-, We3eKH, "N6BT/ 4 28, MULTI FUNCTI ON TEST CELL FOR CAKE FI LTRATI ON

STUDI ES FI ELD OF Tﬁﬂﬂ“Mﬂ[%lmuati on i's a process for separat]

susp€nded solids fro . Cake filtration enploys the go%sidcbgike

formed fromthe settl ed®®®id as a filter nmedium An understanding of the
5 filter cake properties, nanely the |local porosity, perneability and

conpressibility) the constitutive relations for dependence of these

guantities on the applied pressure) and the solid matrix stresses are vital

to the design, operation and optim zation of cake filtration processes.

Thi s invent i MULSIRYNETIONGRES P $& et FOR CAKFhEILIRATEN §d{UHaSnat i on of

filter cake properties 10 such as porosity, perneability and

conpr esiRid | articularly, the invention relates to a

mul ti fulﬁf(??‘l]%?l%/rgs n@eY]?ﬁmﬁei n cake conpression, |liquid perneation and

constant pressure filtration tests can be carried out. BACKGROUND OF THE

| NVENT| Eratiohli€a prieassafbtisephifacng sisperided selalz1ir@s 8 iliquidp alake didirdtioh\entp@dyls ( Or

C-P cell) has been used to 15 study the effect of applied pressure on the

por osi t §1e pAEpussaks farmed deoing theretled splihas arEilen mediym. oAn yndespandiag pbthe il ter

cake. In.,the_past xper i negnt al di es..on Lde. ran of rial.s and
conaPt i Qe RabE BlopefitBameR, fe 50 dordid penlhbiyy ABP Sofpredibii ot

Sever al ¢dRIRKIE trelufiGH foridBpdrRBndeNofGhEseCqlahtiti@se e dppied prRefurbOhmi 8¢ out,
including the effects of side-wall friction and cake i nhonogeneity. In

addi t i osplidt iatrixxsiressesgue ltalt todhe Betigmerperasiodi and opsiniizatipo of cakefibsdtionand i n
actual cake filtration operations has not been satisfactorily established.

I n spit &%Fthese difficulties, CP cell results have been used extensively
in the design of filtration processes. Advantageously, the invention

provi degh@nnwipAsh adlikes tat apparnRefoll BRrédiseickdri®iftion OF fRSr eike prépertickel |, as
a variable volune filtration chanber) and as a device for neasuring wall 25

fri doi osnchxesrpogasityy parri¢abildy apdlkempmssibility.eandi ororepamicaldvianthegiovension
provi des neans for..the precise setti or determ.nation of applied and
r ansm (48t Brengifuctebies ol Syikaen sk ompRnbRr 1 Brieaion 110 crsies
28~" Miiére%&ﬁg’ filfation tests can be carried out. v

BACKGROUND OF THE INVENTION ARG

*1AARTAR*

The apparatus known as the compression-permeability cell (or C-P cell) has been used to
15 study the effect of applied pressure on the porosity and specific resistance (or permeability)
of a compressible filter cake. In the past, experimental studies on a wide range of materials
and conditions have yielded constitutive relationships for filter cakes. Several inherent
uncertainties in C-P cell results have been pointed out, including the effects of side-wall
friction and cake inhomogeneity. In addition, the exact correlation between conditions in
20 a C-P cell and in actual cake filtration operations has not been satisfactorily established. In
spite of these difficulties, C-P cell results have been used extensively in the design of

filtration processes.

Advantageously, the invention provides an apparatus that can be used at different times as
a C-P cell, as a variable volume filtration chamber, and as a device for measuring wall

25 friction exerted by a filter cake.

