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PURIFICATION OF POLONIUiI-210 USI?JG 
PYROCHEEIICAL EXTRACTION 

E .  3. Wheelwright, J. L.  Swanson, and T. R .  Myers 

P a c i f i c  Northwest L a b o r a t o r i e s  
Richland,  Washington 99352 

BATTELLE 

ABSTRACT 

An e f f i c i e n t  e x t r a c t i o n  p r o c e s s  t h a t  does  n o t  u t i l i z e  h a l i d e s  

Polonium-210, produced i n  bismuth m e t a l  by n e u t r o n  
o r  o r g a n i c  s o l v e n t s  has  been developed f o r  t h e  recovery  and p u r i f i c a -  
t i o n  of 21oPo. 
i r r a d i a t i o n ,  i s  e x t r a c t e d  from molten bismuth metal i n t o  molten 
NaOH i n  an unique 3-compartment c o n t a c t o r  under an i n e r t  a tmosphere.  
A t  a tempera ture  of  450+25'C, and a t  a N a O H / B i  weight  r a t i o  of 
0 .044,  f i v e  s u c c e s s i v e  60-minute e x t r a c t i o n s  remove >96% of t h e  
210Po. 

Fol lowing phase s e p a r a t i o n  and f r e e z i n g ,  a d d i t i o r - a 1  p u r i f i c a -  
t i o n  s t e p s  i n c l u d e  d i s s o l u t i o n  of t h e  s o l i d i f i e d  NaOH i n  HNO3,  
recovery  of 210Po from t h i s  s o l u t i o n  by Mn02 carrier p r e c i p i t a -  
t i o n ,  d i s s o l u t i o n  of t h  p r e c i p i t a t e  by H202 i n  HNO3, and,  f i n a l l y ,  
e l e c t r o d e p o s i t i o n  of  21'Po o n t o  p la t inum gauze. 

INTRODUCTION 

Polonium-210 i s  produced i n  bismuth by n e u t r o n  i r r a d i a t i o n  

a c c o r d i n g  t o  t h e  r e a c t i o n  

210 2 0 9 B i  + l n  I 210Bi ___c 84Po. 
83  0 83 5.4 days 

With a h a l f - l i f e  of  0 .38 y e a r s ,  210Po decays by emiss ion  of a 

5 . 3  MeV a l p h a  p a r t i c l e  t o  s t a b l e  '06Pb. 

s o u r c e  of  a l p h a  r a d i a t i o n  o r  of  thermal  energy f o r  remote a p p l i c a t i o n s  

because of  i t s  h igh  s p e c i f i c  a c t i v i t y ,  h igh  decay energy (144 Wig), 

and r e l a t i v e l y  low b e t a  o r  gamma r a d i a t i o n .  The c o n c e n t r a t i o n  of 

210Po produced i n  a bismuth metal t a r g e t  depends on exposure  t i m e  

Polonium-210 i s  a v a l u a b l e  

987 
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988 WHEELWRIGHT, SWANSON, AND MYERS 

and r e a c t o r  c o n d i t i o n s ,  b u t  i s  i n  t h e  ppm range  (15-20 ppm i n  t h e  

b i s n u t h  i r r a d i a t e d  for  t h e  work b e i n g  r e p o r t e d )  because of  t h e  low 

neut ron  c r o s s - s e c t i o n  of  '"~i. 

Previous  work on t h e  recovery  and p u r i f i c a t i o n  o f  210Po from 

bismuth has  involved:  

1) Acid d i s s o l u t i o n  of t h e  bismuth fol lowed by spontaneous  

d e p o s i t i o n  of 210Po onto  u n i r r a d i a t e d  bismuth m e t a l  

g r a n u l e s  (1, 2 ) .  This  i s  t h e  p r o c e s s  used a t  Mound 

Labora tory  f o r  l a r g e - s c a l e  recovery  of 210Po; r e p e a t e d  

c y c l e s  were r e q u i r e d  f o r  adequate  c o n c e n t r a t i o n  and 

p u r i f i c a t i o n .  

2 )  Acid d i s s o l u t i o n  of bismuth fol lowed by l i q u i d - l i q u i d  

s o l v e n t  e x t r a c t i o n  f o r  210Po c o n c e n t r a t i o n  and e l e c t r o -  

d e p o s i t i o n  f o r  f i n a l  recovery  ( 3 ,  4 ) .  

