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THE INVESTIGATION OF THE STRUCTURE
ALUM-COAGULATION SLUDGE BY ADSORPTION METHOD

The importance of surface phenomena, despite the role they perform in all the processes
of alum-coagulation sludge neutralization is either not mentioned or neglected in many inves-
tigations, even in the basic ones. In the paper presented theoretical and experimental bases of
one of the method for testing the parameters characterizing the intensity of those phenomena
occurring in sludge have been dicussed. Isotherms of carbon dioxide and benzene sorption
on the sludge investigated have been determined by means of high vacuum gravimetric
apparatus. The analysis of the results obtained made it possible to determine the distributions
of volume and area of the sludge pores. Both the methods of investigations and their inter-
pretation have been adapted to the sludge structure. The results were analyzed by employing
the Dubinin-Raduszkiewicz’s and BET theories. It has been shown that besides technologi-
cal tests of dehydration processes, basic methods have to be also applied to study surface
phenomena occurring in sludge. The interpretation of effects of dehydration of sludge by
its structural properties will allow to know better mechanism of these phenomena as well
as it will enable their optimization.

DENOTATIONS

SPIS SYMBOLI I OZNACZEN

a _ amount of the substance adsorbed at the given pressure P, in mmol/g,
ilo¢ substancji zaadsorbowana przy danym ci$nieniu P,

am — amount of the adsorbate necessary to cover the adsorbent surface with a monomolecular
layer, in mmol/g,
iloé¢ adsorbatu potrzebna do pokrycia powierzchni adsorbentu warstwa monomolekularna,

/ — adsorption layer thickness at the given relative pressure P/Po,
grubo$é warstwy adsorpcyjnej przy danym ci$nieniu wzglednym P/Py;
g — density in g/cm?® at temperature T,
gesto$¢ w g/em?® w temp. T,
Ik — so-called Kelvin’s radius of the pore,
tzw. kelvinowski promien poru,
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mean real (effective) radius of pores emptying in the n-th desorption stage,

Sredni rzeczywisty (efektywny) promien porow oprozniajacych si¢ na n-tym etapie desorpcji,
Avogadra number,

liczba Avogadra,

constant of Dubinin-Raduszkiewicz’s equation given by the formula

stata rownania Dubinina-Raduszkiewicza rowna

D
04343 72°

temperature, K,

temperatura a

constant of the BET equation,

stala rOwnania BET,

constant of Dubinin-Raduszkiewicz’s equation,
stata rownania Dubinina-Raduszkiewicza,
molecular mass,

masa czasteczkowa,

pressure of vapour concave liquid meniscus with the radius of curvature r at temperature 7,
preznosé pary nad wklestym meniskiem cieczy o promieniu krzywizny r przy temp. T,
gas constant,

stala gazowa,

area 5

powierzchnia,

hydration of aluminium coagulation sludge,

uwodnienie osadow pokoagulacyjnych,

amount of substance adsorbed at the given pressure P of adsorbate in cm?/g,
ilo$¢ substancji zaadsorbowana przy danym ci$nieniu P adsorbatu,

limiting volume of adsorption space in cm?/g,

graniczna objetos¢ przestrzeni adsorpcyjnej,

volume,

objetosé,

constant occurring in formula (12) and (13),

stata,

so-caled convergence coefficient of characteristic curves, approximately equal to the ratio of
the parachors of the given and standard adsorbates, respectively,

tzw. wspotczynnik zbieznosci krzywych charakterystyczaych, w przyblizeniu rowny stosunkowi
odpowiednich parachor adsorbatu danego i standardowego,

surface tension of benzene at temperature T,

napigcie powierzchniowe benzenu w temperaturze 7,

adsorption potential,

potencjat adsorpcyjny,

apparent viscosity,
lepkos$¢ pozorna,

area of carbon dioxide molecule, assumed after Topa [12] as equal to 0.185 nm?2,
powierzchnia czasteczki CO,, ktora przyjeto wg Tody [12] jako rowna 0,185 nm?2,
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1. INTRODUCTION