The invention also advantageously provides means for the precise setting or determination

of applied and transmitted pressure, cake displacement, chamber volume and filtrate



flowate . Oxher features and advantages of the present invention wll
becone apparent fromthe detailed description which follows. & NwﬁﬁaggF THE
I'NVENTI ON 5 According to one aspect of the invention there 28 b@

mufti functional test cell for conducting filter tests and for neasuring
conpressibility and perneability of a filter cake material, said test cel
conprising: an upper piston; a conplemntary |ower piston; and 10 housi ng
means for housing said upper and | ower pistons, said upper and | ower

pi st onsfleefateni ng a test chanber, wherein said upper piston is adaptable
between (i) a first filter test configuration conprising a shiny inlet and
aliquid outlet for filtering a slurry in said test chanber, and (ii) a

second PBpleatdtes andadvayagesed n%lﬁtﬂrﬁefly invgaior, yiM ibgermg ABRATPH (TAMcHesai d
upper p&é‘i&lféﬂ &Qme)éd&e‘%%@lg&wd inlet and a distributor neans for
or ne

conpressing a ter cake in said test chanber and
subsequently neasuring its perneability. According to another aspect of the
i nvent i SUMMARY OF PHEVMNIENEIOMt hod for determning the perneability and
conpressibility of a medium said nethod conprising feeding a slurry of

t he diuminto a er of*~a test. cel t co essur to form
11 Bt ehbcanea fiigobe<Eal Brvimiion hias Grovidetce O hievelhl & eef et | 20
conpr i S&&au@tmguﬁre&rte&g 3he or Red30ARS B5M ésnem,{;pmrpe%ém%m FWnhgueiay means
for housing said upper and | ower pistons, sai'd upper and’| ower pistons
def i ni ngawesial) stidd¢st célbodmprisivgher ei n during sai d feeding step said upper

pistonis inafirst filter test configuration; continuously neasuring
filtrate vol une eﬁ??@%ﬁpﬁﬁﬁh1an outl et of said test chanber during said

feedi ng; 25 once %@ Ehkhﬁ& ? g?) 5. Regn forned, adapting said upper
pi ston to a secon re55| |I| 9 est conflguratlon conpressi ng said

formed filter Cakﬁomﬁm§maﬁﬁaﬂﬂmnﬁﬁ§§um&pmﬁﬁmibﬂétﬁgnhﬁ&&d@@bmﬁmamhMQn of
sai d upper piston during said conpression to deter mne variation in filter
cake t hPistenadefinipg tesy qlﬂéméerr, Wheresall wpepnEeR isgdaptablobetiyeqiy) aipsfilter

test configuration comprlsmg a slurry inlet and a liquid outlet for filtering a slurry in said test
chamber, and (ii) a second compressibility and permeability test configuration in which said
upper piston comprises a liquid inlet and a distributor means for compressing a preformed

15 filter cake in said test chamber and subsequently measuring its permeability.

According to another aspect of the invention there is provided a method for determining the
permeability and compressibility of a medium, said method comprising:
feeding a slurry of the medium into a test chamber of a test cell at constant
pressure to form a filter cake having a determinable mass of said medium, said test cell
20 comprising an upper piston, a complementary lower piston, and housing means for housing
said upper and lower pistons, said upper and lower pistons defining said test chamber, wherein
during said feeding step said upper piston is in a first filter test configuration;
continuously measuring filtrate volume emitted from an outlet of said test
chamber during said feeding;
25 once said filter cake has been formed, adapting said upper piston to a second
compressibility test configuration;
compressing said formed filter cake at constant pressure;
monitoring vertical position of said upper piston during said compression to

determine variation in filter cake thickness with time during said compression.



-3 Furthernore, follow ng conpression of the filter cake in the nethod,
further perneability studies nay be conducted by feeding a Ibgwﬁg{# to the
test chanber at constant pressure, and measuring flow rate 8 Cﬁﬁ;i d
through the filter cake to enable the determ nation of the perneability of
the conpressed filter cake. S Although the neans for distributing the
liquid into the test chamber accordingto the second conpressibility test
configuration of tie upper piston nay be of any suitable form in a

pr ef er r Burthenmer, fellowing sompprssiopof therfiltas epke incthbe methosh, Grthes pgroagadbality
integrally co i ses, the distributor. ans, the distributor nmeans being

ol osed s AL ot ERCR b g ¥ o 45 Meest bl bt o RNy "open
when t h@esaPRE fRWSE@Nof the 1iquidBrei@s MR ak St StabRithe dCcRhRRASRABE the t hE