3)  Polonium-210 v o l a t i l i z a t i o n  and vacuum d i s t i l l a t i o n  

(5-8). 

The processes  i n v o l v i n g  d i s s o l u t i o n  of  t h e  bismuth s u f f e r  t h e  

d isadvantage  f o r  l a r g e - s c a l e  a p p l i c a t i o n s  t h a t  t h e  bismuth cannot  

be d i r e c t l y  r e f a b r i c a t e d  i n t o  t a r g e t s  f o r  r e t u r n  t o  t h e  r e a c t o r .  

I n  t h e  Mound p r o c e s s ,  t h e  bismuth was d i s s o l v e d  i n  aqua r e g i a ,  

then  t h e  s o l u t i o n  d e n i t r a t e d  w i t h  formic  a c i d  p r i o r  t o  t h e  succeed-  

ing  spontaneous d e p o s i t i o n  of 'loPo. 

'The e x t r a c t i o n  of 210Po from molten bismuth metal i n t o  molten 

NaOH was f i r s t  r e p o r t e d  by Barney ( 9 ) .  The concept  w a s  expanded, 

t e s t e d  u c i n a  k i logram amounts of  i r r a d i c t e d  b ismuth ,  and proposed 

.1s a ncnaqueous head-end p r o c e s s  f o r  polonium p u r i f i c a t i o n  by 

Schulz ,  S c h i e f e l b e i n ,  and Bruns (10, 1 1 ) .  U t i l i z a t i o n  of  t h i s  

pyr-uc;ie:;ical e x t r a c t i o n  p r o c e s s  i n  a un ique  c o n t a c t o r  system, 

coupled w i t h  c a r r i e r  p r e c i p i t a t i o n  and e l e c t r o d e p o s i t i o n  p r o c e s s e s ,  

f o r  t h e  p u r i f i c a t i o n  of  210Po is  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

PROCESS DEVELOPXETJT 

Pyrochemical  Extra= ___ 
The fo l lowing  p r o c e s s i n g  c o n d i t i o n s  must be  s a t i s f i e d  t o  success-  

f u l l y  e x t r a c t  210Po from molten,  i r r a d i a t e d  bismuth m e t a l  w i t h  molten 

NaOH . 
1. Oxygen must be excluded from t h e  system t o  avoid  o x i d a t i o n  of 

t h e  polonium t o  t h e  v o l a t i l e  o x i d e  and t o  avoid  format ion  of 
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PURIFICATION OF POLONIUM-210 989 

bismuth o x i d e  t h a t  would c o l l e c t  a t  t h e  Ui/NaOIl i n t e r f a c e  and 

d i s r u p t  t r a n s f e r  between phases .  

2. The two phases  must e f f i c i e n t l y  c o n t a c t  each o t h e r  t o  e s t a b l i s h  

e q u i l i b r i u m  c o n d i t i o n s  between phases  i n  a minimum t i m e .  

3 .  The molten bismuth must be  c o n t a c t e d  w i t h  a s u f f i c i e n t  q u a n t i t y  

of molten NaOli t o  e f f e c t  t h e  t r a n s f e r  of e s s e n t i a l l y  a l l  of t h e  

polonium from t h e  b i s n u t h  phase .  T h i s  can  be  accomplished by 

c o n t a c t i n g  both  phases  i n  a t r u e  counter - f low arrangement ,  o r  by 

c o n t a c t i n g  a b a t c h  of  bismuth w i t h  s e v e r a l  s u c c e s s i v e  s m a l l  b a t c h e s  

of  NaOH.  The t h i r d  a l t e r n a t i v e  was used i n  t h e  p r o j e c t  be ing  

r e p o r t e d .  

