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Abstract

The treatment of spent oil-in-water emulsion (SOWE) from a non-ferrous metal-processing
plant by using aluminum sulfate and hydrated lime was studied in order to determine the
purification efficiency, optimize the operating conditions and scale up the treatment pro-
cess. The purification efficiency was estimated by comparing the compositions of the
SOWE and the processed wastewater. The treatment efficiency does not depend on the
type of mineral oil and filter aid. The optimum doses of aluminum sulfate and hydrated
lime must be experimentally determined for each batch of SOWEs, but the results ob-
tained at laboratory level are applicable at pilot level. The processed wastewater and the
filter cake from the process can be safely disposed into public sewage systems and at
municipal waste landfills, respectively. The purification efficiency was higher than 98%
with respect to total suspended solids, chemical oxygen demand and oil and grease, and
was comparable to the known treatment processes based on coagulation/flocculation fol-
lowed by sedimentation.
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Mineral oil-in-water emulsions (OWEs) are used in
the metal-processing industry as cooling and lubricating
agents [1]. They also have secondary functions, such as
to ensure the corrosion protection of both processed
metal parts and operating tools, and to provide assis-
tance in taking away metal scraps and chips from the
metal-processing area. OWEs help to improve the func-
tion of the tool and to prolong its service life.

OWEs can have the above-mentioned positive ef-
fects on metal processing, but can also negatively af-
fect the environment. During utilization, an OWE un-
dergoes changes under the influence of mechanical,
thermal, chemical and biological factors, is no longer
safe to be used because of reduced operating functions
and emerging health hazards and it must be replaced
[2,3]. Because of a small concentration of mineral oil in
spent OWEs (SOWEs), also known as used or waste
OWEs, mainly as a result of microbial contamination,
their regeneration is not recommended. Therefore,
from time to time or on every day bases, SOWEs are
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disposed from manufacturing plants into the basins as
wastewater, where they are exposed to uncontrolled
natural processes of destruction. Generally, SOWEs
contain residual mineral oil, tramp oils, greases,
biocides, emulsifiers, metal ions, other components of
original OWEs and the products of their degradation.
When irresponsibly and non-professionally handled,
SOWEs appear as environmentally hazardous
wastewaters. To reduce their negative impact on the
environment, SOWEs must not be discharged into sew-
age systems, rivers or lakes without previous extensive
treatment. Environmental and economical importance
of the pretreatment is extremely important due to the
impact of SOWEs on traditional wastewater treatment
processes caused by their volume and high contami-
nation levels [4]. The SOWE amount is estimated to be
more than ten times the worldwide usage, which ex-
ceeds 2x10° m® per year [5]. Greeley and Rajagopalan
[3] reported that eleven dollars would be spent on
management and disposal of SOWEs for each dollar
spent on purchasing OWE concentrate.

Different methods (physical, chemical and biolo-
gical) are used for SOWEs treatment before disposal
[5]. The most often used methods are vacuum evapo-
ration [2,6,7], membrane separation [2,8], chemical
destabilization/separation [2,8—10] and biological treat-
ment [11,12]. To achieve higher separation efficiency,
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coagulation pretreatment is coupled to deep bed fil-
tration [10], membrane separation [4,13] and vacuum
evaporation [7]. Treatment plants involving combina-
tions of physical and biological processes are also em-
ployed [5]. So far, the SOWE treatment studies have
been performed primarily at laboratory level, while
modular pilot plant for the treatment of oil-containing
wastewaters has been only reported [14].

Among the most common methods, chemical treat-
ment is frequently used because of its relatively low
operating costs, small capital investment and simplicity
[15]. This method can be used for volumes of SOWE
from 190 L per day to more than 3.8 million L per day
[16], but it is extremely economic for large SOWE vo-
lume producers, e.g., higher than 1135 m’ per day [17].
The treatment has three main phases [18,19]: coagu-
lation, flocculation and phase separation. Coagulation
is caused by adding a coagulant agent to intensively
agitated SOWE. The coagulating agent neutralizes
negatively charged colloids by cationic hydrolysis pro-
ducts and/or forms an amorphous hydroxide precipi-
tate, which drags down oil droplets, colloids, soluble
organic compounds and other impurities [20]. During
the flocculation phase, the obtained floccules grow
while the suspension obtained is moderately agitated.
Once the floccules have reached a size large enough,
they are removed from the water by gravitational set-
tling or centrifugation.

