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Abstract

Six prehydrolyzed commercial Al polychlorides of various basicity and aluminium sulphate (alum) were analyzed to deter-
mine the reliable method of Al speciation. The tests were carried out on the basis of colorimetric reaction of ferron with alu-
minum species. The analysis results were calculated based on two commonly used methods. The results have shown that the
traditional ferron method may introduce errors when monomeric and polynuclear Al (Al; and Alp) do not react with ferron
reagent within 0-2 min and 2 h, respectively. The effect of inaccuracies in the calculation assumptions appears to be signif-
icant for aluminum speciation. The method based on reaction rate constants allows determining the form of monomeric and
polymeric forms, including polycation Aly3, which is particularly desirable in coagulation based on neutralization of the
negative charge of contaminants present in treated water.

Streszczenie

W artykule zaprezentowano wyniki badan, ktorych celem bylo ustalenie wiarygodnej metody analizy specjacyjnej glinu dla
siarczanu glinu oraz sze$ciu komercyjnych koagulantéw wstepnie zhydrolizowanych — polichlorkéw glinu, o réznej zasa-
dowoSci. Testy zostaly przeprowadzone na podstawie reakcji kolorymetrycznej ferronu z glinem o réznym stopniu
polimeryzacji. Wyniki analizy obliczono w oparciu o dwie powszechnie stosowane metody. Na podstawie analizy wynikow
badan stwierdzono, ze tradycyjna metoda jest niewiarygodna, gdyz jest oparta o nie$cisle przedzialy czasowe. Skutkiem
réznych przedzialow czasowych przyjetych do obliczen sa znaczace réznice w wynikach analizy specjacyjnej glinu.
Wiarygodna metoda jest natomiast metoda oparta na analizie stalych szybkoSci reakcji, co pozwala na okreSlenie udziatu
form monomerowych, jak i polimerowych, w tym polikationu Aly3, ktory jest szczegdlnie pozadany podczas koagulacji rea-
lizowanej w oparciu o neutralizacje ujemnego tadunku zanieczyszczen obecnych w wodzie.
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1. INTRODUCTION often sufficient to obtain the required water quality, is
to change the type of coagulant. At present, polyalu-
HOR : minium chlorides (PACls) are applied at many water
process is still the subject of vast research on how the .- hant plants, because they are usually more effec-

improvement of the efficiency of this process makes it e 4150 at low temperatures, than aluminum sulfate
possible to improve the quality of treated water in the [1-4]

whole technological system. It is practically the only
process unit, which allows increasing the efficiency of
removal of organic matter from water, which is espe-
cially very important in terms of risk of the formation
of disinfection by-products. The easiest way, which is

Coagulation as the primary surface water treatment

The basic information provided by the manufacturers
to characterize pre-hydrolyzed coagulants is basicity
and aluminum concentration, whose the parameters
are not clear guideline to determine the effectiveness
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of these coagulants. The key information that allows
determining the mechanisms of coagulation and
hence optimum coagulation parameters, especially
coagulant dosage, is aluminum speciation. It is
defined as the share of monomeric and polymeric,
especially Aly3, species [5].

The aim of the research presented in the paper was
to determine a reliable method of aluminum specia-
tion in pre-hydrolyzed coagulants. The tests were car-
ried out on the basis of colorimetric reaction of fer-
ron with aluminum species. The analysis results were
calculated based on two commonly used methods.

2. METHODS
2.1. Reagents

The characteristics of tested coagulants are shown in
Table 1.

Table 1.
Coagulants characteristics
coagulant  OH/AI Al%f ’ Al%% %

PACI1 2.4 11.0 20.79 7.0
PACI2 2.4 6.0 11.34 4.0
PACI3 2.55 12.5 23.6 8.5
PACI4 2.55 8.5 16.0 5.5
PACIS 2.1 11.0 20.79 10.0
PACI6 1.95 8.5 16.0 9.0
Alum 0 42 7.9 0

Speciation analysis was calculated based on two
methods: k-value ferron assay and traditional ferron
assay [6-10].

