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Adsorption of Copper lon with Metal Hydroxide from
Ammonia Solution

CHIEN-SHU LUO and SHANG-DA HUANG*
DEPARTMENT OF CHEMISTRY

NATIONAL TSING HUA UNIVERSITY

HSINCHU, TAIWAN 30043, REPUBLIC OF CHINA

ABSTRACT

The removal of copper(IT) from ammonia solution by adsorption on iron(III),
aluminum(III), and tin(IV) hydroxide is studied. The effects of experimental pa-
rameters such as solution pH and concentration of total ammonia on adsorption
are examined both from the change of solution composition and electrical properties
of the solid surface. In a moderately high electrolyte concentration, an optimum
solution pH is found for the solution composition when the sum of the species
fractions of Cu(NH;)**, Cu(NH,);*, and Cu(NH;)}* reaches its maximum. The
ligand number of aminecopper(IT) of the solution is near 2.0 under this optimum
condition. The decrease in adsorption in the more basic tetraamminecopper(l1l)
solution is attributed to the competing reaction for copper(Il) by the free ammonia
in the solution. Adsorption isotherms at various concentrations of total ammonia
show decreasing adsorption with high clectrolyte concentration as a result of a
highly positively charged surface and a reduction of available surface sites. The
relative extent of adsorption is discussed for various experimental conditions based
on the data and the surface complexation concept.

INTRODUCTION

The neutralization and formation of metal hydroxide precipitates using
lime or caustic soda are the conventional technology for the removal of
heavy metals from industrial wastewaters or spent liquids (1-3). Some
special reagents have occasionally been utilized for the method of chemical
precipitations when the solutions contain metal chelating agents and are
not readily precipitated as insoluble hydroxides (3, 4). In addition, oxi-
dations of chelating agents may be used in part to make the formation of
metal hydroxides possible (3, 5, 6). All the treatments described above
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deal with solutions containing sludge or colloidal particles, and adsorption/
coprecipitation of ions on the solid may occur. Some existing technologies
for the treatment of low level radioactive wastewater use the method of
coprecipitation (7, 8). We feel it is important to study the variables which
influence the adsorption of soluble species on solid particles in relation to
flocculation, dispersion, and chemical separation.

Numerous experiments have reported the adsorption of metal ions on
a variety of solids, such as silica gel, quartz, and hydrous metal oxides (9-
21). Among these materials, amorphous iron(IIT) oxyhydroxide has been
intensively studied (21). It can be formed by neutralizing ferric solution
with base. This precipitate has a particle diameter.of about 30 A, and the
composition of this precipitate is reported to be Fe,0;-1.2 H,O (22). The
initially formed particles of ferric hydroxide are discrete spheres, and rods
composed of 2 or 3 spheres are formed during 3-4 hours aging (23). It is
clear that the method of preparation and subsequent treatment of the oxide
may change its surface activity. Since amorphous iron(III) oxyhydroxide
has a large specific surface area (21) and significant adsorptive properties,
it may be considered as a suitable adsorbent for the removal of soluble
metal ions. Moreover, the point of zero charge of the oxide is pH 8.0 (21,
24) in dilute simple electrolyte solutions, inferring that it has the capability
of being charged positively or negatively in near neutral solutions and
consequently allowing the adsorption of anions or cations if coulombic
interaction plays an important role.

A survey of the literature on the sorption of simple metal ions from
aqueous solution by hydrous particles indicates that the amount of metal
adsorbed usually appears drastically increased near the pH of hydrolysis
(10, 16). Beyond that pH, precipitation or a solid solution of metal hy-
droxides can be formed on the particle surface (25). In the presence of a
metal ligand, the solubility of the metal ion is much enhanced due to the
formation of soluble metal complexes, and the sorption behavior of the
hydrous metal oxides may be different. Solutions containing metal com-
plexes, such as mercury(1I), halogenide (26, 27) and uranium(VI) carbon-
ate (28), have been studied for sorption with hydrous oxide surfaces. In-
soluble hydrous metal oxides or hydroxides in aqueous solutions given an
amphoteric property through the hydroxyl functional groups on the surface.
The hydroxyl groups also act as the surface adsorbing sites for the ad-
sorption of the metal ion species from the solution. Some concepts have
been proposed to deal with the sorption of metal ions on the hydrous
oxides. These include ion exchange (12, 19), surface complexation (10,
11), site binding (20, 21, 29, 30), surface precipitation (25), and surface
hydrolysis (28, 31).
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In this article the solutions of amminecopper(IT) complexes are studied.
These solutions are the spent etchants from printed circuit board manu-
facture (4) and are thus of practical interest. The total concentrations of
copper and ammonia are well controlled in order to avoid the formation
of insoluble copper hydroxide in solution during the tests. The effects of
such experimental parameters as pH and concentration of total ammonia
on the efficiency of adsorption on metal hydroxide are examined and dis-
cussed both from the variations of the composition of solute species in the
solution and the surface properties of the adsorbents. Since ammonia is a
stronger ligand for copper(Il) in comparison with such ligands as hydroxide
ions or the hydroxyl groups on the oxide surface, the adsorption of copper
ions from the ammonia solution may furnish a suitable approach to resolve
the surface reactions based on the surface complexation and site binding
models.