di stributor neans conprises a plurality of grooves on the |ower face of the

pi st on peFadability ef thacoinprdssed| fitqurcaker red enmbodi ment, the piston head is
adapted to receive a first insert to close the distributor neans and to

provide e liguid outlet qf the first.copfiquratioon, and a second insert
i oh 1 8l Feenuion gy B ot e Rl P n@rnd o B ke 15
conpri sgsmpressitiflyredt édnfipBratidf VP updd fidvh MhyPoSHPARY QlilablecRrAP§RIaNg, and
the second insert conprises a multi-orifice inSert plate having a plurality
of ori fpmgﬁslred![ fsmt{ddb?ttmgﬂheowet " rphmrsgmfpais?_athieuo?@lbad w:x'ﬁh intolgr?_llmcbmfg_riscs o
corrpresg.ll éf !"¥ ests in secon ﬁon IE’U‘%@ jon e multi-orifice plate
suppor t BeAigtipyir meang; Hn i meps being, CROsdWhSRA b UPRGE BN 15 dp the first
conpr essi, kb e i nel i tiQR. o Lskisp 20
o of er a8 ot Bl bl e SRR SRR PSR O i SRRl AkB oot
chanber Ptefereblyapie disttibutohenchmstonsprasebe phuatality g geaivps s siednwer fuee oéite cel |

pr ef er abl gmglorrprl ses control neans for controlling the vertical travel and
appl i edPF .@aé-f the upper piston. In a preferred enbodi ment the control
means conprises a |load frane device which is instrunmented for stroke,
travers : AL i : e
over prst ERuREE preffieeoditel, it BRI i AL SLEIIEE AT, e
t hr oughtd flesd hwdistiihusdromeanks And tpph etk liquith odileraifithet fdt tanfighradios | o
conprises a filter supﬁort which, in use, supports a filter nedium and a
li qui d 8utererd drsefiawhicht lgtest epenotle fdigbeier |mepnsd  Prederblyethecbitst dpgsaber .

r 28t" 2003 -4 .Th rdi f I QV. [ ri above
advgltr?t ag@éﬁfs‘ eg an%?«%% oﬁpg%%lg%?gﬁge i g&aﬂs&@@q I)Jgﬁcnés éaﬁ[}ltgpfglgdsg%rsgg(ﬁﬁl lb‘% S{ji on
tests asomplibesad niMIIBFES iildetti pidtcaRE inpes PRaBIidy fyorifecet ditfib@edRiVet fhes anpl e.
As discussed above in relation to the test cell according to the invention,
t he | owsurfyiestheneof.s Whesf eandbetingsenppoesseulityytests ipthe weond eenfigurdiion, theessur e

5 transm tted. .t hr h the | cell may.be nonitored to facilitate

cal cul at“?‘g‘ﬁ'o l,ﬁl(ﬁegf?ﬁ?upgpﬁgggﬁ%g%gﬁn P%étsi%wffrss% ““he test chanmber and the
filter cake in the test chanber. BRI EF DESCRI PTI ON OF THE DRAW NGS The
acconpamyhdid cEndudting comiléssibilay Steét GRNBOTBEAM b 24tdnC QRS tupheit pistorpart of
the description of the invention, illustrate enbodi nents of the invention
and 2fer \peeferablyxgsimgpirises 4reaig blepd whedhsinaklepir enwarpad énthie ¢¢st chambes te escope

under stgé)d howev r@ﬂ%fh‘ﬁ%{the drawi ngs are designed for purposes of

i |1 ust r AF95HegstyFha NELLOMPTESI% i tion of the linmits of the invention.