Utilization processes, removal, and neutralization of sludge formed during coagulation,
are closely connected with the development of the water treatment technology and pro-
tection of natural environment. Owing to the fact that coagulation process is generally
applied in treatment of surface water, alum-sludge is one of basic problems faced by big
contemporary waterworks. The volumes of sludgeds and unitary energy consumptions
accompanying mechanical and thermal processes of their dehydration are the basic data
indispensable for the solution of this problem in practice. The size, kind and shape of solid
particles of sludge exert an essential influence on the kinetics of basic processes of their
neutralization. The surfaces of alum-sludge may strongly bind water, and it adsorbs many
organic and inorganic substances dissolved, colloidal, and suspended ones. First phenome-
non makes it difficult to the sludge dehydration, while the second one has been for a long
time utilized in the technology of water treatment. Structural properties and specific
surface of alum-sludge are the subject of intensly developing investigations of a great
importance from theoretical and practical viewpoints. Basic problems of these experiments
is the application of a sufficiently accurate methods to investigations of structural pro-
perties of this sludge. On such a method depends the success in investigations aimed to
find complex and simplified generalizations enabling a better knowledge of the principles
of technology of utilization and reutralization.

2. SIZES OF PARTICLES IN ALUM-SLUDGE

The measurement of the sizes of solid phase particles occurring in alum-sludge is a much
complex problem. The difficulties are due to both the character of the particles and a great
variety of their sizes and shape. Flocculation process leads to the changes in the compo-
sition of the sludge with respect to the size of its components. These changes are difficult
to determine, since the sizes of the floccules are not constant, depending among
other on hydration and velocity gradient. Sizes ard shape of granular particles can be
determined by a microscopic method, whoss choice depends on both the grains sizes,
and on the possibilities of performing the measuzements in can two-dimensional system.
A distinct image of particles can be obtained if the examined samples of alum-sludges
are sufficiently hydrated, and placed in special flat glass chambers preventing the evapora-
tion of water during the observations.

Some results of microscopic investigations of grains composition of alum-sludges ta-
ken from several settling tanks of large waterworks in Poland are presented in fig. 1.
Photographs of particles have been made by means of Zeiss microscope NfpK coupled
with a photocell and luminescence dosimeter. Microscopic investigations have shown the
presence of fine grains of minerals and of floccules which had been formed during floccu-
lation. Granular particles are isometric and irregular with respect to the shape and degree
of their surface smoothness. Maximal size of most grains present in sludges examined did
not exceed 30, only sporadically this size reached 50 microns.
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Fig. 1. Microscopic photograph of alu-
minium coagulation sludge particles from
water treatment plant:

a - Tomaszéw Mazowiecki, b — Goczatkowice,
¢ — Rzeszéow, d — Krakéw ~’Diubnia’, e — Krakow
*’Rudawa’”

Rys. 1. Zdjecia mikroskopowe czastek
osadu pokoagulacyjnego z Zakladow
Oczyszczania ~ Wody Z:

@ — Tomaszowa Mazowieckiego, b — Goczatkowic,
¢ — Rzeszowa, d — Krakowa ~’Dtubni’’, e — Krako-
wa “’Rudawy’”

The observations allowed to state that quartz was a dominant component of grains.
This was verified by chemical composition of the solid phase of sludges. The content of
SiO, in the sludge examined was as high as 31.15-67.07%, of their dry weight. The sizes
of grains occurring in sludges allowed to classify them to quasi-homogeneous dispersion sys-
tems. The floccules observed in the microscope were approximately round in shape, and their
size exceeded many times 300 microns. The size of floccules like that of granular particles
is often determined by their diameter. This does not seem to be justified since the results
are inaccurate, ambiguous, and have solely a formal character, The size and shape of
floccules as well as their sorption properties can be measured appropriately by the specific
surface of sludges. In practice a precise and univocal determining of specific surface and
other parameters characterizing the structure formed in hydrated sludges by solid phase
is much difficult. These quantities, however may be much accurately measured in dry weight
of sludges. The results obtained appeared to be very useful in interpretation of many pro-
cesses related to flow and neutralization of hydrated sludges.
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3. GENERAL CHARACTERISTICS OF THE STRUCTURE OF POROUS SLUDGES

Capillary structure of the dry weight of alum-sludges is constituted by a system of
pores and small ducts filling the substance and forming a kind of a microscopic sponge.
The type of porosities appearing in the sludges investigated is determined by the sizes
of pores and the mode of their interconnections.

The investigations conducted on many highly porous substances allowed to state the
presence of three kinds of pores, namely:

a) micropores, i. e. pores whose radii are smaller than 1.5 nm,

b) transiental pores — whose radii range from 1.5 to 100 nm,

¢) macropores, whose radii are greater than 100 nm.

Macropores, because of their relatively large dimensions, perform the role of arterial
roads for the transportation of gas molecules diffusing inside the grain. Usually their area
does not exceed a few square meters.

