
CHAPTER V

RESULTS AND DISCUSSION

From the synthesis, the reddish-brown precipitate o f 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 2.45 A. 

Potentiometric titrations revealed that the pHpzcof the synthesized goethite was 7.0±0.1, 
comparable to the literature values o f 7.1 to 8.5 [32-35], The surface area from the 

BET measurement was found to be 96.87±0.2 m2/g which is somewhat higher than that 
(70.9 m2/g) 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 m2/g [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, [ร FeOH]to1, 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
p H p z c 7.0±0.1

Surface area(m2/g) 96.87±0.2
[= FeOH],„ (mM) 2.07±0.06
No.of active site 

(site/ ท m2) 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 pHpzc are positively charged (=FeOH2+) and negatively charged (=FeO‘), 
respectively. Each set of log pj“i, and log Pu values showed little variations with

ionic strengths except for the higher value of log p น and the lower value of log p j“i,

obtained in 0.100 M NaNC>3. 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 o f surface 
complex species were found, the nondeprotonated (=FeOHCu2+and (=FeOH)2Zn2+),



Table 5.2 Summary of the equilibrium constants with varying ionic strengths of NaNC>3

Reactions
Overall

equilibrium
constant

1=0.001 M 1=0.005 M 1=0.010 M 1=0.100M 1=0.500 M 1=0.10 M 
(ref)‘

Acid-base reactions:

=FeOH =FeO + t r log p r i1 -9.2 -9.2 -9.2 -9.9 -9.0 -9.51

=FeOH + H+ =FeOH2+ log p ๒1' 5.8 6.2 6.0 6.8 6.1 7.47

Complexation of =FeOH-H+-Cu2+ system

=FeOH + Cu2+ <-> =FeOHCu2+ log P  ÏS .1
n.f. 5.7 6.0 4.5 4.9 8.8

=FeOH + Cu2+ *+ =FeOCu+ + IT log p 1๒!,, 1.3 0.6 0.8 0.9 0.9 0.9

=Fe0H +C u2++H20<-»=Fe0C u0H +2H + log P i ? ! , , -8.0 -7.8 -5.4 -7.2 -6.6 -6.6

Complexation of =FeOH-H+-Zn2+ system

2=FeOH + Zn2+ (=FeOH)2 Zn2+ log p ” o,l 8.6 8.1 9.2 8.8 8.7 10.67
=FeOH + Zn2+ <-» =FeOZn+ + IT log P i ”! , , -2.6 -3.0 -2.0 -2.2 -1.9 K> 0

=FeOH+Zn2++2H20<->=FeOZn(OH) - +3lT log P i ”! , , -18.0 -17.9 -18.2 -17.5 -16.4 -18.2

* Lovgren et al.[ ] , n.f.= not found



Table 5.2 Summary of the equilibrium constants with varying ionic strengths of NaNC>3 (continue)

Reactions
Overall

eqilibrium
constant

1=0.005 M 1=0.010 M 1=0.100 M 1=0.500 M

ComDlexation of =Fe0H -H +-Cu2+-S 0 42' system
=Fe0H+Cu2++ S 042»  =FeOHCuS04 log pintp 1,0,บ 13.0 13.1 13.7 11.0
=FeOH+Cu2++SO l~ o=FeOCuSO - +H+ log ท “tP โ-l,น 8.5 8.4 9.0 6.0

=Fe0H+Cu2++ S 042 +H20  ^ = Fe0C u0H S042‘+ 2H+ log niât
P 1 -2,1,1 2.5 1.8 1.7 2.2

Comolexation of =Fe0H -H +-Zn2+-S 0 42' system
2=Fe0H +Z n2++ S 0 42'<->(=Fe0H)2Z n S 0 4 log O tntP 2,0,1,1 18.0 20.3 19.5 18.2

=FeOH+Zn2++ S 042' <-> HFeOZnS04 +H+ log P  โ - น 1 12.9 13.1 12.6 11.7

=Fe0H +Z n2++ S 0 42‘+2H20< -»=F e0Z n (0H )2S 0 43' log P intP โ-3,1,1 -2.5 -2.5 -2.5 -2.5
+3H +

CDน า
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th e  deprotonated (=FeO C u+ and =F eO Z n+ ) and the hydrolyzed  sp ec ies  (=FeO CuO H  

and ^ F e O Z n (O H )-)  . T h e  fo r m a tio n  o f  th e  nondeprotonated sp ec ies o f  Zn2+com p lex  

system  in vo lved  tw o  binding sites per Z n2+, w h ile  C u2+ binds to  a single site. This 

result can b e  exp la ined  by th e  lo w e r  v a lu e  o f  th e  e le c tr o n e g a t iv ity  and th e  larger 

io n ic  s ize  o f  Z n2+ com pared w ith  C u2+. T h e  deprotonated and hydrolyzed surface  

sp ec ies  o f  C u2+ com p lex  system  w ere  m ore stable than th ose  o f  Z n2+ com p lex  system  

w h ile  the major nondeprotonated surface sp ec ies  w as le ss  stable. T he sam e trend o f  

lo g  p v a lu e s  fo r  Cu2+ and Zn2+ com p lexation  in 0 .1 0  M  NaNC >3 w as found by 

