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BIOLOGICAL SEPARATION OF PHOSPHATE FROM ORE 

ROBERT D. ROGERS, JAMES H. WOLFRAM 
Idaho Na t iona l  Eng ineer ing  Laboratory,  Idaho F a l l s ,  I D  83415-2203, 
USA 

A b s t r a c t  The importance o f  m i c r o b i a l  a c t i o n  i n  m o b i l i z a t i o n  o f  
i n s o l u b l e  phosphate i n  s o i l s  i s  w i d e l y  recogn ized though t h e  
process i s  n o t  w e l l  understood. Based on l i t e r a t u r e  r e p o r t s  and 
on an energy conserva t i on  p o t e n t i a l ,  research  on t h e  p o t e n t i a l  o f  
us ing  b i o s o l u b i l  i z a t i o n  f o r  t h e  i n d u s t r i a l  p rocess ing  o f  r o c k  
phosphate ores appears t o  be wor th  w h i l e .  T h i s  paper r e p o r t s  on 
e f f o r t s  t o  develop such a process. A c t i v i t i e s  r e l a t e d  t o  t h e  
i s o l a t i o n  and s e l e c t i o n  o f  phosphate s o l u b i l  i z i n g  m i c r o b i a l  
spec ies  as w e l l  as those e f f o r t s  t o  develop a bench t o p  b ioprocess  
u n i t  f o r  t h e  cont inuous  s o l u b i l i z a t i o n  o f  phosphate o r e  a r e  
discussed. 

INTRODUCTION 

Because o f  chemical p r e c i p i t a t i o n  and b i o l o g i c a l  i m m o b i l i z a t i o n  i t  
would appear t h a t  w i t h o u t  p e r i o d i c  replacement, t h e  a v a i l a b l e  supp ly  o f  
phosphate (PO,) i n  s o i l  would r a p i d l y  be dep le ted .  T h i s  would be t h e  
case i f  i t  were n o t  f o r  t h e  occurrence o f  PO, r e l e a s i n g  mechanisms i n  
s o i l .  M i c r o b i a l  a c t i o n  appears t o  be one o f  t h e  more i m p o r t a n t  
mechanisms f o r  t h e  r a p i d  r e l e a s e  o f  PO,. 

Whi le  t h e  i n  s i t u  a g r i c u l t u r a l  use f o r  these organisms has been s t u d i e d  
f o r  decades, t h e i r  a p p l i c a t i o n  f o r  t h e  i n d u s t r i a l  p rocess ing  o f  r o c k  
phosphate o re  (RP) has been ignored. Such a process c o u l d  be used f o r  
p a r t i a l  replacement o f  c u r r e n t  ene rgy - in tens i ve  processes or i n  t h e  
recove ry  o f  PO, f rom low-grade and c u r r e n t l y  unusable RP ores .  Another 
a p p l i c a t i o n  c o u l d  be t h e  development o f  an inexpens ive ,  l ow- techno logy  
method f o r  PO, p roduc t i on  i n  areas o f  t h e  w o r l d  wh ich  have RP rese rves  
b u t  l a c k  s u f f i c i e n t  c a p i t a l  and techno logy  t o  deve lop  t h e  resource .  
The techno logy  may a l s o  have a d i r e c t  a p p l i c a t i o n  f o r  t h e  removal o f  
t r a c e  amounts o f  PO, f rom metal  bea r ing  ores .  T h i s  paper d i scusses  t h e  
f i r s t  a p p l i c a t i o n ,  t h e  development o f  a cont inuous  process f o r  t h e  
b i o s o l u b i l i z a t i o n  o f  PO, f rom t h e  pa ren t  RP. 

