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Abstract: In the presented research glycerin fraction from biodicscl industry was used for granulated aerobic
activated sludge production in a typical sequencing batch reactor (hid equal 2.1 ). Alier 7 weeks of operation,
granulated activated sludge with SVI at the level or 40-50 c111.1·g·1 was obtained. At organic compounds load or
1.43 ±O.I mg COD·mg VSS·1-d·1, the efficiency or carbon removal was 94.14 ± 2. 7% and mos I or the introduced
COD was removed during the first 2-3 hours of aeration. The sieve analysis revealed that 60% (w/w) of biomass
consisted of particles with a diameter in the range or4-8 111111. A free settling test procedure proved that granules
with a diameter between 2-4 111111 were numerically most abundant in biomass (32.3%) and that the settling
volume, mass and Reynolds number values significantly (p < 0.05) increased parallel with increasing granule
diameter. Adverse tendency was observed for the mean effective, buoyant density ofa granule in a liquid.

INTRODUCTION

Systems with immobilized biomass are widely used for treating wastewater because of a
resistance to environmental factors and high concentration or pollutants. In recent years,
attention was focused on a new form of immobilization that is biogranulation. This proc
ess involves cell-to-cell interactions resulting in formation of dense microbial consortia -
granules. The main advantages of granulated activated sludge are very good settling abil
ity, long biomass retention time and biomass concentration as well as ability to withstand
high organic loading rate [ 15]. From engineering perspective employing technologies
based on granulated activated sludge results in smaller dimensions of' clarifiers, shorter
standstill for settling and more time for biological removal of pollutants.

Most of the research on biogranulation is carried out in reactors with h/d ratio of I O 
or more [5, 27, 28]. The literature data indicate that in order to obtain aerobic granules
different organic substrates, like glucose, acetate [ I 8], phenol [ 11 ], dairy effluents [22]
or wastewater, were used as the carbon source [3, 9]. It seems especially advantageous to
use organic wastes form different branches or economy for granulated activated sludge
production.
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Present trends in fuel market encourage the production of biodiesel. Biodiesel is the 
name of a clean burning alternative fuel, produced from domestic, renewable resources 
[8]. Its production can be carried out in both large factories and small installations for a 
farmer own use. It is macie through a chemical process called transesterification whereby 
the glycerin is separated from the fat or vegetable oil. Unfortunately, the process leaves 
behind other byproducts than methyl esters (the chemical name for biodiescl) that is so 
called glycerin fraction. Glycerin fraction consists of glycerin (about 30-75% ), methanol 
(5-20% ), mono- and cliglyceridcs, free fatty acids, phospholipids, water, soaps etc. - their 
percentage participation depends on the substrate and parameters of transesterification 
process [ 1 7]. 

In large factories a glycerin fraction is purified and can be further processed. in the 
case of production for farmers own use, however, chemical purification of contaminated 
glycerin is unprofitable and there is a risk that the glycerin fraction will be treated as 
waste. Because of a high load or organic compounds, contaminated glycerin may cause 
environmental pollution or disturb wastewater treatment plant functioning. To partially 
resolve this problem the glycerin fraction can be used as a carbon source for granulated 
activated sludge production. Granulated activated sludge is a promising technology for 
decentralized wastewater treatment [ 14] and can be used, for example, in household sew 
age treatment plants. 

The aim of the presented research was to investigate possibilities of forming of 
aerobic granulated activated sludge in the reactor with h/d of 2.1 fed with glycerin frac 
tion from biodiesel production. This research, according to our knowledge, is the first 
time when granulated activated sludge was obtained on the base of this substrate. In order 
to characterize the obtained biomass, free settling tests and wet sieving analysis were 
employed. Employment of a typical SBR reactor and easily available organic substrate 
enhances a utilitarian potential of presented technology of granulated activated sludge 
production. 

