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THE EFFECT OF WATER TEMPERATURE
ON THE COURSE OF ALUM COAGULATION
OF COLLOIDAL PARTICLES IN WATER

The relation between the temperature of water and the optimum
pH range for the process of coagulation has been determined. It has
been stated that the optimum pH values increased with the decreasing
temperature of water. At lower temperatures the efficiency of coagula-
tion decreases. This is due to the decrease in the capacity of alum to
reduce the electrokinetic potential of particles at low temperature.

1. INTRODUCTION

The process of coagulation is generally applied to purification of
water and wastewater, in reuse of waters, as well as in a number of
industrial processes. It has been assumed that the course of coagulation
and of the accompanying flocculation and sedimentation processes depend
on the temperature of water. This relationship is of a special importance
under climatic conditions of Poland which in most months of the year
are characterized by water temperatures below 283 K (10 °C). Summary
distribution of water temperatures in Poland is given in Fig. 1.

Camp [1] has stated that low temperature slightly decreases the
rate of coagulant hydrolysis and that the very process of flocculation
is also slightly inhibited. Thus, it could be inffered that the low tem-
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perature affects solely the sedimentations of flocs after coagulation. The
hypothesis suggested by Camp is inconsistent with experiments performed
at many water purification plants, where it was found that at seasons
of the year characterized by low water temperatures the flocculation
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Fig. 1. Cumulative distribution of annual water temperature
Rys. 1. Kumulatywna dystrybucja rocznej temperatury wody

as well as the sedimentation of flocs are remarkably slower. According
to Chojnacki [2, 3] the studies of the coagulation process should also co-
sider the effect exerted by the changes in the chemical composition of
water occurring at to low temperatures. Kastalski and Klaczko [4] have
found the inhibition of coagulation process at water temperatures ~293 K
(20 °C) and pH 7.0. They explain this fact by an increased desorption
from the floc surfaces.

Estimating the effect of pH on determination of optimum polymer
dose Pressman [7] has found that for waters with low pH values smaller
doses of coagulants should be applied.

Mohtadi and Rao [6] have studied the effects of temperature on
flocculation of aqueous dispersions and found that in alum coagulation
optimum pH depends on the temperature. This relationship appeared
to be insignificant in coagulation with a cationic polyelectrolyte.

The effect of anionic and nonionic polyelectrolytes on the intensifi-
cation of coagulation water impurities is more significant at low tempe-
ratures of water [5].

The difficulties connected with proper coagulation of aqueous disper-
sions at low temperatures and the conflicting information on the effect
of low temperatures on the coagulation process have inclined the authors
to undertake the research work.
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2. RESEARCH METHODS

The water of the Odra river was coagulated at the following tempe-
ratures: 274.5 K (1.5 °C), 277.5 K (4.5°C), 281 K (8°C) and 295.5 K
(22.5 °C). Natural temperature of water (281 K (8 °C)) has been changed
into the required one by means of thermostabile bath.

The water impurities have been coagulated with alum in one liter
beakers. Rapid (80 rpm) and slow (20 rpm) mixing lasted for 1 minute
and 20 minutes, respectively.

The optimum dosage of alum has been determined without correcting
pH value, the effect of pH on the efficiency of coagulation performed the
with selected dose of coagulant was investigated at each experimental
temperature.

The pH of water was adjusted by 0.1 n solution of either hydrochloric
acid or sodium hydroxide. After coagulation and a 30 minute sedimenta-
tion the colour, turbidity, permanganate value, aluminum content and
electrokinetic potential have been determined. The latter value has been
determined from the measurement of electrophoretic mobility of particles
by a {-meter aquipped with Riddick’s cell [5, 6].

3. RESULTS

In coagulation of water at 281 K (8 °C) the applied doses of coagulant:
Al, (SOy4);-18 HyO ranged from 30 to 150 mg/dms3. With all applied doses
quite distinet flocculation has been observed. Results of the investiga-
tions performed under the above conditions are presented in Fig. 2.

