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REMOVAL OF ARSENIC(V) BY
ZIRCONIUM(1V)-LOADED PHOSPHORIC
ACID CHELATING RESIN

Xiaoping Zhu and Akinori Jyo*

Department of Applied Chemistry and Biochemistry,
Faculty of Engineering, Kumamoto University,
Kurokami, Kumamoto 860-8555, Japan

ABSTRACT

Properties of Zr(IV)-loaded phosphoric acid chelating resin (RGP)
as an adsorbent of As(V) were studied by means of the columnar
method. Little leakage of Zr(IV) from RGP loaded with Zr(IV)
(Zr-RGP) was observed within a wide pH range (pH 1.1-0.7 mol/L
NaOH). Uptake of As(V) by Zr-RGP decreased with an increase in
feeding-solution pH. The maximum capacity for As(V) was ap-
proximately 0.20 mmol/mL of wet resin (0.67 mmol/g of dry
resin). Sodium chloride and sodium nitrate enhanced adsorption of
As(V), and electrolytes in seawater also promoted the adsorption
of As(V). Arsenic(V) adsorbed on Zr-RGP was quantitatively
eluted with 0.4 mol/L sodium hydroxide, and repeated use of Zr-
RGP was possible. In addition, Zr-RGP showed high selectivity to
As(IIT). A large volume of 0.7 mol/L sodium hydroxide was
needed to elute adsorbed As(II) quantitatively, indicating that
As(IIT) was more strongly adsorbed by Zr-RGP than was As(V).

*Corresponding author. E-mail: jyo@ gpo.kumamoto-u.ac.jp
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INTRODUCTION

Recently phosphoric acid resin RGP (Fig. 1) with a large acid capacity
(8 mEq/g) was developed by the addition of phosphoric acid to epoxy groups of
macroreticular poly(glycidyl methacrylate-co-divinylbenzene) (1), and its metal
ion selectivity was shown to be significantly different from that of conventional
cation-exchange resins with sulfonic acid groups (1,2). RGP exhibits extremely
high affinity to hard Lewis-acid metal ions, such as Ti(IV), U(VI), and Zr(IV), and
shows much higher selectivity for Pb(Il) than to alkaline earth metal ions (1-3).
Thus, RGP is expected to be useful for the purification of water contaminated with
heavy metal ions. In addition, its use in selective removal of a specific anion in
water will also be possible through ligand exchange through the use of RGP
loaded with metal ions that bind selectively to the target anion. Recently, we re-
ported about the use of RGP in the removal of Pb(II) from seawater (4) and ligand
exchange elimination of phosphate from river water by Zr(IV)-loaded RGP (Zr-
RGP) (3). Zirconium (IV) strongly binds to phosphate resulting in sparingly sol-
uble salt Zr(HPO,),, which is an often used inorganic ion-exchanger (5). Because
of the strong binding of Zr(IV) with phosphate, complete elution of Zr(IV) from
Zr-RGP, even with nitric acid solutions at high concentration levels (1-6 mol/L),
was difficult to achieve (3). Thus, Zr-RGP is expected to be one of ideal ligand ex-
changers for Zr(IV) strongly retained by RGP.

Since the beginning of the 1980s, many workers have shown that Zr(IV) ex-
hibits high affinity to both arsenate and arsenite. Yoshida et al. studied the uptake
of arsenite by Zr(IV)-loaded weak-acid cation-exchange and iminodiacetic acid
resins. They found that Zr(IV) is more suitable for the ligand exchange adsorption
of arsenite than Fe(III) (6). However, even the highest breakthrough capacity of
these ligand exchangers for arsenite was less than 0.02 mmol/mL of wet resin. In
1984, Kobayashi, Sugai, and Imajyo reported the adsorption of arsenate and
arsenite by a complex of zirconium oxide hydrate with active carbon that can in-
directly adsorb arsenite through catalytic oxidation of arsenite into arsenate (7).
However, the mechanism of the active carbon—catalyzed oxidation of arsenite
with dissolved oxygen was not fully explained, and its catalytic activity changed
with solution conditions (7,8). Thereafter, similar zirconium oxide—based adsor-
bents for arsenate and arsenite have been reported by several authors (9-12), and