MATERIALS AND METHODS 

SBR operation 
The experiment was carried out for 130 days. In the experiment a 8.0 dm- sequencing 
batch reactor with a height of 36 cm and 17 cm diameter was employed (h/d = 2.1 ). 
Seed sludge was collected from a conventional municipal wastewater treatment plant in 
Olsztyn (Poland). The glycerin fraction (423 g COD·dm·\ oil and grease 77 g-dm', total 
nitrogen 0.98 g N'drn') were obtained from a farmer biodiesel installation in Lubomi 
no (Poland). The temperature in the experiment room was ambient (varying from 18 to 
21 °C) and pH in reactor was kept between 7 and 8. The reactor was supplied with a con 
stant air velocity of 8 dm+min', and wastewater exchange ratio of 75% was employed. 
The SBR operated in 12-hour cycle, with the following operating strategy: aeration (705 
min), settling (5 min) decantation (5 min) and filling (5 min). During the filling period 4 
dm3 of artificial wastewater and 2 dm3 of mixture of glycerin fraction and tap water were 
added to the reactor to make the final working volume of 8 dm3. The artificial waste 
water was composed of Nl-l.Cl (76.l mg-dm'), Na/lPO412Hp (46.0 mg-drn'), NaCl 
(IO. I mgdm'), KC! (4.7 mgdm'), CaCI, (3.5 mgdm'), MgSO47H,O ( 16.7 mg drn'),
NaHCO3 (243.2 mgdm'), Na,CO3 ( 162.2 mgdm'). FeCl3-6Hp, MnSO-1·1-!p, ZnSO-1, 
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CuSO4·5Hp (0.2 mg-dm') [modified 7]. The glycerin fraction was added in amount that 
led to mean COD concentration in the reactor at the beginning of aeration phase of 0.522 
± O. I I g COD·dnr3. 

Analytical measurements 
Sampling was made at the influent and effluent of the reactor. All samples were filtered 
using 0.2 ~1111 micro-pore filter before being assayed. Oil and grease in glycerin fraction 
were measured using Soxhlet extractor and total nitrogen was measured by distillation 
method. Chemical oxygen demand, total suspended solids, volatile suspended solids and 
sludge volume index were measured according to Standard Methods [2]. On the 114 and 
120 day of the experiment, samples were taken every hour during SBR cycle to describe 
COD and TSS concentration changes in the reactor. 

Activated sludge characteristic 
Respirometric measurements were performed in duplicate using OxiTop® System (WTW, 
Germany). Samples of granulated activated sludge were taken after 120 days of reactor 
operation at the end of SBR cycle. The biomass was washed in duplicate with phosphate 
buffer then with distilled water, and the TSS was measured. The procedure was conducted 
as previously described [4]. 

The particle size selection of granulated activated sludge was done according to 
commonly used particle size analysis of soil (2 I]. A wet sieving technique using Retsch 
AS 200 Sieve Machine was employed with the following sieve size classes: 0.25, 0.5, I, 
2, 4, and 8 mm. For sieving, 750 cm3 of granulated activated sludge was taken. The siev 
ing process was supported by tap water (temperature I 2°C) from the spray nozzle which 
was located above the uppermost sieve. The water left the sieve stack together with the 
last fraction through the outlet in the collector. Rinsing was carried out until the liquid 
leaving the sieve stack outlet was no longer turbid with solid particles. In this experiment 
sieving lasted for 5 minutes and an amplitude of vibration was 1.5 mm. 

In order to examine physical properties of granulated activated sludge and separated 
granule classes the free settling test procedure described by [23] was used. Granulated 
activated sludge sample of2 cm ' was taken from the reactor and placed in a column filled 
with tap water (temperature l 2°C). A floe settling was photographed in the dark room. 
The settling floes were illuminated with photo-flash-lamp controlled by an electronic sys 
tem ensuring flashes every 3 seconds. The digital camera (Canon GS, resolution 5 Mpic.) 
shutter was kept open for 5 flashes for every photo. Four photos were taken during 15 to 
20 min of settling, before the next sludge sample was introduced. In the experimental run 
24 photos were taken. During the experiment 573 granules were examined. The equiva 
lent diameter, granule radius and settling velocity of granules were measured using the 
software UTI-ISCSA Image Tool version 3.0. According to the Stoke's law the following 
physical parameters were determined: density of granules, effective, buoyant density of 
aggregate in liquid, granule volume, granule mass, Reynolds number, and fractal dimen 
sion of granule. For calculations it was provided that the granules were impermeable and 
spherical. Water density and viscosity values were presumed for l 2°C and made 0.9995 
g-cm' and 1.230· 10·3 kgmis' respectively. 