L ovgren  et a l.[7], The d iscrep an cies in the va lu es o f  log  pj“Ô 1 and lo g  p “'01 for

nondeprotonated surface sp ec ies  b etw een  our results and th ose  o f  L ovgren  et al. [7] are 

probably due to  the d ifferen ces in surface area and th e concentration o f  the surface 

active  site o f  the syn th esized  goeth ite.

In the presence o f  S O 4 2’ ion, T he n o n d ep ro to n a ted (= F eO H C u S 0 4) and 

deprotonated  (= F e O C u S (V  ) ternary surface sp ecies o f  C u 2 +- S 0 4 2‘ com p lex  system  

w ere  less  stable than th ose  o f  Z n 2 +- S 0 4 2’ com p lex  system  w hereas the hydrolyzed  

ternary surface sp ec ies  (sF e O C u O H S C L 2 ) w as m ore stable. T his can b e explained  

by th e h igher v a lu e  o f  the h yd ro lysis constant o f  C u 2~ co m p a red  w ith  that o f  Zn2+ 

( l o g  =  - 8 - 1 2 ’ ,0 g  P£(oh>2 =  - 1 7 .1 5 ,  lo g  p ^ ,  =  -9 .1 5  and lo g  p “ 0* 2 =

- 1 7 .1 0 ) .  S im ila r  tren d s  w e r e  th u s  fo u n d  fo r  th e  lo g  p v a lu e s  o f  C u 2+, Z n 2+, 

C u 2 +- S 0 4 2", and Z n 2 +- S 0 4 2’ c o m p le x  sy s te m s , i . e . ,  th e  lo g  p v a lu e s  o f  

n o n d e p r o to n a te d  >  d ep r o to n a te d  >  hydrolyzed surface sp ec ies , and so  as their
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Stability. In a d d it io n , th e  lo g  3 v a lu e s  o b ta in ed  in 0 .5 0 0  M  N a N 0 3 w ere  

so m e w h a t  lo w e r  th an  th o s e  o b ta in e d  in  th e  so lu t io n s  w ith  io n ic  s tren g th s b e lo w  

0 .1 0 0  M  N a N 0 3.

From the distribution diagram s, the adsorption o f  Cu2+ (figures 4 .4 -4 .8 )  

and Z n2+ (figu res 4 .1 0 -4 .1 4 )  increased w ith  increasing pH , lik e  m ost m etal ions d o[12]. 

B e lo w  p H ~ 4-5 , adsorption o f  Cu2+and Zn2f w as found to  be m inim al due to  

com p etitive  adsorption o f  proton (protonation) for the surface sites o f  goethite. A s the 

pH  rises, the adsorption o f  Cu2+ increased from 0 to  100 percent w ithin the pH range o f  

4 -7 . A  slightly  narrower range, pH = 4 -6  for C u2+ w as obtained by C histophi and A xe

[12] in 0 .0 0 1 -0 .0 1  M  N a N 0 3. R elative to th ose  o f  Cu2+, the adsorption ed ge o f  Zn2 ' 

w a s sh ifted  to  a higher pH  range, pH  =  5-8. T his could  indicate that the affinity o f  Cu2~ 

on goeth ie  surface w as greater than Zn2+ A xe, Schw ertm ann, and Forbes et al. 

[1 2 ,3 7 ,3 8 ] also found the m etal a ffin ities for the goeth ite  surface fo llo w  the order o f  

C u2+>P b2+>Z n2+>C d2+> C o 2+> N i2+> M n 2+, w hich  is fairly consistent w ith  the order due 

to  the electronegativ ity  o f  m etal ion and the site capacity o f  ox id e  surface, each type o f  

w h ich  has a characteristic b inding energy. The fact that, Cu2+ has the sm allest ionic  

s ize  and the greatest electronegativ ity , thus it is m ore easily  attracted to  the goeth ite  

surface.

