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FILTRATION AND EXPRESSION OF SEWAGE SLUDGE

E.J. La Heij, A.J.X. Herwijn, W.J. Coumans and P.J.A.¥. Rerkhof.
Deparzment of Chemical Zngineer.ng, Laporatory Icr Chemical Procegss Technoleogy, FTr-hal,

5600 MB, 2.0. Box 5.2, Zindheocven Jniversity of Technology, Zindhoven, The Netherlands.

Filtration and expression behaviour of sewage sludges are studied with batchwise filtravi-
on/expression equipment and the compression-permeability cell. Because there are porosity

the filter cake wnich change continugusly during =t:me, flow rata egquaticns,

Jradients .n
stressg balances, congtitutlve egquat.cns and zoatinuity equations are used to model cthe

filtrac:ion~ and expreds:aon phase. Th filtrarion~ and expressicn Dhase are modelled with

alast.ic material deformation and compared with exper.ments.

gram antitled "Future Treatment for Municipal

INTRODUCTICN

Waste Hater, RWZII 2000". Mathematical
A. 2r bhicchemical treatment, sewage 3ludge modelling and developing design and
needs to be dewatered. Mostly the dewatered Qptimization rules of process conditions is of
sludge i3 used directly for agriculture. great Iimportance o uanderstand fundamental
However due to severe legislation Linciner— aspects and %o predict final average porosi-
ation 18 more and more demanded. That means —ies (final dry solids contents) and dewater-
~o redure energy costs, 1t Ls desirable to ing times. To simulate the filtration and ex-
remove <the maximum feasible amount oy :the pregssion operations we used a compressicon-per-
dewatering stages. The dewactering 3stages meability (C-P) cell to cbtain permeapilities
are flltration Aand expressicn which are and compressibility coefficients. Humerical
normally carried out in £ilter presses and calculations based on these values are then
belt presses and to some extent decanter compared with batchwise filtration/drainage
centrifuges. Final average dry sclids con- and expresgion experiments.
tents are about 235-35 wt% for filter
nresges and 16-24 wc% for helt presses. OESCRIPTION OF THE TTLTRATION- AND ZXPRESSION
These data :nclude flocculants. Floczulants PROCESS
ar. used to Lmprove <the dewater:ng sehav-
icur. In the Netherlands mostly ZFeCl, in Tec model the filtratien- and expressicn beha-
compination with Ca{GH). for filter presses viour cf sewage sludge, attenticn must be fo-

and highly caticnocgenic polymers for kel:n cused 2on flow through compressible cakes. The-

oresses are used. Getting more insight into refore wWe need flow rate equations, sStress

the physical and physicoc-cnemical processzes balances, constitutive egquations and continu-

involved Iin =hese sludge dewatering opro- Lty equations. For the flow rate equat:ion the

cesses can nhelp to Lmprove the dewatering Darcy-Shiratc equaticon i3 used which takes

characteristics o2f existing techniques. A intn account that there is also solids move-

study of fundamental aspects of sludge ment. The constitutive equations describe the

relation between porosity, specific cake res-
permeability and the compressive

dewater.ng 1s carr.ed out at ocur labora-

tory, within the larger Dutch research pro- istance,

——— e ————
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Jressure. not useful. Therefcre <crapngfcrmaticn to solid

4e used =he fol.owing esmpirical. power Ifunc- sased or nen-d4imensiconal coordinates 18
~ions " : needed. Flltrat.cn .5 3 process wWnere a cake
) ‘ ouilds up, we =Tnerercra leed i MOVing dound-
e =e1 - 0,,/0,,7" (1) ary condition. If we nave a cake which 1Ls
drainad w~ith fluid, ~e Tall .t drainage and we
may <hange aquat.cn (1) into a solids based
Z =71 -5, _:"-1. (1) coordinate w:
14
w o= | leejax (4)
4nere J
Z = local porosity, (-] .
£ = local permeanilizy, (47 Transformaticn 2f eguat:on (3] i1nto a aolids
2,4 = compressive pressure, [Paj hased coordinare and void ratio @ (£/g,) Leads
L. = ¢gnstant, [Pa) ot
A, & = compressibility coefficients, [~ je
zy and X, are the DOrcsity and permeapcility ErE
respectively 4t zero CCMpPressive sressure ] . . (3)
2,20. These relat:ons are determined with AR SR o, oo ,g _ 985 e
Jw N L - de ow
che C-? zell. ; . )
Compination sf the {low rate equation, the with initial zondiricn for filtraticn:
stress palance, the constitutive egquat.ons
a =2 At T =73 (6)

and the continuity equations leads <o ~*he
following partial differentilal equaticen
{convection-diffusion typej’ , wnich das-