o,
-CH;CH CH; C-
2.
O=‘>—OH
I CH; CHCH; O
-CHz CH- ZEH 2

Figure 1. Chemical structure of phosphoric acid resin RGP.
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most recently, Suzuki et al. reported the behavior of a porous resin (Amberlite
XAD-T7) loaded with crystalline zirconium oxide in the adsorption of arsenate and
arsenite (12). This adsorbent gives large equilibrium capacities of 1.5 and 1.2
mmol/g for arsenite and arsenate, respectively, whereas its breakthrough capacity
for arsenate was approximately 0.20 mmol/mL of wet resin. However, its column-
mode adsorption of arsenite was not described (12).

As mentioned above, Zr(IV) has high affinity to both arsenate and arsenite.
Therefore, the behavior of Zr-RGP in adsorption of arsenate and arsenite is of
interest to researchers. In removal of trace amounts of arsenic in a huge volume of
water, a breakthrough capacity is much more important than an equilibrium
capacity because the latter is usually measured by the batch method at high con-
centration levels of arsenic. Taking into account the fact that large equilibrium
capacities do not always mean large breakthrough capacities, we examined the de-
tailed behavior of Zr-RGP in adsorption of arsenate by the columnar method. In
addition, we also tested the Zr-RGP in the simultaneous adsorption of both arsen-
ate and arsenite.

EXPERIMENTAL
Materials

The resin RGP was prepared by the functionalization of macroreticular
poly(glycidyl methacrylate-co-divinylbenzene) of 32—-60 mesh according to the
reported method (1). The degree of cross-linking of RGP used in this work was
completed with 10% (mol) of divinylbenzene. The resulting RGP was conditioned
according to a conventional column method (13). In the final stage of condition-
ing, RGP was changed into the hydrogen form and washed with water until the
washing became acid free. After air-drying, the RGP was dried at 40°C for 24
hours. Properties of RGP in the hydrogen form are given in Table 1.

A 0.01-mol/L Zr(IV) solution was prepared from zirconium (IV) nitrate of
reagent grade and its pH was adjusted with nitric acid. A stock solution of arsen-
ate was prepared by dissolving analytical grade disodium hydrogen arsenate
(Na,HAsO47H,0) in water and that of arsenite was prepared by dissolving ar-
senic trioxide in water and filtering the solution with a Millipore filter (0.45 pm)

Table 1. Properties of the Phosphoric Acid Resin (RGP) in the Hydrogen Form

Specific Surface Acid Capacity Salt Splitting Phosphorus
Area (m*/g) (mEq/g) Capacity (mEq/g) Content (mmol/g)
29.2 6.98 2.77 3.75

The degree of cross-linking is 10% (mol) of divinylbenzene.

MaRcEL DEKKER, INC.
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because of its low solubility. Exact concentrations of arsenic in these stock so-
lutions were determined by means of an inductively coupled plasma atomic
emission spectrometer (ICP-AES) with a standard solution of arsenic (Wako
Chemical Co, Tokyo, Japan). Feeding solutions were prepared by the dilution of
stock solutions, and their pH was adjusted with nitric acid or sodium hydroxide.
Weakly alkaline feeding solutions were freshly prepared and used immediately.
Hereafter, arsenate and arsenite are rendered as As(V) and As(III), respectively.

Loading of Zr(IV) onto RGP

Zirconium (IV) was loaded onto RGP by means of the columnar method.
The wet settled RGP in the hydrogen form (1 mL) was applied to a glass column
(i.d. 0.7 cm) and the 0.01 mol/L Zr(IV) solution (pH = 0.8) was fed into the col-
umn at an hourly rate of 6 mL (6 h™" in space velocity) until the concentration of
Zr(IV) in the column effluent was nearly equal to that in the feeding solution. The
column was then washed with water until the washing became acid free.

To calculate the amount of Zr(IV) loaded, all column effluents, including
the washing, were collected on a fraction collector, and the Zr(IV) concentration
in each fraction was determined by means of ICP-AES. By subtracting the sum of
the Zr(IV) amount in all fractions from the amount of Zr(IV) supplied to the col-
umn, the content of Zr(IV) in RGP was calculated to be 0.22 mmol/mL of wet
resin (0.72 mmol/g). The column thus prepared was used in further experiments.
All results were obtained without change of column RGP.

