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bstract

Oily sludge produced from a petrochemical industry was used to investigate the improvement of its dewatering properties. The oil content (OC)
nd the dry solid content (DS) of the raw sludge were respectively, 15% and 3.6% by weight. The capillary suction time (CST) and the specific
esistance to filtration (SRF) of the raw petrochemical industrial sludge were found to be 2000 s and ∼5.5 × 1016 m/kg, respectively. Conventional

hemical conditioners such as alum, lime, and polyelectrolyte, and less conventional ones like fly ash, gypsum, and bentonite were used in the
ludge conditioning studies. Conventional chemical conditioners gave better results for the enhancement of the dewatering capacity of the sludge.
he best result was obtained by using 0.9% cationic polyelectrolyte by weight, and a decrease of 99%–95% were achieved for CST and SRF,

espectively, when this dosage of cationic polyelectrolyte was used.
2006 Elsevier B.V. All rights reserved.
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. Introduction

In wastewater treatment plants, oily sludge is especially
enerated during the treatment of oily industrial wastewaters
roduced in many industries, such as petrochemical, food pro-
essing, and edible oil production. Although most of the oil
oats on the wastewater, a portion is carried into the sludge with
ettling solids [1]. The characteristics of oily sludge can vary
epending on the type of industry, the oil, and the wastewa-
er treatment processes used. Oily sludges, frequently present
n oil production or processing sites, contain different concen-
rations of waste oil (40%–60%), wastewater (30%–90%), and

ineral particles (5%–40%) [2]. Oily sludge contains a large
mount of emulsified, negatively charged oil droplets [3]. Oil
reates difficulties in the treatment stages of wastewaters, and
ubsequently in the sludge dewatering processes [1]. Therefore,
uitable sludge conditioning processes should be chosen before
ewatering operations.

Some researchers have reported that the freeze/thaw pro-

ess could be preferred for oily sludge dewatering [3–6]. As
physical sludge conditioning method, the freeze/thaw treat-
ent, which can significantly improve certain sludge dewatering

∗ Corresponding author. Tel.: +90 232 4127129; fax: +90 232 4531153.
E-mail address: nurdan.buyukkamaci@deu.edu.tr (N. Buyukkamaci).

a
i
[
t
i
b

304-3894/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2006.10.034
haracteristics, change the floc structure into a more compact
orm, and reduce the sludge-bound water content, is generally
ccepted.

Previous research has shown that chemical conditioning with
norganic flocculants improves oily sludge dewatering capacity.
wa and Jeyaseelan [1] have stated that the dewaterability of
ily sludges could be enhanced by addition of lime or alum in
he sludge conditioning stage. In their study, various digested
ludge samples from a wastewater treatment plant were used
nd the oil contents of some of the samples were adjusted from
.8% to 8.0% by weight by addition of engine oil. The opti-
um alum dosage was determined as 4% for these oily sludges

nd significant decrease in specific resistance to vacuum filtra-
ion was observed. The same workers found that lime dosages
anging from 6% to 10% had to be used to yield favorable char-
cteristics of the sludge for better filterability [1,7]. In another
tudy, the same researchers used incinerator fly ash from com-
ustion of municipal solid wastes as a conditioner for the sludge.
he optimum fly ash dosage was determined to be 3%–4% [8].

Physical conditioners, which are relatively inert materials and
re often referred to as skeleton builders, can also be used to
mprove the dewatering capacity of oily sludges. Jonathan et al.

9] investigated the effect of industrial hydrated lime and fly ash
o condition an oily sludge. By examining the sludge compress-
bility, these workers pointed out that conditioning with skeleton
uilders greatly reduced the compressibility and yielded a more

mailto:nurdan.buyukkamaci@deu.edu.tr
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igid and incompressible structure, capable of maintaining high
orosity during high-pressure filtration.

The present study focuses on the improvement of the dewa-
ering properties of an oily sludge, produced at a wastewater
reatment plant of a petrochemical industry, by the addition of
arious chemical conditioners at different dosages. The experi-
ental approach is to compare the effectiveness of conventional

onditioners (alum, lime, and cationic polyelectrolyte) versus
ather less conventional ones (fly ash, gypsum, and bentonite).
he efficiency of each conditioner is discussed based on the mea-
urement of capillary suction time (CST) and specific resistance
o filtration (SRF).

. Materials and methods

.1. The sludge and its properties

Oily sludge was taken from a wastewater treatment plant of
petrochemical industry located in Aliaga, Izmir. The sludge

ample was analyzed for oil content (OC), dry solids content
DS), CST, and SRF. The dry solids content and the oil content
n the original raw sludge were 3.6% and 15%, respectively, and
he SRF and CST values were found to be 5.5 × 1016 m/kg and
000 s, respectively.

