IMPORTANCE OF RHEOLOGICAL PROPERTIES WHEN DRYING SL UDGE IN A FIXED BED
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Abstract: Belt drying is a commonly used technolégyemove residual water from sludges.
An extrusion step is usually performed to produdayer of product with a high specific
area, allowing efficient mass and heat transfemwvéVver, when the sludge is too soft, the
resulting bed of extrudates is quite compact anaklyepermeable to hot air, giving lowered
drying rates. This study shows that both backmixang liming may have a positive effect
on the drying kinetics of wastewater sludges bezdhey lead to an improvement of the
rheological properties of the sludge. The increafssludge extrudates rigidity gives a bed
with higher permeability and enhanced exchange fare@aeat and mass a transfer, leading to
an increase of the drying rate. On the contrary,distructuring due to the passage of sludge
through a cavity pump was found to have a negatfext on the drying behaviour.
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1. INTRODUCTION

According to stringent environmental regulatiortss production of sludge from wastewater treatmdantp has
been continuously increasing worldwide for sevemars (Spinosa 2001). The management of these mgowi
amounts of sludge has become a key issue. Two nugjions prevail for sludge disposal after mechalnic
dewatering: energy valorization and landspreadinig. now well established that a thermal dryingeigtion, after
dewatering, is an essential step. By decreasingatiter content below 5% dry solids, it reduces rieess and
volume of waste and, consequently, the cost foag® handling and transport. The removal of wiatesuch a low
level transforms the sludge into an acceptable cmtifile. Furthermore, the dried sludge is a pathofyee,
stabilized material provided the temperature isidehtly high.

Convective belt dryers (Sevar EntsorgungsanlagemtSnEMO-procédé, Dry.R&X, Huber, ...) are commonly
used to remove residual water from sludges. A peihg system is usually employed to produce gresiubr
extrudates at the entrance of the dryer. The jadibtwet product is distributed uniformly on thdtpéorming a
fixed bed whose height depends on the belt spekd. structure of the bed, mainly its permeabilityd ghe
developed solid/air exchange area, has a direcaétnpn the performance of the drying process. Ahhig
permeability will reduce the pressure drop acrbssbied and enhance air circulation. High exchanggsaavailable
for heat and mass transfer will contribute in redgdhe required drying time. In some cases, theslelge is very
soft and pasty so that the resulting bed of exteslds quite compact and weakly permeable to hotAs a
consequence, the drying rate is lowered and thegltime increases.

This study shows two different ways of improving ttexture or rheological properties of soft sludgese first
option consists in pre-conditioning the feed byimixwith recycled dried product. This operatiorfrequently used
in the case of pasty products (Kudra 2003). Cariogrwastewater sludges, backmixing is mainly useavoid the
sticky phase that can produce damages in indimyetrrsl (Ferrasset al. 2002). However, backmixing is sometimes
used in industrial sludge convective belt dryersigped with an extruder as feeding system. The rekaption
refers to sludge liming, which is a widely usedofitzation method. Liming raises the pH of the gadAt a pH of
12 or higher, pathogens and microorganisms cantherénactivated or destroyed provided that adesmaixing
and sufficiently long contact times are realisecr&bver, due lime hydration reaction, its addit@mmtributes to



increase sludge dryness. Sludge liming can be peéed before or after the dewatering step. For jpnéxg, lime is
combined with other conditioners in order to enteadewatering while for post-liming, lime is mixedthvthe
sludge cake.

Even though the number of publications relatedeidual sludge drying has been progressively grgwince the
beginning of the nineties (Grutet al. 1990; Smollen 1990; Gross 1993; Vaxeladteal. 1999; Vaxelaireet al.
2000; Cheret al. 2002; Ferrasset al. 2002; Leonarcet al. 2002; Vaxelaire and Puiggali 2002; Arlabosgeal.
2004; Leonardet al. 2004a; Leonarckt al. 2004b; Leonarckt al. 2005), almost no scientific study dealing with
backmixing can be found. Similarly, although tlexttiring effect of liming is well known (Hikt al. 2005),
especially for landspreading purposes, its impattao subsequent drying operation has never beenlydeep
investigated until recently (Hurcet al.2008).

The present work aims to show that both backmixng liming can be used to improve the texture otigé,
leading to a decrease of the residence time in exiive belt dryers. On the contrary, the negatmeadct of a
pumping operation on the sludge texture, and care#ty on its drying behaviour is illustrated. Ammmvasive
visualisation technique, i.e. x-ray tomography haen used to quantify the structure of the sludgeueates bed
obtained at increasing levels of backmixing. Coapgtrometer testing has been performed on lime lesnp have
an idea of the cohesion and the adhesiveness shthples.