Column-Mode Adsorption and Elution of As(V)

Feeding solutions containing As(V) were fed into an Zr-RGP column at an
hourly rate of 10 mL (10 h™" in space velocity) and then were washed with water
(4 mL). The As(V) adsorbed was eluted with 0.4 mol/L aqueous sodium hydrox-
ide unless otherwise noted. All column effluents, including washings, were col-
lected on a fraction collector. Concentrations of arsenic in all fractions were mea-
sured by means of ICP-AES, and zirconium fractions were also measured in some
experiments. In this work, breakthrough points are designated as feeding-solution
bed volumes, where C/C, equals up to 0.05, where C, and C represent concentra-
tions of arsenic in the feeding solution and in the column effluent, respectively.

Regeneration of the Zr-RGP Column
After the elution of As(V), a dilute nitric acid solution (pH 3) was fed into

the column to neutralize hydroxide ions bound to the loaded Zr(IV), and the col-
umn was washed with water until the column effluent became acid free. A new

Copyright © Marcel Dekker, Inc. All rights reserved.
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0.01 mol/L Zr(IV) solution (pH = 0.8, 4 mL) was fed into the column to com-
pensate for Zr(IV) lost during adsorption, elution, and washing operations (the in-
significant loss of Zr(IV) will be subsequently addressed). After the column was
washed with water until the washing was found to be acid free, the next adsorp-
tion experiment was started. Uptake of As(V) gradually increased with each rep-
etition of up to 8-10 cycles of adsorption-elution-regeneration as observed by
Chanda, O’Driscoll, and Rempel in the adsorption of As(III) and As(V) by
Fe(III)-loaded iminodiacetic acid resin (14).

Removal of As(V) from River- and Seawater

River water was taken from the Shirakawa River (Kumamoto-shi, Japan)
and seawater was provided by the Aitsu Marine Biological Station of Kumamoto
University (Amakusa, Kumamoto, Japan). Both were filtered with a Millipore fil-
ter (0.45 wm) to remove suspending particles. Main metal ions and anions in river
and the seawater samples were determined by means of ICP-AES and ion chro-
matography, respectively. To the filtered river water and seawater samples, As(V)
was added, and resulting solutions were used as feeding solutions after adjustment
of pH with nitric acid or sodium hydroxide.

RESULTS AND DISCUSSION
Stability of Zr(IV) in Zr-RGP

In effective ligand exchange, metal ions loaded on resins should not be
eluted with solutions containing target anions. As already reported (3), little
Zr(IV) dissolved into the column effluent, even when phosphate solutions at var-
ious pH values were fed into Zr-RGP column. In this work, concentrations of
Zr(IV) in column effluents were also monitored in adsorption, elution, and wash-
ing operations. Figure 2 shows an example of concentration profiles of Zr(IV) of
the column effluent when 2.5 mmol As(V) solution at pH 2.0 was fed into Zr-RGP
column. The concentration of Zr(IV) in the column effluent was less than 2.2
pmol and the loss of Zr(IV) from the Zr-RGP column was negligible. When a di-
lute nitric acid of pH 2 or a sodium hydroxide solution (0.4 mol/L) without As(V)
was fed into the column, no Zr was detected in column effluents. This result indi-
cates that Zr(IV) is very strongly retained by RGP.

Properties of P(V) and As(V) are similar to each other. Why does no Zr(IV)
Zr-RGP elute with As(V)? The density of phosphate groups in RGP is as high as
3.75 mmol/g (Table 1) but those of As(V) in feeding solutions were less than 10
mmol/L in this work. Probably, As(V) and phosphate (3), present at less than 10
mmol/L in solutions, cannot effectively take up Zr(IV) from Zr-RGP, which is
maintained by relatively high amounts of phosphate groups in the RGP phase.

MaRcEL DEKKER, INC.
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Figure 2. Typical profiles of Zr(IV) dissolution from the Zr(IV)-loaded RGP column
during the adsorption of As(V). Flow rate 10 h~" in space velocity, As(V) 2.5 mmol/L, pH
2.0. Volume of each feeding solution supplied to the column was 120 bed volumes.

