CHAPTERV

RESULTS AND DISCUSSION

From the synthesis, the reddish-brown precipitate of goethite was
obtained. Goethite characterization (section3.3) by XRD analysis shows the dominance

(110) diffraction peak at 4.17 A and (021) diffraction peaks at 2.69 and 245 A.
Potentiometric titrations revealed that the pHpzcofthe synthesized goethite was 7.00.1,
comparable to the literature values of 7.1 to 8.5 [32-35], The surface area from the
BET measurement was found to be 96.87+0.2 m2g which is somewhat higher than that
(70.9 m2g) obtained by Atkinson et al.[31] and Mcbride [36], Others have found the
surface area of goethite to be in the range of 39 to 86 mag [24-27], The discrepancies
are usually due to slightly different conditions of the synthesis. The total concentration
of active sites of goethite surface in the suspension, [ FeOH]td, was found to be
2.07£0.06 mM, corresponding to the number of active sites of 0.64 site/nm2, which is
somewhat higher than that obtained by Lovgren et al.(1.20£0.03 mM ,1.68 site/nm2),

as a consequence of the higher value of surface area. Goethite characteristics are
summerized in table 5.1.
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Table 5.1  Goethite characteristics

Goethite property Goethite characteristic

Color reddish-brown

XRD (A) 4.17,2.69,2.45

pHpzC 71.00.1
Surface area(ma2g) 06.87+0.2
[ FeOH].,, (MM) 2.0740.06
No.(%{taé\?t%%)sne 0.64

A summary of the acid-base and the surface complexation reactions of
goethite and the overall equilibrium constants (rounded off to one decimal place) was
shown in table 5.2. From the acid-base equilibium model, the dominant species below
and above pHozc are positively charged (=FeOH2+) and negatively charged (=FeQ°),

respectively. Each set of log pj‘, and log Pu values showed little variations with
jonic strengths except for the higher value of log p  and the lower value of log pjf,

obtained in 0.100 M NaNC>s. These values are, however, more consistent with the
result obtained by Lovgren et al.[7],

For the surface complexation with Cu2+ and Zn2+, three types of surface
complex species were found, the nondeprotonated (=FeOHCuand (=FeOH)Zn2+),



Table 5.2 Summary ofthe equilibrium constants with varying ionic strengths of NaNC

Reactions

Acid-base reactions:
=FeOH =FeO +tr
=FeOH + H+ =FeOH2+

Complexation of =FeOH-H+Cu2+ system
=FeOH + Cu2 <> =FeOHCuz+

=FeOH + CuZ=+ =FeOCu++ IT
=Fe0H+Cu2HH2<-»=Fe0CUOH+2H+
Complexation of =FeOH-H+Zn2+ system
2=FeOH + ZnZ  (=FeOH)2Zn%
=FeOH +Zn# <» =FeOZn++IT
=FeOH+Zn2+2H2<->=Fe0Zn(OH) - +3IT

“Lovgrenetal[], n.f.=not found

Overall

equilibrium

constant

log pril

logp 1

log P IS.
log pl,,

log Pi?!,,

log p”al
log Pi™,,

log Pi™,,

1=0.001 M

-9.2

13
-8.0

8.6
-2.6

-18.0

1=0.005 M

-9.2

6.2

5.7
0.6

-7.8

81
-3.0

-17.9

1=0.010 M

-9.2

6.0

6.0
0.8

5.4

9.2
-20

-18.2

1=0.100M

99

6.8

45
0.9

-7.2

838

2.2

-17.5

1=0.500 M

9.0

6.1

4.9
09

-6.6

87
-1.9

-16.4

1=0.10 M
(ref)’

-9.51

147

838
0.9
-6.6

10.67

-18.2



Table 5.2 summary ofthe equilibrium constants with varying ionic strengths of NaNGss (continue)

Reactions
ComDlexation of =Fe0H-H+Cu2+S042 system
=FeOH+Cu2+S04»  =FeOHCuS04
=FeOH+Cu2+S01- 0=FeOCuSO0 - +Ht
=FeOH+Cu2+S042+HX = Fe0CuOHS0&L+ 2H+

Comolexation of =Fe0H-H+Zn2+5042 system

2=Fe0H+Zn2+ S042<->(=Fe0H)ZnS04

=FeOH+Zn2+5042 <> HFeOZnS04 +H+

=FeOH+Zn2+ S042+2H20<-»=Fe0Zn(0H)25043
+3H+

Overall
eqilibrium
constant

log B"ﬂb
log p°Y)
log B3211

log %1
logp . 4

log B3y

1=0.005 M

13.0
8.5
2.5

18.0
129

-2.5

1=0.010 M

131
8.4
18

20.3
131

-2.5

1=0.100 M

13.7
9.0
17

19.5
12,6

-2.9

1=0.500 M

11.0
6.0
2.2

18.2
117

-2.5
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the deprotonated (=FeOCu+ and =FeOZn+) and the hydrolyzed species (=FeOCuOH
and “"Fe0OZn(OH)-) . The formation of the nondeprotonated species of Zn2+complex
system involved two binding sites per Zn2+, while Cu2+ binds to a single site. This
result can be explained by the lower value of the electronegativity and the larger
lonic size of Zn2+ compared with Cu2+. The deprotonated and hydrolyzed surface
species of Cuz+ complex system were more stable than those of Zn2+ complex system
while the major nondeprotonated surface species was less stable. The same trend of

log p values for Cu2+ and Zn2+ complexation in 0.10 M NaNC.s was found by

Lovgren et al.[7], The discrepancies in the values of log pjOl and log p“0Lfor

nondeprotonated surface species between our results and those of Lovgren et al.[7] are

probably due to the differences in surface area and the concentration of the surface

active site ofthe synthesized goethite.