2. MATERIALS AND METHODS

1.1 Sludge samples

Sludges have been collected after the mechanicehtéeng step in three wastewater treatment plaM@&/TPs)
called A, B and C. Principal characteristics of 8ludges are listed in Table 1. The dry solids)(&®l volatiles
solids (VS) contents have been determined accoringtandard Methods (ASAE 1996). Before dryingdge
samples were extruded through a circular die ofib2 The influence of backmixing has been studieith siudge
A. The reference case corresponded to drying 1 fkgnibal sludge. Backmixing was simulated by auigli
increasing quantities of dried sludge, 0.1, 0.2, 0.3 and 0.4 kg to the initial amounkg) of fresh material before
extrusion. In this way, the same amount of waidsd removed was kept during each trial. The imfteeof liming
has been evaluated with sludge B. Pre- and posdlisamples were produced at an industrial levétimvithe
WWTP. Sludge C has been used to examine the effextpumping operation: raw and pre-limed sludgeas
were collected after their passage through a cauitgp used to convey the dewatered product to tmrsa

Table 1. Sludges samples and their characteristics

DS VS
WWTP Type of sludge Samples collected (%) (%DS)
A Anqerob|caly Raw dewatered sludge 12.5 65.7
digested
Raw dewatered sludge 32.0 413
B An;e;osli[)é%aly Pre-limed dewatered sludge (21% CaO) 39.1 ggg
9 Post-limed dewatered sludge (21% CaO) 38.2 )
Raw dewatered sludge 16.6 61.1
C Biological Pre-limed dewatered sludge (25% CaO) 18.7 41.0
Destructured raw sludge 15.6 57.0

Destructured pre-limed dewatered sludge (25% CaO) 18.3 41.5




2.2 Sludge dryer

The drying experiments have been carried out irseodtinuous pilot scale dryer reproducing mosthefoperating
conditions prevailing in a full scale continuoudtkdryer (Leonardet al. 2008). A fan sucks ambient air that is
heated up to the required temperature by a setecfrieal resistances. Hot air flows through thes bof sludge
extrudates which lies on a perforated grid linkedstales. In this work, we report on results otedi at
temperatures and air velocities close to 105 °Clafdn/s. No additional air humidification has besrried out.
During the whole study, the ambient air humidityswelose to 0.007 kg/KQary air At the adopted drying
temperature (105°C), the daily variations of thebmnt air humidity can be considered as negligiblee sample
was continuously weighed during the drying test imdhass was recorded every 30 s.

3. RESULTS AND DISCUSSION

3.1 Impact of sludge backmixing on the drying kinetics

Fig. 1a shows the drying curves, the drying retghe water content expressed on a dry basis, @ador sludge
A. The shape of the curves is classically encaedtevhen drying sludges in a convective system riaetet al.
2002). Three zones can be observed: first, a ptielgezone during which the solid temperature areddtying rate
increase and reach progressively their maximum eyakecondly a narrow plateau, during which thedsoli
temperature and the drying rate remain at theirimamx and finally a decreasing rate zone, duringciwhdrying
proceeds up to completion. A short constant rateogés observed for the reference experiment. Wémme dry
product is added, the constant rate period disappeapreheating phase followed by a long decrgadiying
period is observed. A positive effect of backmiiis clearly observed: the drying rate globallyreases with
increasing dry product additions. The ratio betwdlee maximum drying rates corresponding to theresfce
experiment on the one hand, and to the highest lvbackmixing, on the other hand, is equal to51.6The
corresponding drying time for the removal of 90%watter drops from 88 to 59 min.

25 - Increasing times 12— Increasing times
+ Reference {:\
= e+0.1kgDS £ 1.0+
= ++0.2kgDS_E
é O+0'3ngSEO8” *
2 o+0.4kgD¢ T .
Q * @)
S 5".{:,}‘ < 0.6 s
(&)} > é’
£ s - 0.4+ § °
> = .
a Sludge B > 0.2
()]
0 | w | 0.0 | |
0 2 4 6 0 2 4 6
W (kg/kg) W (kg/kg)

Fig. 1. (a) Drying raters.water content for sludge A at different levelsbatkmixing and (b) the corresponding
drying flux obtained by dividing the rate by thétia exchange area.

A rigorous comparison of the kinetics should be enad the basis of drying fluxes. Indeed, the @aldibf dry
product leads to an expansion of the bed of extasdaand consequently the exchange area increases. is
illustrated by Fig. 2 showing 3D images obtainedXbsay tomography. A quarter of the bed was nun@y cut in
order to see the internal positioning of the exaited. Figs. 2a. and 2b. represent the sludge dfedebdrying for
the reference experiment and for the addition afky of dry product, respectively. An expansiontlod beds is
clearly observed on Fig. 2b: sludge extrudatesamtea more individual character while they wereckttogether
before backmixing. . This observation can be eglato extrudates rigidification,e. reinforcement of sludge



texture, as the mean initial moisture content iases with backmixing. The influence of sludge dsgen the
rheological properties has already been reportedr{ardet al. 2004b). Bed expansion has been quantified by
analysis of the images obtained by X-ray tomografi@pnardet al. 2008). Results clearly show an increase of the
initial porosity and of the total developed exchamrgea with the degree of backmixing. Knowing tkehange area

