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TECHNOLOGICAL CRITERIA OF ALUM COAGULATION

The importance of some parameters of physicochemical phenomena occurring during coagu-
lation process has been discussed, a special attention being given to flocculation. It has been shown
that the process is controllable and that its optimization may be based on the proposed technological
criteria.

LIST OF SYMBOLS

€ — porosity of beds, .
05,0 — density of filtration bed, density of water,
¢ — electrokinetic potential,
Co, C — concentrations of pollutants in raw and treated water,
— diameter of bed grains,
Kozen-Carmea’s constant,
— filtration velocity.
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1. INTRODUCTION

The coagulation process consists of two phases, namely:

1. Destabilization of the colloidal dispersions of water impurities, conditioned by the
kind and quantity of the coagulant dosage, as well as by electrokinetic potential of the
particles.

2. Flocculation phase which depends essentially on the temperature and pH value
of water, the electrokinetic potential as well as on the time and conditions of mixing.

The process efficiency depends on whether or not the flocculation process is conducted
correctly. The investigations have shown the influence of physicochemical factors on the
efficiency of volume coagulation and surface coagulation conducted in filter beds the
latter being the extreme modification of the former.

* Institute of Environment Protection Engineering, Technical University of Wroctaw, Wroctaw,
Poland.
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2. METHODS OF INVESTIGATIONS

Volumetric coagulation was conducted in jar test method. Flocculation time was
1200 s, pH value adjusted by using 0.1 n HCI or NaOH.

The influence of temperature on coagulation effects has been investigated. A constant
temperature was kept by ‘mmersing the samples in thermostable bath. The mixing intensity
was expressed by the velocity gradient of the liquid flow, which was determined from the
measurement of rotational speed and size of stirrers as well as from the volume of the
water samples.

In surface coagulation the influence of coagulant on the efficiency of the process was
investigated depending on the filter bed, pH value and water temperature, using sand
and sand-coal filters. They were characterized by the following parameters:

1. grain-size of sand: d;, — 0.7 - 10—m, dy, — 0.9 - 10-m;

grain-size of anthracite: d;o — 0.8 - 10°m, d,, — 1.1 - 10—3m;

grain-size of activated carbon: d;, — 0.8 -10-3m, d,, — 0.95- 10->m;

2. porosity: 0.35, 0.40 and 0.45, respectively.

The height of filter beds amounted to 0.9 m, in dual-media filters the sand layer was 0.6 m
and the layer of anthracite or activated carbon — 0.3 m high. The filtration rate was 5 m/h.
The mixing conditions in pure filtration beds were determined from the velocity gradient
expressed by the formula [2]

l—e v /0~ K.
e d 0

To establish the values of the velocity gradient in polluted beds a filtration medel has
been assumed, in which the specific deposit, bed’s porcsity, grain-size and an equivalent
filtration rate have been taken into account. The coagulation effects have been determined
from the reductions of colour, turbidity and COD (permanganate value). These indicators
have been determined according to the Polish standards.

The process was controlled, basing on the electrokinetic potential of colloidal particles.
Electrokinetic potential has been determined from the measurement of electrophoretic
mobility by electrophoresis. In surface coagulation filter run has been also investigated
to determine the usability of beds for coagulation process. The raw water source was the
Odra river the parameter of which varied in quality as follows: alkalinity — 100-125 g/m3
as CaCO;, pH — 7.4-7.5, colour — 20-50 g/m3 Pt, turbidity — 15-50 g/m?, COD perman-
ganate value — 11.2-16.2 g/m*® O,. The mean electrokinetic potential of particles ranged
from —22 to —30.5 mV.
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3. EFFICIENCY OF COAGULATION PROCESS
3.1. COAGULANT DOSAGE

The required coagulant dosage depends on the method of coagulation. The efficiency
of water purification in volume and surface coagulation are presented in fig. 1. The
treatment effects in surface coagulation refer to the mean value obtained in the whole
filter run.
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From the comparison of the efficiency of water treatment, depending on the method
applied, it follows that in surface coagulation the required dosages of coagulant are lower
and that they assure a better quality of water. In volume coagulation the removal of impur-
ities increased with the increasing the coagulant dosage, whereas in surface coagulation
the turbidity removal increased with dosages ranging to 20 g/m®* Al,(SO,); 18 H,O
and was practically unchanged for the dosages ranging from 20 to 60 g/m3, independently
of the kind of bed.
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Fig. 1. The effect of coagulant dose on the coagulation efficiency and the value of electrokinetic potential
Rys. 1. Wplyw dawki koagulanta na efektywno$¢ koagulacji i wielko$¢ potencjatu elektrokinetycznego