In the presence of SO.2 ion, The nondeprotonated(=FeOHCuS04) and
deprotonated (=FeOCuS(V ) ternary surface species of Cu.+-So.2° complex system
were less stable than those of Zn.+So.2" complex system whereas the hydrolyzed
ternary surface species (sSFeOCuOHSCL2) was more stable. This can be explained

by the higher value of the hydrolysis constant of Cu2~ compared with that of Zn2
(log =-8-12" 09 PE(on2= -17.15, log p”™ , =-9.15 and log p* 0*2=
-17.10). Similar trends were thus found for the log p values of Cu2+, Zn2+,

Cu2t-So.2" and Zn.+So..2" complex systems, i.e., the log p values of

nondeprotonated > deprotonated > hydrolyzed surface species, and so as their
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Stability. In addition, the log 3 values obtained in 0.500 M NaN03 were
somewhat lower than those obtained in the solutions with ionic strengths below

0.100 M NaNO03.

From the distribution diagrams, the adsorption of Cu2+ (figures 4.4-4.8)
and Zn2+ (figures 4.10-4.14) increased with increasing pH, like most metal ions do[12].
Below pH~4-5, adsorption of Cu2tand Zn2f was found to be minimal due to
competitive adsorption of proton (protonation) for the surface sites of goethite. As the
pH rises, the adsorption of Cu2+ increased from 0 to 100 percent within the pH range of
4-7. A slightly narrower range, pH= 4-6 for Cu2+ was obtained by Chistophi and Axe
[12] in 0.001-0.01 M NaNO03. Relative to those of Cu2+, the adsorption edge of Zn2'
was shifted to a higher pH range, pH = 5-8. This could indicate that the affinity of Cu2~
on goethie surface was greater than Zn2+ Axe, Schwertmann, and Forbes et al.
[12,37,38] also found the metal affinities for the goethite surface follow the order of
Cu2>Ph2t>Zn2+>Cd2+>Co2+>Ni2>Mn2+, which is fairly consistent with the order due
to the electronegativity of metal ion and the site capacity of oxide surface, each type of
which has a characteristic binding energy. The fact that, Cu2+ has the smallest ionic
size and the greatest electronegativity, thus it is more easily attracted to the goethite

surface.

The variation in ionic strengths of solution (0.001-0.500 M NaN03) was
found to have little effect on the amount of Cu2+ and Zn2*adsorbed except in 0.100 and

0.001 M NaNO3where the adsorption edges of Zn2+ were shifted to lower pH and
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covered a wider pH range (pH - 4-8). The results from Lisa et al.[12] showed that
no changes in the amount of metal ions (Cu2+Pb2+,Cd2+) adsorbed with increasing
lonic strength (0.001-0.01 M Nanc>3 ). Dzombak et al.[25] also found that an
increase in ionic strength from 0.01-0.10 M NaNoO7 had no noticeable effect on
the amount of Cu2+ adsorbed. This suggests that the reactions of mineral
surface sites with metal ions within the inner layer(O-layer), as illustrated by
complexation reactions in table 5.2, are most important in controlling
adsorption. That is the metal ions characteristically form the inner-sphere
complexes with the surface site, so that their adsorption is largely insensitive
to the properties of the solution in the diffuse outer layer such as ionic

strengths. These results are also consistent with the spectroscopic studies [13],

The increasing adsorption of Cu2+(figures 4.16- 4.19) and Zn
(figures 4.20-4.23) on goethite surface at low pH in the presence of S042' ion
was successfully modeled using CCM by considering the ternary surface
complex species =FeOHCuS04 and =Fe0ZnS04 .Dzombak and Muhammud
[18] also found the same result in their Cu2"-S042° systems in NaNC.s solution,
which is described by the Generalized Two Layer Model (GTLM), considering
the Cu2 -S042" ternary surface complex, =FeOHCuS04. These results indicated
that the formation of the Cu2,-S042" and Zn2+-S042' ternary surface complexes

should be responsible for the enhanced adsorption of Cu2+ and Zn2+.
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Varying ionic strengths of solution hardly affect the species
distribution of Cu2+SC>42" and Zn2+-SC>.2’ complex systems except in 0.500 M
NaNC.s (the highest ionic strength) where the initial amount of free Cu2+ and
Zn2+ in solution at low pH was higher than those in 0.100,0.010,and 0.001 M
NaNOf. This result could imply that the concentration of NCV ion may play a
significant role in modifying the electrostatic environment at the interface,
especially in the diffuse outer layer, and influencing the adsorption of metal
lons, thus the formation of the metal-sulfate ternary surface complexes at

low pH.
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