Chemical treatment usually takes place in batch re-
actors [19]. Strong inorganic acids (sulfuric acid), inor-
ganic salts (aluminum sulfate or chloride, ferric chlo-
ride, calcium chloride or sulfate) and organic chemicals
(ionic polymers) are usually used as coagulating agents
to destabilize or break SOWEs. Industrial chemical
treatment processes frequently employ salts for coagu-
lation [18,19]. Aluminum salts (sulfate or chloride) are
traditionally used as coagulating agents in emulsified
wastewater treatment. At the same salt dose, lower
values of the residual COD were achieved when a mo-
del SOWE (based on a commercial mineral oil Fesol 05
and Fesol 09, produced by FAM KruSevac, Serbia) was
treated by aluminum sulfate, and after that with ferric
chloride [21]. Aluminum sulfate has already been
shown to be effective in separation of oil and greases
from SOWEs via destabilization of oil droplets and
destruction of emulsions [22].

The present paper deals with chemical treatment of
the SOWE from a non-ferrous metal-processing plant at
laboratory and pilot levels. Aluminum sulfate was used
as a coagulant to destroy the emulsion while hydrated
lime was used as a base and a precipitating agent. Both
model and real SOWEs were used; the former were
prepared in the laboratory by emulsifying mineral oils
in distilled water, and the latter were taken from the
basin of the non-ferrous metal-processing plant where
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they have been collected. The attention was paid to the
effects of the coagulant dose, the hydrated lime dose,
the speed and time duration of agitation as well as type
and dose of filter aid on the efficiency of the SOWE
treatment. The treatment efficiency was estimated by
comparing the composition of SOWEs with that of the
processed wastewater. The main goals were to deter-
mine the efficiency of purification of both model and
real SOWEs by coagulation/flocculation, to optimize
the process operating conditions, to develop an effec-
tive chemical treatment of the SOWE from the non-
ferrous metal-processing plant and to get the chemical
engineering data needed for the design of an industrial
process.

MATERIALS AND METHODS

Materials

Two commercial mineral oils, Fesol 05 and Fesol 09
(FAM, Krusevac, Serbia) were used in this study. The
basic properties of the mineral oils used are given in
Table 1 [23]. Aqueous emulsions of the mineral oils,
used as models of the SOWE, were prepared by mixing
the oil with distilled water; the oil concentration was
10.0 g/L, if not differently specified. A real SOWE was
taken from the basin located within a metal-processing
plant (FOM, Prokuplje, Serbia). Floating tramp oil was
separated from the SOWE.

Table 1. Basic properties of mineral oils used [23]

Property Fesol 05 Fesol 09
Viscosity at 40 °C, mm?/s 29 24
Density at 20 °C, kg/m’ 915 950
pH Value (5% in water) 9.5 8.8

Aluminum sulfate, Al,(SO,)s-18H,0, p.a. or technical
grade, was purchased from Merck or Marking (Uzice,
Serbia), respectively; an aqueous solution, 0.75 mol/L
(500 g/L), was prepared. Hydrated lime, technical
grade, was purchased from Veljko Dugosevi¢ Co. (Ku-
cevo, Serbia). Celite filter-cel, Celite Standard super-cel
and Celite 512 (Celite Corp., Lompoc, USA) were used
as filter aid. Sawdust (common beech; particle size:
0.6—2.0 mm), used as a filter aid and an adsorbent, was
taken from a local sawmill.

Equipment

A jar test apparatus (Velp C6F, Italy) with six two-
flat-blade stirrers, having a maximum speed of 200
rpm, was used in the laboratory studies of the chemical
treatment of both model and real SOWEs. Glass beak-
ers (1 L) were employed as reactors. All experiments
were carried out at room temperature (about 20 °C).
Three reactors (5, 50 and 1000 L) equipped with stirrers
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were used in the scaling-up studies of the chemical
treatment of the real SOWEs.