MATERIALS AND METHODS 

Over 800 m i c r o b i a l  c o l o n i e s  i s o l a t e d  f rom 54 d i f f e r e n t  env i ronmenta l  
samples were eva lua ted  f o r  evidence o f  PO, s o l u b i l i z a t i o n  a c t i v i t y .  
Screening f o r  a c t i v e  c o l o n i e s  was w i t h  t h e  Katzne lson and Bose agar 
p l a t e  bioassay’. Several i s o l a t e s  shown t o  possess t h e  s o l u b i l  i z a t i o n  
t r a i t  were s e l e c t e d  f o r  s t u d i e s  designed t o  e v a l u a t e  a cont inuous  

[689]/137 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



138/[690] ROBERT D. ROGERS AND JAMES H. WOLFRAM 

b ioprocess  methodology. The f i r s t  s tudy  u s i n g  these organisms was 
conducted u s i n g  f l a s k s  c o n t a i n i n g  l i q u i d  media ( n u t r i e n t  s a l t s  w i t h o u t  
PO,; 1% glucose) and an i n s o l u b l e  source o f  PO, ( i n i t i a l l y  t r i c a l c i u m  
phosphate [TCP] f o l l o w e d  by RP). F lasks  c o n t a i n i n g  media and s e l e c t e d  
inoculum were incubated  on a shaker. A f t e r  c e n t r i f u g a t i o n  t o  remove 
s o l i d s ,  t h e  l i q u i d  f rom these f l a s k s  was analyzed t o  de termine s o l u t i o n  
pH and t h e  q u a n t i t i e s  o f  t i t r a t a b l e  a c i d i t y  (H), s o l u b l e  PO, (stannous 
c h l o r i d e  molybdate b l u e  method), s o l u b l e  c a l c i u m  (Ca) (a tomic  adsorp- 
t i o n )  and o rgan ic  ac ids  (OA) (HPLC). A l l  da ta  were normal ized  based on 
i o n i c  charge and r e p o r t e d  i n  m i l l i e q u i v a l e n c e s  (meq). 

From t h e  above eva lua t i ons ,  a s i n g l e  bac ter ium (E37) was s e l e c t e d  f o r  
a d d i t i o n a l  s t u d i e s  i n  a cont inuous  system. T h i s  system c o n s i s t e d  o f  a 
cont inuous  f low,  s t i r r e d - t a n k  b i o r e a c t o r  connected t o  secondary c o n t a c t  
r e a c t o r s  (F ig .  1). The b i o r e a c t o r  was used f o r  p ropaga t ion  o f  t h e  
b a c t e r i a .  I n i t i a l l y  i t  was one l i t e r  i n  volume and was opera ted  

n 

FIGURE 1 Schematic o f  process f o r  con t inuous  b i o s o l u b i l i z a t i o n  o f  RP. 

under cont inuous  f l o w  c o n d i t i o n s  a t  a c o n t r o l l e d  pH o f  3.4. E f f l u e n t  
( l i x i v i a n t )  f rom t h i s  b i o r e a c t o r  was pumped i n t o  125 mL c o n t a c t  
r e a c t o r s  where i t  was mixed w i t h  RP. The e f f e c t s  on t h e  s o l u b i l i z a t i o n  
process o f  v a r i o u s  RP s o l i d s  d e n s i t i e s  and l i x i v i a n t  f l o w  r a t e s  and 
q u a n t i t i e s  were eva lua ted  us ing  t h e  secondary c o n t a c t  r e a c t o r s .  

RESULTS AND DISCUSSION 

Numerous s t u d i e s  were conducted d u r i n g  t h e  development o f  t h e  c o n t i n u -  
ous PO, s o l u b i l i z a t i o n  process. For t h a t  reason, o n l y  da ta  f rom those 
s t u d i e s  wh ich  advanced t h e  work f rom elementary f l a s k  s t u d i e s  t o  t h e  
cont inuous  b i o r e a c t o r  work w i l l  be d iscussed i n  t h i s  paper. 