The effect of filter bed media on the turbidity removal has been manifested at the
coagulant dosages higher than 50-60 g/m3. A reverse phenomenon has been observed
in removal of compounds responsible for the COD. With the coagulant dosages higher
than 80 g/m?3 the decrease of COD for the examined filtration beds and for volume coagu-
lation was practically the same, whereas with lower dosages, especially below 50 g/m?3,
the degree of the COD removal is higher for sand-carbon beds, if compared with sand
and sand-anthracite beds as well as with volume coagulation. This proves that the sorptive
ability of active carbon may be utilized with low coagulant dosage, whereas at higher
doses cf coagulant activated carbon performed the role of a filter medium.
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For the sand and sand-anthracite beds the COD removal with the dose of 10 g/m?3
was better, compared with volume coagulation. This is due to the fact that the flocculation
in filter beds at low doses of coagulant is more efficient, while volume flocculation is extreme-
ly weak.

The maximal doses of alum, at which the coagulation process may be conducted and
established from the length of filter run, were the lowest for sand bed, somewhat higher
for the sand-anthracite bed and the highest ones for the sand-carbon bed (fig. 2).

sand-activated carbon bed

j Filtration time

'sand-anthracite bed

sand bed

g/m3

10 20 30 40 50 60 70 80 50 100
Dose of coagulant Al,(SO,);x18H,0
Fig. 2. Filtration time versus coagulant dose
Rys. 2. Zaleznos$¢ czasu filtracji od dawki koagulanta

Considering the quality of the filtrate the coagulant doses should not exceed 60 g/m3
Al,(SO,);- 18 H,0. With this maximal dose of the coagulant the 8 hour filter run can
be guaranteed exclusively in sand-coal bed. The sizes of coagulant doses are also related
to the tempcrature and pH of water."

3.2. TEMPERATURE AND pH VALUE OF WATER

In volume coagulation with aluminium sulphate the efficiency of the process was con-
ditioned by the pH value and temperature of water. It has been shown that lower treatment
effects stated at low temperatures are due to a higher stability- of colloids. This is related
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to the fact that at low temperatures the destabilization abilities of the coagulant are lower
(fig. 3). The efficiency of the process was distinctly improved with the optimal pH value
of water. The optimal pH being temperature dependent, decreased with the increasing
temperature of water (fig. 3).

The optimal pH of water for the given temperature allows to obtain a better effect of
treatment or to lower the doses of coagulant without deteriorating the quality of water (fig. 4).
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Fig. 3. The effect of temperature on the optimal Fig. 4. Efficiency of water treatment at natural
pH value and destabilization of colloids and optimal pH values

Rys. 3. Wplyw temperatury na wielko§¢ odczynu Rys. 4. PorOwnanie skutecznosci oczyszczania
" optymalnego i destabilizacje koloidow wody przy pH naturalnym i optymalnym

In surface coagulation the temperature of water distinctly affected the course of the
process in filter bed, having almost no influence on the treatment effects [4]. It has been
stated, however, that the optimal pH results in the prolongation of the filter run (fig.
5).

3.3. ELECTROKINETIC POTENTIAL

The investigations conducted allowed to state the usability of the measurement of
the zeta potential to the control of volume and surface coagulation.

It has been stated that the reduction of the stability of colloids with 50 g/m? of alumi-
nium sulphate was almost three times lower at the temperature of about 274 K than at
temperatures exceeding 283 K (fig. 3). This phenomenon may explain the difficulties
appearing during coagulation of water impurities at low temperatures, as well as the fact
that to improve the treatment effects either polyelectrolytes or higher doses of coagulants
or adjustment of pH value are applied. It has been shown that in volume coagulation
with aluminium sulphate the turbidity was removed at the values of { < |—10.0] mV,
and colour removal at { < | —5.0 | mV (fig. 1). It has been also stated that in filtration
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Fig. 5. Time of filter run depending on the pH value of water and kind of bed

Rys. 5. Dlugos¢ cykli filtracyjnych zaleznie od odczynu wody i rodzaju zltoza

process the removal of impurities occurs in certain intervals of the zeta potential values
Thus, for the turbidity removal the values of zeta potential ranged from —17.0 to —25.0
mV, whereas the optimum of COD removal was obtained with the zeta potential of about
—14.5 mV (fig. 1). This is related to the application of lower doses of the coagulant in
surface coagulation.