In the present paper the authors have been confined to description of basic parameters
characterizing the mentioned above types of porosity. Capillary system of alum-sludges
has been characterized on the basis of carbon dioxide and benzene sorption isotherms
determined in high vacuum gravimetric apparatus (fig. 2).

4. METHOD AND RESULTS OF THE MEASUREMENTS OF THE AREA AND
VOLUME OF THE PORES IN ALUM-SLUDGE DEPOSITS

4.1. EXPERIMENTAL APPARATUS

The method used to investigate the sorption is one of gravimetric methods, in which
the absorbed amount of the substance (adsorbate) is measured from the increase in the
mass of the adsorbant investigated. The simplest apparatus for the measurement of the
adsorption isotherms by gravimetric method is quartz spiral (the McBAIN-BAKR’S balan-
ce [2].) Although the usage of quartz spirals because of their fragility is not easy, neverthe-
less their resistance to the vapours of sorbed compounds is a factor deciding on their superio-
rity over other materials.

The method developed by McBain-Bakr is of a special importance for comparative
investigations, since several balance cells can be connected with the same manometer,
so that the adsorption properties of a number of substances may be measured under iden-
tical conditions. This system has been applied in the present work since 4 balance chambers
have been interconnected.

The scheme of the apparatus is shown in fig. 2. The main element is constituted by
quartz spirals (/) on which the samples of sludges are hanged in special baskets (2). The
spirals are placed in glass pipes (3) and (4). The pipes with spirals are connected through
a system of cocks with the container with absorbate (5) and differential mercury mano-
meter with the measurement range 0-10°N/m? (6). The apparatus is also equipped with
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Fig. 2. Scheme of experimental sorption apparatus (description in text)

Rys. 2. Schemat do$wiadczalnej aparatury sorpcyjnej (opis w tekscie)
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a McLeod manometer (7), frezer (8), three-stage diffusion pump (9) to obtain a high
vacuum, and oil pump (10) to obtain preliminary vacuum.

Before the sorption measurement the samples were dried and degassed at 523 K and
at vacuum of the order 10~> — 10~3 N/m? in order to clean their surfaces. Degassing time
amounted to 2 hrs. Each sample was heated with electric resistance heater (1) fed by means
of autotransformer (/2). Thermoelement was placed outside the pipe and connected with
thermoregulator system (/3, /4) which allowed to keep a constant degassing temperature.

After degassing the space of the apparatus, encaused in organic glass was thermostati-
zed for sorption measurements using a thermo-ventilator (20) with a variable heatin g ran-
ge (15), fed by means of autotransformator (/6) and connected by means of a contactor (17)
and transmitter (/8) with contact thermometer (19).

The amounts of carbon dioxide or benzene absorbed at the given pressure were calcu-
lated from the elongation of quartz coil, previously calibrated.

Elongation of spirals and equilibrium pressure for each point of the isothermal line
were read by means of a kathetometer (27).
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Fig. 3. Isotherms of carbon dioxide adsorption on aluminum coagulation sludge specimens

a — comprises the sludges
TM, washings from Tomaszéw Mazowiecki taken in 1973,
TM; sludge from Tomaszéw Mazowiecki taken in 1973,
TMj sludge from Tomaszéw Mazowiecki taken in 1974,
K,,R” sludge from Krakéw ’Rudawa’’,

b — comprises the sludges:

G — sludge from Goczatkowice,

K,,D” — sludge from Krakéw >’Dtubnia’,

R — sludge from Rzeszow

Rys. 3. Przebieg izoterm adsorpcji dwutlenku wegla na probkach osadu pokoagulacyjnego

a

TM; — poptuczyny z Tomaszowa Mazowieckiego z 1973 Ty
TM; — osad z Tomaszowa Mazowieckiego z 1973 r.,
TM3 — osad z Tomaszowa Mazowieckiego z 1974 Ty
K,,R” — osad z Krakowa ,,Rudawy’’
b

G — osad z Goczatkowic,

K,,D” — osad z Krakowa ,,Dlubni’’,
R — osad z Rzeszowa
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Fig. 4. Isotherms of benzene adsorption and desorpion on alumi-
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nium coagulation sludge samples

washings from Tomaszéw Mazowiecki taken in 1973,
— sludge from Tomaszéw Mazowiecki taken in 1973,
— sludge from Tomaszéw Mazowiecki taken in 1974,
— sludge from Krakéw ~’Rudawa’,