. ; g - i*io 3 €3y 3 .
cribes the change <¢f the peorosity .n <ime poundary conditions Ior Ilitration:

1 place .n a filter cake: e = o, AT W o= w, 27 (7
Je . e
o Tz
(3
a . . . e ';”1 -
—_ = l-E,i; O R S dog = ——— 0 - ., ., AT » = 2 s (8)
Gx . 7 Ps = Prid T G 37 A ) s
where
< = t£ime , [s] i s R .
n = permeabl.:ty flltermedium, [m ]
n = wvigcosity filtrate, 'Pa s) .
‘ . Ax = thickness fil.termedium, ‘m]
2, = density scolids, (kg a’) _ ) )
Diume = coOmpressive pregsure at filtermedium,
2 = density filtrate, ‘kg m?)
' ) ‘Pa)
o = gravity aczceleration, 'm s}
u = guperficial liguid velocity threough : .
= P q 7 Kl The initial condizicn for the expression phase
£i a i . a" - . . .
iltermedium, [a 3'] will be determined by the porosity/void ratio
profile art the end cf the filrration phase.
~ k 1% . - . . _ .
Secause dur:ng Doth filtrat.ion and sxpress Boundary zonditions for axpression:

Lon The <Zake structure Inanges cont.nuous-

~v, i direcz solut.cn <f egquation (I s

Y



de | ! at w = w7 {9)
Jw 7
2= 8Dyl at w =0 >0 (10)

Tha void ratio or porosity near the filter-

medium Wwlil remain constant during
expression and 18 derermined at the end of
the filtrat.cn Shaaa. The veoid ratci-

o/porosity, hydraulic and compressive pres-
gure at the ctop of zhe cake will change

continuously.

Wich equation {4] we can calculate poros-
ity, compressive-, hydraulic pressure pro-
files, the cake height and the superficial
liguid velocity as a function of time. With
a drainage and expression <ell we can
measure t“he cake heignt and superficial 1li-

quid velocity as a function of time.

In the derivation of =he above mentioned
equations, we made one lmportant assumpti-
on: the porosity &€ 1s solely a function of
the compressive pressure p, . This means

rthe solid skeleton behaves elastic; it

deforms instantanecusly at a given stress.

I there is a time lag =ao deform the solid
skeleton, the solids behave viscous; this
can be either vlsco-elastic or visco-plag-—

tic.
" EXPERIMENTAL

In figure ! a schemat:c diagram of the used

‘ ¢iltrartion/expressicn and drainage device

(inner diameter & com) The out-

13 given.
coming filtrate :8 collected on a balance

and the data are transmitted to a computer

which registrates time and filtrate-
volume, Before carrying out a drainage
experiment, a sSlurry of sewage sludge Lis
nlaced in <the cell and water £flows out
under gravity forces until a cake 1is
formed. Thereafter a llquid layer LS

nlaced on %aop 2f the cake (see figura 1) and
alr pressure wi.. fina.ly determine the draia-
age pressgure., [Or axpression experiments, a
cloged piston 18 placed on top 2f the formed

cake.
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Figure 1. Schemaric diagram of filtration/dra-

inage/expression devics.
PESULTS

In figure 2 the superficial ligquid velocity u,
vergus time for a drainage exper:ment .35 given
for a sludge flocculated with 11 wr% FeCl,/20
Wwt% Ca{0OH) on dry solids basis. On the basis
of C-P meagurements, results of numerical
calculations with elastic material properties
are shown in figure 3. It can be seen that
there is a discrepancy between measured and
caleculated time scales. (the ghape of <the

curves however i3 the same}. Calculations
that with increased medium resigtance
{in the mcdel the meadium

assumed to be constant) the

showed
during filtration
resistance was
time scale extended only a few seconds and
discrepancy between

could not explain the



supsrbicial iguid velouily u_{imis|

meagured and caiculated =~.mea. Therefcre
thia 4dilfference must pe Zue =S the fact
~hat =the peorosity £ L3 not 3olely a func-
zion 2f the compressive pressure p,. There
is scme time lag which impl:icates visco-
alastic or v7isco-plastic matarial behav-
Lgur.
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Figure 2. Superficial liquid velocity u,,
versus time, drainage experrment (sludge
flocculated with !l wrs FeCl, and 20 wty
Ca(QH), on dry selids basis; Ap=40 xFPa).
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Figure 3. Calculated superficzal ligquad

velocity versus time; elast:c material

propert.es.