Phosphate s o l u b i l  i z i n g  microorganisms a r e  h e t e r o t r o p h i c  (i .e. energy 
and carbon a r e  ob ta ined  by m e t a b o l i z i n g  o rgan ic  compounds). I n  
a d d i t i o n ,  i t  has been shown t h a t  t h e  microbes r e s p o n s i b l e  f o r  s o l u b i l i -  
z a t i o n  u t i l i z e  l e s s  than 1% o f  t h e  PO, t hey  s o l u b i l i z e 2 .  O f  t h e  860 
microbes i s o l a t e d  i n  t h i s  study, 36% o f  t h e  b a c t e r i a  and 19% o f  t h e  
f u n g i  were found t o  be a c t i v e  i n  s o l u b i l i z i n g  i n s o l u b l e  PO,. Ten each 
o f  t h e  most aggress ive  s o l u b i l i z i n g  b a c t e r i a  and f u n g i  were s e l e c t e d  
f o r  l i q u i d  media shake f l a s k  s tud ies .  O f  these, one bac te r ium (E37) 
and one fungus (I5G) were se lec ted  f o r  i n -dep th  s tud ies .  
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The a b i l i t y  o f  E37 and 15G t o  s o l u b i l i z e  TCP (19.3 meq PO, g-’) and RP 
(13.3 meq PO, g-’) under u n i n t e r r u p t e d  growth  c o n d i t i o n s  was examined. 
S o l u b i l i z a t i o n  o f  TCP was i n v e s t i g a t e d  f i r s t .  Over a f o u r  day t i m e  
pe r iod ,  i t  was found t h a t  bo th  organisms were capab le  o f  s o l u b i l i z i n g  
80% o f  t h e  a v a i l a b l e  PO, f rom TCP. I n  a d d i t i o n ,  t h e r e  appeared t o  be 
a c o r r e l a t i o n  between t h e  amount o f  PO, s o l u b i l i z e d  and t h e  p r o d u c t i o n  
o f  s o l u b l e  Ca, H, and OA. i q  t h e  case o f  E37, a l l  o f  t h e  a n a l y t e s  were 
p resen t  i n  n e a r l y  equal q u d t i t i e s .  Wi th  15G t h e r e  was a decrease o f  
a lmost a f a c t o r  o f  two b e t  en t h e  amount o f  OA presen t  and t h e  o t h e r  
ana ly tes .  These da ta  were s u f f i c i e n t l y  encouraging t o  j u s t i f y  r e -  
p e a t i n g  t h e  s tudy  us ing  RP as t h e  i n s o l u b l e  PO, source. I n  t h i s  s tudy  
40% and 68% o f  t h e  RP was s o l u b i l i z e d  by 15G and E37 r e s p e c t i v e l y .  As 
w i t h  t h e  p rev ious  s tudy  t h e r e  was good agreement between t h e  amount o f  
PO, and Ca s o l u b i l i z e d  and p r o d u c t i o n  o f  t h e  o t h e r  ana ly tes .  

Data f rom these two s t u d i e s  showed t h a t  a marked decrease i n  t h e  pH o f  
t h e  growth  media ( a t  t imes  l e s s  than  pH 3)  occur red  d u r i n g  t h e  f i r s t  
two o r  t h r e e  days o f  a s tudy .  T h i s  decrease i n  pH was accompanied by 
an i nc rease  i n  s o l u b l e  PO, and, f o r  t h e  b a c t e r i a ,  a concomi tan t  de- 
c rease i n  v i a b l e  organisms. To i n v e s t i g a t e  t h i s  phenomenon, t h e  e f f e c t  
o f  m a i n t a i n i n g  a n e a r l y  cons tan t  g rowth  s o l u t i o n  pH was i n v e s t i g a t e d .  
T h i s  was accomplished by  r e p l a c i n g  growth  media i n  each f l a s k  w i t h  
f r e s h  media eve ry  t h r e e  days over  a n ine-day  pe r iod .  With the  p e r i o d i c  
media replacement, bo th  t h e  fungus and bac te r ium s o l u b i l  i z e d  substan- 
t i a l  q u a n t i t i e s  o f  RP (82 and 85% r e s p e c t i v e l y ) .  The most a c t i v e  
p e r i o d  o f  s o l u b i l i z a t i o n  was w i t h i n  t h e  f i r s t  s i x  o f  t h e  n i n e  days. 