Effect of pH on Adsorption of As(V)

Figure 3 shows the effect of the pH of the feeding solution on adsorption of
As(V). Table 2 summarizes uptake of As(V) in up to 100 bed volumes, break-
through points, and breakthrough capacities. When the pH of the feeding solution
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Figure 3. Effect of pH on As(V) adsorption. Flow rate 10 h™! in space velocity, As(V) 2.5
mmol/L. Volume of each feeding solution supplied to the column was 120 bed volumes.
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Table 2. Dependence of As(V) Uptake on pH of Feeding Solutions

As(V) Uptake Breakthrough Breakthrough
pH (mmol/mL) Point (Bed Volumes) Capacity (mmol/mL)
1.14 0.184(0.613)* 56 0.132(0.440)*
2.03 0.176(0.587) 54 0.120(0.400)

3.05 0.142(0.473) 40 0.093(0.310)
4.03 0.144(0.480) 42 0.094(0.313)
7.53 0.142(0.473) 38 0.090(0.300)
8.55 0.136(0.453) 34 0.077(0.257)

Uptake up to 100 bed volumes of feeding solutions.
Breakthrough points were designated as bed volumes where C/C, = 0.05.
* Uptake or breakthrough capacity in mmol/g.

is less than 2, the uptake of As(V) up to 120 bed volumes is approximately 0.19
mmol/mL of wet resin, and the breakthrough points are approximately 55 bed vol-
umes. Between pH 2 and 3, breakthrough points decreased markedly, whereas the
decrease in the breakthrough points between pH 3 and 7.5 was not so remarkable.
The breakthrough capacity at pH 1.14 was 0.132 mmol/mL of wet resin, and that
at pH 8.55 decreased to 0.077 mmol/mL of wet resin. Because the dry weight of
1 mL of wet settled RGP was 0.3 g, breakthrough capacities per unit weight of dry
resin are approximately 0.25-0.44 mmol/g.

We would like to compare the capacities of Zr-RGP for uptake of As(V)
with those of other ligand exchangers. Lanthanide-impregnated silica gel had been
shown to have the maximum adsorption capacity of 0.1-0.13 mmol/g (15,16).
Fe(IlI)-loaded iminodiacetic acid resin exhibited poor kinetic adsorption of As(V)
even at a flow rate of 2 h™! in space velocity, and its breakthrough capacity was
approximately 0.085 mmol/g (14). However, Kobayashi, Sugai, and Imajyo re-
ported that the breakthrough capacity of zirconium oxide hydrate—activated car-
bon complex was 0.17 mmol/g (7) although the Zr(IV) content was as high as 1.6
mmol/g, which is 20% (wt), as ZrO,. Similar situations are also observed in Am-
berlite XAD-7 loaded with crystalline zirconium oxide (12). Its breakthrough ca-
pacity for As(V) was 0.24 mmol/mL of wet resin at an hourly flow rate of 6 bed
volumes, whereas its Zr(IV) content was as large as 2.1-2.6 mmol/g (12). There-
fore, it seems that Zr(IV) in zirconium oxide crystalline cannot contribute to rapid
uptake of As(IIl) and As(V) because diffusion of species in the crystalline solid is
very slow. However, these zirconium oxide—based adsorbents possess break-
through capacities for As(V) that are comparable to those of Zr-RGP.

Because the As(V) uptake increased gradually, up to 8—10 cycles of the col-
umn operation as already mentioned, we can say that the content of Zr(IV) in Zr-
RGP is probably increased by the repeated adsorption-elution-regeneration oper-
ations. Because of extreme difficulty in the quantitative elution of Zr(IV) from

MaRcEL DEKKER, INC.
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Zr-RGP, even with solutions of a strong acid solution at high concentrations of
1-6 mol/L, we are now developing a suitable analytical method for determination
of Zr(IV) through the use of Zr-RGP.