— sludge from Goczatkowice,

sludge from Krakow ,,Diubnia’

sludge from Rzeszow

Rys. 4. Przebieg izoterm adsorpcji i desorpcji benzenu na probkach

osadu pokoagulacyjnego

a — popluczyny z Tomaszowa Mazowieckiego 1973 r.,

b — osad z Tomaszowa Mazowieckiego z 1973 r.,
¢ — osad z Tomaszowa Mazowieckiego z 1974 r.,
d — osad z Krakowa ,,Rudawy’’,

e — osad z Goczatkowic,

f — osad z Krakowa ,,Dtubni”’,

g — osad z Rzeszowa
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The obtained experimental points were used to draw isothermal lines for carbon dioxide
absorption in function of the amount of CO, absorbed in milimoles (gram of alum-sludge)
on relative CO, pressure at 298 K (fig. 3), and isothermal lines of adsorption and desorp-
tion of benzene in function of the amount of adsorbed CsHg (minimoles/gram of sludge)
on relative pressure of saturated benzene vapour at the temperature of measurements

(fig. 4).

4.2. INTERPRETATION OF EXPERIMENTS

4.2.1. The method for calculation of volume and area of micropores according
to Dubinin-Raduszkiewicz

The calculation method of micropore volume is based on a potential theory of vapours
adsorption, developed by DUBININ and cow. [3]. This theory is applied to adsorption sys-
tems in which dispersion forces are the main component of the adsorbent-adsorbate
reaction, and the vapour adsorbed in micropores at low relative pressures (e. g. for ben-
zene at PP, = 0.1) is transformed into liquid in due to compression resulting from super-
position of fields of opposite walls.

The assumptions of the Dubinin’s theory allows to present the sorption isotherm in
form of a straight line

2

&
log W = log WQ—BF orlog W= log W,—D(log P,/P)>. €))]
In the system of coordinates

82
oz W =1{37)
the sorption isotherm is a straight line, and its intersection point with the ordinate cuts
off the segment corresponding to the value W,. In case of benzene sorption W, is equal
to the volume of micropores accessible for the CsHg molecules at 298 K. These values
are presented in table 1 (column 3).

Sorption isotherms of carbon dioxide in the Dubinin’s system of coordinates are pre-
sented in fig. 5.

In case of the sorption of carbon dioxide the value of W, does not define the volume
of micropores but the amount of carbon dioxide (in cm’g—') necessary to cover the sur-
face of pores with a monomolecular layer [7]. The fact that CO, does not fill the volumes
of micropores but is adsorbed on their surface is due to the specific properties and struc-
ture of carbon dioxide molecules (small dimensions, oval shape, the absence of dipole
moment). Hence, from the value of W, we may compute the area of micropores

A-0co,8

Smic = WOCOZ M > (2)

where S,,;. — surface of micropores.
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Table 1
Distribution of pore volume in dry weight of aluminum-sludges
| Volume and kind pores, cm?/g
No of — - -
sludges Source Micropores Transitional pores
Viic+ Vp
sample Vmic = Wo C.H
V15— | £ V30.0— v 6776
\CcHs CeHg | V1.5-3.0 3.0-30.0 30.0-100.0 g
| [ g _
1 | Tomaszoéw 0,024 0,037 0,182 0,065 0,284 0,308
2 :% Mazowiecki 0,025 0,030 0,143 0,029 0,202 0,227
3 ~ 0,012 0,011 0,111 0,040 0,162 0,174
4 % Goczatko-
g wice 0,013 0,019 0,096 0,021 0,136 0,149
5 § Rzeszow 0,004 0,008 0,050 0,011 0,069 0,073
6 = | Krakow na 0,006 0,004 0,036 0,007 0,047 0,053
5| Dtubni
7 g Krakow na 0,002 0,004 | 0,032 0,007 0,043 0,045
Rudawie | 1
sludges from washing
By inserting suitable numerical values we get
Spic = WOCO2'2627, m?/g. 3)

The calculated values of S, are presented in table 2, column 3.

4.2.2. Calculation of the distribution of volume and area of transitional pores

Desorption curves of sorption isotherms of benzene vapours (fig. 4) at relative pressure
P|P, ranging from 0.98 to 0.16 were the basis for the calculation of the distributions of
volume and area of transitional pores. The calculations were performed by the PIERCE’S
method [9] modified by ORR and DALLAVALLE [8].