The equipment used f o r  t h e  p y r o c h e n i c a l  e x t r a c t i o n  i s  shown s c h e m a t i c a l l y  

i n  F i g u r e  1 (12) .  The melter and c o n t a c t o r  v e s s e l s  were f a b r i c a t e d  from 

I n c o n e l  600 a l l o y  p i p e  and p l a t e  f o r  i n c r e a s e d  c o r r o s i o n  r e s i s t a n c e .  They 

w e r e  h e a t e d  by h igh- tempera ture  r e s i s t a n c e  h e a t e r s  banded t o  t h e  e x t e r n a l  

s u r f a c e s .  Vessel tempera tures  w e r e  monitored by thermocouples  a t t a c h e d  

a t  t h e  i n d i c a t e d  l o c a t i o n s .  The e x t r a c t i o n  chamber w a s  randomly f i l l e d  

w i t h  6-mm l o n g  s e c t i o n s  of  6-mm diameter  I n c o n e l  600 rod t o  i n c r e a s e  

c o n t a c t  e f f i c i e n c y .  The packing  was suppor ted  i n  p l a c e  by a heavy per -  

f o r a t e d  p l a t e  a t  t h e  bot tom o f  t h e  e x t r a c t i o n  chamber. The t h r e e  h igh-  

tempera ture  t r a n s f e r  l i n e s  w e r e  e l e c t r i c a l l y  h e a t e d  by h e a t i n g  c a b l e s ,  and 

t h e  tempera ture  was monitored by thermocouples .  High-temperature s t a i n l e s s  

steel be l lows  v a l v e s  were used f o r  t h e  t h r e e  high-temperature  t r a n s f e r  l i n e s .  

A high- tempera ture  s i l i c o n e  r u b b e r  g a s k e t  w a s  used t o  s e a l  t h e  c o n t a c t o r  l i d  

i n  p l a c e .  The g a s k e t  w a s  r e p l a c e d  a f t e r  each run .  Other  v e s s e l ,  v a l v e s ,  

and i n t e r c o n n e c t i n g  t u b i n g  were f a b r i c a t e d  from 304 o r  316 s t a i n l e s s  s t e e l .  

The glovebox vacuum system ( n o t  shown i n  F igure  1) w a s  p r o p e r l y  t rapped  and 

f i l t e r e d ,  and w a s  capable  of  e v a c u a t i n g  t h e  system t o  a p r e s s u r e  of a b o u t  

1 0  t o r r  Hg. The two p r e s s u r e  r e l i e f  v a l v e s  were a d j u s t e d  t o  v e n t  t h e  c o n t a c t o r  

o r  t h e  d i s s o l v e r  a t  p o s i t i v e  p r e s s u r e s  i n  excess of 7 kPa. 

The narrow connect ion  between t h e  e x t r a c t i o n  chamber and t h e  molten 

b i s n u t h  r e s e r v o i r  provided f o r  e f f i c i e n t  s e p a r a t i o n  of  t h e  molten XaOH 

phase  from t h e  molten bismuth phase,  b u t  a t  t h e  same t i m e  def ined  t h e  

b a t c h  s i z e  o f  bismuth t h a t  could  be  processed  p e r  run ,  i . e . ,  t h a t  amount 

of bismuth m e t a l  t h a t  would f i l l  t h e  r e s e r v o i r  and rise i n  t h e  connec t ing  

chamber t o  t h e  i n t e r f a c e  l e v e l  shown in F i g u r e  1 when t h e  gas  l i f L  was 
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PURIFICATION OF POLONIUM-210 991 

turned off, and the contactor was in the 450225°C operating range. The 
contactor used for this project was sized to contain 20.45 kg of bismuth 
metal in the molten bismuth reservoir and 0.90 kg of NaOH in the extraction 

chamber. Extraction was achieved by turning on the gas to the gas lift 

which pumped a mixture of gas and molten bismuth from the bottom of the 

reservoir to the top of the extraction chamber. The lift gas was then 

disengaged from the bismuth, flowed into the melting chamber, and escaped 

from the contactor through the pressure relief valve. 

globules percolated downward through the molten NaOH and Inconel packing 

in the extraction chamber to return to the top of the reservoir. The 

bismuth flow rate could not be directly measured, but based on simulated 
experiments with mercury and water, the gas lift was designed to pump 

at a rate that would give a bismuth batch circulation time of about 20 

minutes with a gas flow of 0.08 to 0.1 m /h. 

and 4% hydrogen in helium were used in the gas lift. No advantage was 

detected for either gas. The small addition of hydrogen was used to 

maintain reducing conditions in the contactor during extraction. Argon 

was used for the purging and sparging in the vessels. 

