagblRgn 1% 5508 1 A0 PARBRAHE G 1 0o for pure
whier ddorel itnpordntiyLitle densityeofissich bgieeis higten thamdthatodf thenlquids used

arer o Lt dsnsitesfisschbghe _
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shows how the present invention would work when used

0 Separate .un t ] ;
B AT 1B BE R R e hghe o BRRrsEenleRion woui
avewhesysddie spparatesisweantessalt gastitlésfrarnh galugbiz andgp &oxic process
Esﬂé and ' 208 patents, when applied to the processing
iq ?'ycol s or am nes, can be made nore industrially
efficientlthrough the application of this invention to
enmpve .sal t... [ cle AL ¢ ‘ ‘
Bl SRt e o CeetRE LEshEG g 02 008, 973, and 208
petentse dhen appliddeo tieesprocessingr ¢f glycolar ahings, can be giade more

?ﬁﬁ{ﬁ%ﬂ‘ﬁéﬁiagﬁgth%ﬂgmheaaﬁpeﬁéﬁro\ﬁocjf thid int SRt tBFeRolR Kitticles as

a waste stream while minimising the amount of process liquid that is removed with the

waste material.

As shown in Figure 1, the lower portion of a reservoir 1 contains a mixture including
process liquid 2 that is substantially miscible with water and undissolved solid matter in
particulate form. A conveying means such as a downcomer pipe 3 is connected
proximate the base of the reservoir. A solids collection tank 4 is connected to the outlet
of the conveying means. The solids collection tank and the conveying means are filled
with a brine 5 that is more dense than the process liquid. The conveying means
enables undissolved solid matter to move from the reservoir through the brine and into
the solids collection tank. In passing from the reservoir and into the conveying means
the solid matter drags or otherwise carries some process liquid with it into the top
section of the conveying means. As the solid matter passes along the conveying
means, the brine dilutes and displaces the less dense process liquid that is bound or
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process liquid 2 that is substantially mscible with
wat er and undi ssolved solid matter in particul ate
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connected proxi mate the base of the reservoir. A

solids collection tank 4 is cbnnected to the outlet of

t he conveyi ng neans. The solids collection tank and
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Figure 2 illustrates nore particularly how this
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veasygldRe |1 quor 13 that has al so entered the separation
vessel 12. The recycle liquor 13 preferably

i medi ately heats the feed stream 11 and t hereby
Thasssour he géaadtesitbyethmﬂashlmg)feled rstipanil flpwsrout pEisR separation

?I%Sts%tgla%]lgﬁ ?H%gg et gh%n%%gﬁc’ t‘lrhﬁ?fY:Qg]ot:r Mal § ‘é¥§énﬁal I%JQJIIds unless

r e€am of sep ara Ion ves
thetk issignificant caglyeverst seaitpaiticjescrr éqluld araplety nto the vapour
separation vessel 12. The vapour 14 generated by the
flashing feed streamfl ows out of the separation
Selﬂr&eﬁnddnvap@ised Higuid wollext irclivpichedol 16 in thei Igwardmbﬁgf the separation

cont gi,n I I

gela ﬁﬁgr ila%ﬁas a\hp%o%/%lronq g'llrarg I ?cﬁ%cféiﬁu‘é%etéﬁt tré Iqulccjj pool is
dmmpdaﬁds*nalnly@f tHﬂaehlgtmcmlhng point IquId components. A recycle liquor 13, is
drawn from the liquid pool and enters the recycle circuit 17 where it is pumped by the

recycle pump 18, heated by the recycle heater 19 and mixed with the feed stream 11
as described above.

The liquid pool 16 in the separation vessel becomes saturated with dissolved solids
and remains saturated or super-saturated and laden with solid matter for normal
operating conditions. The dissolved solids carried into the separation vessel by the
feed stream 11 continually precipitate typically in the form of crystals and add to the
quantity of solid matter already present in the liquid pool 16.
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Solids and unvaporised liquid collect in liquid poo
16 in the lower half of the separation vessel 12. The

Wo b@shomapori sation that has occurred ensures POENZ2(08000077
l'i quid pool is conposed nalnl of the higher boiling
poi nt |iquid conmponents. é%ycle l'iquor 13, is drawn
fromthe liquid pool and enters the recycle circuit 17
where it is punped by the recycle punp 18, heated by
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IS Lar