Within the above range of relative pressures one observes the process of capillary conden-
sation occurring in transitional pores, since the dimensions of these pores are relatively
large and the space between the adsorption layers present on their wall surfaces is large
if compared with the dimensions of the molecules of the sorbed substances.

To carry out the required calculation the full desorption process (from P[P, = 0.98
to P/P, = 0.16) was divided into 28 stages, assuming that desorption takes place in steps,
the pores have a cylindrical shape, and their sizes changes also in steps.

The sizes of pores on each step of benzene desorption have been calculated from the
Kelvin’s equation [11].

26C6H6 ‘MCGHG

)

F = - .
* " RT-gc g 'n PolP
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Table 2
Distribution of area pores in alum-sludge dry weight
Area of pores, cm?/g
No of iti Area of pores
<luries T— Micro- Transitional pores (Sp) pores-
Smic+ | calculated
sample pores
. +S8, | by the BET
Smic | S1.5-3.0 |S3.0-30.0 |S30.0-100.0{ Sp
method
i
1 - Tomaszow 68,3 33,6 45,1 2,0 80,7 149,0 93,2
2 __5; Mazowiecki 52,3 27,6 39,1 | 0,9 67,4 119,7 63,0
3 A~ 42,5 9,9 26,1 1,3 37,3 79,8 50,4
4 g Goczatko- 35,5 17,0 25,1 0,7 42,8 78,3 59,6
g wice
5 § Rzeszow 17,4 7.5 12,2 0,3 20,0 37,4 30,9
6 | Krakow- na 21,8 3,7 8,7 0,2 12,6 344 23,1
§ Dtubni
7 g Krakow na 15,8 4.4 7,2 0,2 11,8 27,6 22,0
Rudawie | | ‘ | |

Real radius of pore is equal to Kelvin’s radius the thickness of adsorption layer; the
latter was accepted for calculations from the literature data 15].

After having taken into account the correction for the adsorption layer thickness and
correction for the changes in the thickness of this layer depending on the consecutive
desorption stage, the final formula for the volume of pores within the given interval of the

Fig. 5. Isotherms of carbon dioxide adsorption in Dubinin-Raduszkiewicz system

a — comprises the sludges

TM; — washings from Tomaszéw Mazowiecki taken in 1973,
TM, — sludge from Tomaszow Mazowiecki taken in 1973,
TM; — sludge from Tomaszéw Mazowiecki taken in 1974

K,,R”’ — sludge from Krak6éw ,,Rudawa’’,
b — comprises the sludges

G — sludge from Goczatkowice,
K,,D”’ — sludge from Krakéw **Diubnia’’,
R — sludge from Rzeszéw

Rys. 5. Izotermy adsorpcji dwutlenku wegla w ukiadzie Dubinina-Raduszkiewicza

a

TM; — pophluczyny z Tomaszowa Mazowieckiego z 1973 r.,
TM, — osad z Tomaszowa Mazowieckiego z 1973 r.,
TM3 — osad z Tomaszowa Mazowieckiego z 1974 1.,

K,,R’ — osad z Krakowa ,,Rudawy”’,

G — osad z Goczatkowic,
K,,D” — osad z Krakowa ,,Dhubni”’,
R — osad z Rzeszowa
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pore radii takes the form

i=n—1
1 2AV; )
A= [AV,,——AZ,, AL ]( ) (5)
L Tk,
where
AV, — volume of pores emptying in the n-th desorption stage,
Al, — change in adsorption layer thickness in n-th desorption stage,
Py~ — mean Kelvin’s radius of pore
the value of the adsorption layer thickness bein g calculated from the relation [5]

/= 5.2—2.431n (In Py/P). 6)
and the mean real radius of pores on the n-th stage of desorption expressed by the formula
== rk,n+l-n'

where
I, — mean thickness of adsorption layer of pores emptying in the n-th desorption

stage.
On the other hand, the area of pores within a given interval of their radii (assuming
a cylindrical shape of pores) as given by the formula

' 2AVF
Asy=——t. ©)

If the adsorption isothermal line consists of i — n stages and comprises the range of
relative pressures corresponding to the whole region of capillary condensation, then the
volume of transitional pores V, is equal to

v,= 5 av; ®)

i=1
and the total area of transitional pores S, amounts to

i=n

S,= > As}. ©)

i=1

4.2.3. Total area of sludges pores determines by the BET method

In the investigated alum-sludges, besides the mentioned above parameters of capillary
system, a total area has been also determined by a standard method developed by Brau-
NERR, EMMETT and TELLER [1], the so-called BET area (table 2).