According to Stoke's law the granules density may be expressed as: 
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9V-r1
P1=Pw+-22 r g 

This is the real density of a granule containing aggregated microorganisms and wa 
ter. The effective, buoyant density of an aggregate in liquid ( excluding water) may be 
expressed as: 

(I)

(2) 

The granule volume was calculated on the basis of the equation for the volume of 
the sphere. The granule mass was calculated as: 

m =V1 ·p, (3) 

The Reynolds number of granules settling was determined on the basis of the fol 
lowing equation: 2-V-r·p Re= w 

T]
(4) 

An important parameter that characterizes a fractal object is the fractal dimension, 
which corresponds to the space-filling capacity of an object. The mass of a fractal object 
with fractal dimension ranging I :SD :S 3 can be considered to be proportional to its size 
[29]. With known granule density, granule mass, and with known dependence for fractal 
objects: 

mar 0 (5) 

provided that the granule is spherical, (m) may be expressed as: 
4-n ·r3

m =--3-·P, (6) 

so 

hence 

0 4-n -r3 

r =--3-·P, 

p,aro-3 
and 

Jog p,a(D-3)-logr 

(7) 

(8) 

(9)

(D-3) means the slope of the log-log line; therefore the fractal dimension may be 
obtained as: 

D = 3 + !'J. log p • 
!'J. logr 

(IO) 

Statistical analyses 
The analysis of variance between mean values of estimated parameters of granules was 
carried out with the use ofANOYA test at the significance level ofp < 0.05. 

The normality of the distribution was confirmed by Szapiro-Wilk's test, whereas the 
hypothesis of the homogeneity of variances across the groups was verified on the basis of 
Levene's test. In the text after symbol± standard deviation was given. 

RESULTS 

In the presented experiment SVI value of the seed sludge was I 03 cm+g'. Alier a startup 
of the experiment this value gradually decreased parallel with the growth of granules 
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and after about 80 cycles (40 days) of reactor operation it stabilized at the level of 40-50
cm+g:' (Fig. 1 A). Small granules with a diameter of about 2 mm were observed for the
first time after 70 cycles, after 80 cycles of reactor operation a well shaped granulated
activated sludge was obtained in the reactor (Fig. 1 B).
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rig. 1. Granulated activated sludge led with glycerin fraction A) sludge volume index changes during the
experiment, B) mature granules a Ikr 7 weeks of reactor operation

Chemical analyses were started from cycle 50. During investigation period the mean
cellular residence time (sludge age) averaged 2.2 ± 0.4 day. At mean organic compounds
load of 1.43 ± O. I mg COD·mg VSS·1-d·1, the removal of COD during the experiment
averaged 94.14 ± 2.7% (Fig. 2A) and chemical oxygen demand in the effluent did not ex
ceed 124 mg COD·dm·3. COD concentration changes during the SBR cycle (mean values
from cycles 1 I 4 and 120) are presented in Figure 2B. After wastewater addition, COD
concentration in the reactor was 450 ± 19 mg O/dm·-1, during the first 3 hours it rapidly
decreased to about 40 mg COD·dm·3 and remained at this level to the end of SBR cycle.
Biomass increased according to O-order reaction (data not shown) and the mean growth
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Fig. 2. COD concentration changes A) in the reactor ti-0111 day 50 10 the end of the experiment, B) during the
SllR cycle (mean values arc given with standard deviation bars)
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yield of microorganisms was 0.41 ± 0.23 mg TSS-mg·' COD. Respirometric measure 
ments showed that oxygen uptake for endogenous respiration was at the level of I 1 .4 ± 
5.8 mg 02-g VSS·'-h·' and no oxygen depletion for nitrification was observed. The oxygen 
depletion for substrates oxidation was, however, high and averaged 69.5 ± 6.5 mg 02·g 
VSS·1-h·1•