E@n FW?V&YWE Eg ﬂWengqln(\)lgylvef’rfe%ps 23 HR% gmi gﬂ“?‘?u% %E Pé?ﬁ*gha fhto the

dufit golrintigt tank2@. the recycle circuit by the flow of

recycle liquor 13, conveying neans 2 1 is connected to

section 20 of the separation vessel, solids collection
lhamlssnag friom thesapartiiah vesstht? and intet com/eym@ meany & thegsolid matter

567 B FrgiFaiarier bt Pregao RU iR 313 4R o SRR ke
ceveyinyg n@raeal As thehsolidirhatter phssdsaalgigatbe senveying rdearspthedorine
s SRLEER DS ol RsRba R PEpERLLEL et wi
thedotid mattghandislodks itsduiieratedcentisoch thet el igonly a negllglble
GBouior peenEtifEmelith BERIASLAROMS B pEPACR O

matter drags or ot herW| se carries some process liquid

l}&he[ fﬂees% végita@sahlg ss' R c%rspr%ecf F(?nec%ﬁg x4 %nﬂmatents then

asses a he conveyi'ng
theesebaration ﬂesscél dmﬁsermtaade dlsspﬂmdesvh!dh\ea $Ldt§§al"¢!élrm@ntlty of solid

Bete e St g Ihsh BemBURpChd e PG Elei ot 1R 1eBE cases solid
tria&eemcsmmﬂdtgs ® apegtxlrgaﬂelydhamatdeglfeepn bolbdhe semﬁjaf@n vessel

%ﬁ]ﬁl g)(qﬁ ﬁrtgjﬁ gbgghlg Vet Hhpls) d& a‘latt%tot &ergyo%@ from the

as deéscri be
re&_?/ae ciroalt Arxdér mcﬁmirmttlhmenana;mepaseltmmmeﬁ@ées sigdassto that

a%sqng J5h Rers cted%g thvB p‘éﬂg‘?gbl’% WSS AR bbibn Gk fatdolids Bben liquid

in the separation vessel and/or the recycle circuit is introduced into the top section of a
brine filled conveying means that enables solid matter to move into and through the
brine and into a brine filled solids collection tank. As described above the brine dilutes
and displaces the less dense process liquid that is being carried with the solid matter
and blocks its further descent such that there is only a negligible amount of process
liquid entering the solids collection tank.

The relatively high density of the brine is an important factor in this invention that
impedes the descent of the process iiquid. This impediment to the movement of
process liquid can be made more effective if the volume of the system is “closed”,
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the separation vessel and the _recycle circuit and this
i nvention enables solid mattéP to be removed from the
recycle circuit and/or directly fromthe separation

e thallheedsit frotllé 6f silidinaeridl entehaithedsetids cdlledtiantank i

e ks o0 B RS wEeEuT in fpb ROVASE 17 ba gt up he
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t he i lutes an ess dense
SRt Maebs % darieEd pRlRg SR RasReifie; pe®sor i a
matt er and bl ocks its further descent such that there

| bl i j -
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Iidqemsmﬁowoofact tith layenef the miduriengi raceas liduid tod solid mhiter in the
nvention edes th :
PPN 8P a T ERY T R et BBt eeoE e SEREmater and
énycmoasbssaqubebonadi ehemetp droef the cesareoii ihta drel thodughwat east éportion
tem| ing that as each particle of
@g ?&%?%f ﬁ'@ﬁ'?@@a@he solids collection tank it
dlsplaces an equal volune of brine, which in turn has
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(é«hdwmtonm pipe”)it Ottter pa@%mans intludh @nra@se'nblmqf piges comprised of
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ause i s nore dense tha
sEotioess onk iog oriote spirada‘sécﬂmns \agleyorinmgre dhepds Ard/doanyeantbination
tgovegent of process liquid. The conveyi ng nmeans may be
- %ui t abl e means for bri ngi ng the second m scible’
I|qU|d into contact with layer of the m xture of

o BT mahly o e BlosdEh el pOiB mil deftither neieh (9"ding
suofacd anaset meneaalng neaays 0 theawavéyinmmgans (Hivdface erestincreaeing

dnd 53k 4k el R B RUARRIAS o RzofeP i pRcies surface

aren\alyrignehictesollsl mattes can mmvgmndvmhel mtacbwﬁbtf@eqsﬂcynd miscible
+ uﬁ'ned pi pe ("downconer pipe"). O her suitable nmeans