~he average porosity of an ex-
flocculated
The

In figure 4
#L1th a sludge

Ca(CH).

SregsgLon experi.ment

WLth 5 Wtk TeCl,, 23 .ty »8 shown.

final egquil.brium zondit:cn, dniform porosity

st... nct reached aftar Swo hours.

profile, is
In figure 3 =zhe caiculated porosity profiles
based on elast:c material properties of the
axpregslcon exper.ment are 3jhown. The uniform

DOr9s1ity proille .5 iLir=ady reached after = 10

minutes.
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Figure 4. Average porosity versug time, ex-—

pression exper:.ment (sludge flocculated with 6§

wtd Fecl, and 20 wt% Ca(0H), on dry solids

basia; ip=500 xPa).
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Caiculated porosity prorfiles during
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Figure I.

express.ion phase;




This implies that there i3 visco-elastic or

vigco=~plasti¢ material Dbehaviour during

both the drainage and the expressicn phase.
vhe wvisco-al-

Shiratae et al.” investigated

asticity of clay 3suspensions with a Kelvin-
Yoigt model £for only the expression phase
and used analytical scluticns. To determine

the alastic modulus E and the viscosity of

skelertcn 75, a constant stress

jedel 3Qlids

censor (ccmprasaive uressure) L3 needed.
Howaver, because thare are always pressure
profi.es n the cake during filtra=-

tion/drainage and expression axperiments,
ir is very difficult to obtain E and »,.

T.drefore simple solutions %@ obtain elas-

tic moduli and viscositlies of rheological
modals (e.g. the Kelvin-Voigt model) must
be scught.

rlocculants have great influence on the de-

watering behaviour. Not only on the liquid

flow resistance put also on the visco-elas-

ticity. In figure & the effect of the con-
centration FeCl, on the average specific
cake resistance a,, [m/kg] is shown. This
a4, Lncludes liquid flow and the visco-
alasticity of the solids skeletcon. For
FeCl, this kind of curves can often be
f nd. For sludge flocculated with poly-
alectrolytes often an optimum <an De
found. Measurementa with the C-P cell
showed that there was hardly any change in
zhe g3gpecifi cake resistance when the
flocculant dosage was increased. However

I
filtrartion experiments showed an Limportant

change in a,. Therefore the measured a,,

during a filtration experiment is often a

sum of Lliquid flow resistance and visco-

elasticity/plasticity.
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Figure 4. Specific cake resistance a, versus
dosage feCl, (on dry solids basis}.
SUMMARY AND CONCLUSIONS
Numerical calculationg based on alastic

marerial properties show discrepancies between

model and experiment. This is for both the

drainage- and expressgsion phasa. The equilib-
rium condition after drainage (hydraulic pres-

sure at filtermedium equals zero) and after
expressicn (hydraulic pressure through all the

cake equals zerc, uniform porosity profile)

establishes very slowly.
the filtration/drainage-

This implies that we

and

need to model

expressicon jhase with visco-elastic or visco-
plastic material deformation and that it will
cake long dewatering times to reach high final

dry soclids contents.

Further, floccculants have great influence on

the dewatering time. Optimum conditions lead

to low cake resistance and low visco-elastic

material deformation.



jreek

IOTATION

wold rat.o =

elagt:c modulus [Pa]
gravity acceleration (m 37)
permeapil.ty (o]
permeanility at p,=0 {m)
medium >ermeablilizTy (m)

appl.ed fl.trat.on or axpression

pressura (Pa]
hydraulic pressure (Pa]
compressive pressure (Pa]
:ompresslve pressure at w=0 [Pa]
congrant (Pa]
time ra)
guperficial id velocity (m 3"}

liqu
guperiicial lLiguid velocity =zhrough
filtermedium m s

distance .n cake setween O and H(t)

thickness filtermedium {m)
symbols

average specific cake resistance
during f.ltration exp. 'm kg
POrosLty (=

poresity at =0 f
golidosity T=
compressibility zoeffic:ient =
viscosity Illtrate [Pa 3]
viscesity solids skeleton (Pa s}

compressisility zoefficrent (-1

density Ii.ltrate {kg m”}
density sclids kg m’!
solids materral ccordinace 'm]
max.mum solilds coordinate [m)
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