Laboratory studies
Model SOWE

The model SOWE (0.5 L) was poured into a number
of glass beakers. The coagulant solution was added
while the emulsion was intensively agitated at 120 rpm
to favor the coagulation. In some experiments, the
filter aid was added immediately after the coagulant
solution. The suspension formed was agitated for 3
min. Then, the agitation speed was slowed down at 30
rom and the agitation was continued for 30 min to
favor the flocculation. Finally, the solid phase obtained
was separated by filtration under vacuum using a Seitz
K200 filter sheet. The filtrate was collected for
determining the chemical oxygen demand (COD).

Real SOWE

The real SOWE (0.5 L) was poured into a number of
glass beakers (1 L), and the coagulant solution and
hydrated lime were added while the SOWE was inten-
sively agitated. The effect of aluminum sulfate was stu-
died at doses in the range between 0.2 and 2.0 g/L at
the hydrated lime dose of 1.0 g/L. The effect of hydra-
ted lime was investigated at doses of 1.0, 2.0 and 3.0
g/L and at the coagulant dose of 1.0 g/L. During the
coagulation phase, the SOWE was agitated at 120 rpm

Table 2. Quality parameters of SOWE and processed wastewater

for 5 min. The resulted suspension was then stirred at
30 rpm for 30 min during the flocculation phase. The
solid phase obtained was separated by filtration under
vacuum using the Seitz K200 filter sheet. The filtrate
was collected for determining pH, COD, biochemical
oxygen demand (BOD), total organic carbon (TOC), oil
and grease and sulfates.

Scaling-up of SOWE treatment process

The real SOWE was poured into a coagulation/floc-
culation tank, and while the SOWE was intensively agi-
tated, the coagulant solution, hydrated lime and filter
aid were added at doses of 1.0, 3.0 and 1.0 g/L, res-
pectively. The suspension was intensively agitated for 5
min at the same agitation speed in order to enhance
the coagulation. The agitation speed was then slowed
down to favor the growth of the floccules formed;
sawdust (3.0 g/L) was added and the agitation was
continued for 30 min. The suspension was filtrated
under vacuum using the Seitz K200 filter sheet to sepa-
rate the solid phase (filter cake) from the purified was-
tewater (filtrate). The latter was used for determining
pH, total suspended substances (TSS), COD, BOD, TOC,
oil and grease, sulfate, aluminum, copper, zinc and
lead. Only the filter cake from the laboratory experi-
ment was used for determining moisture, ash, organic
load, copper, zinc and lead. The operating conditions
are given in Table 2.

Processed wastewater produced

Operating/Total volume of reactor, L/L

0.5/1 3/5 30/50 800/1000 .
Agitator type Maximum allowed
value
Working conditions Two flat blide Marine Ultra turex Marine
paddles SOWE
Agitation speed/Time duration, min™/min
Coagulation phase
200/5  Intensivly®/5 Intensivly®/5  180/5 Leskovac, Hungary
Flocculation phase Serbia [29]  [36]

Parameter Method 30/30 Slightly®/30 Slightly’/30  45/30
pH SRPS H.Z1.111:1987 7.6 7.5 7.6 7.6 6.9 6.5-9.0 5.0-10.0
Total suspended SRPS HZ1.160:1987 <1 <10 <10 <10 11,900 400 100-500
matter, mg/L
COD, mg O,/L SRPS ISO6060:1994 234 174 276 276 14,500 550 50-100
BOD, mg O,/L SRPS 1SO5815:1994 174 137 113 162 3,400 300 -
TOC, mg/L SRPS 1S08245:1994 118 100 37 176 2,400 - -
Oil and grease, mg/L SRPS H.Z1.150:1972 - 8.9 - 9.8 571 40 2-10
SO, mg/L SRPS H.Z1.131:1974 - 353 341 306 42 350 -
Al, mg/L SRPS H.Z1.115:1984 - 0.1 0.0 0.0 0.1 4 -
Zn, mg/L EPA 3051 A - 0.07 0.8 0.9 12.9 1.0/5.0
Cu, mg/L EPA 3051 A - 0.02 0.06 0.06 5.5 0.5/2.0
Pb, mg/L EPA 3051 A - 0.01 - 0.0 0.07 0.5 0.05/0.2

a b e .
Jar test apparatus; the agitation speed was not possible to be measured
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Analytical methods

The quality parameters of the SOWE, the processed
wastewater and the filter cake such as TSS, COD, BOD,
TOC, oil and grease, sulfate, metal ions (zinc, copper,
aluminum and lead), pH, moisture, ash and organic
were measured by the standard methods (Tables 2 and
3). The oil concentration, ¢, (g/L), in model SOWEs
based on mineral oils Fesol 05 and Fesol 09, was cal-
culated from the measured values of COD (mg O,/L),
using the following equation [21]:

COD=2393c,,

which is valid for ¢, < 5 g/L. To develope the above
correlation, the COD of the OWE of different concen-
trations (0.1, 0.25, 0.5, 1.0 and 5.0 g/L) was determined
by the standard method. The proportionality coeffi-
cient was calculated by the least squers method.