% ude an assenbly of pipes conprised of one or nore
hori zontal sections, one or nore vertical sections,

B j?rgélx WL & ke 0e ﬁtc%%g%g %na %{%noe[ddga ';c ﬁ:!réf@ red conveying

one or nore /or any
means is senes of inclined steps fitted inside a downcomer plpe

Other suitable surface area increasing means include inclining or making horizontal
one or more sections of the conveying means, and/or by fitting steps, bars, corrugated
plates, loose balls, other loose objects of regular or irregular shape, tower packing

materials or the like, and/or combinations thereof, into the conveying means.

One benefit of adding surface area increasing means is that the solid particles slide
along and/or tumble from numerous surfaces until they are collected in the solid

- collection tank. The process and apparatus can be further optimised by extending the
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thereof. The performance of the process or apparatus
may be further optim sed by adding surface area

WO p@sgesbng nmeans to the conveying neans. SurfBCBNaR®&/000077

i ncreasing neans may be any suitable nmeans of

I ncreasing the horizontal and! or inclined surface area

al ong which solid matter can nove and neke contact
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surfac rea | easi
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fzontal one or nore sections of the conveying
means, and/or by fitting steps bars, corrugated
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solid collection tank. The process and apparatus can

be further optimsed by extending thelength of the
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e are a eas her
Sraaleédlidpartivlesddi ng surface area increasing nmeans to

the conveying neans. Firstly the solid matter settles
towards the added horizontal and/or inclined surfaces

Sacbridlyenpreferes! degreg eftbinpling ofie selishaaitersanheastablishasdpuch

e P ot BpmeritE po i P brespn okt B 80 B 1 rpose

motd efithe bmmessahqwmtrapwedqmslde stscmlumpn éop the brine %‘éﬁb@%%@SS'St
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Thirdly the solids depleted liquid described above contains a higher percehtage of
brine, and therefore has a higher density, than the liquid beneath it that surrounds the
individual particles and/or pieces of solid matter that are sliding along the horizontal
and inclined surfaces. The force of gravity will encourage the relativély brine rich liquid
to descend and displace the relatively brine depleted liquid beneath it, which will
improve the performance of the process.

There are at least three further benefits in extending the contact timé between the
brine and the undissolved solid particies. Firstly this providés more time for nucleation,
crystal growth, particle growth and the like that can result in fewer but larger particles
of solid matter, which in turn typically have relatively less surface area to which
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portion of the small solid particles. Secondly a

preferred degree of tumbling & the solid matter can

be established such that |unps of agglonerated solid

pedeess liguid cmmm Laﬁgee pblmlee of G@Ilcgﬂat@a dr® lal%ls Rsxgikem E@ be
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out of therbringdiecalideysduiire chietide crystals dre@ep:cmﬂy fedativelyr la@etamd have
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the upvvard flow of brine in the convey| ng means.
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resen
%—)(‘E?@sﬁ llﬂrtiﬂ%lnaenttdmdhp sepastion ofguoakss fiquig ddmi sulit dieatien atay be

' h ne to
hlispi acbg/ és‘;a@f{g&lfdo}@e ‘E” g‘%@@ﬂﬂs\beﬁlf@r'g Negesgvar
qu’weylﬂ@me@e&taldr‘prwaﬁ!csmtmmatankol id matter, if present,
to be dissolved in the brine, which can cause sone
salt in the brine to precipitate. If such solid matter

T@e mavarhentfod sefidohatierajorgrtae Icomsaymgohwsonay be assistad, varied

i r
RS AP EASAE o SEASR S0 Bpepapane or o
Ysing one eanencaneliresishlemhveying Hevites, sech dhaugesd, Sorew conveyors,

\ﬁm{,ﬁf& (}F]g‘c,"%@rgidnbg%vgg Q5480 yo?gglﬁ% i ke precipitates

out ause so |un1c oride crystals are
typically relatively I arge and have been found through

/?rﬁ glg%é.tri'ag%r@\tmi c%ﬂvéy%r an Sgg%ufbﬁama% %ﬁt%n&mtﬁehleEgr}ihsof the contact

zone between the solid matter and the brine because the displaced brine follows a

helical path along the spiral flute of the auger against and across the flow of solid
matter. This helical flow path is typically many times longer than the length of the
auger.