Zeta potential proved to be a helpful factor in the estimation of filter hydraulics. With
the decreasing absolute values of the zeta potential the rate of head losses increased (fig. 6).
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Fig. 6. Growth rate of head losses as a function of zeta potential
Rys. 6. Szybko$¢ wazrostu strat ciSnienia w funkcji potencjatu {
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From the analysis of the growth rate of the head losses it follows that the optimum efficiency
of the examined filter beds for alum coagulation appears at the { values up to —17.5 mV.
At this value of ¢ the turbidity was efficiently removed by the three kinds of examined
beds, and COD by sand-coal beds. Because of a rapid increase of head loss at lower ab-
solute values of the ¢ potential, the doses of coagulant should be reduced to 50 g/m?.

3.4. VELOCITY GRADIENT

For volume coagulation the optimal velocity gradient amounted to 20-60 s—* (fig. 7).
Negative effect of higher velocity gradients on volume flocculation can be partially com-
pensated by applying higher doses of coagulant. In filtration process of the water being
coagulated the determined velocity gradients were much higher and depended among
others on the density of filter bed media as well as on the filtration time and ranged from
15 to 500 s~ in filter run. Lower values refer to sand-coal bed, and the higher ones to the
sand bed, proving that the flocculation conditions are better in double layer beds (fig. 8).
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The values of velocity gradient indicate that the flocks formed in surface coagulation
differ in structure from those in volume coagulation, and that the application of multi-
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media beds and an apropriate filtration rate, depending on the density of filter medium,
are fully justified in case of flocculation.
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Rys. 8. Gradient predkosci w ztozach filtracyjnych

4. CONCLUSIONS

The conducted investigations allowed to state that the course of coagulation is condi-
tioned by physicochemical parameters. It has been shown that impurities removal in
volume coagulation occurs at the { < | —10.0 | mV. To assure this value the doses of
coagulant must increase with the decreasing temperature of water. The efficiency of this
process may be improved by adjusting the pH to the optimal value which for the water
from the Odra river varied from 6.3 to 5.2 for the temperature ranging within
274.5-295.5 K. '

An appropriate course of flocculation is assured by the mixing process at the velocity
gradients 20-60 s—!. The same parameters, differing only in values, influence the efficiency
of coagulation in filter beds. Thus, removal of water pollutants takes place for ¢ ranging
from —25.0 mV to —14.5 mV, the utilization of beds, determined by the process efficiency
being more effective at higher absolute values of the zeta potential.

This conclusion has been confirmed by the analysis of the growth rate of the filtration
head losses, from which it follows that the optimum efficiency of beds occurs at the ¢
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reaching —17.0 mV. This value is obtained if the alum dose approaches 50 g/m?. Coagula-
tion in filter beds being conducted at relatively high values of the zeta potential low tem-
peratures do not disturb the treatment effects, but only influence the time of filter run
which can be increased by keeping the optimal pH of the water.

The length of the filter run is connected with the filtration rate, which is determined
by flocculation gradient, depending on the filter media density — being higher for lighter
beds. The values of velocity gradient indicate that the flocculation conditions in multi-
media filters are more advantageous and speak for their utilization in direct coagulation
filtration. Of the parameters discussed in the paper ¢lectrokinetic potential and velocity
gradient should be recognized as the basic technological criteria, the pH of water connected
with temperature being of a somewhat less importance.

By employing these criteria to control of coagulation process will assure its appro-
priate optimization.
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KRYTERIA TECHNOLOGICZNE PROCESU KOAGULACII
SIARCZANEM GLINOWYM

Przedstawiono znaczenie niektorych parametroéw zjawisk fizyczno-chemicznych w procesie koagulacji
siarczanem glinowym. Spo$réd omawianych parametrow za podstawowe kryteria technologiczne uznano
potencjat elektrokinetyczny i gradient predkosci, a w nastgpnej kolejnosci odczyn wody zwiazany z tempera-
tura. Usuwanie zanieczyszczen z wody zachodzito przy potencjale elektrokinetycznym ¢ < [—10,0 | mV
dla koagulacji objetosciowej i w zakresie —25,0 do —14,5 mV dla koagulacji w zlozach filtracyjnych.
Wysoka efektywnos¢ flokulacji w koagulacji objetoSciowej zapewniat gradient predkosci ruchu cieczy
w zakresie 20-60 s—!, a w procesie filtracji 15-500 s~!. Gradient predkosci wskazuje na korzystniejsze
warunki flokulacji w zlozach wielowarstwowych, jak rowniez uzasadnia stosowanie wlasciwej predkosci
filtracji — wyzszej dla zt6z 1zejszych.

Skuteczno$¢ koagulacji objetosciowej zwigkszala si¢ przy zachowaniu optymalnego odczynu, ktoérego
warto$¢ uzalezniono od temperatury wody. W procesie prowadzonym w zlozach filtracyjnych temperatura
wplywala nie tyle na efekty oczyszczania, co na dtugo$¢ cyklu filtracji. Wydtuzenie cyklu filtracji uzyskano
przez zachowanie optymalnego pH.