* The mentioned above parameters of capillary system have been calculated on computer ODRA
1204, according to the programme developed in the Department of Chemistry and Technology of Brown
‘Coal of the Institute of the Chemistry and Technology of Petroleum and Coal of the Wroclaw Technical
University.
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The calculations of the area by the BET method were based on benzene adsorption
curves within the range of relative pressures P/P, 0.05-0.25. The employed BET equa-
tion had the form

P 1 c—-1 P

B L = s
a(Py—P) a,,C a, C P,

(10)

In the system of coordinates

ul = f(P/P,
a(Py—P) = f(P[Py)

the isotherm is a straight line and from its intersection point with the coordinate and
tangent of the inclination angle of the straight line we can compute the value a,, i.e.
the amount of benzere minimoles in the monolayer covering the surface of pores.

Then, assuming that under measurement conditions a benzene molecule occupies the
area of 0.4375 nm? [6] the total area of pores can be calculated from a more detailed for-
mula

SpeT = @, 263.5, m?g~! (11)

in which the value a,, is determined in minimoles gl

4.3. PARAMETERS OF CAPILLARY STRUCTURE OF THE SLUDGES INVESTIGATED

The investigated alum-sludges came from the surfaces water treatment plant in which
aluminium sulphate has been used for coagulation. Sludges from waterworks in Toma-
szé6w Mazowiecki and Goczatkowice are characterized by a well developed porous struc-
ture. The area of pores determined as the sum of areas of micropores and transitional
pores ranges from 149.0 to 27.6 m2g~ ", and their volume ranges from 0.3 to 0.15 cm3g ",
respectively. In general, these are substances with a well developed transitional porosity.
The contribution of transitional pores to the total volume of pores amounts to about 709%,.
The area of transitional pores ranges within 43-80 m2g~"', while the area of micropores
ranges from 26 to 48 m2g .

Sludges coming from waterworks in Rzeszéw and Krakéw are characterized by consi-
derably lower values of volume and area of pores. Total area of micropores and transi-
tional pores does not exceed 30 m2g~', and their volume reach at most 0.07 cm3g— .

Sludges in which capillary structure was better developed contained relatively high
amounts of Al,O; in dry weight, ranging from 35-409%, aluminium hydroxide, while the
remaining samples contain about 109, of AI(OH);. Hence, this compound is responsible
for the porosity of samples.

9 — EPE 1-—2/77
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The calculations performed allowed also to state the differences between the values
of specific surface computed by the BET method (table 2, column 9) and the values of
area calculated as the sum of areas of micropores and transitional pores (table 2, column 8).
These differences result from general assumption that every calculation method is based
on a certain theoretical model, and that only the values of parameters calculated by the
same method are comparable. In our case summary area of micropores and transitional
pores being a parameter which illustrates more precisely the structure, these values were
assumed for further considerations, hence Syer may be treated as a complementary para-
meter of the structure characteristic.

5. USABILITY OF THE GRAVIMETRIC SORPTION METHOD
IN THE INVESTIGATIONS OF ALUM-SLUDGES

The size of specific surface of sludges from alum-sludge settling tank ranges within
27.6-119.7 m?g~"', whereas sludges from washings have a larger area equal to about
150 m?/g. The amount of aluminium oxide influences significantly by the value of the spe-
cific surface. The relation between specific surface and the content of aluminium oxide
derived for the investigated alum-sludges settling tanks has the following linear form

S

mic

4, = 8.25+2.9[Al,0,] (12)

where Al,Oj is per cent of aluminium oxide in dry weight of sludge.

The particles of solid phase of other substances appearing in the sludges investigated
give them the area equal to 8.25 m?g~'. Such an area is stated for monodispersion suspen-
sion of quartz particles ranging about 3.0 micrometers in size. Since the sludges investiga-
ted comprise larger quartz particles (fig. 1). hence the area of 8.25m?g ' is caused not only
by quartz but also by fine particles of other substances, mainly iron oxides and clayey
minerals.

It has been many times stated that a high content of aluminium oxide and the increase
in dispersion degree in sludges reduce considerably the effects of sedimentation and conden-
sation, and induce the increase of the specific resistance of sludges and the decrease of
dehydration effects during filtration and centrifugation. The relation between the specific
surface, determined by the gravimetric method from the measurements of adsorption,
content of aluminium oxide and size distribution of alum-sludges, as well as a high accuracy
of the measurement method are very essential in interpretation of the investigations on
condensation and mechanical dehydration technologies.