In the adsorption of As(V) with Zr-RGP, breakthrough capacities decreased
with an increase in pH. This result is due the high affinity of Zr(IV) for the hy-
droxide ion. Similar pH dependency was reported in batch-mode uptake of As(V)
by zirconium oxide—based adsorbents (6,7,12). Other adsorbents, such as Fe(III)-
loaded iminodiacetic acid resin and lanthanide-loaded silica gel, exhibited the
optimum pH range for maximum uptake of As(V): pH 6.4-7.5 for the lanthanide-
loaded silica gel (16) and pH 2 for Fe(Ill)-loaded iminodiacetic acid (14). The
decrease in uptake of As(V) by these ligand exchangers at the low pH regions is
ascribable to the elution of loaded metal ions with hydrogen ions.

Effect of As(V) Concentration

Figure 4 shows the adsorption of As(V) from feeding solutions containing
As(V) at different concentrations. In the case of the 5 mmol/L As(V) feeding so-
lution, the arsenic concentration in the column effluent was nearly equal to that in
the feeding solution at 120 bed volumes. Thus, the equilibrium capacity at pH 3
was calculated to be 0.18 mmol/mL of wet resin. The breakthrough point of As(V)
was located at approximately 20 bed volumes and the breakthrough capacity (0.10
mmol/mL of wet resin) was approximately one-half the equilibrium capacity.

1.0

0.8

0.6

CIC,

0.4

0.2

As(\‘) 0.5 mM
2 . . -

0 40 80 120
Bed volumes, mL/mL-Resin

0.0

Figure 4. Effect of As(V) concentration. Flow rate 10 h™! in space velocity, pH 3.0. Vol-
ume of each feeding solution supplied to the column was 120 bed volumes.
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Figure 5. Effect of electrolytes. Flow rate 10 h™! in space velocity, pH 3.0. As(V) 2.5
mmol/L. Concentration of sodium chloride or sodium nitrate was 0.01 mol/L. Volume of
each feeding solution supplied to the column was 120 bed volumes.

Although breakthrough points increased with a decrease in the concentra-
tion of As(V) in the feeding solutions, they were not constant. This inconsistency
is due to factors, such as concentration of As(V) and total ionic strength of feed-
ing solutions, that affect breakthrough capacities in ligand exchange adsorption of
anionic species even when pH is held constant. The breakthrough point is beyond
120 bed volumes when 0.5 mmol/L. As(V) solution was supplied to the column
and indicates that the rate of As(V) uptake by Zr-RGP is satisfactory even in sub-
mmol/L levels of As(V).

Effect of Electrolytes

Figure 5 shows the effects of sodium chloride and sodium nitrate on the ad-
sorption of As(V). Clearly, the anions from these electrolytes in large excess did
not interfere with the adsorption of As(V). On the contrary, these electrolytes
enhanced the breakthrough point of As(V). A similar enhancing effect of elec-
trolytes was already reported in the ligand exchange adsorption of As(V) (14),
phosphate (3), and fluoride (17). The results in Fig. 5 show that the binding of
Zr(IV) with chloride and nitrate is very weak. This enhancing effect of electrolytes
is difficult to explain by the usual anion exchange mechanism, which leads to the
decrease in uptake of the target anion in the presence of competitive anions in
large excess. In a similar work on the uptake of fluoride by Zr-RGP, column
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effluents during adsorption of fluoride were analyzed by means of ion chro-
matography (18). Although Zr-RGP was regenerated with a dilute nitric acid so-
lution, no nitrate was detected in the column effluents. This means that no ex-
changeable anion exists in the Zr-RGP column because Zr-RGP is thoroughly
washed with water after its regeneration. This situation is quite different from the
cases with zirconium oxide—based adsorbents, in which chloride from hydrochlo-
ric acid used in the regeneration of the adsorbent binds to zirconium oxide such
that (ZrO,Zr(OH),(H,0),)Cl, and the chloride bound to Zr(IV) is replaced by
As(V) (7). In the case with Zr-RGP, in the pH region under which this work was
conducted, most As(V) existed as H,AsO7 and/or HAsO3 . A possible adsorption
mechanism for the adsorption of As(V) is estimated as follows:

(RO—PO3),Zr(IV) + Na* + H,As0; < (RO—PO3),Zr(IV)(H,AsO,)Na
(RO—PO;),Zr(IV) + 2Na™ + HAsO? ™ & (RO—PO3),Zr(IV)(HAsO4)Na,

The water molecules coordinated with Zr(IV) were omitted because the detailed
structure for the coordination sphere of Zr(IV) in Zr-RGP is not yet known. How-
ever, the proposed mechanism qualitatively explains the enhancing effect of elec-
trolytes that do not have a high affinity to Zr(IV) on the adsorption of As(V). An
increased sodium ion concentration would be represented as a shift in the equilib-
rium to the right-hand side of the equations.