EXPERIMENTAL
Apparatus

A Varian model AA-20 atomic absorption spectrophotometer was used
to determine the copper and iron content in the solution. A computer
program dealing with solution equilibria was developed and carried out
with a microcomputer.

A microelectrophoresis apparatus (Zeta-Meter Inc.) was used to mea-
sure the electrophoretic mobilities of the hydroxide particles. Measure-
ments of mobility were made at a field strength of 4-6 V/cm by the use
of a molybdenum anode and platinum-iridium cathode. The zeta potential
was calculated from the Helmhotz-Smoluchowski formula.

Reagents and Chemicals

The iron(III) solution was prepared from iron(III) nitrate for a concen-
tration of 1.11 g Fe/L in which 40 mL of concentrated nitric acid was added
for each liter of stock solution. The eventual concentration of iron in the
stock solution was further determined by the method of atomic absorption
spectrometry after appropriate dilutions. A copper(lI) solution with a con-
centration of 12.9 g Cu/L was obtained by dissolving anhydrous copper(II)
sulfate in distilled water to which 20 mL of concentrated nitric acid was
added for each liter of copper(Il) solution. The copper content of this
solution was also measured by AAS. The ammonia solution was made by
dissolving 40.12 g ammonium chloride and adding 50 mL of concentrated
ammonia water (25%, 0.91 kg/L) for each 500 mL of solution. The con-
centration of total ammonia in this solution was estimated to be 2.836 M.
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Amminecopper(Il) solutions were made by mixing the copper(Il) solution
with an appropriate amount of ammonia solution. The final amminecop-
per(II) solutions for the test contained total copper and total ammonia in
the concentration ranges of 0.050-1.52 g Cu/L and 0.14-1.2 M, respec-
tively. The aluminum(IIl) solution was prepared from aluminum nitrate
at a concentration of 12 g Al/L to which 20 mL of concentrated nitric acid
was added for each liter of stock solution, and the tin(IV) solution was
obtained by dissolving stannic chloride hydrate to give a concentration of
24 g Sn/L to which 50 mL of concentrated nitric acid was also added for
each liter of tin(IV) solution. All chemicals used were of reagent grade.

Procedure

Iron(I1I) solution was slowly introduced with magnetic stirring into the
amminecopper(1I) solution. The pH of the sols was adjusted to the 4.8-
9.0 range by adding concentrated nitric acid or 0.5 N NaOH dropwise.
After pH adjustment, the beaker was mounted with parafilm to reduce
the volatilization of ammonia, and the sols were stirred for 40 more min-
utes. The sols were left standing for 20 minutes prior to filtration through
Whatman GF/F filter paper (0.7 wm particle size retention). The pH of
the solution was remeasured and recorded. Approximately 20 mL of fil-
trates were collected for analysis of the copper remaining in the solution.
The first 10 mL of filtrate was discarded in order to reduce the possible
error in the residual copper measurement due to the adsorption of copper
ions on the filter paper. The filtrates collected were acidified with a few
drops of concentrated nitric acid and then analyzed for copper. The amount
of copper adsorbed was calculated from the concentrations of copper of
the initial solution and the filtrate.

In tests of the adsorption of copper from ammonia solution with alu-
minum(III) hydroxide or tin(IV) hydroxide, the iron(III) solution men-
tioned above was replaced by aluminum(III}) or tin(IV) solution respec-
tively using the same procedure to obtain the adsorption data.