FIG 1 is a sectional view of the multifunction test cell configured as a
filtratifoR deasteliChileleribly fbofﬂfplrirsésaédr@m GhARDEsr edntioNingdlecveraéditBavelhfd 2 i S
a sectional view of a nmultifunction test cell constructed according to the
15 pr eseppli¢diosee ¢fthe vhparipiggon. hin & piefercasidmbpdinent ftlag cantred mepngycanbgyises

conpr essi on d perneabil.ity characteristics of a filter cake. SCRI PTI ON
G T R RN G e i) o, BN BRPeH (51 BERKO i aectBit ARt b ofhe 1 st
cel loof FlgelRN@Ntit RrpréBrrdl b teSwBLpisioh WikipbOfled BFA 108 kil ifSr meRbigyr ed
for use as gr??ﬁﬁ rlat irbcgn Erest vesse‘IN.Ewérlhe tegsi{pbce?lﬁfndi cated generall y by
20 r ef erpprasserenuarsmttedlBirouphnbe btver gistan.cyl i ndri cal vessel 12 an upper

pi ston 40 and a | ower piston 30. The upper piston 40 contains a slurry

inlet 4 dt t f th i St [ vi d ith di st.r.i but [
26 cons 118t REFBRCS cpmaRERent oy ggen coRpryr § i guPAEA IR Hotie, %' "

I nventi ol &Jfﬁea RRL ﬂ@@iﬁfx\, LAE 2 BRI oufleBioOAcififhed fhe IouticRFoMiddid &dm the test.
|nterchanggab e Insert plate 20 wwth a sharp orifice opening 44. The insert
pl at e 2Cchamb2b designed with a raised cylindrical portion surrounding the
central orifice opening such that when it is fitted into place, the
distributor region 26 of the upper piston 40 is closed off, thereby
allowing slurry to flowinto the filtration chanber only through the

central orifice opening. 28' n May 2003



-5 I'n typical operation and use of the enbodinent of FIG 1 the vessel 12
and lower piston 30 are fitted into place. Upon the support t,ﬂe ﬁ‘ﬁs
placed a filter nediumsuch as a circular sheet of filter pﬁger i he
sane di aneter as the piston. The position of the upper piston 40 is fixed,
t hereby encl osing between it and the | ower piston 30 a filtration chanber
18 of S known vol ume. The | ower piston430 contains a liquid outlet 32, and
a mufti-orifice support plate 34, below which is located a liquid

col | ect ilha m@lgimcel@ingétoshmhwynt@m atshiesosﬂ)bd dbdvie @dvantaggeusiyrmekes ihpessédde , with
a known nmass, concentration ntroduced l:lnto the fi Iﬁrati on

chanber @ FBYGHCARFANGRIEISPLF H ﬁolltﬂa%?“ %ﬁfsé‘f wg L @3 GepRResstpility; 3nd peomeaRility tests o

In the pracgediual sirhpib! ahk Acusiel idoRatd lrattt‘cﬁt & fhe' RbaEdICaBYdihp o fthe t €
medi um pl aced on the support plate 34, while liquid passes throug% to the

| i qui d dmmeingon,3the Iblwrv;oi;tunms gireferabtyr am@octedilhyca ddadatceli lsach ithati preesuird et 32
is measured continuously. Th soI d parti tq?agﬁvent aII build up to form
i

the f | tepsiied tygushyfhe oy b, lopiigre taie,calculation s Shesbstigss b
tinme, e I 4 er piston to
mark  heeR Y YRRt ?Q%f?%éﬁ@téite?ﬁ@%. e e ol et |y
detected by a sharp change in the filtrate flowrate From t he val ues of
filtrat BRIEAWMDESERIPIHIOMOH THE DRASEINGS sol id particles in the filter cake,
the cake specific resistance (or equivalently, its permeability) can be
eval uat eg. B varyin the filtration.chanber vol une i nvestigating

the diff oFpARNg SRl INgY WRICN 3t iRqarperated JRio gl F??SF‘“’(‘%@ P (A EF on
chamber dtétnpthﬁ of ERh e at,%le%ratéﬁsgtddutl@t 6P SRR Ao ARAY SR Phairt ME | NG
the filtratiron test as ofescrl ove etransmtte pressur

| ower0 piginoiplesaf theinvesmur ddisty be hedére@dd delwevds that e dtawirgs ancdesigicneen
the values of set pressure of the upper piston and the transmtted pressure
at the |fonBwrpgsasifrllpsteiionealya 2pdagiAse dafinitin of fhe Himits of S invertion. o
friction between the filter cake and the wall of the test vessel 12. The
actual 25 TeARAIIES IULEIFPAEL R AR BRG] tebd &l oAl UPH € ARE RATE
appropri ate nmean val ue between the set pressure an transmitte
pressure. Refeellrwidgfitteatioh Ghadbansdtvaeinble vohgerent of the present invention
is illustrated in which the test cell is configured for conpressibility and

perneability testing. The test cell 10 once ain consists of a cylindrical
vessel 12 houdthg isrieseghipnal vtﬁ%%%m’éﬁfaﬂelqndﬁ%rceﬂ.ceflﬁwcw accordm%) sy 2003

