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a b s t r a c t

Using an instantaneous base-feeding method and a batch-feeding method, high-concentration polya-
luminum chloride (PACl) products were prepared employing CaO as the basification reagent. The
distribution and transformation of the Al species of PACl was explored for the first time over a broad
eywords:
olyaluminum chloride
l species
reparation

total Al concentration (AlT) range. There is always an optimal basicity (B value) at which the product
has the highest Alb content, whether AlT is high or low. The optimal B value and the highest Alb content
obtained both decrease with increasing AlT. When the B value is lower than optimal, the overall reaction
mainly leads to the production of Alb; when the B value is higher, the reaction leads to the production
of Alc. During the dilution process, high B value PACl has a tendency towards Alb formation, while low B
value PACl favors Al formation. The transformation behaviors of Al species are influenced by Al in the

roces

oncentration
ransformation

c

preparation or dilution p

. Introduction

Polyaluminum chloride (PACl) is a common inorganic polymeric
oagulant used in the water supply and wastewater treatment
rocess [1–7]. PACl is a dynamic intermediate product in the
ydrolysis–aggregation–precipitation process of the Al ion. PACl

s composed of several easily intertransformable Al species [8–10].
he coagulation performance of PACl is closely related to the Al
pecies distribution [3,4,11,12]. According to the reaction rates
f the Al species with Ferron reagent, the Al species of the Al-
ased coagulants are usually divided into Ala (monomers that
eact with Ferron within 1 min), Alb (reactive polymers that react
ith Ferron within 1–200 min) and Alc (high polymers or col-

oidal Al species that cannot react with Ferron) [13]; or into Alm
Al monomer), Al13, and Alu (which indicates undeterminable Al
pecies using 27Al NMR), based on whether and where the peak
ppears in the 27Al NMR spectrograph [14,15]. It is commonly rec-
gnized that Alb or Al13 is the most effective species for charge
eutralization and particle bridging actions in coagulation and floc-
ulation processes [1,16–19]. Their content is closely related to

he basicity or OH/Al molar ratio (B value) of the product. Previ-
us investigations show that the content of Alb increases with an
ncrease in the B value, and reaches a maximum when B = 2.4 or 2.5
6,20,21]. As a result, to increase the Alb content of the product,

∗ Corresponding author. Tel.: +86 10 62754292 815; fax: +86 10 62756526.
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a high B value is necessary. In addition, the total Al concentra-
tion (AlT) of the product is also a factor that cannot be ignored
in practical applications. High-concentration PACl can reduce the
expense involved in the storage, transportation and dosing pro-
cesses. Therefore, PACl has commercial value only when it has a
high AlT.

It is generally agreed upon that in the PACl preparation pro-
cess, a low speed of base-feeding or base-injection is preferred
for preparing a stable product with a high B value and Alb con-
tent [8,19,22]. The method of base-microinjection is usually used
in the laboratory. Using this method, with NaOH as the basification
reagent, PACl can be produced with a high B value (B = 2.2–2.5),
Alb content (>70%), and low AlT (<0.6 mol L−1) [3,6,16,19]. A large
number of previous investigations have proven that it is diffi-
cult to produce a stable high-concentration PACl using NaOH as
the basification reagent because NaOH releases OH− in water too
rapidly [6,19,23]. The production of stable, high-concentration PACl
thus requires other basification reagents. Furthermore, the high-
concentration PACl can be obtained when a solid-state basification
reagent is used [24]. A basification reagent should have the fol-
lowing qualifications: its solid-state should provide OH− in AlCl3
solution for the polymerization of Al3+; the rate of OH− produc-
tion should not be too slow or too fast; and the products should

have no influence on the properties of PACl. Compared with Na-
based basification reagents, Ca-based basification reagents have a
low solubility in water. Therefore, Ca-based basification reactions
are ideal for reducing the production and release of OH−. Addition-
ally, the Ca2+ produced compresses the electric double layer of the

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:zhaohuazhang@pku.edu.cn
dx.doi.org/10.1016/j.cej.2009.08.007
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olloid particles, which may improve the flocculation performance
o some extent [25]. As a result, an attempt should be made to use
a-based basification reagents to produce high-concentration PACl

n the laboratory.
At present, most processes and theories in the PACl research

eld are based on low-concentration PACl [3,6–11,13–20,22,26].
hether these theories are adaptable to high-concentration PACl

emains to be verified. In the body of practical work, there exist
ome phenomena that cannot be explained by the present theories.
or example, the B value of some industrial PACl reaches 2.4, but the
ontent of the Alb is very low, reaching only about 30%. This cannot
imply be attributed to the rough nature of industrial production.
ther reasons, such as AlT, a significant factor, must be taken into
ccount as well.