Us ing  t h e  b i o r e a c t o r  des ign  shown i n  F igu re  1, seve ra l  s t u d i e s  
i n v e s t i g a t i n g  t h e  e f f e c t  o f  va r ious  g lucose concen t ra t i ons ,  media f l o w  
r a t e s ,  and RP s o l i d s  were conducted. Only t h e  b a c t e r i a  E37 was used i n  
these s t u d i e s .  Data f rom t h e  i n i t i a l  s t u d i e s  showed t h a t  RP s o l u b i l i -  
z a t i o n  depended t h e  g lucose c o n c e n t r a t i o n  o f  t h e  growth  media. S o l u b i -  
1 i z a t i o n  under cont inuous  c o n d i t i o n s  stopped a t  a g lucose c o n c e n t r a t i o n  
between 0.1 and 0.5% w i t h  t h e  r a t e  l e v e l i n g  o f f  a t  c o n c e n t r a t i o n s  
g r e a t e r  than 1%. Apparent ly,  t h i s  was r e l a t e d  t o  t h e  a b i l i t y  o f  t h e  
organism t o  produce OA a t  t h e  v a r i o u s  g lucose concen t ra t i ons ,  as w e l l  
as i t s  o v e r a l l  v i a b i l i t y .  A t  s a t i s f a c t o r y  c o n c e n t r a t i o n s  o f  g lucose 
(near l%), RP a t  a s o l i d s  d e n s i t y  o f  1% (1.33 meq o f  i n s o l u b l e  PO,) was 
s o l u b i l i z e d  a t  a r a t e  o f  3.0 meq PO, L ’  l i x i v i a n t .  Other  s t u d i e s  
showed t h a t  t h e  q u a n t i t y  o f  PO, s o l u b i l i z e d  under cont inuous  f l o w  
c o n d i t i o n s  a t  t h a t  r a t e  was p r o p o r t i o n a l  t o  l i x i v i a n t  f l o w  b u t  n o t  RP 
s o l i d s  d e n s i t y .  When t h e  media f l o w  was inc reased  f rom 200 mL d” t o  
400 mL d” i n  s t u d i e s  c o n t a i n i n g  1% s o l i d s  d e n s i t y ,  t h e  t o t a l  q u a n t i t y  
o f  PO, s o l u b i l i z e d  was no ted  t o  be inc reased d r a m a t i c a l l y  (F ig .  2)  a t  
an e leva ted  r a t e  o f  4 . 7  meq L-’. A t  t h e  same f l o w  ( b u t  wi th a s o l i d s  
d e n s i t y  o f  10%) t h e r e  was an i nc rease  i n  t h e  r a t e  o f  s o l u b i l i z a t i o n  
f rom 4 . 5  t o  5.7 meq L-’ w i t h  a r e s u l t a n t  100% inc rease  i n  t h e  q u a n t i t y  
o f  t o t a l  s o l u b l e  PO, (F ig .  3 ) .  Some 31% o f  t h e  a v a i l a b l e  10 g o f  RP 
was s o l  u b i  1 i zed. 

T 

I n i t i a l  s t u d i e s  were conducted t o  de termine how t h e  process  was 
a f f e c t e d  by system scale-up. I n  these s t u d i e s  t h e  volume o f  t h e  b i o -  
r e a c t o r  u n i t  was inc reased t o  10 L ( l o x )  w i t h  a c o n t a c t  c e l l  volume o f  
5 L (50x).  L i x i v i a n t  f l o w  f rom t h e  b i o r e a c t o r  was ma in ta ined  a t  10 L 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



1404 6921 ROBERT D. ROGERS AND JAMES H. WOLFRAM 

d-'. A clarifier was placed in line with the out flow from the contact 
cell and served as a means to recover RP which had been hydraulically 
displaced. Using this newly designed system, studies were run at 5 and 
10% RP solids densities. 
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FIGURE 2 Effect of process solution FIGURE 3 Effect of process 
flow on solubilization of 1 g RP. solution flow on solubilization 

of 10 g RP. 

Data from the  studies showed the scale-up had minimal a f fect  on t h e  
process of solubilization. At a 5% solids density, the rate of 
solubilization was 5.6 meq L '  with 21% of the available PO, being 
solubilized over a 21 day time period. At 10% density, the solubiliza- 
tion rate increased to 7.3 meq L-' which resulted in 15% of the 
available RP being solubilized within 21 days. 

Results from these series of studies have demonstrated the feasibility 
of using a continuous bioprocess for the solubilization of RP. 
Additional studies will be needed to determine if the process can be 
scaled up to industrial capacity. However, some assumptions can be 
made based on the available data. Using initial calculations, it was 
estimated that the enerFy requirements for a bioleach process would be 
close to 5.02 MBtu ton- of RP processed. This represents a potential 
energy savings of 32 to 68% over the conventional processes3. The 
conceivable energy savings together with the opportunity to recover PO, 
from RP currently considered unfit for processing are considered 
sufficient reasons for continued development. 
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