-6 T
const St i ng. ofttest SHeEhudl iy RSBt b iRl hE bofPlSeibt and

travel and apprinesbifligr darseteristies ofpfilterdakéon i s control | ed by a
comercially supplied | oad franme device which is typically instrunented for

ona ool PESRREP e LT e e s I R wEN TR T over T ond cel |16

is optional and this invention nmay be operated with or without it. In this
enbodi f L i i l et 22
by whi cre UiV an HERARA, of B DRI o Bt BRAKEH BF it Atidh e ' 22
acts as @il Buonfipufedrfoente appdiiration. tefthesdedt tThe toft delleindipped gebatalip bys, in
this instance, fitted with a nufti-orifice 10 support plate 28. The

di st ?Pbute&rewegmwrzlalq scongists of Reylindrieal|vegsel b amutﬁgeq PigiondtO; fdpe lower
distribu tdwr o i (o] st

cei 1 12 Ppi 1% rttie bl Moo RuCe ST bieD Ry Rhd iathoih SR IROA RS,

Wi th t hepsameddivaied elistabutbheegibs t1sN chiging Sofph asledlibelodvgrbbesmufihi thi i fi ce
plate 28. In typical operation and use of the enbodinent of FIG 2, the

col um 1gnb<mjmeewef the sinwentios, 3he hotom; of dbe jupper |B!SéR?e 40 Usofitted Wikl psor t

plate 34.i afllt L um r f I t, paper
Wi th t et e"ﬂr%t“ésuﬁ g’tehieaeg’u“g‘t o%"%% ?%’F?eﬂ’ éﬁof %Fﬁ?ﬁse&t’é é{ﬁ d

syst em anélgﬁear\ﬁ&ta &isddyipekiday pstipRe bRy kt@%\ﬂtrﬂ&ﬁﬁic@fo p&ithg dudadhhd cl es
inthe liquid to forma sSlurry, and carefully transferring the slurry onto

t he fil t evhemidis fitied intohgladee she ¢istributoThegibin qmqﬂ tphapest ipssters 4@id ylosd;moffl s by
no means restricted to) water.. 20 T i Sto t he ower ed ..nto
posi ti onﬂteﬁaé'oartﬁl’”é’é% S]’P%Fé( 9 flov ’(54%’8}}% ri“? Ei? 'Eiyéﬁr@Bﬁl%%}Ente“géfo‘ﬂb%essur e.
The vertbﬁa{m osition of the upper piston is recorded continuously thereby
providing a neasure of the variation of the cake thickness (and hence its
porosity) with the tinme during conpression. Wien an equilibrium cake
thickness is attained, the perneability (or equivalently the specific 25
cake resistance) of the filter cake can be determined by allowing liquid at

a constant pressure head to flow in through the liquid inlet 22 and to pass
through the corrpressed fllter cake and by rreasurl ng the flowrate of

. T 1 - o, L b N 1



‘cake and the wall of the test vessel 12. Those skilled in the art wll
appreci ate that the invention described herein is suscepti bl “ﬁﬁ 5
variations and nodifications other than those specifically SAPPHER%3 1t s
to be understood that the invention includes all such variations and

nodi fications which fall within its spirit and scope. 28tn May 2003 _g_
Clainms 1. A nmufti functional test celi5for conducting filter tests and for
measuring conpressibility and perneability of a filter cake material, said
t est celn typioalpopesitiog and nseipirhe embsediaent &6f BIG: dnht eessal B and lower pigioation; and
housi ng n%ans,for housi ng sai d upper and | ower gistons, sai d upper and