The zeta potential of the hydroxide particles was measured in a proper
concentration with their supernatant solution which contained a 0.306 M
concentration of total ammonia in the pH 5-9 range. Each measurement
was performed by observing at least 20 particles migrating through a known
distance, and at least three independent measurements were made to obtain
the results.

The concentration or fraction of each copper species present in the
ammonia solution was calculated by our homemade computer program
(32) after input of the concentrations of total ammonia and total copper.
The ligand number of the amminecopper(ll) of the solution was also cal-
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culated from pH 4 to 10. The equilibrium constants used for the compu-
tations were corrected for the variations in different ionic strengths by
calculation of the activity coefficients based on the Davies equation (33)
or interpolation from the literature (34-37).

Since the concentration of total ammonia exceeds 0.1 M for all tests and
the NH;/NH/ electrolyte acts as a buffer, the ionic strength of the solution
is regarded as unchanged by the neutralization of the basic amminecop-
per(Il) solution with nitric acid. In this way the ionic strength of these
solutions can be approximately related to the concentration of total am-
monia.

RESULTS AND DISCUSSION
The adsorptions of copper(II) species from the ammonia solutions as a
function of pH on three different adsorbents, iron(IIT) hydroxide, alumi-
num(IIl) hydroxide, and tin(IV) hydroxide, are given in Figs. 1-3, re-

spectively. Remarkable differences in the efficiency of adsorption are ob-
served at different values of solution pH. It is found that all these curves

100

751 @ (b)

adsorbed

%

25

pH

FIG. 1 Effect of pH on the adsorption of copper from ammonia solutions with iron(I1I)
hydroxide. (a) Total ammonia, 1.18 M; iron added, 1850 ppm; total coper, 1270 ppm. (b)
Total ammonia, 0.306 M; iron added, 220 ppm; total copper, 57.5 ppm.
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FIG.2 Effect of pH on the adsorption of copper from ammonia solutions with aluminum(III)
hydroxide. (a) Total ammonia, 1.18 M; aluminum added, 800 ppm. (b) Total ammonia, 0.306
M; aluminum added, 240 ppm. Copper added, 51.6 ppm for both tests.

show a maximum in the neutral pH region. The pH at this maximum
efficiency is an optimum pH for the removal of copper from the solution.
It depends on the concentration of total ammonia but is independent on
what kinds of adsorbents are used. For instance, with a 0.306 M concen-
tration of total ammonia, the maximum efficiency occurs at approximately
pH 6.7 for all three adsorbents, iron(1II) hydroxide, aluminum(III) hy-
droxide, and tin(IV) hydroxide. (Figs. 1b, 2b, and 3). In addition, the
maximum efficiency can be found at pH 6.1 for a 1.18 M concentration of
total ammonia although the different adsorbents of iron(I1I) hydroxide and
aluminum(IIT) hydroxide may be used independently (Figs. 1a and 2a).
The characteristic distribution of copper species in the solution is affected
by the concentration of total ammonia and solution pH. The adsorption
results shown in Figs. 1-3 reveal that the solution factors may play an
important role under the experimental conditions, whereas the change of
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FIG. 3 Effect of pH on the adsorption of copper from ammonia solutions with tin(IV)
hydroxide. Total ammonia, 0.306 M; tin added, 96 ppm; copper added, 51.6 ppm.

surface activities of the metal hydroxides as a function of solution pH may
give a smaller contributions to the adsorption variations.

The distributions of copper species in ammonia solutions are calculated
and given in Figs. 4 and 5 for total ammonia concentrations of 1.18 and
0.306 M, respectively. The dashed lines in the Figs. 4 and 5 show the sum
of the species fractions of Cu(NH;)**, Cu(NH;)3*, and Cu(NH,)3*. The
ligand number of amminecopper(II) of the solution is given in Fig. 6. On
comparison of the copper species distribution plots in Figs. 4 and 5 and
the optimum pH at which the maximum efficiency is observed in Figs. 1-
3, it can be seen that optimum adsorption will occur at the solution pH
which gives the maximum value of the sum of the fractions of the species
Cu(NH,)**, Cu(NH;3)3*, and Cu(NH,;)3*. The ligand numbers of ammi-
necopper(Il) are approximately 2.0 under these optimum adsorptions. Ta-
ble 1 gives the solution characteristics where the adsorption on iron(III)
hydroxide exhibits the best efficiency compared with the adsorption results



12: 24 25 January 2011

Downl oaded At:

1260 LUO AND HUANG

1.00

080

060 |-

0.40

Fraction of copper species

0.20

4.0 5.0 6.0 7.0 80 90 100
pH

FIG. 4 Distribution of copper species in ammonia solution. Total ammonia, 1.18 M; total
copper, Cy = 1270 ppm. oy = [Cu?*'}/Cy; oy = [Cu(NH;)**}/Cy; oy = [Cu(NH,)3*}/Cuis
a; = [Cu(NH;)3*)/Cy; oy = [Ca(NH;)}]/Cy; of = [Cu(OH)*])/Cy,.

at nearby solution pHs. At the optimum pHs of adsorptions, the solutions
give the maximum value of the sum of the species fractions of Cu(NH;)**,
Cu(NH;)j*, and Cu(NH,);*, and this maximum value reaches approxi-
mately 0.92-0.94. Figure 7 shows the optimum pH as a function of the
concentration of total ammonia for the adsorption of copper deduced from
the correspondences stated above. It can be seen that the higher the con-
centration of total ammonia, the lower will be the optimum solution pH.

The dependence of zeta potentials of the metal hydroxides on pH in the
solution containing 0.306 M total ammonia are shown in Figs. 8-10. The
surfaces of the metal hydroxides are negatively charged in basic ammonia
solution.

In the neutral pH region, the adsorption reactions can be considered as

SOH + Cu(NH,)?* = S(OH)Cu(NH,)*, x =13 (1)
(where S denotes the surface of hydrous metal oxide or hydroxide), or a
bidentate complex reaction (31).

SOH
AN .
ASOH) + CulNH) = CuNH), x =12 @)
SOH
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FIG. 5 Distribution of copper species in ammonia solution. Total ammonia, 0.306 M; total
copper, Cy = 57.5 ppm. oy = [Cu?*}/Cy; o, = [Cu(NH3)**)/Cy; o, = [Cu(NH,)3*}/Cy;

ay = [Cu(NH,3*}/Cu; 04 = [Cu(NH,)3*]/Coc; &} = [Cu(OH)*}/Ch.
40
30} (a)
"=

(b)

20}

10}

40 ) 60 70 86 30 100
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FIG. 6 Ligand number for the amminecopper(Il) system at (a) total ammonia, 1.18 M;
total copper concentration, Cy 1270 ppm; (b) total ammonia, (.306 M; total copper concen-

tration, Cy 57.5 ppm.
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TABLE 1
Correlation between the Efficiency of Adsorption of Copper and Solution Characteristics

Solution conditions

Residual
Copper species copper
Total P P in Copper
ammonia Ligand number, solution adsorbed
(M) pH ot oot oo n (pg/mL) (mmol Cu/g Fe)
0.140¢ 6.7 0.84 1.4 18.2 10.9
7.1 0.92 2.0 17.5 11.2
7.4 0.89 2.5 19.2 10.6
0.306" 6.4 0.89 1.5 6.2 372
6.7 0.94 2.0 5.0 3.80
7.0 0.91 2.4 5.1 3.80
0.536° 6.1 0.88 1.4 22.0 3.57
6.4 0.94 1.9 19.3 3.76
6.7 0.93 24 20.3 3.69
“Total copper 50.0 ppm, iron(IIT) 46.7 ppm.
*Total copper 57.6 ppm, iron(IIT) 218 ppm.
“Total copper 73.0 ppm, iron(III) 224 ppm.
801
70
I
a
(4
)
80—
| 1 J
05 1.0 1.5

Concentration of total ammonia, M

FIG.7 The optimum pH for the adsorption of copper from different concentrations of total
ammonia media. The point data are experimental results.
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FIG. 8 Zeta potential of iron(II) hydroxide as a function of pH of solution with 0.306 M
total ammonia.

As the solution pH rises to the basic region, the activity of free ammonia
in the solution increases. Thus, competing reactions between the free am-
monia and the surface sites for the copper species which are already ad-
sorbed may occur:

SOH—CU(NH1)§+ + (4 - X)NH:; =

SOH + Cu(NH,)3*, x=1-3 3)
or.
SOH._ ’
Cu(NH,** + (4 - x) NH, = 2(SOH) + Cu(NH,);", x=1,2
SOH

@
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FIG.9 Zeta potential of aluminum(II1) hydroxide as a function of pH of solution with 0.306
M total ammonia.