Another example of the usability of the presented method for the measurement of
sludge structure is its application in the interpretation of investigations on rheological and
hydromechanical properties of alum-sludges [10]. Within a wide range of hydrations
rheological properties of sludges are described by one parameter — viscosity. The depen-
dence of viscosity on the hydration of such sludges has a linear character and may be
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presented by the known equation of Einstein
Nos = I]w[l+y¢(100_Vs)]9 (13)

7,, — dynamic water viscosity, ¥ — volume of state phase where Y is a constant para-
meter. It has been stated that the values of the constant ¥ and specific surface of micro-
pores in the investigated sludges (within the range of hydration 1009, — U,,)is described
by the formula [10]

Y = 1.92x 1073 X Spi®. (14)

It has been observed that when the hydrations of sludges are smaller than the critical
one (U < U,) their specific surface influences essentially the values of rheological para-
meters, i. e. flow limit and plastic viscosity [10]. In alum-sludges with the specific surface
larger than 80 m?/g the flow limit appears at hydrations equal to 989, and at lower hydra-
tions its value increases considerably. In sludges characterized by a smaller surface not
exceeding 40 m?/g critical hydration was lower (949) and a rapidly increasing values of
rheological parameters were observed at hydrations lower than 87%.

The essential importance of the measurements of structure of sludges is seen by the
authors also in basic research on the sludge drying process. The application of experimen-
tal method determining the distribution of volume and area of pores in dry weight of
sludges allows to make precise the mechanism of sludge drying, as well as to optimize
the method of preparation of sludges by controlling the changes in their structure at which
the drying process is quicker and more efficient. Finally, the knowledge of the sizes of
pores and capillaries present in sludge gives the possibility to interprete mathematically
the experiments on the drying of sludges and to construct adequate models, based on such
parameters as capillary and surface forces causing water displacement, and on the law
of steem diffusion.

CONCLUSIONS

1. Sludges resulting from coagulation surface impurities with aluminum sulphate have
specific surface ranging from 27 to 149 m2g—1. The values of the areas of sludges taken from
different waterworks depended on different content of aluminum sulphate with respect
to impurities occurring in surface water. The porosity of sludges was chiefly (in about
709,) due to the pores whose radii ranges from 1.5 to 100 nm.

2. Tt has been stated that the parameters of capillary structure of the investigated alum-
-sludges influences their rheological properties. The increase of specific surface induces
the intensification of non-newtonian properties in sludges, at hydrations amounting to
98%.



132 A. Baldyga-Jankowska, M. M. Sozanski

3. Parameters of the sludge structure determined by the gravimetric sorption method
can constitute a basic criterion allowing both to determine quickly the direction at which
the structure of sludges is changing, and to estimate the sludges from the viewpoint of
optimal effects of gravitational and mechanical dehydration and drying.

4. A high contribution of micropores to the total porosity of alum-sludges indicates
that their dehydration meets great difficulties, and that an appropriate change of the struc-
ture of sludges in the process preparing to their dehydration should increase the number
of micropores and decrease both the porosity and the number of transient pores, and con-
sequently reduce the specific area.

BADANIE STRUKTURY OSADOW POKOAGULACYJNYCH METODA ADSORPCII

Znaczenie zjawisk powierzchniowych, pomimo waznej roli jaka odgrywaja we wszystkich procesach
unieszkodliwiania osadow pokoagulacyjnych, jest przemilczane lub pomijane w wielu badaniach o charak-
terze podstawowym. W przedstawionej pracy omowiono podstawy teoretyczne i doswiadczalne jednej z me-
tod badania parametréw charakteryzujacych intensywnos¢ tych zjawisk w osadach. Wyznaczono izotermy
sorpcji i desorpcji dwutlenku wegla i benzenu na badanych osadach, postugujac si¢ wysokoprozniowa apa-
raturg grawimetryczng. Przeprowadzona interpretacja wynikow umozliwita ustalenie rozkiadu objetosci
i powierzchni porow osaddéw. Tak sposob prowadzenia badan jak i ich interpretacje dostosowano do struk-
tury osadow. Przeanalizowano wyniki do$wiadczen postugujac sie teoria Dubinina-Raduszkiewicza oraz
metoda BET. Wskazano na konieczno$¢ stosowania podstawowych metod badania zjawisk powierzchnio-
wych w osadach obok technologicznych badan procesdw ich odwadniania. Uwzglednienie struktury osadow
w interpretacji efektow odwadniania pozwoli na lepsze poznanie mechanizmu tych zjawisk oraz ich optyma-
lizacje.