When the solid matter reaches the solids collection tank it is substantially separated
from the process liquid and a mixture of solid matter and brine can be removed without
appreciable loss of process liquid and/or with substantially less risk of releasing
harmful substances into the environment. The mixture of brine and solid matter so
removed can be used, or it can be disposed of as is or in a number of other ways



It is known that ultrasound and simlar high frequency
energy can be used to clean surfaces. In this .
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matter may be inproved by app%ying such high frequency
energy to the fluid in the reServoir, conveying neans,
and/or salt collection tank. The novenent of solid
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determ ned that a small flow of br| ne up the conveying
20" RIS RO Uk s il LRI LB P A1 35500 Hatl Sonsistonty
reeesi intgculigiuid MDmmethafaQomtainsbprsgmasiaelg lessanddessf process
: ”am ne i s not necessary. For exanple, fresh water or

sea water can be added into the |ower part of the
solids collection tank where it wl I becone

Ao (S Bk SPLY08 Rl B Mg R

25 meNes thiougih thegorisef tktetbrme daecbaunstmduhed pigithe eulnhﬂnatter has
accumulated in a tank. In this case the accumulated solid matter may be heavily
contaminated with process liquid. When it is decided to remove the solid matter from
the tank, water or brine is introduced into the tank beneath the solid matter as the
second water miscible liquid. The water or brine is more dense than the process liquid

30 orit becomes such by dissolving at least some of the soiid matter that is in the tank.
Sufficient water or brine is added until the desired amount of less dense process liquid
is displaced upwardly and above any residual amount of accumulated solid matter in
the tank. Alternatively enough water or brine can be added so as to completely
dissolve all the solid matter in the tank while at the same time displacing the process

35 liquid upwards. In either case the brine and any undissolved or redissolved solids in at
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conveyi ng neans. A slow upward flow of the added brine

or "bieedback” will firstly Festrict and then reverse

t he descent of process |iquid wthout excessive _
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| east campartentson of the solid matter fromat |east a

portion of the second water m scible liquid. The

outl et means may be any suitabl e nmeans, such as a o
I & aleg tof o apmdréoated thatt tee proaensaf thf inventiopsloes aohaRRlY toriquids
f the solid ma r fr t | -
atbromnrdf o TrLOR L preSqRS i Rifinerplrd oridiens that exist
iBans tomelyingrmednstdneokigspentiaction tamic| ude any that are
suitable for the particular application. In nost
appl i cations carbon steel, stainless steel, ?I ass
This invention is well suited for processing ethylene glycol, diethylene glycol, and

triethlylene glycol. Although glycols are miscible with and heavier than water, and once
mixed with water they do not separate by gravity alone, it has however, been
surprisingly determinéd that an undisturbed layer of such glycol will sit on top qf an
undisturbed layer of brine. Furthermore, this separation of the glycol and brirIe will
persist for some time, with only a small degree of intermingling, provided that the
liquids are not vigorously disturbed. The density of glycol is typically less than 1.17
g/cc. The density of brine that is saturated with salt is typically over 1.19 g/cc. By
comparison the densities of ordinary tap water and seawater water are about 1.00 and
1.03 glce respectively. If the conveying means described above were to contain tap
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reinforced plastic, or suitable polyneric materials

are appropriate. It is to be appreciated that the
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to apply to process liquids that contain significant

quantities of solids, which $dlids; float or have

densities that are close to or below the density of
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process of the invention does not apply to liquids :

at .becaq solid or .non-f| ow
et TP BoB R fee TS Feiatcnek s Bhor (RaBISHEMSS, B known
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fmﬁﬂl suited for processing ethylene glycol, diethylene