This effectively leads to a desorption reaction, and hence the efficiency
of the adsorbent is low in basic amminecopper(l1I) solution. Moreover, the
fact that the adsorption efficiency decreases in more basic ammonia so-
lution also indicates that the ion-exchange reaction for the tetraammine-
copper(Il) species provided by the negatively charged surface sites gives
a smaller contribution to copper adsorption in comparison with surface
complexation by the hydroxyl group on the solid surface as stated in Egs.
(1) and (2).

In addition to the activity of the adsorbing species and the surface sites,
adsorption can be governed by other factors such as the properties of the
electrical double layer at the solid surface and the binding strength between
the surface hydroxyl groups and the solute species adsorbed. On the other
hand, the surface may be highly positively charged if the acidity of the
solution is too high. This leads to an unfavorable adsorption condition
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FIG. 10 Zeta potential of tin(IV) hydroxide as a function of pH of solution with 0.306 M
total ammonia.

because of electrostatic repulsion between the adsorbing cation and the
solid surface. For these reasons the adsorption is decreased in highly acidic
solution.

The adsorption isotherm for various concentrations of total ammonia is
shown in Fig. 11. Except for Curve (e), the isotherms shown in Fig. 11
were obtained under the optimum pH for each concentration of total am-
monia. The solutions at such conditions are consequently of the same
composition of copper species. It can be seen from Fig. 11 that the con-
centration of total ammonia has a large effect on adsorption. Increasing
the concentration of total ammonia will lead to a lower adsorption density
even though the solutions have the same composition of copper species.
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FIG. 11 Isotherm for the adsorption of copper on iron(III) hydroxide from ammonia so-
lution. Total ammonia (M): (a) 0.140, (b) 0.306, (c) 0.536, (d) 0.568, (e) 1.18. pH: (a) 7.0,
(b) 6.7, (c) 6.4, (d) 6.4, (e) 7.0.

A solution at a high concentration of indifferent electrolyte may increase
the surface charge of the hydrous oxide (38-41). This is attributed to the
specific adsorption of the electrolyte cations or anions on the solid surface.
The surface ctharge may be caused in large part by the specific adsorption
of the electrolyte ions if the electrolyte is at a moderately high concentration
(20). The ammonia solutions in this study contain the major electrolytes
NH{, CI~, and NOj . In the acidic surface region (pH < pH,,.), the elec-
trolyte anions may have the following reaction:

SOH + H*(aq) + Cl (aq) = SOH/—CI~- %)

The specific adsorption of chloride increases the anion-exchange capacity
(42); in other words, the apparent capacity for cation adsorption is reduced
at a high electrolyte concentration.

The adsorption density can be expressed in the convenient Langmuir
form:

0 = 0unaxCK,pp/(1 + CKypp) (6)
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where K, is the apparent adsorption constant
O is the apparent maximum amounts of metal ions that can be
adsorbed per unit weight of adsorbent

The values of Q,,,, and K, can be calculated from the slope and intercept
on the plot of C/Q vs C. The term Q. K, in Eq. (6) is Henry’s constant,
which is the initial slope on the plot of Q vs C. Figure 12 shows the values
of Henry’s constant as a function of the concentrations of total ammonia
for the adsorption of copper at the optimum pH. Extrapolation to zero
concentration of total ammonia yields a value of 257 (g Fe/L) ! for iron(I1I)
hydroxide adsorbent. Henry’s constant is reduced to half value as the
concentration of total ammonia increases from zero concentration to
0.33 M.

A plot of K, against the concentration of total ammonia (given in Fig.
13) shows a limiting value of 16.8 mM ™! in a very dilute concentration of
total ammonia. It is also noted that Q. in Eq. (6) is the apparent ad-
sorption capacity of the hydrous oxide surface and is subject to a remark-
able change as the concentration of electrolyte is changed, especially in

300

D
8

Ky . (gram Fe/l)™

100

0.1 0.2 03 04 05 06 0.7
Concentration of total ammonia, M

FIG. 12 Plot of Henry’s constant against the concentration of total ammonia for the ad-
sorption of copper at optimum pH.
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FIG. 13 Effect of the concentration of total ammonia on Langmuir’s constant at optimum
solution pH.

the 0.1-0.3 M range. As zero electrolyte concentration is approached, Q .«
is obtained as 15.3 mmol sites/g Fe from the extrapolation value of Henry’s
constant and that of K,,,. This is the value of available sites for the metal
ion adsorption on the iron(IIl) hydroxide surface in the absence of com-
peting electrolyte. Davis (21) reported a similar value of 15.7 mmol sites/
g Fe for the amorphous iron(1II) oxyhydroxide.