| oner pEtitied “&F@fﬂl‘ﬁ:ieng"lé’ntt@% PURPRELRIE 34 ihBlaggda Blisrgmedipm sugh ag dpireular

adapt ab i) jr f 4 f i-gur at.i {.Si slurry
ot oot G Rabri b refaine diqrhtr i3RE pAAL B bR STHRORRY Bt '
(i) a &@ixofivckds tepsbyeaicloking bytvaed ifaidrae iiver tpystdre30 a Cilpdtiogwhamb&ni§ 6f Whi ch
said_10 upper piston conprises a liquid inlet and a distributor nmeans for
conpP eskRayg ¥olymef ormed filter cake in said test chamber and subsequently
measuring its pernmeability. 2. A test cell according to claim1l1, wherein
said up I i i 1.Gh i ri said
i stri oo e pior SSREHE Raplbe 3230 Thl ot dh Rk pETR VB,

pi st on ivhichris $earkdfa liqiid coltdctign kedionoB6. and bei ng open when sai d upper
piston is in said 15 second configuration. 3. Atest cell according to

claim2, wherein said distributor neans conprises a plurality of grooves on
the | owdrslyrsy ef the sehid-Hapidsyeamps dpterest, with akpovaemassgoaeangation ebsalidaism 2,

wher ei n; Sg| ' 2A( ] apt e r ' i i nsert close said
Gistri bt oL RS by cBIARArd B GE I, B dch LR MEvilf
confmguE@km@., Irefhe pRoc SCEMiltrhtise rsélidr\fu'rﬁaeé £8\&BinePBY tteafilter Hiediun PAEQT
means. 5. A test cell according to claim4, wherein said first insert

conpr i ses the suppeyit @lage P4.i wlils inyed pagsesatheoughvd e kquidautet 32i fiheevobpenphg, and

whereingsai.d second insert .comprises.a multi orjfice insert plate.having a
ol ar ol 1 0004 BRFARCAL BRI BIPELSE0e Pndhbbl Bhlindotive r 166 soB BeFuedy' 0
accor di Bgeda@il§bAiimNup to Wha BleTilteaite 507 TR Chid@ER (RO Haka b Pibresad d

upper 25 piston conprises an air bleed which enables air entrapped in said

test chantbgime,gvenfualjyerchehimg dhaiodifice sperdigmdrb gy thd uppergistomter maki the end of

15 the filtration test. This instant is conveniently detected by a sharp change in the filtrate

flowrate. From the values of filtrate flowrate and the final mass of solid particles in the

filter cake, the cake specific resistance (or equivalently, its permeability) can be evaluated.

By varying the filtration chamber volume, and by investigating the different times required
for the filter cake to fill the filtration chamber 18, the growth rate of the filter cake can be
20 deduced.

During the filtration test as described above, the transmitted pressure at the lower piston can
be measured by the load cell 16. The difference between the values of set pressure of the
upper piston and the transmitted pressure at the lower piston provides a measure of the shear
stresses due to friction between the filter cake and the wall of the test vessel 12. The actual
25 mean pressure experienced by the filter cake would be some appropriate mean value between

the set pressure and the transmitted pressure.

Referring to FIG. 2 another embodiment of the present invention is illustrated in which the
test cell is configured for compressibility and permeability testing. The test cell 10 once

again consists of a cylindrical vessel 12 housing the upper piston 40 and lower piston 30.



+7., Atest cell according to claim1l, conprising control neans for
controlling the vertical 1 1 28tn May 2003 -9 travel and |.e rce of
sai d upper piston. 8 A test cell according to claim?7, V\he?gtir‘)rvagg%aéﬁ
control neans conprises a |load frane device which is instrunmented for
stroke, traverse speed and |oad hold. 9. A test cell according to claiml,
wherein said | ower piston is supported6éby a |load cell 5 for neasuring
pressure transmtted through said |l ower piston. 10. A test cell according

t o cl ai Mhe, uppbesigi PweapiohowlospiaPreforiieifilies ke 14 chhdistlg oF YPIRDpArtiviBS ch, in
use, supEorts a filter medium and a Ii?uid outlet to facilitate liquid