RESULTS AND DISCUSSION

Treatment of model SOWEs

Type and dose of coagulant and mineral oil, as well
as time duration and speed of agitation and the pH of
the solution, are expected to be among the key process
factors affecting chemical treatment of model SOWEs.
Since it was observed that model SOWEs were des-
troyed immediately after adding the coagulant to the
vigorously agitated emulsion [21], hydrated lime was
not included in these experiments. Also, the type and
the dose of filter aid were expected to be an influential
factor for clarification and sludge filtration stages of
chemical treatment of SOWEs, although it may be an
adsorption agent. The presence of a Celite filter aid had
a negative effect on the clarification of the suspension
of flocculated particles obtained by the chemical treat-
ment of SOWEs, but they had a positive effect on its
filtration [24]. The usage of sawdust in the treatment of
an OWE model by calcium sulfate as coagulant, oil and
COD reduction efficiencies greater than 99 and 95%
were achieved [10]. The use of bentonite and sawdust
is highly effective for the coagulation of oil in water,

giving removal efficiency of 92% or above [25]. The
above factors were optimized on the base of the re-
sidual COD of the processed wastewaters.

Influence of coagulant dose

The effect of the coagulant dose in the range
between 1.0 and 5.0 g/L on the COD reduction effi-
ciency from two model SOWEs (i.e., water emulsions of
Fesol 05 or Fesol 09, 10 g/L) can be seen in Figure 1.
Independently of the mineral oil type, the residual COD
in the processed wastewater decreased rapidly when
the coagulant was added at its doses up to appro-xi-
mately 2.0 g/L. At higher coagulant doses, however, the
residual COD was reduced negligibly. Thus, once the
model SOWEs were destabilized and the lowest resi-
dual COD values were achieved, further addition of the
coagulant did not influence emulsion destabilization.
The coagulation action of aluminum sulfate could be
explained by two distinct mechanisms [20]. According
to the first mechanism, the coagulant reduced the elec-
trostatic repulsion among oil drops, which could then
coalesce, grow in size and settle if large enough. The
second mechanism, known as sweep flocculation, em-
phasized the role of coagulant hydrolysis in alkaline pH,
which generated an amorphous aluminum hydroxide
precipitate. The coagulant floccules collided and incor-
porated with the majority of the oil drops, colloids and
soluble organic compounds. Once the floccules had
reached a size large enough, the floccules containing
the oily phase quickly settled after the stirrer was
switched off.

Influence of type of mineral oil

The two kinds of OWE based on two different com-
mercial mineral oils — Fesol 05 and Fesol 09 — are used
in different parts of the manufacturing plant, and the
SOWEs containing different mineral oils are collected in
a common basin. In order to test whether the type of
mineral oil would affect their efficiency, the model
SOWEs containing the two mineral oils (10 g/L) have
been purified under the same conditions (aluminum
sulfate, 5 g/L; Celite standard super-cel, 10 g/L) in tri-

Table 3. Results of chemical analysis of filter cake; means from duplicate measurements, volume of SOWE: 3 L; volume of
coagulation tank: 5 L; aluminium sulfate: 1.0 g/L; Celite standard super-cel: 2.0 g/L; hydrate lime: 2.0 g/L; sawdust: 3.0 g/L

Parametar Method Content Maximum allowefl concentration in Limiting value for sIudgeb, mg/kg
% mg/kg ground®, mg/kg