In order to characterize the obtained biomass, the sieve analysis and free settling 
tests were employed. The sieve analysis showed that more than 60% (w/w) of biomass 
consisted of particles with the diameter in the range of 4-8 mm. Granules with diameters 
2-4 mm and> 8 mm had also significant contribution in total biomass - 10.7 and 18.4% 
(w/w), respectively (Fig. 3). On the basis of the cumulative curve of granules size distri 
bution it was calculated that 80% (w/w) of all granules had diameter in the range from 
2.1 to 9.8 mm. 
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rig. 3. The granule size distribution in granulated activated sludge 

The analysis of granulated activated sludge digital photos allowed for detailed char 
acterization of granulated activated sludge as a whole and granules in particular size 
classes (Tab. I). The granulated activated sludge was characterized by a mean settling 
velocity of 3.26 ± 2.19 mm-s', effective, buoyant density of 3.86 ± 5.64 mgcm' and 
granule equivalent diameter of 2. 71 ± 2.14 mm. In general, the settling of granulated 
activated sludge had laminar character because Reynolds number value was below 2300. 
The ratio of settling velocity to granule diameter (V /R) equaled I. 79 and confirmed the 
good settling properties of granulated activated sludge. The mean real density of granules 
containing aggregated microorganisms and water was on the level of 1.0034 ± 0.0056 
g-cm', and was higher than the density of water in the same temperature ( l 2°C). The 
fractal dimension calculated for granulated activated sludge was 1.459, with r2 of logtp) 
- log(r) equal 0.768 (Tab. I.). 
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Tab. I. The physical parameters of examined activated sludge (alter symbol ± standard deviation is given. 
J\NOVJ\ test proved significant (p < 0.05) differences between granules classes for all measured parameters) 

Parameters Diameter range of granules (mm] Total in 
of granulated 

0.25-0.5 0.5-1.0 1.0-2.0 2.0-4.0 4.0-8.0 > 8.0 
reactor 

activated sludge 
R [mm] 0.37 0.69 1.45 2.90 5.47 9.66 2.71 

± 0.05 ± 0.15 ± 0.30 ± 0.50 ± 0.99 ± 2.48 ± 2.14 
V [111m·s·1] 0.75 1.99 4.17 2.86 4.13 5.47 3.26 

± 0.38 ± 1.41 ± 2.42 ± 1.79 ± 1.90 ± 1.23 ± 2.19 
V/R [s•l] 2.08 2.75 2.97 1.03 0.78 0.61 1.79 

± 1.27 ± 1.63 ± 1.73 ± 0.74 ± 0.40 ± 0.22 ± 1.53 
Re - 0.44 2.41 9.72 13.05 35.92 84.68 16.12 

± 0.21 ± 2.14 ± 6.18 ± 7.87 ± 18.08 ± 30.47 ± 19.48 
P, f111g·c111·3] 13.66 9.08 5.01 0.88 0.35 0.16 3.86 

± 10.63 ± 5.21 ± 3.23 ± 075. ± 0.22 ± O.IO ± 5.64 
Pr [g·cn,-3] 1.0132 1.0086 1.0045 1.0004 0.9998 0.9997 1.0034 

± 0.0106 ± 0.0052 ± 0.0032 ± 0.0018 ± 0.0002 ± 0.0001 ± 0.0056 
v,. [cm3] 0.0002 0.0016 0.0144 0.1109 0.7560 4.4971 0.3080 