9"col, and triethlylene glycol. Al though glycols are
m scible with and heavier than water, and once m xed

it h ter they.do not separ [ T
Aot s yort il 78 SEF b AP & RER YR ¥t o B embddiments
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some. time, with only a small degree of interm ngling,
provided that the |iquids are not vigorously

di sturbed. The density of glycol is typically |ess
than 1.17 g/cc. The density of brine that is saturated
with salt is typically over 1.19 g/cc. By conparison
the densities of ordinary tap water and seawater water
are about 1.00 and 1.03 g/cc respectively. If the
conveyi ng neans descri bed above were to contain
tapwater or seawater the heavier glycol would rapidly
sink through it and mx with it, and render the
process ineffective. Because glycol is mscible with
and nore dense than tap water and seawater, the novel
use of water in the formof a dense brine to assist in
separating glycol fromsalt as described in this
invention is an inventive step. Wiere in the foregoing
description reference has been nmade to integers having
known equi val ents thereof, then those equivalents are
herein incorporated as if individually set forth.
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1 A process to separate at |east a portion of solid
Cddibs: from a m xture including a process liquid that

.Is substantially mscible with water and the solid
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t he niligtidmweund taxthe perienlaf thd sblidmaateol | d matter into a
reservoir; d) introducing beneath the m xture a second

water miscible |iquid having a density greater .than
2he dénsrotgssdb seperaieraidesss alpodgiondf aokt mbiterirang aamixture including

| ea a .paortiqn i scible Lquid t
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wat er wriesain eepdsisage df the portion of second water miscible liquid through the
portion of the mixture of process liquid and solid matter displaces at least a
portion of the less dense process liquid bound to the portion of the solid matter.

3 The process as claimed in claim 1 or claim 2 which further includes the step of
removing the solid matter having at least a portion of the process liquid displaced

therefrom, from the second water miscible liquid.

4 The process as claimed in any one of claims 1 to 3 wherein the second water
miscible liquid is water that contains a quantity of dissolved salt such that its density is

greater than that of the process liquid.



4 The process as clainmed in any one of clains 1 to 3
wherein the second water mscible liquid is water that
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density is greater than that ?f the process liquid.5
The process as clained in any bne of claims 1 to 4
wherein the process liquid includes one or nore
gl ycolTee porress as niaingedhincamy@ins of olaimsot taw mbesein thegrocess liquid
r eof C
BRI ofte AL ol Gy 8 o riong ABoBp SR SorHier® il gffor
frixiomegthergo&ne gl ycol and/ or diethyl ene glycol. 7 The
process as clainmed in any of clains 1 to 6 wherein one
or nore nmechani cal devices assist the novenment of the
§ol i d Tiratpreness ks olaghed ineclaimciowberaimttbe oné ocmoreglycajaia selected

T RaPes B ARt HetRferk WS D1, Ny R G 1 requency

sound waves t.o assist the displacenent of the process
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pmctwamnaldevmsaasﬂlstrhlm mowmszntl af émb sabifl mmter troangh theesgcond water
migﬁl&iéﬁ igcl uding one or nore dissolved solids and a
process M quid that is substantially miscible with
wat er, the process including the steps of; rapidly

oi li [ I '
B! 1| e fodeb b Lalal & 3he 3 B4 P, PRy Rl 886 e sep o
epelyitbdigh frravenet $cwmwan/ea tg a$szst tmaadismlagenz@m@f the process liquid
RORIHE Soft MARGUA tnePlUboAd Rl IUabIBGLKAT ng_unvapori sed
process Iiqui precipitated sol md matter; -
collecting at least a portion of said residuumin a

i qui [
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feegupixtuse inshatingrong cgeswmlssebs(ed Agidsand etmomasdau@i that is

REBLEidNE miHitfe With SRR iRlor &E&ﬂLcﬁ&i r@%ﬁé S8 df. heat to
vapori se” at east a ort of t m Xt ure when

sai d heafteeidlykaiingl as fllaslqu@ rat lapet  prstigreeidaid feed mixtareeby

commi ng| %rrﬁ\gﬁr{besécld fet rﬂ&t@ﬁ% W/Qh Q%QSted ée{:}mé IRJSJB m in a first

beneat h at portion o resi
wat er i kResting gone pupraduced V@OO&W cﬁ@ﬁﬁ rteyldgur@am@wdmm unvaporlsed

the densph¥edfiighfdard EESitated solid matter;

collecting at least a portion of said residuum in a liquid pool in a reservoir;

- drawing a recycle liquor stream from said liquid pool;