Ferron method can distinguish various forms of Al by
their different rates of reaction with the ferron
reagent (8-hydroxy-7-iodo-5-quinoline sulfonic acid).
In traditional method the fraction of Al designated as
Al,, which reacts with ferron almost instantaneously
(0-1 min), is assumed to include primarily monomer-
ic species. The species that react with ferron slower
than Al, (1-120 min) are thought to include polynu-
clear Al species (Alp). Polynuclear species is regard-
ed to ensure high coagulation efficiency. The fraction
of Al that does not react with the ferron reagent with-
in the time of experiment (typically 120 min), i.e. a
non-reactive fraction (Al), is assumed to represent
colloidal, solid-phase or polymeric Al. The total con-
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Ktos

centration of aluminum (Alr) can be calculated
according to formula:

Alt = Al, + Al + Al (1)

In recent years, ferron complexation timed spec-
trophotometry has become the main method to mea-
sure aluminium speciation. However, the classifica-
tion of Al,, Aly, and Al is based on the arbitrary reac-
tion time of hydrolyzed aluminum complexation with
ferron. Therefore, the results are somewhat random
and cannot accurately reveal the chemical species
generated and transformed during aluminum salt
hydrolysis, coordination and polymerization.
Therefore, using the ferron method to measure alu-
minium species may introduce errors when
monomeric and polynuclear Al (Al, and Aly) do not
react with ferron reagent within 1 min and 2 h,
respectively. Kinetics curves provide a more accurate
method of identifying the Al speciation and include
information about all phases of the Al-ferron reac-
tion [6].

The second method to analyze aluminium species is
based on the assumption that the mononuclear Al and
ferron react instantaneously and the mononuclear Al
contribute all its absorbance att = 0, i.e., Ag. The sub-
sequent increases of absorbance comprise of
absorbance resulting from parallel reactions between
ferron and polynuclear species [7]. The reactions
between polynuclear Al species and ferron conform
to pseudo-first-order, so the whole model can be
expressed in the following equation:

Ar=Ag + % (Ac—c) (1 - exp (-kt))
where:
Ay, Ap —the absorbance measured at any time and
zero time, respectively
Ay (x = 1,2) — the absorbance resulting from the reac-

tion between ferron and polynuclear Al species that
would be measured at infinite time

ky (x = 1,2) — kinetic constants (k values) for various
Al species
¢ — constant value depending on experiment system.

In this method, the polymeric species can be iden-
tified by its k value and its fraction can be calculated
from A,.
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3. RESULTS

The figures 1-7 presents the kinetics curves for 7 test-

ed coagulants.
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Timed colorimetric analysis of PACIS
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Timed colorimetric analysis of PACI3
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Timed colorimetric analysis of PACI6
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Timed colorimetric analysis of alum

During the measurements, it was found that, the
reaction time between ferron and aluminium species
was longer than 2 hours. It was due to the presence of
polymeric forms slow-reacting with ferron.
Disregarding the results of increase in absorbance
after 120 minutes in traditional method was one of
the reasons for the differences in the resulting coag-
ulant speciation analysis using both measurement
methods (Table 2., Table 3.)

Table 2.
Aluminium speciation based on traditional ferron assay

Traditional method
Monomery Polimery
coagulant % %
PACI1 54.07 45.93
PACI2 40.74 59.26
PACI3 57.61 42.39
PACH4 57.18 42.82
PACI5 85.62 14.38
PACI6 89.23 10.77
Alum 98.65 1.35
Table 3.

Aluminium speciation based on k-value ferron assay

k-value-based ferron assay
rapid species .
coagulant monomers ( (?ligorrr)lers) tridecamers
% 2 %
PACI1 11.08 41.70 47.21
PACI2 15.49 32.47 52.04
PACI3 14.25 53.07 32.68
PACI4 12.71 56.12 31.17
PACI5 2237 49.69 27.94
PACI6 8.02 85.93 6.06
Alum 90.65 4.09 5.35

Ktos

The data obtained by means of the two ferron meth-
ods of aluminium speciation are significantly differ-
ent from each other. The largest difference is the
content of monomeric forms. The monomers fraction
calculated on k-value-based ferron assay is in the
range 8.02-22.37% for pre-hydrolyzed coagulants,
and 90.65% for aluminum sulphate. At the same time
the content of monomeric species determined
according to traditional method varied over a wide
range from 40.74% to 89.23%, for alum it was
98,65%. Such a significant difference in the results
obtained using both methods results from the fact
that a traditional assay does not take into considera-
tion the actual kinetics rate.

The changing value of a constant rate means that
other aluminium species began to react with ferron.
However, in a traditional method, the aluminum frac-
tion of a particular form is determined based on arbi-
trary reaction time of hydrolyzed aluminum complex-
ation with ferron, which is not equivalent to the fact
that only one aluminium species have been detected.
According to the traditional method the first 60 sec-
onds of reaction corresponds only to monomers, but
the analysis of kintetics constants in this period indi-
cates that they have undergone changes, which is tan-
tamount to the fact that not only monomers, but also
oligomers have reacted with ferron.