± 0.0001 ± 0.0011 ± 0.0085 ± 0.055 I ± 0.4327 ±3.4726 ±0.9917 
m [mg] 0.003 0.014 0.058 0.078 0.216 0.508 0.097 

± 0.001 ± 0.013 ± 0.037 ± 0.047 ± 0.109 ± 0.183 ± 0.117 
N - 47 63 159 185 102 17 573 

Wet sieving procedure categorized granules in 6 size classes. Statistical analysis 
proved significant (p < O.OS) differences of all measured parameters between the classes. 
Granules with the diameter between 2-4 mm were numerically most abundant in biomass 
and consisted in 32.3% of all granules (Tab. I). It was observed that V, V

1
, m and Re 

values significantly (p < O.OS) increased parallel with increasing granules diameter. The 
granules with diameter below 2 mm, weighted less than 0.058 ± 0.037 mg while larger 
granules with diameter exceeding 2 mm had mass in the range from 0.078 ± 0.04 7 to 
0.508 ± 0.183 mg. Adverse tendency was observed for the mean effective, buoyant densi 
ty ofan aggregate in a liquid (p) (Tab. I). For small granules (0.25 < R < 2 mm) it was in 
range between 5.0 I ± 3.23 and 13.66 ± I 0.63 rng-cm', but larger granules with R higher 
than 2 mm had relatively small P, ranging from 0.13 ± O. I to 0.88 ± 0.08 mg-cm'. 

An additional experiment proved that a twofold increase in glycerin fraction load 
resulted in disintegration of the granules in the reactor in given technological conditions. 
The obtained biomass was also stored for 4 weeks at 4°C in the effluent wastewater 
without oxygen and substrate supply. After 4 weeks most of the granules preserved their 
structural integrity. 

DISCUSSION 

The major selection pressures responsible for aerobic granulation are settling time and 
wastewater exchange ratio. On the basis of literature data in the presented experiment 
settling time of 5 minutes and wastewater exchange ratio of 75% were employed [ I 6, 
20]. The transition from flocculated sludge to sludge with low SV! (40-50 cm+g') typical 
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for granulated activated sludge [27, 28] proved that the chosen strategy was successful. 
Moreover, only granules with diameter between 0.25-0.5 mm had Re below 1, character 
istic for activated sludge floes [ 12]. Remaining granules classes had Re value higher than 
I and this fact additionally confirmed granulation of activated sludge. 

In the presented research wet sieving technique and free settling tests were em 
ployed for granules characteristics. Because of their simplicity and low testing cost, the 
free-settling tests are the most widely described method in literature for measuring the 
floes basic physical properties [6]. From practical point of view, free settling tests may be 
useful for technological description of granulated activated sludge properties. Providing 
that highly compacted floes (granules) are impermeable, this method allows for determin 
ing settling velocity, mass, volume and fractal dimension of granules. 

Reynolds number values pointed out that the sludge settling in the reactor had lami 
nar character and SV! changes in time showed that settle ability improved as the granula 
tion progressed. Presuming that granules are characterized by Re> 1 [ 12], 2.5% (w/w) 
of biomass in the reactor (a sum of masses of particles with diameter below 0.5) were 
floes. Free settling tests results indicate that granules with Re > 1 had equivalent diame 
ter higher than 0.5 mm and minimal settling velocity of about 2 rnm-s'. On the basis of 
these results it can be concluded that in order to separate the small fraction of floes from 
granules in employed reactor, sedimentation period should be shortened to about 1-1.5 
minute, so that only particles with settling velocity equal or higher than 2 mrn-s' would 
be separated. 

Settling velocity of microbiological aggregates depends on the geometric param 
eters of these particles as well as their density and porosity. Fractal dimension of an object 
is a quantitative measure of how the primary particles occupy the floe interior space. Li 
and Ganczarczyk [13] proved that aggregates generated in water and wastewater treat 
ment processes exhibit a fractal dimension between 1.4 and 2.8. The values close to 1.4 
are representative for floes with smooth surface, while 2.8 is typical for very wrinkled and 
porous floes [ 12]. The low value of fractal dimension indicates that granules obtained in 
the experiment were compact and relatively smooth in comparison with typical floes. Our 
experimental data also point to a very important consequence of the fractal, sci f-similar 
nature of the aggregates, i.e., their density noticeable decrease with an increasing size. 