Adsorption of Both As(III) and As(V)

Suzuki et al. found that Amberlite XAD-7 loaded with crystalline zirconium
oxide exhibits equilibrium capacity for As(IIl) that is higher than that for As(V)
and also reported that the optimum pH range for the adsorption of As(III) is from
8 to 10 (12). Thus, the pH of the feeding solutions containing both As(IIl) and
As(V) was adjusted to 8. Figure 6 shows the results. Breakthrough capacity for ar-
senic was approximately 0.10 mmol/mL of wet resin (0.33 mmol/g). From this
breakthrough capacity, we estimated that the breakthrough point for a 0.5 mmol/L
arsenic solution would be approximately 200 bed volumes. Indeed, no break-
through point was observed within the tested range (120 bed volumes) and arsenic
was not detected in the column effluent. Thus, Zr-RGP exhibits satisfactory ad-
sorption rates for both As(IIT) and As(V) even at an hourly flow rate of 10 h™",
which is nearly twice that adopted in the study of Suzuki et al. (12).

Elution of Adsorbed As(V) and As(III)

Sodium hydroxide is frequently used to elute both As(IIT) and As(V) ad-
sorbed on zirconium oxide—based adsorbents (7,12) and Fe(Ill)-loaded chelating
resins (14). Then, elution of both As(V) and As(V) was tested with sodium

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 6. Simultaneous removal of arsenic (III) and arsenic (V) at different concentra-
tions. Flow rate 10 h™! in space velocity, pH 8.0. Volumes of feeding solutions containing
2.5 mmol/L and 0.5 mmol/L total arsenic were 144 and 120 bed volumes, respectively. The
molar ratio of As(V)/As(Il) was unity.

hydroxide solutions. Figure 7 shows 2 examples of elution profiles of arsenic.
Arsenic (V) adsorbed on Zr-RGP was quantitatively eluted with a 0.4 mol/L hy-
droxide solution within 24 bed volumes at a flow rate of 6 h~! in space velocity.
Figure 7 also shows the simultaneous elution of both As(IIl) and As(V), which

[
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T

—
n
T

et
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Arsenic(ITl, V) ion conc., mM
W
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Figure 7. Typical elution curves of As(Il) and As(V) with sodium hydroxide solutions. Flow
rate 6 h~ ! in space velocity. Concentrations of NaOH were 0.4 mol/L (64 bed volumes) for elu-
tion of arsenic (V) and 0.7 mol/L (156 bed volumes) for elution of arsenic (II1) and arsenic (V).
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were adsorbed from a feeding solution containing both As(III) and As(V). In this
case, the elution of As(IIl) is clearly more difficult than that of As(V). Although
a higher concentration of sodium hydroxide (0.7 mol/L) was used with As(III), a
long tail was observed. This means that As(III) more strongly binds to Zr-RGP
than does As(V), as in the case of Amberlite XAD-7 impregnated with zirconium
oxide (12). This result shows that oxidation of As(III) to As(V) does not signifi-
cantly occur in uptake of As(IIl) by Zr-RGP, which is a different situation from
the case of the zirconium oxide—active carbon complex (7). Suzuki et al. did not
refer to the oxidation of As(IIl) to As(V) during the adsorption of As(III) by Am-
berlite XAD-7 impregnated with zirconium oxide (12).

During processes of adsorption and elution of both As(IIl) and As(V), the
concentration of Zr in all column effluents was less than 4.4 pmol, and no turbid
effluent was observed throughout. These results exhibit high durability of Zr-RGP.