Prowadzenie koagulacji w warunkach okre$lonych wspomnianymi kryteriami zapewnia jej technolo-
giczna optymalizacjg.

TECHNOLOGISCHE KRITERIEN DER KOAGULATION
MIT ALUMINIUMSULFAT

Im Beitrag wird die Bedeutung der wichtigeren physikalischen und chemischen Faktoren der Koagula-
tion erortert. Grundlegend ist das elektrokinetische Potential, der Geschwindigkeitsgradient und die Reak-
tion pH, die (in gewissem Grad) temperaturabhingig ist.
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Die normale Koagulation verlduft bei —10 mV, die Koagulation im Filterbett bei —25,0 bis — 14,5 mV.
Gute Flockung war bei Geschwindigkeitsgradienten zwischen 20-60 s=* erreicht; im Filtrationsvorgang
war sie bei 15-500 s~* gesichert. Die Werte des Geschwindigkeitsgradienten weisen auf giinstigere Flockungs-
verhidltnisse in Mehrschichtfiltern, was auf hohere spezifische Filtrationsgeschwindigkeiten bei Bettschii-
ttungen kleinerer Dichte zuriickzufiihren ist. Der Koagulationsverlauf ist pH-abhingig. Die Einhaltung
der optimalen pH-Werte bei gegebenen Temperaturen verbessert zwar den Reinigungsgrad in Filtern nicht,
verlingert aber deren Laufzeit.

Durch Einhaltung der o. besprochenen Bedingungen, ist die technologische Optimierung abgesichert

TEXHOJIOTUYECKHE KPUTEPUU ITPOLIECCA KOAI'VJISALIN
CVIJIb®ATOM AJIFOMUHUM S

OG6CyXIeHo 3HaYeHHWE HEKOTOPBHIX MapaMeTpoB (H3MKO-XHMUYECKHX SIBIEHMA B TpOIECCE KOATry-
nauua cynabdaTrom amromuBus. Cpeld pacCMaTpPHBAEMBIX NapaMETPOB OCHOBHBIMH TEXHOJIOTHYECKHMH
KPUTEPHSAMH NPHU3HAHBI 3JIEKTPOKMHETHYECKAH ITOTEHIMAN M TPAJMEHT CKODOCTH, a B Cleayroulelf oue-
PENHOCTH aKTHBHAs PEaKUHsi BOABI, CBS3aHHAsS C TEMIEPATYpOii. YyalleHue 3arps3HEHHH M3 BOIBI OCY-
LIECTBISUIOCH TIPH JJIEKTPOKMHETHYECKOM moTernuane { < | —10,0 | MB ana o6BEMHON Koaryssauuu
B npezenax —25,0 no —14,5 MB nna koarynsauud B GUIBTPUPYIOUIAX CIOSX. BBICOKyIO0 3hdEeKTHBHOCTD
¢dnoxynauua B 0OBEMHOM KOAarysasauun oOecHeyMBaN IPAfHEHT CKOPOCTH [BMIKEHHS XHIKOCTH B IIpele-
nax 20-60 ¢!, a B mpouecce dpunbTpamun 15-500 ¢ —1. I'pammeHT CKOPOCTH yka3siBaeT Ha 6ojee 6Iaro-
OPHATHBIE YCIOBHS (IIOKYIALUMH B MHOTOCIOHWHBIX (UIIBTPaX, a Takke OOGOCHOBBLIBAET NMPHMEHEHHE CO-
OTBETCTBYIOIIEH CKOpOCTH GHUIbTpalEl — BhICHIEH s 6oree NErKUX CIOEB.

OddexTHBHOCTE OOBEMHOM KOAryJIsIMH YBEIHYMBAJIACH IPU COXPAHEHHM ONTHMAJIBHOM peaxiuu,
3Ha4YEHHE KOTOPOH OBUTO OOyCnoBNEHO TeMmepaTypoif BoAel. B mporecce, mpoBOmMMOM B (GHIBTPHDY-
IOIMX CIIOSAX TEMIEpATypa BIIMsAJA HE CTOJBKO Ha 3(P(EKTHI OYHCTKH, CKOJBKO Ha HPOAOKHATENHHOCTD
uKia GuIbTpauuA. V/IMHEHHE KA GUIBTPALMEA GBIIO JOCTUTHYTO COXPAHEHHEM ONTHMAJbHOrO pH.

IIposenenne KoarynsiiE B YCJIOBHSX, ONPEAENEHHBIX YIOMSHYTBIMH KDHTEPHSAMH OOeCnedYHBaeT
€€ TEeXHOJIOTHYECKYIO ONTHMH3ALHKIO.