A dilution process will occur once the coagulant is dosed in
ater. During this process, the AlT, the system pH value, and

ther conditions change. The Al species change with the occur-
ence of these complicated physicochemical reactions, and these
pecies changes have a direct effect on the entire flocculation
rocess and the flocculation performance. With regard to the high-
oncentration PACl, these changes may be more complicated than
hose observed during the low-concentration PACl dilution process.

In this paper, high-concentration PACls were prepared using
aO as the basification reagent, and the reaction characteristics
ere analyzed. Using the high-concentration PACl products, this

tudy also explores the effects of the Al concentration and dilu-
ion function on the distribution and transformation of Al species.
he results of this study will be of great significance in guiding the
ndustrial production and application of these flocculants.

. Materials and methods

.1. Preparation

PACl products were prepared using an instantaneous base-
eeding method and a batch base-feeding method, respectively. To
btain PACl with different AlT, 100 mL of AlCl3 solution with dif-
erent Al concentrations (0.1, 0.2, 0.5, 1.0, 1.5, 2.0, and 2.1 mol L−1)
as added respectively to a 250-mL beaker at room temperature.
ased on the definition of B value (OH/Al molar ratio) and the equa-
ion that 1 mol of CaO is equivalent to 2 mol of OH−1, a calculated
mount of solid CaO was added instantaneously or in batches to the
lCl3 solution to achieve a target B value (for example, to obtain the
ACl of AlT 2.0 mol L−1 and B 2.0, 11.2 g of CaO was added to 100 mL
f 2.0 mol Al L−1 AlCl3 solution). For the batch addition, the total
ass of CaO was divided averagely into five batches, and every

h one batch was fed instantaneously. During the experimen-

al process, a magnetic stirring apparatus was used. The reaction
as finished when the solid powders disappeared. The Al species
easurement and other experiments on the prepared PACl were

onducted 24 h after the aging of the product. All the reagents used
n the experiment were of analytical grade.

able 1
reparation of high-concentration PACl via different base-feeding methods.

Preparation method Reaction time (h) AlT (mol L−1) Al species

Ala

Instantaneous
base-feeding

20 2.0 23.61
12 0.2 17.24

Batch base-feedinga 20 2.0 21.48
12 0.2 13.19

a The total mass of CaO was divided averagely into five batches, and every 2 h one batc
.0.
g Journal 155 (2009) 528–533 529

2.2. Al species distribution measurement

The distribution of Al species was measured using Al–Ferron
complexation timed spectrophotometry. Ferron reagent was pur-
chased from Sigma–Aldrich (USA). A Ferron colorimetric solution
was prepared using a method described previously [27]. High-
concentration PACl samples were analyzed and tested directly,
or after dilutions and settling for a period of time, according to
the prescribed experimental setup. The amount of samples to
be tested was determined according to the degree of dilution
to ensure that the measured absorbency fell within the linearity
range of such method. Ferron solution (10 mL) and the appropri-
ate amount of the test sample were transferred into a graduated
glass tube and then diluted to 50 mL. After homogeneous mixing,
the sample was quickly transferred into a 1-cm quartz cell. A timed
absorbance measurement was carried out immediately at 370 nm
and absorbance was then recorded for an additional 2 h with a
Specord® 200 spectrophotometer.

The Al species were artificially classified as Ala, Alb, and Alc.
The absorbance observed within the first minute of the experiment
corresponded to the Ala species, whereas the absorbance from the
second minute up to 120 min corresponded to the Alb species. Alc
values were calculated by subtracting Ala and Alb from the known
AlT [27].

2.3. Size measurement of the Al species

Tap water (1 L) was placed into the sample tank of the laser anal-
ysis instrument (Mastersizer 2000, Malvern Co.). The tap water (the
raw water is from the groundwater in Peking University) is mainly
characterized by pH of 7.7, HCO3

− of 2.8 mmol L−1, turbidity of 0.5
NTU, Al concentration of 1.3 × 10−3 mg L−1, and undetectable TOC.
After a 10-min ultrasonic treatment with stirring at 1800 rpm in the
absence of air bubbles in the analysis instrument, the measurement
program was started. After the background value was measured, a
0.1-mL sample of the PACl to be tested was added. The size distri-
bution was measured at time intervals of 30 s. Measurement was
suspended after 30 min. The particle diameter of the Al species was
expressed as a volume-weighted average.