out | et PF 8ip Bafeaial ok intergstnhde verticalatrayal 1pod apphiedfaree of HanypPRaFPiston is

per neabi ] | C Sl b | ' . sl ng:
e ng aiish By HESAUE el Piaa JrafCievitk i Bits HbichRl iR 51
const ankrdie; tfdvefset PedDERA Balli HolE T THAKV R PG 3@ reked 6h M ARE eodibssl pf sai d
medi um said test cell conprising an upper piston, a conplenentary | ower
pi st én, wrch measyrasghertramssniftest loadu Jiba doweri laadqmibw srapticoalend shis investios ai d
upper and l.ower pistons de in'hr}g said test chanber, wherein 15 during said
f eedi ng "W %pgffge‘ﬁﬁ'bt PV E18h i scin a first filter test configuration;
continuously neasuring filtrate volune emtted froman outlet of said test

chamber 1glufié BEbSH@nf Safé REentIG EheSdiplr pistoh @0 oatsmshATURERITet 2O¥B%hich
adapting said upper piston to a second conpressibility test configuration;

20 conpliguii ean baiddlivasednt tie filterr cakak eAateperates opaningp e 26iras; amowiletoor ng
vertical position of sajid er piston duri .said c ession 1o term ne
Var i at | Gt e ofhe Siom o B helke Hutih oy B aiRig BRR I ubrBRe °1 A
met hag %ﬁ@zﬁﬂ blage 09, chil dkdibutdt F8PIbh Pend 1ELWPLR D ﬁllJ)WQHédinihg_tIR%uﬁﬁtcﬂ bk est
chanber at” constant pressure follow ng conpression of said Tilter cake; and
25 neasuistriputtd alroughaitahe satick Ciogusadtibhrodutd cghndtidal lteserceialke tAo fdwabl e
the determ nation of the perneability of said filter cake. .

medium such as a circular sheet of wetted Tilter paper with the same diameter as the piston

head is placed below the multi-orifice plate 28.

In typical operation and use of the embodiment of FIG. 2, the column 12 and lower piston
15 30 are fitted into place. Upon the support plate 34 is placed a filter medium such as a
circular sheet of filter paper with the same diameter as the piston. A filter cake of the solid-
liquid system of interest is formed by suspending a known mass of solid particles in the
liquid to form a slurry, and carefully transferring the slurry onto the filter medium in the test

cell. The liquid phase is usually (but is by no means restricted to) water.

20 The upper piston is then lowered into position to compress the pre-formed filter cake at a
constant set pressure. The vertical position of the upper piston is recorded continuously
thereby providing a measure of the variation of the cake thickness (and hence its porosity)

with the time during compression.

When an equilibrium cake thickness is attained, the permeability (or equivalently the specific
25 cake resistance) of the filter cake can be determined by allowing liquid at a constant pressure
head to flow in through the liquid inlet 22 and to pass through the compressed filter cake,

and by measuring the flowrate of filtrate collected from the outlet 32.

During the compressibility test and permeability test as described above, the transmitted

pressure at the lower piston can, once again, be measured by the load cell 16. The



- 13. A nethod according to claim1 1, wherein said |ower piston is supported
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test configuration comprising a slurry inlet and a liquid outlet for filtering a slurry in said test
chamber, and (ii) a second compressibility and permeability test configuration in which said
10  upper piston comprises a liquid inlet and a distributor means for compressing a preformed

filter cake in said test chamber and subsequently measuring its permeability.

2. A test cell according to claim 1, wherein said upper piston comprises a piston head
which integrally comprises said distributor means, said distributor means being closed when
said upper piston is in said first configuration, and being open when said upper piston is in said

15 second configuration.

3. A test cell according to claim 2, wherein said distributor means comprises a plurality

of grooves on the lower face of said piston head.

4, A test cell according to claim 2, wherein said piston head is adapted to receive a first
insert to close said distributor means and to provide said liquid outlet of said first

20 configuration, and a second insert which leaves open said distributor means.