Arsenic (V) Removal from River Water and Seawater

To test the possible effectiveness of Zr-RGP in the elimination of As(V)
from naturally occurring water, As(V)-spiked river water and seawater samples
were used as feeding solutions. Table 3 gives the concentrations of main cations
and anions in the river water and seawater before being spiked with As(V). Fig-
ure § shows the adsorption of the spiked As(V). In the adsorption of the spiked
As(V) from both river water and seawater, uptake of As(V) at pH 3.0 is greater
than that at pH 8.4 or pH 6.6, as anticipated from the results on the effect of pH as
previously noted. As can be seen from the data in Table 3, the total concentration

Table 3. Main Cations and Anions in River Water and Seawater Samples

Cations
pH Ca®* Mg?* K* Na™*
Sample (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mol/L) Sum
River water 7.86 0.65 0.51 0.18 0.68 2.01
Seawater 7.87 9.97 48.8 22.7 463 544
Anions
Cl™ NO3 SOi~ Sum
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
River water 0.44 0.02 0.97 1.43
Seawater 521 — 25 546

— Nitrate could not be detected.
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Figure 8. Application of the Zr(IV)-loaded RGP for As(V) removal from river water and
seawater. Flow rate 10 h™! in space velocity, As(V) 2.5 mmol/L. Volume of each feeding
solution supplied to the column was 120 bed volumes.

of electrolytes in the seawater sample is much higher than that of the river water.
If naturally occurring anions strongly interfere with the adsorption of As(V), up-
take of As(V) from seawater should be less than that from river water. However,
Fig. 8 shows that uptake of As(V) from seawater is greater than that from river wa-
ter. The enhancing effect of electrolytes on the As(V) adsorption is also observed.

Zr-RGP is expected to be effective in the removal of As(V) from natural wa-
ter, including seawater. In addition, we obtained evidence that Zr-RGP has a
higher affinity to As(IIl) than to As(V). Works on detailed behavior of Zr-RGP in
the adsorption of As(III) are now in progress.

ACKNOWLEDGMENT
The authors are grateful to Nihon Yushi Co, Ltd for their gift of glycidyl
methacrylate.
REFERENCES
1. Jyo, A.; Matsufune, S.; Ono, H.; Egawa, H. Preparation of Phosphoric Acid
Resins with Large Cation Exchange Capacities from Macroreticular

poly(Glycidyl methacrylate-co-divinylbenzene) Beads and Their Behavior
in Uptake of Metal Ions. J. Appl. Polym. Sci. 1997, 63 (10), 1327-1334.

MAaRrcEeL DEkkER, INc.
270 Madison Avenue, New York, New York 10016

ght © Marcel Dekker, Inc. All rights reserved.

Copyri

)



10: 41 25 January 2011

Downl oaded At:

3188

10.

11.

12.

13.
14.

ORDER | _=*_[Il REPRINTS

ZHU AND JYO

Jyo, A.; Zhu, X. Metal-Ion Selectivity of Phosphoric Acid Resin in Aqueous
Nitric Acid Media. In Environ. Sci. Res., Vol. 55, Chemistry for the Protec-
tion of Environment 3; Pawlowski, L., Gonzales, M. A., Dudzinska, M. R.,
Lacy, W. J., Eds.; Plenum Press: New York, 1998;135-142.

Zhu, X.; Jyo, A. Phosphate Removal by Zirconium Loaded Phosphoric Acid
Resin and Its Recovery. Proceedings of the 12th International Conference on
Chemistry for the Protection of Environment, Nanjing, China, Sept. 18-22,
1999; Cao, Z., Pawlowski, L., Eds.; Nanjing University Press: Nanjing,
China; 219-229.

Zhu, X.; Jyo, A. Column-Mode Removal of Lead Ion with Macroreticular
Glycidyl Methacrylate-divinylbenzene Copolymer-Based Phosphoric Acid
Resin. J. Ion Exchange 2000, /7 (3), 68-78.

Clearfield, A.; Blessing, R.H.; Stynes, J.A. New Crystalline Phases of Zir-
conium Phosphate Possessing Ion-exchange Properties. J. Inorg. Nucl.
Chem. 1968, 30 (8), 2249-2258.