3. Results and discussion

3.1. Effect of the base-feeding method

Using the CaO solid and AlCl3 solution, PACl was prepared via
instantaneous base-feeding and batch base-feeding, respectively.
The Al species distribution of the products was measured to study

the differences between the two preparation methods. The results
are shown in Table 1.

As can be seen in Table 1, the two base-feeding methods have
nearly no effect on the Al species distribution of the products
when high-concentration PACl is prepared. However, when prepar-

distribution (%) Phenomena in the reaction process

Alb Alc

35.46 40.93 No precipitates or gels appeared.
71.77 10.99 White precipitates appeared later in the reaction

process, and dissolved after the temperature was
raised (80 ◦C).

36.05 42.47 No precipitates or gels appeared.
78.26 8.55 No precipitates or gels appeared.

h was fed instantaneously. The scheduled B values of all the products above were
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Table 2
Preparation of PACl with different AlT using the instantaneous base-feeding method.

AlT (mol L−1) Reaction time (h) The highest B value Phenomena in the reaction process Rate-determining step of the overall reaction

0.1 12 2.6 CaO hydrated relatively fast. Precipitates appeared and
dissolved with temperature increasing.

The reaction of Alb formation.
0.5 14 2.4

1 18 2.3 CaO hydrated moderately. No precipitates The reactions of Alb formation and CaO
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appeared.1.5 20 2.25

2 26 2.2 CaO hydrated quite slo
precipitates appeared.2.1 30 2.1

ng low-concentration PACl, the method of batch base-feeding
an be optimized to increase the Alb content. The time used for
reparing low-concentration PACl is obviously shorter than that for
igh-concentration PACl. When using the method of instantaneous
ase-feeding to prepare low-concentration PACl, some precipitates
ppear in the reaction process. These precipitates could be dis-
olved at higher temperatures. In contrast, no precipitates appeared
uring the process of preparing the high-concentration PACl.

The reaction between CaO and AlCl3 is the final reaction between
he OH− from CaO hydration and the H+ from Al3+ hydrolysis.
herefore, the rate of OH− production in water determines the
ate of reaction of CaO and AlCl3. The production of OH− is asso-
iated with the hydration of CaO and the dissociation of Ca(OH)2.
ompared with NaOH and Ca(OH)2, CaO has a lower rate of OH−

roduction, which leads to a low rate of reaction between CaO
nd AlCl3. Moreover, a large amount of energy (63.89 kJ mol−1) is
eleased in the hydrating process of CaO, which leads to an increase
n the system temperature. On the one hand, this increase in tem-
erature promotes diffusion of the solute, the uniformity of the
ystem and the production of Alb from Alc and Ala (Reaction (2)),
ut on the other hand, it inhibits the hydration of CaO and the pro-
uction of OH−. This prevents the transformation of the soluble Alc

nto the gel precipitate, which occurs in cases of excessively high
H− production rates.

.2. Reaction characteristics of the instantaneous base-feeding
ethod

Using the instantaneous base-feeding method and CaO as the
asification reagent, stable PACl samples were prepared. The high-
st B value (it is the highest B value of PACl before precipitation
ccurred in the preparation process) and the corresponding reac-
ion time at different AlT values are shown in Table 2. The highest
value reached decreased with an increase in the AlT value. When
lT = 0.1 mol L−1, the B value reached a maximum of 2.6, whereas
lT = 2.1 mol L−1, the highest B value was only 2.1. Conversely, the
lT would reach its maximum of 2.1 mol L−1 at the B value of 2.1
nly when the stability of the PACl is ensured. Notably, though
ncreasing the AlT increases the concentration of Al species in
he system, it also increases the system viscosity. These two fea-
ures have opposing influences on the diffusion of Alc formed at
he moment of base-feeding. As a consequence, Alc cannot react
dequately with Ala, and thus, the formation of the Al(OH)3 gel
ncreases. Consequently, the maximum amount of base that can be
ed to the system is reduced, which means the highest B value is
ecreased.

