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ABSTRACT 

Us i ng fou r  New Zea l and so i l s ,  i t  was found that pH , extracta bl e 

Al , c i tra te-d i th i on i te-b i ca rbonate-Al , oxa l a te Fe , and crysta l l i ne Fe 

appeared to be i mportant soi l properti es i n  both P and Mo sorpti on . 

Al l ophane appeared l ess  i mportant i n  the sorpti on  of Mo than i n  the 

sorpti on of P .  

For the sorp ti on of  Mo , the i n i ti a l , rapi d removal of Mo was 

fol l owed by a s l ow ,  conti nu i ng removal of  Mo from so l uti on . An 

est i ma te of  equ i l i bri um Mo concentrati on was obta i ned by extrapol at ion  

of the rel ati onsh i p  between sol ut ion  Mo and 1;t  to 1;t = 0 ,  i . e .  t = oo. 

The effect of  i on i c strength on Mo sorpti on  appeared to be k i neti ca l l y  

contro l l ed a t  l ow fi nal  Mo concen trati ons  ( < 5 1-1mol 1 - 1) ,  b u t  appeared 

to be absol ute at h i gh fi na l  concen trati ons  ( > 10 1-1mo l 1 - 1 ) .  

I sotherms for the sorpti on of Mo by both topsai l s  and s ubso i l s ,  

at  eq u i l i bri um and  40 hr , and by syntheti c hydrous  ferri c oxi de gel 

( Fe gel ) and a l l ophane at  40 hr , coul d be descri bed by three Langmu i r 

eq uati ons  . . Va l ues for the free energ i es of sorption for each reg i on 

of sorpt i on , wh i c h were remarkab ly  s i mi l a r for the d i fferent so rben ts , 

i nd i cated that s orpti on i n  reg i ons I and I I  corres ponded to chemi sorpti on 

reac ti ons , whereas sorpti on  in  reg i on I l l  i nvo l ved a more- phys i cal  type 

of sorpt i on . 

by so i l s .  

Fe gel appeared to be a sati sfactory model for Mo sorpti on 

I sotherms for the sorpti on of  P by the four  soi l s ,  Fe gel , and 

a l l ophane duri n g  40 hr  were descri bed by three Langmu i r  equati ons . 

Because the free energ i es of sorpti on for each reg i on , for both Mo and P ,  

were very s i mi l a r ,  the s i tes for sorpti on  and types of sorpti on  reacti on 

for both an i ons  a re probab l y  s i mi l a r .  Syntheti c a l l ophane chemi sorbed 

i i 



much l es s  Mo than P ,  rel ati ve to Fe gel , and  th i s  was attri buted to 

ki neti c charge effects . 

Sorpti on  o f  Mo by Fe gel i n  each reg i on was affected d i fferentl y  

by changes i n  p H  and i on i c  strength , and the charge rel ati on s h i ps for 

each regi on were a l so  di fferent .  These data , a l ong wi th the th ree 

d i st i nct free energ i es of sorpti on obta i ned for Mo , s ugges ted that 

three d i sti nct sorp ti on reacti ons were i nvol ved . The data s u ggested 

that sorpt ion  of Mo i n  reg i ons I and I I  i nvol ved l i gand-exchange 
2- + chemi s orpti on  of  Mo04 for -OH2 and -OH , res pecti vel y ,  resu l ti ng  i n  

the formati on o f  a b i denta te compl ex . Sorpti on  i n  reg i on I I I  was 

con s i dered to i nvo l ve sorpti on at a p l ane d i s tant  from the sorbi ng  

su rface . 

The Langmu i r  eq uati on devel oped to descri be competi ti ve sorpti on 

wa s not obeyed for Mo and P ,  but the sorpti on of  Mo , in  the presence of 

P ,  cou l d  be descri bed by three s i mpl e Langmu i r eq uati ons . 

that Mo and  P competed for s i mi l ar surface s i tes . 

I t  appeared 

Sol uti o n  P i nc reased the amounts of sorbed Mo that cou l d  be 

desorbed , rel ati ve to Cl . The amounts of  Mo desorbed by both Cl  and P 

i i i 

decreased wi th t i me after add i t ion  of  Mo to soi l s .  Thi s was attri buted 

to a sh i ft i n  the form of sorbed Mo . Chemi cal  fracti onati on of sorbed 

Mo s uggested that the a bsorpti on of adsorbed Mo was a l so occu rri ng . 

For several s oi l s  to wh i ch Mo had been added i n  the fi el d ,  no Mo was 

desorbed by P so l uti ons . 

Sol uti on : so i l ra ti o affected o n l y  the ra te at whi ch  P was removed 

from sol u ti on ,  not the fi nal  equ i l i bri um concentrati ons . I ncubati ng 

so i l wi th P pri or  to the add i ti on of Mo reduced both chemi sorpti o n  and 

more-phy s i ca l  s orpti o n  of  Mo . For a soi l that had recei ved annual  



add i ti ons of  phos phate a nd l i me for 22  yr , the chemi sorpti on of  a dded 

Mo was reduced by both ferti l i zer P and l i me , whereas the more- phys i ca l  

s orption maxi ma were on l y  reduced by l i me addi ti ons . The res u l ts were 

d i scus sed i n  terms of both the pers i stence and p l ant-ava i l a b i l i ty of  

Mo added i n  the  fi el d s i tuati on . 

i v  
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