The variation in ion ic  strengths o f  so lu tion  (0 .0 0 1 -0 .5 0 0  M  N a N 0 3) w as  

found to have little effect on  the am ount o f  C u2+ and Z n2* adsorbed excep t in 0 .1 0 0  and 

0.001  M  N a N 0 3 w here the adsorption ed ges o f  Z n2+ w ere shifted  to low er pH and
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covered  a w ider pH range (pH  -  4 -8 ). T h e r e su lts  from  L isa  et a l . [1 2 ]  sh o w e d  that 

n o c h a n g e s  in th e  a m o u n t o f  m eta l io n s  (C u 2+,Pb2+,C d2+) adsorbed w ith  increasing  

io n ic  strength (0 .0 0 1 -0 .0 1  M  NaNC>3 ). D zo m b a k  et a l . [2 5 ]  a lso  fo u n d  that an 

in c r e a se  in io n ic  stren g th  from  0 .0 1 - 0 .1 0  M  NaNOî had n o  n o t ic e a b le  e f fe c t  on  

th e  a m o u n t o f  C u 2+ a d so rb ed . T h is  s u g g e s ts  that th e  r e a c t io n s  o f  m in era l 

su r fa c e  s it e s  w ith  m eta l io n s  w ith in  th e  in n er  la y er (O -la y er ), as illu str a te d  by  

c o m p le x a t io n  r e a c t io n s  in ta b le  5 .2 , are m o st im p o rta n t in  c o n tr o llin g  

a d so r p tio n . T hat is th e  m eta l io n s  c h a r a c te r is t ic a lly  form  th e  in n er -sp h ere  

c o m p le x e s  w ith  th e  su r fa c e  s ite , so  that th e ir  a d so r p tio n  is  la r g e ly  in s e n s it iv e  

to  th e  p ro p er tie s  o f  th e  so lu t io n  in th e  d if fu s e  o u te r  la y er  su ch  as io n ic  

s tr e n g th s . T h e se  r e su lts  are a lso  c o n s is te n t  w ith  th e  s p e c tr o s c o p ic  s tu d ie s  [1 3 ],

T h e in c r e a s in g  a d so r p tio n  o f  C u 2+(f ig u r e s  4 .1 6 -  4 .1 9 )  and Zn2+ 

( f ig u r e s  4 .2 0 - 4 .2 3 )  on  g o e th ite  su r fa c e  at lo w  pH  in th e  p r e se n c e  o f  S 0 42' ion  

w a s  s u c c e s s fu l ly  m o d e le d  u s in g  C C M  by c o n s id e r in g  th e  tern ary  su rfa ce  

c o m p le x  s p e c ie s  = F e O H C u S 0 4 and = F e O Z n S 0 4 .D z o m b a k  and M u h am m u d  

[1 8 ]  a lso  fo u n d  th e  sa m e resu lt in th e ir  C u 2" - S 0 42‘ s y s te m s  in N aN C >3 so lu tio n ,  

w h ic h  is  d e sc r ib e d  by th e  G e n e r a liz e d  T w o  L ayer  M o d e l (G T L M ), c o n s id e r in g  

th e  C u 2 - S 0 42’ tern ary  su r fa c e  c o m p le x , = F e O H C u S 0 4. T h e se  r e su lts  in d ica ted  

that th e  fo rm a tio n  o f  th e  C u 2 ,- S 0 42' and Z n 2+- S 0 42' tern ary  su r fa c e  c o m p le x e s  

sh o u ld  b e  r e sp o n s ib le  for  th e  en h a n c e d  a d so rp tio n  o f  C u 2+ and Z n 2+.
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V a r y in g  io n ic  stren g th s  o f  so lu t io n  h ard ly  a f fe c t  th e  s p e c ie s  

d is tr ib u t io n  o f  C u 2+-SC>42’ and Z n 2+-SC>4 2’ c o m p le x  s y s te m s  e x c e p t  in  0 .5 0 0  M  

N aN C >3 ( th e  h ig h e s t  io n ic  stren g th ) w h ere  th e  in it ia l a m o u n t o f  fr ee  C u 2+ and 

Z n 2+ in so lu t io n  at lo w  pH  w a s  h ig h er  than  th o se  in 0 .1 0 0 ,0 .0 1 0 ,and 0 .0 0 1  M  

N a N O î. T h is  r e su lt  c o u ld  im p ly  th a t th e  c o n c e n tr a tio n  o f  N C V  io n  m ay  p la y  a 

s ig n if ic a n t  r o le  in m o d ify in g  th e  e le c tr o s ta t ic  e n v ir o n m e n t at th e  in ter fa ce ,  

e s p e c ia l ly  in  th e  d if fu s e  o u te r  la y er , and in f lu e n c in g  th e  a d so rp tio n  o f  m eta l 

io n s ,  th u s th e  fo r m a tio n  o f  th e  m e ta l-su lfa te  tern ary  su r fa c e  c o m p le x e s  at 

lo w  pH .
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