Additional inaccuracy obtained on the basis of tradi-
tional assay stems from the fact that in the literature
the monomers are determined based on various
assumptions. For their calculation three different
time periods, i.e. 30 s, 60 s, 120 s are adopted. No
clear criteria means that for the same sample fraction
of the monomers may differ significantly.

The analysis of polynuclear species confirms a signif-
icant difference between the results obtained by tra-
ditional method and the k-value-based method.
Speciation analysis of aluminum, based on the reac-
tion rate constants allows specifying the fraction of
monomers, oligomers and polynuclear species. It has
been stated that the slow-reacting species with ferron
(constant k) is tridecamer Al;3, as confirmed by the
results of studies using NMR (Nuclear Magnetic
Resonanse). The content of polymeric species of alu-
minum determined by the two methods is definitely
different. The results calculated based on the tradi-
tional method shows that the fraction of tridecamer
Aly3 varies in the range 10.8-59.26%, while based on

the reaction rate constants 77.6-92%.
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4.

CONCLUSIONS

* Speciation analysis of pre-hydrolyzed coagulants is

crucial for determining the coagulation mecha-
nisms and their effectiveness in removing impuri-
ties.

¢ The traditional ferron method to measure alumini-

um species may introduce errors when monomeric
and polynuclear Al (Al, and Aly) do not react with

ferron reagent within 1 min and 2 h, respectively.

* Kinetics curves provide a more accurate method of

identifying the Al speciation and include informa-
tion about all phases of the Al-ferron reaction.

The method based on reaction rate constants
allows determining the form of monomeric and
polymeric forms, including polycation Als, which
is particularly desirable in coagulation based on
neutralization of the negative charge of contami-
nants present in treated water.

REFERENCES

(1]

Gumiriska J.; Wplyw transformacji form glinu na
uzdatnianie wody z zastosowaniem koagulantow
spolimeryzowanych (Effect of changes in Al specia-
tion on the efficiency of water treatment with pre-
hydrolyzed coagulants). Ochrona Srodowiska, Vol.33,
2011, No2, p.17-21

Ktos M., Guminska J.; Zastosowanie sterowania
dawka koagulantu w czasie rzeczywistym w celu
zwigkszenia skutecznosci procesu koagulacji (Use of
real time coagulant dose control to upgrade the effi-
ciency of the coagulation process). Ochrona
Srodowiska, Vol.33, 2011, No.4, p.71-76.

Gumirnska J., Klos M.; Analysis of post-coagulation
flocs properties in aspect of coagulant choice,
Environment Protection Engineering, Vol.38, 2012,
Nol, p.102-114

Gumiriska J.; Wplyw recyrkulacji osadu pokoagula-
cyjnego na skuteczno$¢ oczyszczania wody w procesie
koagulacji (Effect of post-coagulation sludge recircu-
lation on the efficiency of water treatment involving
coagulation). Ochrona Srodowiska, Vol.34, 2012,
No3, p.19-23.

Gumiriska J.; Analiza mozliwoSci oceny wstepnie zhy-
drolizowanych koagulantéw na podstawie ich zasad-
owosci (Analysis of the possibility to assess the prehy-
drolyzed coagulants based on their basicity). Przemyst
Chemiczny, Vol.91, 2012, p.2351-2354

Zhou W, Gao B., Yue Q., Liu L., Wang Y.; Al-Ferron
kinetics and quantitative calculations of Al(III)

species in polyaluminium chloride coagulants.
Colloids and Surfaces, Vol.278, 2006, p.235-240

[7]

(8]

9]

(10]

Ye Ch. Wang D., Wu X., Qu J.; k-value-based ferron
assay and its application. Journal of Colloid and
Interface Science, Vol.335, 2009, p.44-49

D. Wang, Sun W, Xua Y, Tang H., Gregory J.;
Speciation stability of inorganic polymer floccu-
lant-PACI. Colloids and surfaces A: Physicochem.
Eng. Aspects, Vol.243, No1-3, 2004, p.1-10

Gao B., Yue Q., Wang B.; The chemical species distri-
bution and transformation of polyaluminum silicate
chloride coagulant, Chemosphere, Vol.46, 2002,
p.809-813

Smith R., Hem J.; Effect of aging on aluminum

hydroxide complexes in dilute aqueous solutions. US
Geol. Sur. Water Supply Paper, 1970, p.1827

3/2013 ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT 81





