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1. Introduction

Application of poly-aluminum chloride (PACI) coagulant is a
popular mode of water treatment worldwide because of the high
capacity of PACI to neutralize charge [1]. However, the selection of
a proper PACI still requires empirical information and field testing.
It is widely recognized that even PACIs with the same property
sometimes performs differently depending on the water to be treated.
However, little attention was paid to the effect of water quality on
PACI coagulation. In this study, in order to clarify the effect of water
ion components on PACI coagulation, the correlation between PACI
hydrolysis and its coagulation performance was first investigated.
Then, the different hydrolysis acceleration ability of inorganic ion
components in the raw water was investigated, which revealed the
effects of water ion component on PACI coagulation.
2. Materials and methods
2.1. PAClIs and waters

Two commercially available PACI products, HB (High basicity,
70%) -PACl and NB (Normal basicity, 50%) -PACI, were used in this
study. Natural waters (different in ion components) were used in
Section 2.2 and 2.3. Artificial ionic waters contained different SO4%,
HCOs', CI', and NOs™ concentration was prepared for investigating
effect of inorganic ion on accelerating hydrolysis in Section 2.3.
2.2. Coagulation-flocculation experiments

These experiments were conducted in rectangular plastic beakers.
The mixing intensity varied in time order to simulate the process in
the treatment plants [2]. In these experiments, the growth of floc size
was measured by a particle size analyzer. The time until the D50
(median diameter) of floc particles grew to 500 pm was used as an
index of floc formation rate. The pH was kept to 7.0 or 7.5 in
experiments. The dose of PAClIs varied from 1.5 to 3.5 mg-Al/L.
2.3. Hydrolysis-precipitation rate test

During the mixing, portions of water were withdrawn from the
beaker at the pre-determined time and filtered through a 10-pm pore
size membrane filter [3.4]. The Al concentrations in the filtrate were
measured by ICP-MS. The time required to reduce the Al
concentration in the filtrate fourfold from the initial concentration
was calculated, and this one-quarter concentration time was used as
the index of the rate of PACI hydrolysis-precipitation.
3. Results and discussion

As shown in Fig. 1, when the rate of floc formation was slow (a

long time was required for the floc to grow to a size of 500 um), the
one-quarter concentration time was long (the rate of PACI
hydrolysis-precipitation was slow). The rates of floc formation,
which depended on the type of coagulant (HB-PACI or NB-PACI)
and dose, water quality (ion components), and pH, were correlated
to the rates of PACI hydrolysis-precipitation (R> = 0.614). Hydrolysis
of Al species was therefore found to be an important factor for floc
formation.

As shown in Fig. 2, the ability of inorganic ions to hydrolyze Al
species follows: SO4%* > HCOs >> Cl'=NOs". Natural organic matter
(NOM) also affected PACI hydrolysis, cations had little effect on
PACI hydrolysis (data not shown). The SO4%* was ~200 times more
effective than Cl-and NOs™ in hydrolyzing PACI. It was also >6 times
more effective than HCOs™. This effectiveness was only partly
explained by the modified Schulze-Hardy rules [5], which suggested
charge neutralization mechanism is insufficient to explain hydrolysis.
Within monovalent anions, HCO3™ was about 11 times more effective
than NOs™ and CI-, which can be explained by the consumption of
alkalinity in the hydrolysis process [6]. Moreover, these ions
interacted additively to enhance PACI hydrolysis. Their overall
effect is strongly correlated with PACI hydrolysis (data not shown).
4. Conclusion

The PACI floc formation in coagulation-flocculation was highly
correlated with its hydrolysis-precipitation rate, which was highly
affected by the ion components in water. The overall effects of ions

can be a useful metric of coagulation effectiveness.
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