Moisture EN 14346:2006 48.910.4 - - -

Ash EN 15169:2006 33.910.4 - - -

Organic load® EN 15169:2006 15.3+0.3 - - -

Zn DM 0109 0.13540.005° 910 50-140 2.500-4.000

Cu DM 0109 0.04740.001° 320 150-300 1.000-1.750

Pb DM 0109 0.002+0.000° 13 50-300 750-1.200

pH ISO 10523:2008 11.910.1 - - -

*Directive EU 86/278/EEZ Appendix 1A; bDirective EU 86/278/EEZ Appendix 1B; “Based on dry filter cake; dBased on ash
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Figure 1. The effect of the aluminum sulfate dosage on the residual COD (model OWE, 10 g/L; agitation conditions: 3 min

at 120 rom, and then 30 min at 30 rpm).

plicate. The model SOWEs containing Fesol 05 and
Fesol 09 had the initial COD of 24,650+2,120 mg O,/L
and 26,145+1654 mg O,/L, respectively, while values of
the residual COD after purification were 523+41 mg
0O,/L and 726345 mg O,/L, respectively. The values of
purification efficiency of 97.9+0.4 and 97.2+0.3% were
achieved for the model SOWEs containing Fesol 05 and
Fesol 09, respectively. The effect of the mineral oil type
on the COD reduction efficiency was statistically tested
by comparing the two means. For both mineral oils, the
calculated value of t, = 2.16 were lower than the t-
value at a 99% confidence level and four degrees of
freedom (t = 3.75), showing that there was no sig-
nificant difference between the two means, i.e., the
COD reduction efficiencies for the two mineral oils
differed to each other by chance and not because of
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their different compositions. Thus, it was expected that
the COD reduction efficiency would not depend on the
fractions of the two mineral oils present in the SOWE.

Influence filter aid type

In the present study, three types of diatomaceous
earth of different particle size were used as filter aids,
namely Celite filter-cel, Celite standard super-cel and
Celite 512 (10 g/L). The model SOWE was prepared
using Fesol 05 (10 g/L), and the coagulant dose was 5
g/L. Approximately the same values of the residual COD
(16532113 mg 0,/L) were achieved in the purification
processes in the presence of different filter aids. There-
fore, in further studies, only Celite standard super-cel
was used, which has been recently reported [24] to be
the most efficient filter aid for treating the SOWE from
the non-ferrous metal-processing plant. Figure 2 shows
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Figure 2. The effect of the filter aid (Celite standard super-cel) dose on the residual COD (Fesol 05, 10 g/L; aluminum sulfate dose,
5 g/L; agitation conditions: 3 min at 120 rpm, and then 30 min at 30 rpm).
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the influence of the filter aid (Celite standard super-cel)
dose added initially to the model SOWE (Fesol 05, 10
g/L) in the range between 0 and 10 g/L on the residual
COD. The coagulant dose was 5 g/L. The residual COD
value decreased very slightly with increasing the filter
aid amount.

Influence of time duration and speed of agitation

Figures 3 and 4 show the effect of the time duration
and speed of agitation during the coagulation phase,
respectively on the residual COD after the chemical
treatment of a model SOWE (Fesol 05, 10 g/L). The re-
sidual COD did not reduce significantly when the time
duration of the agitation was increased from 1 to 8 min
(Figure 3). With increasing the agitation speed in the
range between 60 and 150 rpm, the residual COD re-
mained constant (525219 mg O,/L) or very slightly in-
creased from 500 to 550 mg O,/L (Figure 4).

800

Efficiency of SOWE treatment at the laboratory level

This study of the effects of the coagulant dose and
the pH of the reaction mixture on the treatment effi-
ciency has been carried out with real SOWEs in the jar
test apparatus. In conjunction with aluminum sulfate as
a coagulant, hydrated lime is often used in wastewater
treatment to maintain the proper pH for most satisfac-
tory coagulation conditions. Also, hydrated lime can
precipitate some metal ions such as copper, zinc and
lead and anions such as sulfate in the form of hydro-
xides and insoluble calcium compounds (calcium sul-
fate), respectively. Finally, hydrated lime can facilitate
clarification and filtration on pressure filters. Both the
clarification and filtration rate increased with increas-
ing pH, i.e., the hydrated lime dose, while the sludge
volume was reduced [24]. Also, the filtration properties
of the filter cake, such as porosity and incompres-

H [2]
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Figure 3. The effect of the time duration of agitation in the coagulation stage on the residual COD (Fesol 05, 10 g/L; aluminum
sulfate dose: 5 g/L; Celite standard super-cel: 10 g/L; agitation speed).
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Figure 4. The effect of the agitation speed in the coagulation stage on the residual COD (Fesol 05, 10 g/L; aluminum sulfate dose:
5 g/L; Celite standard super-cel: 10 g/L; agitation speed during the flocculation phase: 30 rom in 30 min).
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sibility, were significantly improved by adding sawdust
to the suspension of flocculated particles before fil-
tration, enhancing the filtration rate [21].