of the wet bed, it is possible to estimate thergyiux by dividing the drying rate by the obtainealue. By doing
so, one can obtained pseudo-Krischer’s curvesgesepting the drying fluxs the water content on a dry basis.
Even though the exchange area evolves accordisgrple shrinkage (Leonagd al. 2004a), the use of the initial
area is a first approach to explain the influen€édackmixing on the drying kinetics. Fig. 1b shotimt the
maximum drying flux was almost the same for all éxperiments, from 0.8 to 1 g/dm2min. This is greement
with externally controlled heat and mass transfassdrying operating conditions were identical. e3é results
confirm that the positive effect of backmixing dretexperimental drying time is mainly related te groduction of

a fixed bed with enhance exchange area.
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Fig. 2. 3D view of the wet sludge bed (a) for thierence experiments and (b) for the highest lef/blackmixing
(Leonardet al.2008)

3.2 Impact of sludge liming on the drying kinetics

Fig. 3 shows the drying curves obtained with sluBgdt can be clearly observed that both pre- aost{iming

accelerate the drying process: for a given watetesd, the drying rate is higher when lime is addédreover, the
results show that this positive effect is even nmaegked in the case of pre-liming. For a sameahé@mount of wet
sludge, but different initial water contents, thgindg time required to reach 90 DS drops from 48.nw 27.6 min.
and 36 min. after post- and pre-liming, respectivel
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Fig. 3. Krischer's curves for raw, pre-limed andplimed sludges.



As in the case of backmixing, the positive effetctiming can be explained by the evolution of sladtpeological
properties. Lime addition increases the sludgesatid content, and consequently sludge rigidityd &ias a well-
known texturing effect (Hikt al. 2005). Besides an expansion of the sludge bésl)ikely that liming has also an
influence on the mobility of water. The differenicetween post- and pre-limed samples comes fronptihgping
step which is used to perform post-liming: as altethe texturing effect is partly destroyed.

3.3 Impact of sludge pumping on the drying kinetics

On the field, it is well known that the passageha sludge through a pump will change its mechamicaperties
and leads to its destructuring. Dryer manufactuaeesalso aware of the negative impact of pumpipgration on
sludge drying kinetics. In some cases, they areefbto recycle dried solids at the dryer feedingriter to recover
an acceptable initial sludge texture (Kreuzer 20B&wever, no scientific study can be found dealvith that

subject. Fig. 4a clearly confirms what is obserietlistrially. A strong decrease of the drying rigtebtained when
the sludge is destructured due to pumping. Forgiaaige, the maximum drying rate is lowered dowid tw/min.

Even though a decrease of the drying rate alsorsawith pre-limed samples, it can be observed thatliming

operation counterbalances partially the negatifecefdue to destructuring. This is confirmed by thiging times
required to reach 90% DS: it increases from 92.80@ min. after raw sludge pumping, while it inges from 58
to 115.5 min when pre-limed sludge was forced tghothe pump.

Cone penetrometer testing was used to have anoidéee cohesion (Hiket al. 2005) and the adhesiveness of the
samples. Results presented in Fig. 4b can be netexh according two different ways. First, the teixtg effect of
liming is confirmed by an increase of cohesion.delty, the destructuring due to pumping leads teerease of
the cohesion together with an increase of the addmsss. This reflects the visual stickiness charaof the
destructured sludge. Penetrometry results allowmterpret the observed drying behaviours: an mseeof the
cohesion will accelerate the drying process by omjmg the extrudate bed permeability while a inseeaf the
adhesiveness could slow down the internal transpiomvater. Nevertheless, results seem to indidad¢ & high
cohesion can partly counterbalances a high adhessge Indeed, destructured pre-limed dewateredystudry
more rapidly than destructured raw sludge, but {hregent a higher adhesiveness together with a&higthesion.
At the light of these results, some others testevperformed on post- and pre-limed samples pratifircen the
same raw sludge. Higher cohesion values were daatdior pre-limed samples, which in agreement with drying
results obtained with sludge B. This is quite ladjias post-liming required the use of a cavity pump
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Fig.4. (a) Influence of a pumping operation ondinging kinetics; (b) Influence of pumping on thehesion and the
adhesiveness of raw and pre-limed sludges.



4. CONCLUSIONS

This study illustrates the importance of sludgeotbgical properties when they are dried convecyival a fixed

bed. The texture has to be strong enough to prodiea of extrudates will high exchange surface &seheat and
mass transfer. Results show that backmixing anthgimare two options to improve sludge rheologicalperties.
Cone penetrometer testing seems to be a relevanaathrisation techniques to evaluate the rheddgimperties
as its response, in term of cohesion and adhesiseaftowed to explain the impact of both liminglatestructuring
due to pumping on the drying behaviour.
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