ERMITTLUNG DER STRUKTUR VON FALLSCHLAMMEN
MITTELS ADSORPTIONSVERFAHRENS

Oberflichen-Effekte spielen bei der Behandlung von Koagulationsschlimmen eine wesentliche Rolle.
Unversténdlich ist, daB sie oft (auch in Grundlagen-Forschungen) verschwiegen oder vernachlissigt wer-
den.

Im vorstehenden Bericht, geben die Verfasser die theoretischen Grundlagen und Versuchsbedingun-
gen einer solchen Untersuchungsmethode an, die die Intensitiit dieser Effekte in Schlimmen gut charakteri-
siert. Die Isothermen der Sorption und Desorption wurden mit Hilfe eines gravimetrischen Hochvacuumap-
parates bestimmt.

Die Auswertung dieser Versuche ermdglichte die Bestimmung der Streuung des Poren volumens und
der Porenfliche solcher Schlimme. Die Versuchsfiihrung und Auswertung wurde der Struktur der Schlim-
men angepalit und untergeordnet. Zur Analyse der Ergebnisse wurden die Theorien von Dubinin und Ra-
duszkiewicz sowie die von BET herangezogen. Die Verfasser weisen mir Nachdruck auf die Notwendig-
keit solcher Untersuchungen in Schlimmen hin — parallel zu technologischen Entwésserungsversuchen.

Unter Zugrundelegung der Struktureigenschaften ist eine Interpretation des Entwisserungsvorganges
moglich; man bekommt auch eine bessere Kenntniss der Mechanismen der erwiihnten Effekte wovon eine
ProzeBoptimierung resultieren kann.
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MCCJIEAOBAHUE CTPYKTYPhbI KOAT VJISILIMOHHBIX OCAJKOB
METOJIOM AJCOPBLINN

3HaueHIe HOBEPXHOCTHBIX SIBJICHUM, HECMOTPS Ha BAXKHYIO POIlb, KAKYIO WTPAIOT OHU BO BCEX MpPOLEC-
cax 06e3BPeKMBAHIS OCAKOB OT KOATYJISLIH, 160 3aMaTIMBaeTCs, TH6O0 He IPHHUMAETCS] BO BHUMAHUC —
naxe B MCCIIEIOBAHMSIX, HOCAIIMX dyHnaMeHTanbHbIL xapakTtep. B Hpe/cTaBIeH Ol paboTe OOCYKICHBT
TEOpeTUYECKME U IKCIIEPUMEHTAIBHBIE OCHOBBL OIHOIO U3 MEeTOIOB M3YYeHWsI apaMeTpPOB, XapakTepu-
3YIOLIMX MHTEHCUBHCCTD JTHX SIBJICHUH B OCaZKax. B Xo/e mcCIe0Banuil ObIIN OTpPe/IeIeHbl H30TEPMBL
coplOumy ¥ aecopbLUmMu IBYOKUCH yrieposa u Gen3ona Ha MCCIeAyeMBIX Ocasikax, [Jisl Yero MCroJib3oBa-
1ach BHICOKOBAKYYM#asi [paBHMeTpUdeckas anmaparypa. PacyeT pe3y/bTATOB IO3BOJMI YCTaHOBUTH
06beM 1 TOBEpXHOCTH Top ocankos. Cnocch mpon3BecHus MCIIBITAHMIL M PACUET MX Pe3yIbTaToB ObLIH
rpucroccOieHbl K CTPYKType OCaaKoB. TIpoaHa u3MpOBaHbl PE3YJLTATHL OTBITOB C MCIOJIb30BAHMEM
teopun JyGunnna-Panymkesuya u BET. Vka3zana He0OXOAMMOCTH MPUMEHCHHMS (hyngaMeHTalIbHbIX
MeTOI0B MCCIe/[0BaHMS TIOBEPXHOCTHBIX SIBJICHUH B OCAIKAX PALOM C TEXHOJIOTMYECKMMHU UCCIIEI0BAHNSIMHI
1o mpoueccam ux obessoxupanus. Victonkosanue pe3yabTaToB COE3BOKMBAHUS CCALKOB C MOMOIIBIO
MX CTPYKTYPHBIX CBOHCTB MO3BOJIMT TOYHEE M3YUMTh MEXaHH3M 9TUX SBJEHHUI U BO3MOXKHOCTb HX ONTH-
MHU3ALIHA.
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