Influence of coagulant dose

The effect of the coagulant dose on the treatment
efficiency was studied in the range between 0.2 and 2.0
g/L. As can be seen in Table 4, with increasing the
coagulant dose, the COD, BOD, TOC and oil and grease
reached a minimum and then increased, probably due
to a re-stabilization of particles. The lowest values of
COD, BOD, TOC, oil and grease and sulfates were
achieved when the SOWE was treated at the coagulant
dose of 1.0 g/L. The efficiency of COD reduction from
the SOWEs was 97.4%, which was close to the effi-
ciency of the model SOWE treatment (under optimal
conditions about 98 to 99%). The efficiency of BOD
removal was lower (about 90%). At the coagulant dose
of 2.0 g/L, the residual sulfate concentration was higher
than the coagulant dose of 1.0 g/L. Therefore, the co-
agulant dose of 1.0 g/L was applied in further experi-
ments. This optimum dose for real SOWEs treatment is
even lower than the one determined for the model
SOWESs, probably due to the presence of calcium ions
from hydrated lime. Calcium ions contributed to the
compression of the electrostatic double layer and to
the reduction of electrostatic repulsion among oil drop-
lets, causing their coalescence and growth, in OWEs
prepared from commercial products from Spain
[9,10,13].

Influence of pH

The effect of pH on the removal efficiency of co-
agulation/flocculation by aluminum sulfate was studied
in the range of pH between 6.3 and 9.5. Different pH
values of the reaction mixture were adjusted by adding
different doses of hydrated lime. The suggested pH
conditions for this coagulation process are in the region
of Al(OH); precipitation and optimum sweep floccula-
tion, and the latter mechanism is dominant at pH > 6
[26]. As can be seen in Table 5, the reduction efficiency,
measured via the residual COD, BOD and TOC, ap-
peared to be slightly increased with increasing the pH
value from 6.3 to 9.5. At these pH values, Al(OH), are
dominantly generated, which favor the formation of
the Aly; polymer [20], which are the most efficient Al-

species for organic matter removal because of their
larger size and higher positive charges [27]. However,
levels of the residual COD, BOD and TOC were close at
different pH, and it was concluded that the pH could be
adjusted in the range between 8.0 and 9.5, by adding a
corresponding amount of hydrated lime (between 1.0
and 3.0 g/L), to ensure an acceptable purification effi-
ciency.

Scaling-up of SOWE treatment process

To find out the possible problem related to scaling
up, the chemical treatment process developed was car-
ried out at four levels using the tanks for coagulation
and flocculation of 1, 5, 50 and 1000 L filled with 0.5, 3,
30 and 800 L of real SOWE. The values of quality para-
meters for both SOWEs and the wastewater obtained
by the treatment along with the operating conditions
are given in Table 2. The values of quality parameters
for the filter cake from the 5 L laboratory treatment
process are given in Table 3. The organic load of the
SOWE was decreased by the chemical treatment. The
COD, BOD, TOC and oil and grease were significantly
reduced at all process levels. At the pilot level, sus-
pended matters were almost completely removed
(99.9%), while the reduction efficiencies of COD, BOD,
TOC and oil and grease were 98.1, 95.2, 92.7 and
98.3%, respectively. The concentrations of metal ions
originated from the metal processing such as zinc and
copper were also reduced with the removal efficiency
of 93 and 99%, respectively, by precipitation with hyd-
rated lime in the form of the hydroxides. The lead ion
concentration was also reduced below the maximum
allowed level due to the lead hydroxide precipitation.
The high metal removal efficiency was attributed to a
favorable pH of about 9.0 in the coagulation/floc-
culation tank. The highest efficiency of zinc, copper and
lead removal from aqueous solutions by hydroxide
precipitation was obtained in a range of 8.7 to 9.6, 8.1
to 11.1 and 7.8 to 8.8, respectively [28].