Yoshida, I.; Konami, T.; Shimonishi, Y.; Morise, A.; Ueno, K. Adsorption
of Arsenic (IIT) Ion on Various Ion Exchange Resins Loaded with Iron (IIT)
and Zirconium (IV) (in Japanese). Nippon Kagaku Kaishi 1981, (3), 379-
384.

Kobayashi, E.; Sugai, M.; Imajyo, S. Adsorption of Arsenate Ion by the Zir-
conium (IV) Oxide Hydrate Active Carbon Complex (in Japanese). Nipon
Kagaku Kaishi 1984, (4), 656-660.

Kamegawa, K.; Yoshida, H.; Arita, S. Oxidation of Arsenic (III) with Air Cat-
alyzed by Activated Carbon (in Japanese). Nipon Kagaku Kaishi 1979, (10),
1359-1364.

Paraeniemi, S.; Hannonen, S.; Mustalahti, H.; Ahlgren, M. Zirconium-
Loaded Activated Charcoal as an Absorbent for Arsenic, Selenium, and
Mercury, Fresen. J. Anal. Chem. 1994, 349 (7), 510-515.

Peraeniemi, S.; Ahlgren, M. Optimized Arsenic, Selenium and Mercury De-
terminations in Aqueous Solutions by Energy Dispersive X-ray Fluores-
cence after Preconcentration onto Zirconium-Loaded Activated Charcoal.
Anal. Chim. Acta 1995, 302 (1), 89-95.

Manna, B.R.; Bhat, S.C.; Dasgupta, M.; Ghosh, U.C. Studies on Removal of
Arsenic from Water Using Hydrated Zirconium Oxide. Chem. Environ. Res.
1999, 8 (1,2), 51-56.

Suzuki, T.M.; Bomani, J.O.; Matsunaga, H.; Yokoyama, T. Preparation of
Porous Resin Loaded with Crystalline Hydrous Zirconium Oxide and Its
Application to the Removal of Arsenic. React. Funct. Polym. 2000, 43 (1,2),
165-172.

Helfferich, F. lon Exchange; McGraw-Hill: New York, 1962; 230.
Chanda, M.; O’Driscoll, K.F.; Rempel, G.L. Ligand Exchange Sorption
of Arsenate and Arsenite Anions by Chelating Resins in Ferric Ion Form:

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



10: 41 25 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

REMOVAL OF As(V) 3189

15.

16.

17.

18.

II. Iminodiacetic Chelating Resin Chelex 100. React. Polym. 1988, 8,
85-95.

Wasay, S.A.; Haron, M.J.; Tokunaga, S. Adsorption of Fluoride, Phosphate,
and Arsenate Ions on Lanthanum-Impregnated Silica Gel. Water Environ.
Res. 1996, 68 (3), 295-300.

Tokunaga S.; Utsumi, A. Survey on Advanced Treatment of Arsenic- or
Lead-Containing Wastewater. Report of National Institute of Material and
Chemical Research 1997, 5 (1), 21-38.

Yamabe, K.; Jyo, A. Development of Specific Adsorbent for Fluoride Based
on Metal Ion Loaded Methylenephosphonic Acid Resin. Proceedings of the
12th International Conference on Chemistry for the Protection of Environ-
ment, Nanjing, China, Sept. 18-22, 1999; Cao, Z., Pawlowski, L., Eds.;
Nanjing University Press: Nanjing, China; 230-237.

Zhu. X.; Jyo, A. Adsorption of Fluoride, Phosphate, Arsenate, and Arsenite
Anions on Zirconium(I'V) Loaded Phosphoric Acid Resins, submitted for
publication.

Received June 2000
Revised November 2000

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

)



Downl oaded At: 10:41 25 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS100107766


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=REMOVAL+OF+ARSENIC%28V%29+BY+ZIRCONIUM%28IV%29-LOADED+PHOSPHORIC+ACID+CHELATING+RESIN&offerIDValue=18&volumeNum=36&startPage=3175&isn=0149-6395&chapterNum=&publicationDate=11%2F09%2F2001&endPage=3189&contentID=10.1081%2FSS-100107766&issueNum=14&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A40%3A02&publisherName=dekker&orderBeanReset=true&author=Xiaoping+Zhu%2C+Akinori+Jyo&mac=ALI9qOri1clSE4sjiMK1kg--