A wet sieving technique can be used for activated sludge characteristic of both aero 
bic [26] and anaerobic granulated activated sludge [ 19]. Presuming that the smallest floe 
is made of two microcolonies ( 125 urn) [25], we decided to use the smallest sieve with the 
holes of 250 µm diameter. Usually microbial floes formed in a conventional wastewater 
biological treatment are loose aggregates with undefined shape and a size from 0.05 to 
0.2 mm [IO]. The average diameter of aerobic granules varies in the range from 0.2 to 
5 mm and is mainly due to a balance between growth and abrasive detachment due to 
strong hydrodynamic shear force in aerobic reactors [15]. In our experiment wet sieving 
proved that granules with diameter in the range 2-4 mm were numerically most abundant 
while 60% (w/w) of granulated activated sludge mass posed particles with a diameter 
in the range of 4-8 mm. Similar results were obtained by Wang el al. [28]. In research 
conducted in SBR fed with glucose as a carbon source at organic loading rate of 4.8 kg 
COD·1n-3·d·1 granules were dominant sludge forms with most of diameters about 6-9 mm. 
Authors explain that for a given organic loading rate and shearing force, the dynamic 
growth-decay equilibrium was maintained in the reactor. As a result, the granules existing 
in the reactor were matured ones with a larger size. 
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Despite the high organic compounds load the efficiency of carbon removal in the 
presented technology was high (94.14 ± 2.7%) and most of the introduced COD was rap 
idly removed during the first 2-3 hours of aeration. It can be assumed that the length of 
the cycle could have been shortened without decrease in carbon removal efficiency. The 
respirometric measurements indicated that the rate of substrate oxidation by investigated 
granulated activated sludge was relatively high. For example, in research conducted by 
[1] in a plant treating mainly domestic wastewater, oxygen uptake rate varied between 
26.3-38.9 mg 02·g VSS·

1-h·1 and was about two times lower in comparison with values 
obtained in the presented research. The observed high activity of microorganisms con 
firms a very good potential of granulated activated sludge in organic pollutants removal. 
The mean growth yield of microorganisms of0.41 ± 0.23 mg TSS·111g·1 COD was similar 
to values obtained by (26]. Authors reported that growth yield of microorganism in reac 
tors differing in superficial air velocity changed from 0.48 to 0.33 MLSS·mg·1 COD for 
an air velocity of0.5 to 4 dmvrnin', respectively. 

Literature data reveal that nearly 100% of aerobic and anaerobic granules are pro 
duced in column-type air or liquid up flow reactors, since a high ratio of reactor height 
to diameter seems to favor the formation of granular sludge 1_ 15]. It improves selection 
of granules by the difference in settling velocity [5] and ensures a longer circular flow 
trajectory which provides a more effective hydraulic attrition to microbial aggregates. 
The high shearing force can induce microorganisms to secrete more exopolysaccharides, 
which mediate cohesion and adhesion of cells and play a crucial role in maintaining 
the structural integrity of aerobic granules [26]. 1 n the presented experiment granulated 
activated sludge was obtained in a traditional, not a column-type, SI3R with h/d ratio 
of 2.1. This fact confirms that SB Rs presently used in wastewater treatment plants can 
be adapted to granulated activated sludge technology. It is, however, necessary to stress 
that the drawback of this solution is a larger supply of air to the reactor (8 dm+min') in 
comparison with column reactors in which air supply at the level or 2.4-6 dm+min' is 
employed [ 11, 25, 26]. 