Regardless of the process scale, the processed was-
tewater was appropriate for disposal to the public sew-
age system. This provided the appropriate regulations
on sanitary and technical requirements for wastewater
discharge into public sewerage of the municipality of
Leskovac, Serbia [29]. Furthermore, it was very impor-
tant that the addition of aluminum sulfate did not

Table 4. The effect of the coagulant dose on the removal efficiency of SOWE at pH 8.0

Coagulant, g/L

Quality parameter of the wastewater after the treatment SOWE

0.2 0.5 1.0 2.0
COD, mg O,/L 12,100 725 730 320 405
BOD, mg O,/L 3,100 505 520 315 388
TOC, mg/L 2,200 320 335 260 320
Oil and grease, mg/L 488 2.4 2.0 1.1 1.8
S0,4, mg/L 0 290 289 289 392
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Table 5. The effect of pH on the treatment efficiency of SOWE

Hydrated lime, g/L

Quality parameter of the wastewater after the treatment SOWE

1.0 2.0 3.0
pH 7.6 6.3 8.8 9.5
COD, mg O,/L 12,100 910 900 860
BOD, mg O,/L 3,100 435 405 370
TOC, mg/L 2,200 435 405 370

create new environmental problems related to alumi-
num and sulfate ions. As it can be seen in Table 2, the
sulfate concentration in the processed wastewater (al-
though increased in comparison to the influent SOWE)
was below the maximum allowed level for industrial
wastewaters that could be disposed into the public
sewage. The addition of hydrated lime contributed to
the sulfate level reduction because of calcium sulfate
precipitation. The aluminum ions concentration was
very low because of their precipitation as aluminum
hydroxide. However, the processed wastewater did not
meet most standards prescribed by the relevant Hun-
garian law, a country which is similar in size to Serbia;
therefore, it should be subjected to further purification
for disposal into rivers, lakes or groundwater.

With respect to the removal efficiency of oil and
grease, the present purification technology of SOWEs
from the non-ferous metal-processing plant is com-
parable to the already known treatment processes in-
volving coagulation followed by sedimentation applied
in metal-processing industry using alminum sulfate
and/or hydrated lime such as paint manufacture (alu-
minum sulfate: 99%; aluminum sulfate+hydrated lime:
98%) and steel pickling (lime: 66%) (Sutton and Mishra,
1994). The treatment efficiency of coagulation/floc-
culation process changes dramatically from one waste-
water to another, for instance the COD reduction of 15,
40, 60, 65 and 75% were achieved by treating waste-
waters from compositing plants [30], cheese whey pro-
duction [31], landfills [32], slaughterhouse [33] and
tanneries [34], respectively. In addition, the efficiency
of oil removal from a palm oil mill effluent was higher
than 95% [35], while the efficiency of TOC reduction
from a waste coolant effluent was 87% [4].

The results of the physico-chemical analysis of the
filter cake obtained by the laboratory treatment are
shown in Table 3. Limiting values for heavy metals
(zinc, copper and lead) described by the appropriate
European Union directive on the protection of the soil,
when sewage sludge is used in agriculture, are also
presented. The cake contained about 50% of water,
15% of the organic load and 34% of ash. Zinc, copper
and lead concentrations were found to be 0.13, 0.05
and 0.002% (based on ash), respectively. The aluminum
concentration in the treated wastewater was very low
(<0.1 mg/L), as it can be seen in Table 3, indicating that
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produced sludge would contain almost all the alumi-
num from the aluminum sulfate dose (estimated to be
5-6 mg/kg of dry filter cake).

The dry filter cake from the SOWE treatment plant
could be burnt or disposed at a landfill if it satisfies the
prescribed law limitations. The zinc and copper load-
ings of the dry filter cake were below the limit values
for sewage sludge which could be used in agriculture,
but about 3 times higher than the maximum allowable
concentrations in the soil. The content of lead in the
dry filter cake was far below the prescribed limits for
both the soil and the sewage sludge. Due to the lack of
all necessary data (flue gas composition and calorific
value of dried filter cake), it was not possible to esti-
mate the possibility of its incineration or use as a fuel.
In addition, if the filter cake was used in this way, new
environmental problems appeared — such as ash that
contained toxic heavy metals and the flue gases of
unknown purity. The general solution and recommen-
dation could be proper disposal of the filter cake at
municipal waste landfills.

