
CHAPTER I 

INTRODUCTION

T he spread o f  h eavy  m etal io n s such as cop p er and z in c ion s bein g  

discharged  from  various industrial activ ities (e .g . battery, paint, catalyst and 

p o lym er m anufactures, etc) has b ecom e a serious problem . Such pollutant is usually  

not d eco m p o sed  b y  b io lo g ica l or chem ical m eans and can  accu m u late  in so ils  for a 

lon g  period  o f  tim e and fin a lly  b eco m es to x ic  to  plants, anim als and human.

T he concentration, transport and fate o f  m etal ions, in natural aquatic  

system  are usu ally  controlled  b y  th e adsorption p rocesses on  the m ineral surface.

A  large fraction o f  m inerals in so il con sists o f  hydrous m etal o x id es  su ch  as iron, 

alum in ium  and m an gan ese ox id es. H ydrous ferric o x id e , co m m o n ly  know n as 

g o eth ite , has b een  studied e x te n s iv e ly [ l]  due to  its surface properties a ffectin g  the 

distribution o f  so lu tion  sp ec ies  in so ils , rivers , lakes and groundw ater. The  

adsorption  o f  m etal ion s on  goeth ite  surface has been w id e ly  studied  as a function  

o f  pH , tem perature, ion ic  strength, m etal ion  con cen tration s and goeth ite  

concentrations [2 -5 ], It m ay a lso  be in fluenced  by the sim u ltan eou s adsorption o f  

other anions. A m o n g  th ese , su lfate ions are found in num erous aqueous 

g eo ch em ica l system . The ac id ic  drainage w ater from m ine w a ste  d ep osits contains  

very h ig h  concentrations o f  su lfate  that can b e exp ected  to  in flu en ce  the m obility  o f  

h eavy m etal io n s  in so ils  and in drow nstream  recipient. Surface com p lexation , 

k in etics, and m ech an ism s o f  adsorption have a lso  been  in vestigated  by a num ber o f  

reseach ers[6 -10].
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F-rom the study o f  the adsorption o f  Cd2+, C u2\  Zn2+ and Pb2+ on  

goeth ite  surface as a function o f  pH, metal ion concentrations and adsorbent 

concentrations! 11], it w as found that each m etal adsorbs in a narrow  pH  range 

w here the am ount o f  adsorption increases from 0 to  near 100% . C onsidering  the 

adsorption isotherm , it w as suggested  that the goeth ite  surface w a s com p osed  o f  

m any grou p s o f  b ind in g  sites, strong and w eak. Sim ilar results w ere  found for the 

adsorption and release  o f  C o2+, Cu2+, P b2+, N i2+and M n2+ on  goeth ite  as a function  

o f  pH. T ypica l S -shaped adsorption ed g es for all m etals w ere observed . T hese  

results indicate that m etal adsorption on  goeth ite  is favored  as the pH o f  so lu tion  

in creases and the surface charge decreases. The m etal affin ity  for goeth ite  surface  

fo llo w s  the order o f  C u2+>  Pb2+> N i2+>  C o2+>M n2+. T he d egree o f  affin ity  is a 

function  o f  site  capacity, surface com plexation  constant, and the e lectron egativ ity  

o f  the ion. Furtherm ore, no changes in the am ount o f  m etal adsorbed w ere observed  

w ith  increasin g  ion ic  strength o f  background e lectro ly te  from  0 .001  to  0.01 M , 

su g g estin g  that m etal ion s are sp ecifica lly  adsorbed on  go eth ite  surface [12].

A n ion  adsorption on goeth ite  surface is a mirror im age o f  m etal ion. 

T he adsorption is strongest at lo w  pH and generally  d ecreases w ith  increasing pH  

[1 3 ,1 4 ], The e ffec t o f  anion on adsorption o f  m etal ions has b een  in vestigated  by  

several researchers. For exam ple, the presence and co-ad sorp tion  o f  su lfate ions 

w ere found to  enhance the adsorption o f  C d2+ on  goeth ite  [15], C hloride ion  had no  

in flu en ces on the Pb2+ surface com p lexation  [16] but strongly in flu en ced  the  

adsorption behavior o f  H g2f [17], The adsorption o f  Cu2+ w a s found to  be enhanced  

at lo w  pH  in the presence o f  su lfa te[18], etc.
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A  large num ber o f  Surface C om p lexation  M o d e ls  (S C M s) have been  

d evelop ed  to  describe m etal ion  adsorption p ro cesses on  go eth ite  surface [19 -23 ], 

T hese adsorption  m od els  assum e that m etal io n s form  co m p lex es  w ith  surface 

functional groups in a m anner sim ilar to  m eta l-ligand  associa tion  in solu tion  phase. 