The molten metal 

3 Both 4% hydrogen in argon 

Operational Description 

The bismuth targets used in this project, 4.19 cm diameter by 29.2 

cm long and weighing about 3.27 kg each, were canned in aluminum. After 

mechanical decanning and assay by gamma counting, five or six bismuth 

targets, plus sufficient unirradiated bismuth to bring the total charge 

to 20.45 kg, were placed into the melting chamber and the cover lid bolted 

in place. With valves V-1, V-2, and V-3 closed, the contactor vessel 

was evacuated and backfilled four successive times with the 4% hydrogen 

in argon or helium to remove most of the oxygen from the contactor. The 

argon purge to the top of the contactor was set at about 0.06 m /h, and 
the electrical power applied to the heaters to bring the system up to the 

operating temperature. The temperature was controlled by thermocouples-3 

and -6 and monitored by thermocouples-4 and -5. 

3 

During the bismuth melting step, 0.90 kg of NaOH pellets were added to 
the NaOH melter through the addition funnel and the melter brought to a 

temperature of 450°C.  

respective vessels were heated to the proper temperature, transfer line 

V-1 was heated to 4 5 O o C ,  the NaOH addition valve closed, and the NaOH melter 

slowly evacuated to outgas the melted BaOH. The NaOH was transferred to the 

contactor by simultaneously applying a 103 kPa positive pressure of argon 

When both bismuth and NaOH were melted and the 
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992 WHEELWRIGHT, SWANSON, AND MYERS 

t o  t h e  NaOH m e l t e r  and opening t r a n s f e r  l i n e  V-1. A f t e r  complet ion of t h e  

t r a n s f e r ,  v a l v e  V - 1  w a s  c l o s e d ,  t h e  a rgon  purge t o  t h e  melter w a s  s topped ,  

and t h e  NaOH a d d i t i o n  v a l v e  was opened t o  v e n t  t h e  m e l t e r  and a l low t h e  

m e l t e r  t o  be  recharged  w i t h  a second 0.90 kg b a t c h  of NaOH p e l l e t s .  

E x t r a c t i o n  i n  t h e  c o n t a c t o r  w a s  i n i t i a t e d  by c l o s i n g  t h e  a rgon  purge 

l i n e  a t  t h e  top  of t h e  c o n t a c t o r  and s t a r t i n g  t h e  f low of  l i f t  gas .  A t  

t h e  end of t h e  e x t r a c t i o n  p e r i o d ,  t h e  g a s  l i f t  w a s  tu rned  o f f ,  t r a n s f e r  

l i v e  V-2 w a s  hea ted  t o  450°C, and t h e  NaOH d i s s o l v e r  w a s  evacuated  and 

b a c k f i l l e d  t h r e e  times w i t h  a rgon .  F i n a l l y ,  t h e  NaOH d i s s o l v e r  was evacuated ,  

a smal l  purge of argon was in t roduced  i n t o  t h e  d i s s o l v e r  through t h e  d r a i n  

v a l v e  t o  prevent  p lugging  of t h e  d r a i n  l i n e  w i t h  f r o z e n  NaOH, t h e  a rgon  purge 

t o  t h e  top  of t h e  c o n t a c t o r  w a s  s e t  a t  0 .7  in / h  t o  avoid  a vacuum i n  t h e  

c o n t a c t o r ,  and v a l v e  V-2 w a s  opened t o  vacuum t r a n s f e r  t h e  XaOH from 

t h e  c o n t a c t o r  t o  t h e  d i s s o l v e r .  Valve V-2 w a s  t h e n  c l o s e d ,  t h e  a rgon  

purge turned  down t o  0.06 m / h ,  and a second c y c l e  s t a r t e d .  The tempera- 

t u r e  of t h e  t r a n s f e r  l i n e s  was r e t u r n e d  t o  ambient a f t e r  each t r a n s f e r  t o  

prolong t h e  l i f e  of  t h e  h e a t i n g  c a b l e s .  