CONCLUSION

The chemical treatment of model and real SOWEs
using aluminum sulfate, combined with hydrated lime
filter aids have been studied. The results obtained
showed that treatment efficiency does not depend on
the type of mineral oil (Fesol 05 or Fesol 09) and the
type and amount of filter aid based on the Celite
diatomaceous earth. The optimum doses of aluminum
sulfate and hydrated lime must be experimentally de-
termined for each batch of SOWEs, but their acceptable
doses are 1.0 g/L and 1.0 to 3.0 g/L, respectively. The
optimum conditions for the coagulation/flocculation
process determined in the jar test are applicable at the
pilot level. The process was confidently scaled-up from
the laboratory to the pilot level, and the chemical en-
gineering data obtained can be credibly used for de-
signing the industrial SOWE treatment process com-
prising a coagulation/flocculation/sedimentation se-
quence.

The chemical treatment process for SOWE from
non-ferrous metalworking plants should involve: equa-
lization of SOWEs from different batches, secondary oil
separation, SOWE destruction (coagulation/floccula-
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tion) and heavy-metal ions precipitation, sedimentation
of flocculated particles, sludge filtration, neutralization
of the processed wastewater and filter cake disposal.
The processed wastewater and the wet filter cake,
which are 98 and 2% of the inlet SOWEs, can be safely
disposed into public sewage systems and at municipal
waste landfills, respectively. The purification efficiency
is higher than 98% with respect to TSS, COD and oil and
grease and is comparable to the known chemical treat-
ment processes based on coagulation/flocculation fol-
lowed by sedimentation.

Abbreviations

BOD — Biochemical oxygen demand
COD - Chemical oxygen demand
OWE - Oil-in-water emulsion

SOWE — Spent oil-in-water emulsion
TOC — Total organic carbon

TSS — Total suspended substances
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1ZVvOD

POVECANJE RAZMERE HEMIJSKOG PRECISCAVANJA OTPADNE VODENE EMULZIJE MINERALNOG ULJA 1Z FABRIKE ZA

OBRADU OBOJENIH METALA

Vesna B. Lazareviél, lvan M. Krstic'z, Miodrag L. Lazic’a, Dragisa S. Savié?’, Dejan U. Skala4, Vlada B. Veljkovic'3

Icentar za preventivnu i medicinsku zastitu, Nis, Srbija

2Univerzitet u Nisu, Fakultet zastite na radu, Nis, Srbija

Univerzitet u Nisu, Tehnoloski fakultet, Leskovac, Srbija

*Univerzitet u Beogradu, Tehnolosko—metalurski fakultet, Beograd, Srbija

(Naucni rad)

Proucavano je precis¢avanje otpadne vodene emulzije mineralnog ulja
(OVEMU) iz fabrike obrade obojenih metala pomocu aluminijum-sulfata i hidra-
tisanog kreca radi odredivanja efikasnosti precis¢avanja, optimizovanja radnih
uslova i poveéanja razmere procesa precis¢avanja. Efikasnost preciséavanja je oce-
njivana na osnovu poredenja sastava OVEMU i dobijene otpadne vode. Utvrdeno
je da efikasnost precis¢avanja ne zavisi od vrste mineralnog ulja i pomoc¢nog fil-
tracionog sredstva. Optimalne koli¢ine aluminijum-sulfata i hidratisanog kreca
moraju biti eksperimentalno odredene za svaku $arzu OVEMU, s tim Sto su re-
zultati dobijeni na laboratorijskom nivou primenljivi na poluindustrijskom nivou.
Otpadna voda, odnosno filtraciona pogaca iz procesa precis¢avanja mogu se bez-
bedno ispustiti u kanalizaciju, odnosno odlozZiti na deponiju komunalnog otpada.
Efikasnost precis¢avanja je bila veca od 98% u odnosu na ukupno suspendovane
Cvrste Cestice, hemijsku potrosnju kiseonika i ulja i masti, a moZe se porediti sa
efikasnosc¢u poznatih procesa precis¢avanja baziranih na primeni koagulacije, flo-
kulacije i sedimentacije.
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Kljucne reci: Aluminijum-sulfat e He-
mijsko precis¢avanje otpadne vode e Ko-
agulacija e Flokulacija ® Vodena emulzija
mineralnog ulja e Sedimentacija
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