.2. Analytical methods

Oil content of the raw sludge was determined according to
he Soxhlet extraction method for sludge samples in standard

ethods [10].
Raw sludge samples were conditioned using classical jar test

ethod. After the addition of a certain amount of chemical con-
itioner, rapid mixing at 200 rpm, and slow mixing at 25 rpm
ere applied for 2 min and 30 min, respectively.
SRF and CST tests were applied to raw and conditioned

ludge samples for comparison of dewatering characteristics
11]. SRF test was performed using a Buchner Funnel equipped
ith a piece of Whatman # 2 filter paper and 2 bars of vac-
um suction were applied. CST measurements were carried
ut by using a TRITON Type 304M CST-meter. SRF and CST
eduction efficiencies (E(%)) were calculated by using following
ormula:

(%) = [(X0 − X)/X0] × 100

here X0 stands for SRF or CST of the raw sludge; X stands for
RF or CST of the conditioned sludge.

.3. Chemical conditioners

During the conditioning processes, small and amorphous gel-
ike particles are transformed into larger and stronger aggregates
nd flocs get more porous and permeable to water flow struc-
ure [12]. Chemical conditioning is the more widespread method

nd alum, lime and polyelectrolyte are commonly used chemical
onditioners. In addition to these widely used conditioners, ben-
onite, fly ash, and gypsum, which are less conventional chem-
cals, were tried in this study. In order to increase sludge cake
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a
m
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orosity and decrease compressibility, these skeleton builders
ere added. Fly ash has been used for oily sludge conditioning

8], but bentonite and gypsum have not been used for this pur-
ose before; although some work using bentonite and gypsum
as been done on other types of sludges [13–16].

The bentonite, fly ash, and gypsum dosages used in this work
anged between 0.5% and 6%, 2% and 18%, and, 2% and 18%,
espectively. The amounts of alum [Al2(SO)4·18H20], lime
Ca(OH)2], and cationic polyelectrolyte added ranged between
% and 12%, 4% and 14%, and 0.03% and 0.9%, respectively.
oses were adjusted depending on the improvement of dewat-

rability of the sludge after the addition of each chemical. When
he dewaterability of the conditioned sludge decreased, addition
f chemical conditioner was stopped.

. Results and discussion

.1. Bentonite conditioning

Bentonite is a highly absorbent clay-like substance gener-
ted frequently from the alteration of volcanic ash, consist-
ng predominantly of smectite minerals. Bentonite’s adsorp-
ion/absorption properties are very useful for wastewater purifi-
ation. Another conventional use of bentonite is as a mud con-
tituent for oil and water well drilling [17,18]. The only study
sing bentonite for sludge dewatering is about the affect of low
emperature and additives on the dewaterability of coagulated
ater treatment sludges [16]. To our knowledge, there are no

tudies on the dewatering of oily sludge by the use of bentonite
n the literature.

Bentonite was the first conditioner tried in this study. Chem-
cal conditioning efficiencies obtained using different bentonite
oncentrations are given in Fig. 1. The results indicate that
entonite is not an actually effective conditioner for the dewater-
ng of petrochemical sludge. Minimum SRF (2.83 × 1016 m/kg)
as obtained using 2%, while the minimum CST (1460 s) was
btained using 1.5% bentonite; in other words, the decrease
n SRF and CST was 49% and 27%, respectively. Correlation
oefficients were calculated using MicroSoft Excel correlation
unction. The correlation coefficient between SRF and CST
esults was found to be very low (R2 = 0.59). Although high SRF
nd CST reductions were not achieved, bentonite could be pre-
erred as an auxiliary material to increase sludge cake porosity
nd reduce compressibility. However, increases in the amount
f waste sludge with the addition of bentonite should be taken
nto consideration [3].

.2. Fly ash conditioning

Fly ash is the residual waste of incineration processes and
f it can be used as a conditioner, it can serve as a zero-cost
aw material; and also the elimination of this waste would be
ossible in this way. However, the use of fly ash carries the risk

f a heavy metal release [3].

The conditioning efficiencies obtained by addition of fly ash
re given in Fig. 2. The optimum fly ash dosage was deter-
ined to be 10% based on the SRF results, while this dose was
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Fig. 1. Performance of bentonite as a petrochemical sludge conditioner.

% considering CST reductions. At these dosages, minimum
RF and CST values were 4 × 1016 m/kg (E = 26%) and 1476 s
E = 26%), respectively. The correlation coefficient between

RF and CST in this case was 0.69. This is a little higher than

he case of bentonite application.
Hwa and Jeyaseelan [8] have found that the addition of fly

sh produced in a municipal solid waste incinerator decreases

Fig. 2. Performance of fly ash as a petrochemical sludge conditioner.
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he specific resistances and CST values of oily sludges contain-
ng 1.8%–12% oil when 3% fly ash was added. According to
heir studies, use of more than 3% fly ash, does not improve
ewaterability. They also obtained a decrease in the total sus-
ended solids, and an increase in the concentrations of toxic
eavy metals in the filtrate upon fly ash addition.