The fact that granules maintained their structural integrity despite the long storage 
implies that the obtained granulated activated sludge can be used when substrate avail 
ability changes with time, as it happens during biodiesel production. The fact that a 2-fold 
increase in glycerin fraction load resulted in disintegration of the granules can be ex 
plained by results obtained by Moy cl al. [ 18]. Authors proved that after reaching organic 
loading rate of 9 g COD·dm·1-d·1 (acetate addition) granules in the reactor disintegrated, 
and they concluded that for a given organic substrate granules formation can be success 
ful only in a defined range of concentrations. It can be also assumed that collapsing of the 
granulation process after 2-fold increase in organic carbon load could have been caused 
by the fact that glycerin fraction has toxic influence on microorganisms caused by metha 
nol and soaps presence. 

CONCLUSIONS 

It is possible to obtain aerobic granulated activated sludge feeding the traditional SI3R 
reactor (h/d equal 2.1) with glycerin fraction from biodiesel production as a sole organic 
carbon source. The obtained granulated activated sludge was characterized by low SV! 
(40-50 cm+g'), 60% (w/w) of granulated activated sludge constituted spherical aggre- 
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gates with diameter in the range of4-8 mm. The effectiveness of COD removal averaged
94.14 ± 2.7% and most of the introduced COD was rapidly removed during the first 2-3
hours of aeration. On the basis of free settling test results it can be concluded that, for
given technological parameters and reactor configuration in order to remove floes from
the granulated biomass, the time of settling should be adjusted so that only granules with
settling velocity of 2 mrns' or higher are separated.

LIST OF ABBREVIATIONS

COD - chemical oxygen demand [mg COD·dm·3],
D - fractal dimension,
d - reactor diameter [cm],
g - the standard gravity [m-s"], 
h - reactor height [cm],
m - mass of granule [mg],
N - number of analyzed granules,
% N - share of each granule fractions in total number of analyzed granules [%],
p - significance level,
R - equivalent diameter of granule [mm],
r2 - determination coefficient,
Rc - Reynolds number,
SBR - sequencing batch reactor,
SV! - sludge volume index [cm+g'],
TSS - total suspended solids [mgdm"], 
V - settling velocity [mm-s'], 
Yr - granule volume [cm'],
VSS - volatile suspended solids [mg-drn'],
11 - liquid viscosity [kg-rrr!-s'], 
pc - effective, buoyant density of an aggregate in liquid [mgcm'],
Pr - density of granule [g·cm·3],
p"_ - density of the liquid [g-cm'].
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CI IARAKTERYSTYKA OSADU CZYNNEGO GR/\NULOWANEC,O I JODOWANEGO N/\ FRAKCJI
GLICERYNOWEJ Z PRODUKCJI BIODIESLA

Osad czynny granulowany hodowano z wykorzystaniem li-akcji glicerynowej powstałej przy produkcji bio
dicsla. Po 7 tygodniach houowli w warunkach tlenowych w reaktorze SBR (h/d = 2, I) uzyskano granulowany
osad czynny charakteryzujący si~ indeksem osauu na poziomic 40-50 c111"·g·1• W warunkach hodowli przy
obciążeniu osadu czynnego ładunkiem zanicczyszezc1i na poziomic 1,43 ± O, I g Ch7.T·g sm·d·', clcktywność:
usuwania związków w'<glowych wyniosła 94, I 4 ± 2, 7%. /\nal iza sitowa wykazała, że około 60% masy osadu
czynnego stanowiły granule o średnicy 4-8 111111. Równolegle na podstawie testu swobodnego opadania wyz
naczono ilościowy ud1.ial granul o różnych średnicach w osadzie czynnym granulowanym. Stwierdzono, że
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granule o średnicy 2-5 111111 stanowiły najliczniejszą frakcję tj. około 32% wszystkich granul osadu czynnego.
Prędkości opadania, masy oraz wartości liczby Reynoldsa dla granul znacząco wzrastały (p < 0.05) wraz z~
wzrostem ich średnicy. Obserwowano, że wraz ze spadkiem średnicy granul następował wzrost ich średniej
gęstości w cieczy.