3 

3 

A f t e r  t r a n s f e r  of  t h e  KaOH, t h e  c o o l i n g  c o i l s  were a c t i v a t e d ,  t h e  

3 sparge  turned  on, and 5 I. of  7 fI HNO w e r e s l o w l y  added t o  d i s s o l v e  t h e  NaOH 

and t h e  e x t r a c t e d  210Po. 

f e r r e d  t o  a s t o r a g e  tank .  P r i o r  t o  removing t h e  s p e n t  bismuth from t h e  

c o n t a c t o r ,  a r e c e i v e r  v e s s e l  was connected ,  as shown i n  F igure  1, and 

the t r a n s f e r  l i n e  hea ted  t o  450°C. The argon purge  t o  t h e  top  of  t h e  

c o n t a c t o r  was i n c r e a s e d  t o  f u l l  s c a l e ,  a vacuum drawn on t h e  r e c e i v e r ,  

and v a l v e  V-3 opened t o  permi t  t h e  t r a n s f e r .  A f t e r  c o o l i n g ,  t h e  s p e n t  

bismuth v e s s e l  w a s  d i s c o n n e c t e d ,  removed from t h e  g love  box,  and assayed  

f o r  2 1 0 ~ o  by gamma c o u n t i n g .  

The d i s s o l v e r  s o l u t i o n  w a s  then  sampled and t r a n s -  

C a r r i e r  P r e c i p i t a t i o n  

The s o l u t i o n  accumulated from d i s s o l u t i o n  of f i v e  b a t c h e s  of  c a u s t i c  

had t h e  approximate composi t ion  of 50 C i  210Po/L, 2 5 H1.i03, 4 g NaM03,  

and conta ined  a s i g n i f i c a n t  amount of  v e r y  f i n e  p a r t i c l e s .  F i l t r a t i o n  

proved t o  be  d i f f i c u l t ,  b u t  t h e  s o l u t i o n  w a s  c l a r i f i e d  by a l l o w i n g  t h e  

suspended s o l i d s  t o  s e t t l e  over  a p e r i o d  of  3 t o  4 days .  

A manganese d i o x i d e  carrier p r e c i p i t a t i o n  w a s  found t o  be  e f f e c t i v e  

f o r  c o n c e n t r a t i n g  t h e  210Po and removing i t  from t h e  sodium n i t r a t e .  

I n  t h i s  procedure ,  2-4 L of  c l a r i f i e d  s o l u t i o n  w a s  hea ted  t o  50°C and 

a d j u s t e d  t o  0.017 2 Mn2+ by t h e  a d d i t i o n  of  50X Mn(N03)2 s o l u t i o n .  
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PURIFICATION OF POLONIUM-210 993 

With continuous stirring, sufficient 0.3 E K k O  
first oxidize the trace impurities present and then to produce a stable 

MnO precipitate. After 30 minutes at 50°C, the slurry was filtered 

and the precipitate washed with 0.1 

was then suspended i n  3 

drops of 1.5% H202. 

the precipitate, a concentration factor of 2 t o  10 could readily be 

achieved. The polonium recovery across this step was found t o  exceed 

99.5%. 

was slowly added t o  4 

2 
HN03 on the filter. 

HN03 and dissolved by the addition of a few 

The precipitate 

By controlling the volume o f  HN03 used to dissolve 

Electrodeposition 

Final purification of the polonium was accomplished by electrodeposition 

onto 0.4 cm wide x 4.4 cm long platinum gauze strips. from 3 E HNO 
45 mesh gauze was woven from 0.02 cm diameter wire. A cathode potential o €  

+77 mV was maintained with respect t o  a silver-silver chloride reference 

electrode immersed in the plating solution. A platinum wire anode surrounded 

two suspended cathode strips and the reference electrode in the glass plating 

tank. Normally, 20 to 50 Ci 210Po would be deposited on each strip in 

24 hours. 
When removed from the bath, the gauze strips were rinsed with distilled 
water and acetone, then inserted into a nickel sheath and sealed inside a 

Pyrex ampule backfilled with argon. For final product use, the polonium 

was dissolved from the gauze strips by HC1. When depleted to less than 

10 Ci 210Po/L, the plating solution was recycled t o  the carrier precipitation 

s t e p .  

The 3 

Deposition densities ranged up to 40 Ci/cm2 of exposed gauze. 

PROCESS DENONSTRATION 

During twelve pyrochemical extraction runs performed in the equipment 

shown in Figure 1, 16,700 Ci of 210Po were extracted from 222 kg of 

irradiated bismuth metal. A summary of the data taken during these runs 

is given in Table 1. 

210Po with the assayed content of the irradiated targets shows that the 

extraction is consistent and sufficiently complete t o  meet process demands. 