When AlT is lower than 0.5 mol L−1, the appearance of precip-
tates can be distinctly observed. Increasing the temperature can

ake the precipitates disappear quickly, which means the reac-
ion between Alc and Ala to produce Alb is the rate-determining

tep of the total reaction. When AlT > 1.5 mol L−1, the hydration
f CaO becomes quite slow, leading to an increase in total reac-
ion time. This indicates that, with high Al concentration, the
ydration reaction of CaO becomes the rate-determining step.
hen 0.5 mol L−1 ≤ AlT ≤ 1.5 mol L−1, the two reactions are thought
hydration.

o
The reaction of CaO hydration.

to reach a balance. As a result, according to the different rate-
determining steps, the total reaction can be divided into three
regions in the whole Al concentration range: a region controlled
by Alb formation, a region with a balanced reaction, and a region
controlled by CaO hydration (Table 2).

3.3. Effect of the Al concentration on the Al species distribution

The distribution of Al species of PACl with different Al concen-
trations is shown in Fig. 1. With the rise of the B value, the Ala
content of the PACl samples decreased, whereas the Alb content
rose, and then declined after reaching the highest point. The Alc
content increased gradually, and when the B value exceeded the
value corresponding to the maximum value of Alb, the Alc content
began to rise.

Based on the experimental phenomena in the present work and
some reports in relevant literatures [19,22,24,28,29], it is assumed
that the following reactions took place in the polymerization of
aluminum salt forced by base-feeding.

Ala + OH− → Alc (1)

Ala + Alc → Alb (2)

Alb + OH− → Alc (3)

Alb + Alb → Alc (4)

The production of Alc depended on the OH− concentration (hav-
ing a positive correlation with the B value of the products) and AlT.
Reaction (1) mainly occurred at low OH− concentrations, whereas
Reaction (3) was likely when the OH− concentration was high. The
reason for this might be that the activation energy of Reaction
(3) is higher than that of Reaction (1). When AlT is low, the con-
tact probability between the Alb species decreases because of the
repulsive forces between the positively charged Alb species. Thus,
there is little probability of Reaction (4) taking place. When AlT
is high, Alb species are dehydrated by hydrogen bond association
and polymerize with each other to form high-molecular-weight
species, which means the probability of Reaction (4) increases.
Reactions (3) and (4) might both be exothermic reactions, and
therefore, an increase in temperature would promote the reverse
reactions.

In regions with low B values, there was little probability of
Reactions (3) and (4) taking place, and the main reactions in the
system were Reactions (1) and (2) because of the low OH− and
Alb concentration in the system. With increasing B value, the Ala
content decreased rapidly, and the Alb and Alc contents increased
substantially in the low Al concentration system; but in the high
Al concentration system, the Al species changed relatively slowly.
When the B value reached a certain level, the probability of Reac-
tions (3) and (4) occurring increased. This resulted in the maximum

content of Alb and increased Alc content. Increases in the Al con-
centration led to the reduction of the maximum Alb content and the
corresponding B value. When the B value increased, Reactions (3)
and (4) became the dominant reactions. In this case, Reactions (1)
and (2) still occurred, but Reaction (2) proceeded more slowly. In
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Fig. 2. Effect of AlT on the optimal B value (�) and highest Alb content (©) of PACl.

polymerization degree of the polyaluminum increases or decreases
ig. 1. Effect of B value and AlT on the distribution of the Al species: (a) Ala, (b)
lb, (c) Alc. AlT = 0.1 mol L−1 (�), AlT = 0.5 mol L−1 (�), AlT = 1.0 mol L−1 (�), AlT = 2.0
ol L−1 (�), trend-line of Al species at the optimal B value (—).

otal, the Ala and Alb contents decreased from the maximum, while
he Alc content increased rapidly.

Based on the analysis above, Fig. 1 demonstrates that, whether
n a high or low Al concentration system, an optimal B value does
xist. The Alb content was the highest at this B value. The effect
f AlT on the optimal B value and the Al species distribution of the
roducts can be demonstrated using the trend-lines constructed by
omparing the Al species contents to the optimal B value at different
l concentrations (Fig. 1). The relationship between the Al concen-

rations and the optimal B value or the maximum Alb content is
hown in Fig. 2. The optimal B value decreased with the increase
n the AlT, similar to the maximum value of the Alb content. When
he B value was lower than the optimal B value, the overall reac-
ion mainly represented the formation of Alb; when it was higher,
t represented the formation of Alc (Fig. 2). In the low Al concentra-
ion system, the total reaction involved the transformation of Ala

nto Alb almost in the entire range of B values, since the optimal B
alue was high. This finding is consistent with most of the research
esults for the low Al concentration system [6,19]. In the high Al
oncentration system, the optimal B value was low, and the B value
Fig. 3. Effect of dilution on the transformation of the Al species in PACl
(AlT = 2 mol L−1) with different B values. Ala (�), Alb ( ), Alc (�). Undiluted sample
(—), samples diluted 25,000 times (. . .).