Table 2 gives a comparison of Henry’s constants in various conditions
when using iron(I11) hydroxide as the adsorbent. It can be seen that the
value of Henry’s constant at pH 7.0 is reduced to 3% as the concentration

TABLE 2
Variation of Henry’s Constants for Copper in Vartous Solutions Using
Tron(II) Hydroxide as Adsorbent*

Total ammonia (M)

pH 0.14 0.306 0.536 0.568 1.18
6.1 45

6.4 46 50

6.7 134 123 47

7.0 214 6.6
74 202

“Henry’s constant in (g Fe/L)™".
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of total ammonia increases from 0.14 to 1.18 M. The results are largely
due to the effect of electrolyte ions on the reduction of available surface
sites as well as to an increase of surface charge. A solution of 0.536 M
concentration of total ammonia shows almost the same value of Henry’s
constant within the pH range of 6.1 to 6.7. In a solution of 0.14 M con-
centration of total ammonia, a greater change in Henry’s constant is ob-
served as the solution pH decreases from 7.4 to 6.7. The value of Henry’s
constant is 202 L-g Fe~! at pH 7.4 while a lower value of 134 L-g Fe~! at
pH 6.7 is attained in a 0.14 M concentration of total ammonia. At a high
electrolyte concentration, the surface charge is less affected by a change
of the solution pH. As a consequence, the variation of adsorption by a
change of solution pH in such a condition is attributed mainly to the change
of solution composition of the related species. Since the change of solution
composition at a 0.536 M concentration of total ammonia is not large within
the pH 6.1 to 6.7 range as shown in Table 1, the variation of adsorption
due to any change of solution pH is small within this pH range. The solid
surface in a solution of 0.14 M concentration of total ammonia may lead
to a less charged surface in comparison with that in 0.536 M concentration
of total ammonia and thus gives a higher variation of adsorption by a
decrease of solution pH due to a stronger effect on the surface charge by
the change of solution pH.

Table 3 shows the differences on adsorption efficiency caused by using
the adsorbents of iron(111) and aluminum(Ill) hydroxides. Aluminum(III)
hydroxide gives a smaller adsorption density than iron(I1I) hydroxide. Alu-

TABLE 3
Comparison on the Adsorption Efficiency between Iron(11l) and Aluminum(IIT)
Hydroxide as Adsorbents

Solution conditions

Copper adsorbed

Total Residual copper [mo! Cu/mol Fe (or Al)]
ammonia Chloride in

pH (M) M) solution (ug/mL) Fe(OH), Al(OH),

6.7 0.306 0.15 11.9 7.0 X 10°?
10.9 3.2 x 107

6.4 0.568 0.28 16.3 9.0 x 10-°
15.4 1.8 x 107!
6.4 4.4 X 1072
52 1.1 x 107!
32 2.9 x 1072

31 9.0 x 102
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minum(111) hydroxide in a solution with a pH range of 6.4-6.7 leads to a
higher surface potential as indicated by the zeta potential measurement.
Furthermore, the lower specific surface area value for aluminum(III) hy-
droxide (20, 43) may be another reason for its lower adsorption density.

CONCLUSIONS

The adsorption of copper from amminecopper(II) solution by metal
hydroxides shows that an optimum solution pH can be found and that it
depends on the total ammonia concentration in the solution. The optimum
pH of adsorptions corresponds to the solution composition as the sum of
the species fractions of Cu(NH;)**, Cu(NH;)3*, and Cu(NH;)3* reaches
its maximum.

A solution which contains tetraamminecopper(Il) as the major copper
species gives a low adsorption density on the metal hydroxide surface due
to the competing reaction for copper(Il) between the free ammonia in the
solution and the hydroxyl group on the solid surface.

The solution composition becomes the determining factor for adsorption
as a function of solution pH at a moderately high concentration of total
ammonia, and thus the same optimum pH on adsorption is obtained re-
gardless of the different adsorbents of metal hydroxides being used.

Adsorption isotherms at the same solution composition show that in-
creasing the concentration of total ammonia in the solution can result in
a pronounced decrease of adsorption density. This is due to the reduction
of adsorptive sites on the solid surface as well as to an increase of surface
charge by the increase of electrolyte concentration.
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