5. A test cell according to claim 4, wherein said first insert comprises a single orifice
insert plate having a sharp orifice opening, and wherein said second insert comprises a multi-

orifice insert plate having a plurality of orifices distributed over the surface thereof.

6. A test cell according to claim 1, wherein, when in said second configuration, said upper
25 piston comprises an air bleed which enables air entrapped in said test chamber to escape from

said test chamber during compression.

7. A test cell according to claim 1, comprising control means for controlling the vertical



. 1096& ()-1096& ()-F F'1096& () - 1096& ()-; | <<=h== >aBbCl
10&F" 1096& () - &S1096& () - ! 0&YIA09B5& () - my" 1096& () - 9Y" 10%%& %ag %%@&' ()-
>i >>>0?$@ @EbC! 103, , 1096& () - 9(Z" 1096& () - 9$G' 1096& () - 3!
Z'109%& () - &2" 10%& () -t @ AADBj BBBBBaVK@ 10 105 105
105s: Y" 1096& () - 8S1096& ()-'#F4s$10%35&' ()-L, 24109%& ()-L.Z"10%& ()- BBBB
CCDJEVK@ 10 10nt 109& () - 9-

m' 109& () - 10% VR 0% () -3l 109& () - DFDDDEgE} EDEVK@ 10
10s10%g£f%‘)e .‘tﬂff@ﬂiz %? fﬁ%égﬁﬂ*é MRPET IS0’ () - 109%& () - 33109%& () - 3} EE$F| FF2G GdE
VK@ 10

10$10%3 () - " AQR& cb1) addordid® e hik 11 &%n@nd@bﬂ.@dﬁ&n&sﬁg 3Ry I PEREHHIEVK@
| 10 10.7109%& ()-, 10%& ()= 3+109%& ()-) 109%&' ()-' 10%&' ()-

109& () dditel whish SdEMK@erlal fb0Stroke] Geir{o speainidons K91d996109%& () -
4s$10%8' () - 8210%&' () - 931Z" 10%&' () - JKJaJJdEVK@ 10

109: m' 1Q%&' ( F" 0%&' ) -99610% /&' &210%&' () - L&<t 109&’ (
Nor mal * o et b peorR R ATARY > e Y P ol S’
" Headi nﬂ)r%?&]a%rmg"ﬁ@ﬁ@hfé&r@@kﬁted tﬁ%%%h QQdY(?\)],'&" ist&'x'?ad' ng 83]c" " Headl ng 93] c"A
"Default Paragraph Font."+57? 0123n 3VJ/yy! %*. 389:
>t @D} E} GHIK456789: ; <=>7?@ABCDEFGHI JKLI\/NCPQ?GTl mes New RomanAri al Couri er
New'h Rb®t EAttest\éll dBocding it claim 1 Agh@if)snid lowt (i 84 §GTBHsEs:

2
<=>?@\BCDEFCH JKLa Qxite %pport which, in use, supports a filter medium; and

a liquid outlet to facilitate liquid outlet from said test chamber.

11. A method for determining the permeability and compressibility of a medium, said
10 method comprising:
feeding a slurry of the medium into a test chamber of a test cell at constant
pressure to form a filter cake having a determinable mass of said medium, said test cell
comprising an upper piston, a complementary lower piston, and housing means for housing
said upper and lower pistons, said upper and lower pistons defining said test chamber, wherein
15 during said feeding step said upper piston is in a first filter test configuration;
continuously measuring filtrate volume emitted from an outlet of said test
chamber during said feeding;
once said filter cake has been formed, adapting said upper piston to a second
compressibility test configuration;
20 compressing said formed filter cake at constant pressure;
monitoring vertical position of said upper piston during said compression to

determine variation in filter cake thickness with time during said compression.

12. A method according to claim 11, comprising feeding a liquid into said test chamber
at constant pressure following compression of said filter cake; and
25 measuring flow rate of said liquid through said filter cake to enable the

determination of the permeability of said filter cake.

13. A method according to claim 11, wherein said lower piston is supported by a load cell,
transmitted pressure through said lower piston to said Joad cell being monitored to facilitate

calculation of shear stress between walls of said test chamber and said filter cake.