chosen in the study was always higher than the optimal B value.
The total reaction involved the transformation of Ala into Alc, or
of the produced Alb into Alc. This is the reason that Alc content is
usually high in commercial PACl products with a high AlT.

3.4. Effect of dilution on the Al species distribution

Before and after the dilution of PACl samples with different B
values, the distribution of the Al species was measured. The dis-
tribution of Al species changed after the dilution of PACl, and this
distribution differed depending on the B value (Fig. 3). The content
of Ala in the diluted sample decreased, while the content of Alc
increased after dilution. The ratio of Alc content decreased with the
increase in B value. The Alb content first increased, then remained
stable, and then finally decreased with the increase in B value.

When PACl was diluted in water, the species distribution was
influenced by two opposing factors, the first being AlT. According
to the theory of coordination chemistry, a decrease in the metal
complex concentration leads to a decrease in the polymerization
degree of the coordination compounds [30]. The other factor that
influences species distribution is the pH value. The pH value of the
deionized water for dilution is much higher than that of the PACl
sample. Dilution (adding deionized water) is similar to adding base
in a sense, as both will increase the polymerization degree of the
coordination compounds [8,14,31,32]. The effects of the two fac-
tors have a dynamic balance under certain conditions. Whether the
depends upon which factor is more influential. The results of this
paper demonstrate that the polymerization degree of the PACl
species increases because of the dilution effect, which shows that
the effect of the pH is much more obvious than that of AlT. This
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ig. 4. Effect of the aging time after dilution on the transformation of the Al species in
ACl (B = 1.8, AlT = 2 mol L−1). Ala (�), Alb ( ), Alc (�). Undiluted sample (a), samples
ged 0 h (b), 6 h (c), 12 h (d), and 36 h (e), respectively, after diluted 100 times.

s not consistent with other studies. The reason for this difference
ay be that, after dilution, the aging time used in our study was 2 h,
hereas it was greater than 8 h in other studies [30,33]. The effect

f AlT will not be obvious when the aging time is short. In the dilu-
ion process, for PACl with a low B value, the Alb content increases,
hile for PACl with a high B value, the Alb content decreases and

he Alc content increases. The Alb content remains unchanged in
he dilution process when PACl had a moderate B value. This means
hat in the dilution process, PACl with a low B value has a tendency
o form Alb, PACl with a high B value has a tendency to form Alc,
nd the Alb species have some stability when PACl has an optimal
value. Similarly to the results on PACl preparation, it has been

ound that the B value influences the change of the Al species dis-
ribution with the Al concentration. The similarity of the results in
hese two research areas shows that the dilution process carried
ut by adding deionized water to PACl is equal to the polymeriza-
ion process that occurs in response to the addition of base. The gap
n the pH value between PACl and deionized water narrows with
n increase in the B value of the PACl. Under these conditions, the
olymerization in response to the addition of base diminishes grad-
ally, so the species of PACl with a high B value remain relatively
table during the dilution process (Fig. 3).

Aging time has been found to have an effect on the Al species
istribution of PACl after dilution (Fig. 4). When the PACl sam-
les were initially diluted, the Ala content decreased slightly, and
he Alb content increased appreciably. Six hours later, the Ala and
lc contents decreased to a greater extent, while the Alb content

ncreased substantially and became the dominant species. In the
ollowing 30 h, there was little change in the Ala content, while
he Alc content continually decreased and the Alb content continu-
lly increased up to 66%. The above results suggest that a complex
pecies transformation took place in the period of time after the
ACl samples were diluted. The result of the species transformation
as also dependent upon two opposing factors: AlT and pH value.
hen the PACl was initially diluted, the effects of pH were more

rominent, and the polymerization degree increased appreciably.
ith aging, the effect of AlT became dominant. There was a trend