.3. Gypsum conditioning

Gypsum is another material used for sludge conditioning and
t is a common mineral in sedimentary environments. It is a

ajor rock forming mineral that produces massive beds, usually
y precipitating out of highly saline waters [19]. As reported
n the literature, gypsum serves as a skeleton builder, forming
permeable and rigid lattice structure that can remain porous

nder high positive pressure during the compression step after
he cake growth of the filtration, thereby maintaining the size of
he micropassages through which water is expressed [14,15].

The results of gypsum application for petrochemical sludge
onditioning are depicted in Fig. 3. A maximum of 44% SRF
eduction efficiency was obtained when 12% gypsum was used
SRFmin = 3.1 × 1016 m/kg), whereas a maximum of 32% CST
eduction was obtained using 10% gypsum (CSTmin = 1362 s).
or this application, the correlation coefficient between SRF and
ST was 0.47.

Zhao [14] reported that addition of gypsum as a skeleton
uilder can enhance dewatering capacity of the alum sludge by

ecreasing the cake equilibrium moisture content by 7.1%. In
nother study of this researcher, gypsum (CaSO4·2H2O) was
ntroduced as a physical conditioner in combination with a poly-

er for alum sludge conditioning. The study demonstrated that

Fig. 3. Performance of gypsum as a petrochemical sludge conditioner.
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raises the pH of the final products. Therefore, although lime is a
cost-effective reagent, it should not be considered the best and
unique solution.
Fig. 4. Performance of alum as a petrochemical sludge conditioner.

ater release was significantly enhanced by the addition of gyp-
um, which help or enhance the interaction between polymer
nd sludge particles and to build up a more rigid lattice structure
15].

.4. Alum conditioning

Fig. 4 shows the results of petrochemical sludge condition-
ng studies when alum was used. Alum was one of the best
onditioners and the optimum alum dosage for both SRF and
ST was 8%. SRF decreased from 0.5 × 1016 to 2 × 1015 m/kg

E = 92%) while CST decreased from 2000 to 600 s (E = 70%)
n this application. The correlation coefficient between SRF
nd CST was also found to be very high (R2 = 0.90) in this
ase.

.5. Lime conditioning

Lime, which is one of the more commonly used chemicals
n sludge treatment, since it is quite cheap, gave low SRF and
ST reductions as shown in Fig. 5. Approximately 38.5% CST

CSTmin = 1232 s) and 80% SRF (SRFmin = 1.1 × 1016 m/kg)
eductions were achieved using 8% and 12% lime, respectively.
he correlation coefficient between the two parameters was 0.54

or lime conditioning.
Hwa and Jeyaseelan [1] have also compared lime and alum
or the conditioning of oily sludge using CST measurements.
hey concluded that alum gave better results than lime in all
xperiments carried out with oily sludge containing 1.8%–8%
il. Similar to our results, alum gave better conditioning perfor-

F
d

Fig. 5. Performance of lime as a petrochemical sludge conditioner.

ance compared to lime in their study. It is also well known
hat the use of lime as a conditioning agent increases solids and
ig. 6. Performance of cationic polyelectrolyte as a petrochemical sludge con-
itioner.
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.6. Polyelectrolyte conditioning

Cationic polyelectrolyte is the most predominant forms of
rganic additives used in sludge conditioning [20–22]. The oily
roplet usually carries a negative charge; therefore cationic
olyelectrolytes can condition oily sludge by utilizing charge-
eutralization mechanisms [3].

In this work, cationic polyelectrolyte applications gave bet-
er results than other conditioners studied. With polyelectrolyte
onditioning, it was possible to obtain up to 95% CST and SRF
eductions as given in Fig. 6. CST decreased to 22.4 s (E = 99%)
nd SRF was reduced to 0.28 × 1016 m/kg (E = 95%) by the
ddition of cationic polyelectrolyte. The correlation coefficient
etween SRF and CST was about the same as the one obtained
y addition of alum (R2 = 0.89).

Zhao [15] applied the gypsum as an auxiliary conditioner with
polymer for alum sludge and efficient results were obtained.
imilarly, gypsum or other types of skeleton builders with poly-
lectrolyte can provide better conditioning performances for the
etrochemical oily sludge examined in this experiment.

. Conclusions

Conventional conditioners, namely alum, lime, and cationic
olyelectrolyte and less conventional ones, fly ash, gypsum, and
entonite, were examined for petrochemical sludge condition-
ng. Conventional chemical conditioners gave better results com-
ared to others. Cationic polyelectrolyte gave the best results
mong all the conditioners examined. Up to 95% CST and
RF reductions were obtained using this conditioner. Alum was
nother conditioner giving good dewaterability. The optimal
lum dosage was 8% based on the SRF and CST results. The
orrelation coefficients between SRF and CST were very low
or bentonite, fly ash, gypsum, and lime applications. However,
he correlation coefficients exhibited better agreement for alum
nd polyelectrolyte applications. Although bentonite, fly ash,
nd gypsum did not give good dewaterability, they can pos-
ibly be used as supplementary reagents together with alum
r polyelectrolyte. Hence, the conditioning efficiency of the
ombination of these chemicals should be examined in further
tudies.
cknowledgements
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