- heating said recycle liquor stream in a second heating zone to produce a
heated recycle stream that contains sufficient heat to vaporise at least a
portion of the feed mixture when said heated recycle liquor and the feed
mixture are commingled in the first heating zone;

- introducing beneath at least a portion of the residuum a second water
miscible liquid having a density greater than the density of the process
liquid and

allowing the movement of at least a portion of the precipitated solid matter and

process liquid bound thereto from said portion of the residuum into and through

at least a portion of the second water miscible liquid, and wherein said
movement into the second water miscible liquid displaces at least a portion of
the less dense process liquid bound to the precipitated solid matter.



liquid and allow ng the novenent of at |east a portion
of the precipitated solid matter and process |liquid
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and through at |east a porti of the second water
m sci ble liquid, and wherein said novenent into the
second water mscible liquid displaces at |east a
10or t | Bre pbcedseas daimed énslainp P adishSurthejindudasithel stey af rrmoving
I

P 3Bl fooPh pfipl Bt FR Be RS TR GRSl TRetefrim, from
the eeswid wataamiseiblehliwichg at | east a portion of the
process liquid displaced therefrom fromthe second
water mscible liquid. 11 The process as clainmed in
tl ai nige lanocessaasmlellmedm cleinm 9ton elaire d b méneyin dhe srcopd prker

t ity is
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greates H@n|thajuof the E!_rQCGS‘&élqg\docess as claimed in any one
of clains 9 to 11 wherein the process |iquid |ncludes
one or nore glycols, one or nore al cohols, one or
21 nethe awdvsssrasaclwmﬁum eny pes etlaims? toHd Wheseladhe agocess liquid
ﬁkl@lbg@ﬁ &@E% dRchbs, WH Ean'&r% Q@oﬁtﬂ? oRE o RidPe Aiiifdl Snd/or a
are se te ro ethy ene gl ycol and/ or dlethylene
wixreltheredl. The process as claimed in any of clains 9
to 13 wherein one or nore nechani cal devices assi st
the novenment of the solid matter through the second

WAt er The Brocessas ¢lgimed. in eRinTH whesria e éne onnapregtysols are
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o app ylng requency sound wWaves to assist the

di spl acenent of the process liquid fromthe solid

Wt tefpd Erotcggs SE0EMA LAY ofEigifis™ ® 13 Wbédin e dvinore

paratus for separating a process liquid that is
mbbarzml davires aﬁsﬁ the movgreentwhinersolid giatigr Fhr%ah’rtée second water
{Phsolld matter and the process liquid the
apparat including (a) a reservoir to hold in use the
m xture of solid matter and the process liquid in the

'1 §Ser \‘ﬁé Hsc@@éjas B iR RY BNk %gclmtdof LKirABL iBclubiRg the step
base o e reservoir for bring |n?
of applying high frequency sound waves to assist the dlsplacement of the process

liquid from the solid matter in the second water miscible liquid.

16 An apparatus for separating a process liquid that is substantially miscible with
water from a mixture including solid matter and the process liquid the apparatus
including

(a) a reservoir to hold in use the mixture of solid matter and the process liquid
in the reservoir, and,; .

(b) a conveying means proximate the base of the reservoir for bringing the
upper layer of a second water miscible liquid having a density greater than
the density of the process liquid into contact with the lower layer of the
mixture of process liquid and solid matter so that at least a portion of the
solid matter passes from the reservoir through at least a portion of the

second water miscible liquid.



upper |l ayer of a second water mscible liquid having a
density greater than the density of the process liquid
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process liquid and solid mattgg so that at |east a
portion of the solid matter passes fromthe reservoir
through at |east a portion of the second water

MVsci Bhe abpaatud. b Tldined apgaimal @iwhiwh figrtharinaiuides apl cutlet means
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Podion ofithe setohdwster misxibi¢ liguid.of t he second wat er

m scible liquid. 18 The apparatus as claimed in claim

16 or claim17 wherein the conveying neans is a
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internally to include surface area increasing neans
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ereint ownconer pip €s a series
iadagied intérpalypadeaudesuriace aegssincreasing meana igseiont of a
plurality of |oose objects.
20 The apparatus as claimed in claim 19 wherein the downcomer pipe includes a
series of internally spaced apart steps, or an arrangement of a plurality of loose
objects.