f macromolecules being converted into smaller molecules. During
his process, the average polymerization degree of PACl decreased.
n addition, the Ala and Alc contents decreased and the Alb content
ncreased (Fig. 4), which meant that Reaction (2) could occur in the
ystem. The considerable decrease in the Alc content meant that

he decomposition of Alc could also occur. In the dilute solution,
he high-molecular-weight Al species were gradually transformed
nto low-molecular-weight species via the solvation effect of water.
lc was spontaneously transformed into Alb or Ala in dilute solu-

ion, and the opposing process was achieved via the addition of
Fig. 5. Effect of dilution pH on the transformation of the Al species in PACl (B = 2.0,
AlT = 2 mol L−1). Ala (�), Alb ( ), Alc (�). Undiluted sample (a), samples diluted
25,000 times at pH of 5.5 (b), 4.7 (c), 4.0 (d), and 3.5 (e), respectively, and measured
2 h after dilution.

base. The transformation balance of Alc was dependent upon the
concentration of the solution and the content of base, that is, the
dilution degree and the B value (the higher the dilution degree, the
lower the B value, and the greater the transformation degree of Alc).
In the present study, the B value was comparatively high, and the
dilution degree was low, so Alc was transformed only into Alb and
not Ala. The longer the aging time after dilution, the higher the Alb
content became.

The PACl samples with B = 2.0 and AlT = 2 mol L−1 were diluted
25,000 times at different pH values (5.5, 4.7, 4.0, and 3.5), and the
Al species were measured 2 h after dilution (the final pH values
were 4.8, 4.1, 3.8, and 3.5, respectively). The results of this pro-
cess are shown in Fig. 5. The system pH had a considerable effect
on the Al species in the dilution process. The average polymeriza-
tion degree of the Al species increased after dilution at a pH of
5.5. These results were similar to those presented in Fig. 3, and the
dilution under these conditions could be regarded as a base-adding
process. When the pH value of the dilution medium was reduced,
the high-molecular-weight Al species were transformed into low-
molecular-weight species, and the average polymerization degree
of the Al species decreased. As a result, the Alc content decreased
and the Ala content increased. The Ala content reached 86% at a
pH of 3.5. In the low pH system, the dissociated H+ decreased the
polymerization degree of the high-molecular-weight Al species by
breaking the hydroxyl and oxygen bridge in the Al species [34].
Therefore, dilution at low pH was no longer a base-adding pro-
cess, but it rather became an acidolysis process. Different Al species
distributions appeared when PACl was diluted in different pH sys-
tems, producing PACl with different flocculation performances at
different pH values in water.

After 0.1 mL of PACl with B = 2.0 and AlT = 2 mol L−1 was diluted
in 1 L of tap water (the final system pH was 7.5), the species par-
ticle diameter was measured over time. As shown in Fig. 6, the
average particle diameter of the Al species proceeded from high to
low then to high again over time. This resulted from the PACl in the
dilution first diffusing and then hydrolyzing. Specifically, the high-
concentration sample was mainly composed of Al species polymers
with larger particle diameters. After diffusing through the system,
the Al polymer gradually changed into Al species with a smaller par-
ticle diameter. The Al species diffused completely 400 s later, and
at this time the average particle diameter was the smallest. Then,
because of the high pH of the tap water, the diffused Al species in

the water hydrolyzed and polymerized. Species with high poly-
merization degrees were gradually formed, as demonstrated by
the gradual increase in the average particle diameter. Our research
indicates that the Ala and Alb species transform into Alc species dur-
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. Conclusions

To expand upon the current theories about PACls, high-
oncentration PACls with maximum AlT and B value of 2.1 mol L−1

nd 2.1, respectively, were prepared using the instantaneous base-
eeding method, with solid CaO employed as the basification
eagent. Whether in a high or low Al concentration system, there
as an optimal B value at which the Alb content of the products
as the highest. When the B value was lower than optimal, the

verall reaction mainly embodied the formation of Alb; when the B
alue was higher, it embodied the formation of Alc. The optimal B
alue and the highest Alb content both decreased with an increase
n AlT. The range of the B values suitable for Alb formation was
road at low AlT, and narrow at high AlT. The range of B values suit-
ble for Alc formation was broad at high AlT. With AlT decreasing in
he dilution process, PACl with a low B value exhibited a tendency
owards Alb formation, and PACl with a high B value exhibited a
endency towards Alc formation. The dilution of PACl in a high pH
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