With the 50 mg/dm3 dosage of the coagulant the colour and turbidity
of water were lowered to permissible limits and electrokinetic ¢ potential
amounted to about —20 mV, about 339 lower than the potential of
colloids in raw water. Hence, the above dosage has been assumed as
the optimum one.

The best results of permanganate value removal (479) have been
obtained with 80 mg/dm? aluminum sulphate. At this dosage the colloids
potential was lowered to —12 mV (Fig. 2).

Optimum pH for coagulation performed at the given temperature
has been examined using a constant dosage of coagulant 50 mg/dm3
Al (S0,);-18 H,O. For each temperature optimum pH for coagulation
process has been obtained, as shown in Figs. 3 and 4.
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Fig. 2. Effect of alum dosage on the coagulation effect
Rys. 2. Wplyw dawki siarczanu glinowego na efekt koagulacji

For the water at 281 K (8 °C) and pH 5.85 the reduction of perman-
ganete value reached 519, whereas with pH value beyond the optimum
range the reduction was considerably lower. With the above parameters
of pH and temperature the electrokinetic potential was also the lowest
(—7mV) and the flocs had the largest size.

Similar effects of coagulation have been found for the water tem-
peratures and pH values ranging from 274.5 K to 295.5 K and from 6.3
to 5.2, respectively (Fig. 3).

It follows from Fig. 3 that for a given temperature, at optimum pH
range during coagulation, only trace quantities of aluminum are left
in water.

The increase in the concentration of aluminum in coagulated water
was observed at temperature 295.5 K, pH < 5.0, and at temperature
range 274.5 K—284 K (1.5-8°C) at pH < 6.0 (Fig. 3).

The relationship between the optimum pH of coagulation and the
temperature of water is shown in Fig. 4. The values of electrokinetic
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Fig. 3. Effect of pH on alum coagulation of the water
Rys. 3. Wplyw pH na koagulacje wody siarczanem glinu
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potentials at optimum pH for the given temperature of coagulated water
are also presented. Hence, it may be inferred that the optimum pH of
coagulation decreases with the increasing temperature. A constant dosage
of the coagulant applied at low temperature brings about a smaller decrease
in the absolute values of electrokinetic potential. Thus, it follows that
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Tig. 4. Effect of temperature on optimum pH, ¢ potential and viscosity of coagulated
water

Rys. 4. Wplyw temperatury na optymalne pH, potencjal ¢ i lepkosé¢ koagulowanej
wody

low temperatures promote the stability of colloids, which might be due
to the increaging viscosity of water at low temperatures (Fig. 4). Low
temperature (< 283 K) diminishes distinctly the efficiency of coagulation.

Best effects of coagulation have been cbtained by applying a con-
stant dosage of aluminum sulphate at temperature 295.5 K (22.5 °C),
where the electrokinetic potential was reduced to —5mV.
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CONCLUSIONS

Coagulation of colloidal dispersion responsible for colour in the Odra
river water and permanganate value depends distincly on temperature
and pH of water. For temperatures ranging within 274.5 K (1.5 °C) and
295.5 (22.5 °C) the optimum pH for coagulation ranged from 6.3 to 5.2.

Coagulation process conducted beyond the range of optimum pH
values for the given temperature resulted in lower permanganate value
removals which could not be improved by increasing doses of coagulant.

The application of pH optimum for the given temperature of water,
promoted formation of the largest floes and complete precipitation of
the a2luminum.

At low temperature of water the aluminum sulphate ability to reduce
absolute values of electrokinetic potential was distinctly lower.

Negative effects of low temperatures on coagulation with aluminum
sulphate can be remarkably compensated for by proper adjustment of
pH value to its optimum. In coagulation tests both the temperature of
water and its optimum pH should be considered jointly.

Meagurement of the electrokinetic potential of coagulated particles
facilitates accurate determination of the course of the coagulation process.