T h ese S C M s d iffer depending on  the assum ptions regarding the structures and 

co m p o sitio n s o f  the adsorbed sp ec ies and on  the ph ysica l descrip tion  o f  the 

interfacial region. In a num ber o f  studies, for exam p le, L u m sd on  and E vans [24] 

in vestigated  the param eters (the va lu es for intrinsic acid ity  constants,* K ^‘ and 

K “  ,the inner(C i) and outer(C 2 ) capacitances, and the e lectro ly te  b inding  

constants,** K ^î and K ç î)  o f  the D iffu se  D o u b le  L ayer M o d e l(D D L M ), the

C onstant C apacitance M od el(C C M ),an d  the Triple L ayer M o d el (T L M ) for 

goeth ite . For the three m odels, the param eters w ere  evaluated  from  the 

potentiom etric data by the FIT E Q L  program. T he b est fit o f  the tw o  intrinsic acidity  

constants obtained w ith  D D L M  w a s not as go o d  as th o se  found w ith  C C M  and 

TLM . F or CC M  the fit w as sen sitiv e  to  the change in Cl va lu es w h ile  for TLM  it 

w as sen sitiv e  to  changes in Cl and ApK,(pK“] — pKเ̂ , ) values. M uham m ad and 

D zom b ak  [25] investigated  the e ffec ts  o f  phthalic and ch elid am ic  acid s on  

adsorption o f  C u2+ in goeth ite  su sp en sion s by th e G eneralized  T w o  Layer M odel 

(G T L M ). For adsorption o f  C u2+, on ly  on e  surface sp ec ies , = F e O C u + w as  

su ffic ien t to  fit th e adsorption data over the defined  ranges o f  cop p er concentration  

(0 .0 0 2 3 -0 .0 9 8  m M ) and the pH  (3 -6 .5 )  studied. In the p resence o f  phthalic acid and 

ch elid am ic  acid s, adsorption o f  Cu2+ w a s sign ifican tly  enhanced  at lo w  pH. Later in 

1 9 9 6 [1 8 ], they in vestigated  the adsorption o f  C u2+,organic ac id s (phthalic  acid and 

ch elid am ic  acid) and su lfate in goeth ite  suspensions. T he adsorption o f  C u2+ w as

üFeOHj* <-> =FeOH + H* ; K ^' , =FeOH =FeO‘ + H* ; Ka2

HFeOH +Na*<-> =FeO Na* + H+; K̂ J1 , sFeO H T er O  =FeOH +CF + H* ; K ^ 1
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a lso  found to  be enhanced at lo w  pH  in the presence o f  inorganic su lfate  anion. 

A dsorption data for C u2+ and S 0 4~ in CU-SO 4  system s w ere  described by G TLM  

proposing the ternary surface co m p lex es, ร  F eO H C uSO  4 . A ddition  o f  su lfate to  the  

C u24- phthalic acid system  had little e ffec t on C u24 adsorption. H o w ever , addition  

o f  su lfate to  Cu2+-ch elid am ic acid  system  had a dram atic e ffect on  the adsorption o f  

Cu24. Sulfate s ign ifican tly  reduced Cu2+ adsorption, principally b y  com p etin g  w ith  

Cu24-ch elid am ic acid  ternary surface co m p lexes. L ovgren  et a l.[26] studied the 

adsorption o f  Pb2+,C d2+,C u2+,and Zn2+ at lo w  concentrations in goeth ite  su sp en sion s  

w ith varying  so lid  concentrations as a function  o f  pH using  voltam m etric  

techniques. The vo ltam m etric m easurem ent show ed  go o d  agreem ent w ith  C C M , 

excep t for Pb2+and Cd2+. The best fits o f  the data w ere  found w ith  th e sp ecific  

capacitance (Cl) 1.28 Fm'2. In the case  o f  C u2+, three surface sp ec ie s  i.e ., 

=  F eO H C u 2+, s  F eO C u 4 ,and sF e O C u O H  w ere form ed. B ased  on  an extended  

version  o f  C C M , the com p lexation  o f  su lfate ions at the goeth ite-w ater in terface has 

been รณdied u sin g  potentiom etry and infrared sp ectroscop y by P ersson  and 

L ovgren [27], A n equilibrium  m od el w ith  the outer-sphere com plexes:

— FeOH^SO^ and =  F eO H * H S O ~  form ed w a s found to  g iv e  the best description

o f  the experim ental data and w as confirm ed by the infrared and adsorption  

experim ents at different ion ic  strengths. M oreover, other surface com p lexation  

m odels such as B a s ic  S tem  M odel (B S M ), Three P lane M od el (T P M ) and Charge 

D istribution M u ltis ite  C om p lexation  M od el (C D -M U S IC ) w ere รณdied  by other 

reseachers [28], H ow ever , C C M  is one o f  the m ost frequently applied  m odels.



weju.ftrrm  สฺถา•1.น:ทยข!ทบ  
vni'? !กโผ์บ!ท!ทข1ลข 5

B ased  on the former literatures, on ly  a lim ited num ber o f  stud ies  

have dealt w ith  the adsorption o f  copper and zinc ion s in an extended range o f  the 

ion ic  strengths o f  background electro ly te  in the presence o f  sulfate ion. The 

o b jectiv es o f  th is research are therefore to in vestigate  the adsorption b ehaviors o f  

cop p er and z in c ions on goeth ite  surface under the conditions c lo se  to natural 

aquatic system s. T he acid -base and com p lexation  reactions o f  C u2 and Z n2 on 

goeth ite  surface w ere studied by potentiom etric m ethod. T he experim ents w ere  

perform ed w ith in  the pH range 3 .5<  pH  < 9.5 in 0 .0 0 1 -0 .5 0  M  N a N O î background  

electro ly te . T he effect o f  su lfate ion w as a lso  investigated . T he experim ental data 

from  p otentiom etric titrations w ere analysed by S U P E R Q U A D  program and further 

ca lcu la tion s includin g surface charge term finally  y ie ld  the surface com p lexation  

constants. The adsorption behaviors o f  Cu2t and Z n2+ on go eth ite  surface w ere  

sim ulated  by M IN E Q L  program  [29], based on  CCM .
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