A comparison of the total accountability of extracted 

After the completion of each run, the dissolver was cleaned o u t  with 
1 t o  2 L of 8 

attached t o  the bottom of the tank. I n  each case, NO fumes were observed, 

and material not dissolved in the more dilute BNO was recovered. In 

HN03 heated t o  80-90'C with a heating tape temporarily 

3 
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PURIFICATION OF POLONIUM-210 995 

run :To. 1, the dissolved caustic from the 6th extraction was assayed 

immediately after the dissolution and cooling had taken place. The solution 

was left in the dissolver overnight and was assayed again the next day. 

During this 20 hour period, the 210Po content dropped from 35 t o  13 curies. 

These facts indicate that some bismuth metal was carried over into the 

dissolver with the caustic transfers, and also that some autodeposition 

took place. The amount of bismuth metal charged per run was reduced by 

0.11 kg for all runs subsequent to the first, but the problem persisted. 

It seems reasonable to expect a small amount of molten bismuth to remain 

trapped in the packing after the gas lift is turned off and to be flushed 

out with removal of the NaOH. Such behavior would be random and could 

account for the fluctuations in the amount of 210Po recovered during the 

cleanout. 

The 210Po recovered during cleanout was not included in calculating 

the percent of the available 210Po extracted in each contact because of 

the uncertainty of its origin. In several runs the first extraction 

was significantly low; indicating, perhaps, the presence of an interfer- 

ing impurity which was removed during the first extraction. Discounting 

the first run, which was abnormal because of equipment problems, the 

average percent of available 210Po extracted in the second, third, fourth, 

and fifth extractions are 57, 57, 52, and 62, respectively, across the 

eleven runs. The fourth extractions are biased low by the poor extractions 

in runs 9 and 10. If these are discounted, the average for the fourth 

extractions is 58%, in good agreement with the others. Under the conditions 

used in this work (0 .044 kg IlaOH/kg Bi), extraction of 58% of the available 

210Po corresponds to a mass distribution coefficient (D ) of 32, where m 

Ci 210Po in NaOH phase ~ Ci 210Po in Ei phase. 
Dm - kg NaOH kg Ei 

No investigation was made of the route of impurities through the processing 

steps. Very pure bismuth (99.999%) was used to avoid high dose rates from 

neutron activation products. Silver is the most common impurity in very pure 

bismuth, 

not extract into the NaOH. During the first six runs, two hour extraction 

times were used. Starting with run seven, the extraction time was reduced 

to one hour with no effect on extraction efficiencies. The extraction kine- 

tics appear to be reasonably fast, but the other processing operations did 
not allow a significantly shorter extraction cycle. 

Some 'lomAg was present in the irradiated bismuth targets but did 
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99h WHEELWRIGHT, SWANSQN, AND MYERS 

A t  t h e  c o n c l u s i o n  of t h e  e l e c t r o d e p o s i t i o n  s t e p ,  t h e  210Po c o n c e n t r a t i o n  

i n  t h e  p l a t i n g  s o l u t i o n  ranged from 1 t o  1 0  C i / L .  T h i s  mater ia l  w a s  recyc led  

t o  t h e  carrier p r e c i p i t a t i o n  s t e p .  

was imposed on t h e  f i l t r a t e  s o l u t i o n  from t h e  c a r r i e r  p r e c i p i t a t i o n ,  b u t  most 

of the  was te  d i s c a r d e d  conta ined  C O . 1  C i  210Po/L. 

p r e c i p i t a t i o n s  and e l e c t r o d e p o s i t i o n s  were r o u t i n e  and u n e v e n t f u l .  

A d i scard- to-was te  l i m i t  of  ~ 0 . 5  C i  210Po/L 

I n  a l l  c a s e s ,  t h e  c a r r i e r  

This  work was performed under  c o n t r a c t  w i t h  t h e  Minnesota E4ining and 

Zldnufacturing Company, S t .  P a u l ,  I-iinnesota. 

The a u t h o r s  wish t o  acknowledge t h e  cont inued  d i r e c t i o n  and encouragement 

of R .  N. Walz, J .  M .  Johnson,  and J. A. Ramberg of t h e  31.1 Company, and H .  11. 

Van Tuyl  o f  B a t t e l l e .  D .  R .  Siemens des igned  t h e  major  i t e m s  of equipment. 
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