WPLYW TEMPERATURY WODY NA PRZEBIEG KOAGULACJI
KOLOIDALNYCH ZANIECZYSZCZEN WODY PRZY UZYCIU
SIARCZANU GLINOWEGO

Badania dotyczyly wptywu temperatury na optymalny przedzial pH w procesie
koagulacji wody z rzeki Odry.

W zakresie temperatur od 274,5 K do 295,56 K optymalny odezyn wody wynosit
odpowiednio od 6,3 do 5,2pH. Przy optymalnym, dla danej temperatury wody,
odezynie uzyskano najwieksze klaczki oraz najnizsze stezenie pozostatego rozpusz-
czonego glinu. Niewielki wzrost pH nie wplywal na wzrost stezenia tego metalu.

W temperaturach ponizej optymalnego zakresu koagulant w mniejszym stopniu
obnizal potencjat elektrokinetyczny koagulowanych czastek.

Pomiary potencjalu elektrokinetycznego czastek pozwolity ustali¢c optymalne
warunki przebiegu procesu koagulacji.

EINFLUB DER WASSERTEMPERATUR AUF DEN VERLAUF
DER KOAGULATION KOLLOIDALER WASSERVERUNREINIGUNGEN
UNTER ANWENDUNG VON ALUMINIUMSULFAT

Der Untersuchungen betreffen den EinfluB der Temperatur auf den optimalen
pH-Intervall im Koagulationsproze des Oderwassers.
Im Temperaturbereich von 274,56 K bis 295,5 K betrug die optimale Reaktion
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des Wassers 6,3 bis 5,2 pH. Bei der fiir die angebene Wassertemperatur optimalen
Reaktion wurden die grofiten Flocken und die niedrigste Konzentration des remanen-
ten gelosten Aluminiums erzielt.
Bei Temperaturen unterhalb des optimalen Bereichs erniedrigte der Koagulant
in geringerem Grade das elektrokinetische Potential der koagulierten Teilchen.
Die Messungen des elektrokinetischen Potentials der Teilchen ermoglichten es,
die eigentlichen Bedingungen fiir den Verlauf des Koagulationsprozesses zu bestimmen.

BJIMSAHUE TEMIIEPATYPBI BOJbl HA XOJ KOATVJISILIUU KOJIJIOUOHBIX
3ATrPSIBHEHUI BOABI TIPU YIIOTPEBJIEHUU CYJIb®ATA AJTFOMWHU S

WUccnenosanus KacaluCh BIIMsSHHS TEMIIEPATypbl HA ONTHMAJIbHBIA MHTepBad pH B mpouecce
KoaryJasiuud Boabl M3 peku Ozpel. B TemMneparypuom unTepBasie ot 274,5 mo 295,5 K omrumais-
Hasi peakuusi BOJbI COCTABIIsIA COOTBETCTBEHHO OT 6,3 mo 5,2 pH. Ipu peakuuu, OnTHMalIbHOMK
IUTsL TAaHHOM TeMmepaTypbl BO/IbI, 00Pa30BaINCh CaMble OOJIbIINE XJTOMbS M CaMble HA3KHE KOHIIEH-
TpPalMK OCTABIIEroCsi HE PACTBOPEHHOro amoMuHus. HesHauwutenbHslit pocts pH He Bmusm, mpu
9TOM, ¥ Ha POCT KOHIEHTPALMHA 3TOr0 MeTallIa.

Ipu TemmepaTypaxX HEXeE ONTHMAILHOTO MHTEPBAJIA KOATYJISATOP B MEHEE 3HAYMTEIILHOM CTe-
TIEHK TTOHMXKAIT JJIEKTPOKAHETHIECKHI MOTEHIIMA KOAryJIMPYEMbIX MOJIEKY.L.

W3mepenust 371€KTPOKHHETHYECKOTO MOTEHLMATA MOJIEKYJI IO3BOJIMIM OMPENETh COOTBET-
CTBYIOLIWE YCIOBHS ISl TpOLecca KOaryJIsiluu.
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