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THERMAL STABILITY OF GADOLINIUM 
NITRATE SOLUTION AT HIGH TENPFXWTURF: 

ABSTRACT 

During a f e a s i b i l i t y '  study of aux i l i a ry  shutdown systems f o r  t he  

' Spert  'I1 and Spert  I11 reac to r  f a c i l i t i e s ,  s a l t s  possessing high neu- 

t r o n  absorption cross sect ions  were considered f o r  use i n  water soluble 

poison i n j ec t i on  systems. One of these  s a l t s ,  gadolinium n i t ra te , ,  

appeared t o  be very promising. However, very l i t t l e  information was 

avaflable i n  t he  l i t e r a t u r e  on the  use of gadolinium s a l t s  i n  s t a i n l e s s  

s t e e l  systems a t  high temperatures. 

Tests  were ca r r i ed  out i n  a 'high pressure s t a t i c  autoclave t o  

determine t h e . s t a b i l i t y  of.gadolinium n i t r a t e  s o l i t i o n  a t  elevated 

temperature. A t  temperatures of 300 '~  and above, the  soyution decom- 

posed with formation of a white p r ec ip i t a t e .  Thus, gadolinium n i t r a t e  

was found t o  be unacceptable f o r  use as  a soluble poison i n  high.. temper- 

a ture  water moderated reac to r  systems. 

INTRODUCTION 

The Spert  I1 and Spert  I11 reac to rs  a re  experimental f a c i l i t i e s  

operated as p a r t  of t he  Spert  program f o r  the  study of reac to r  sa fe ty  

and reac to r  k ine t i c  behavior'''. Both reac to rs  a re  the  forced convec- 

t i on ,  pressurized-water type and u t i l i z e  heterogeneous, enriched, p l a t e - '  

type f u e l  assemblies. Spert  I1 i s  designed f o r  operation a t  temperatures 

0 
up t o  ~UU'F, ad 3pelVt 111 haa a maximum operating t ,~mgerature  of 650 F. 

For bol;h Llie Spert I1 and Spert I11 systaems, reac to r  s t a r t up ,  operation, 

and shutdown i s  accomplished by e igh t  mechanical -pneumatic f u e l  -poison 

type cont,rol. rods. Invest igat ions  have recent ly  been conducted on 

aux i l i a ry  means of shuthing down t h e  reactors  i n  case the  mechanical- 



pneumatic control  rods f a i l  while i n  high temperature service .  

A convenient means t o  provide addi t ional  r e a c t i v i t y  shutdown margin 

i s  t o  add a solut ion containing a water soluble neutron poison t o  t he  

reactor  coolant. The following proper t i es  would be required of the  

poison: high s o l u b i l i t y  i n  water, high neutron absorption cross  section,  

high e lect rode po t en t i a l  and thermal s t a b i l i t y .  Gadolinium s a l t s  

appeared t o  be des i rab le  from the  standpoint of s o l u b i l i t y  and neutron 

cross sect ion.  A l i t e r a t u r e  survey (2,334,596) revealed t h a t  information 

on the  thermal s t a b i l i t y  and e lect rode po t en t i a l  f o r  gadolinium s a l t s  a t  

elevated temperatures was general ly  lacking. The e lect rode po t en t i a l  

of gadolinium 

i s  2.4 ev (hydrogen as  zero) f o r  2 5 ' ~  and 1 molar solut ion( ' l ) .  Since 

t h i s  po t en t i a l  i s  s i gn i f i c an t l y  above the  po t en t i a l s  of the  elements i n  

t he  s t a i n l e s s  s t e e l  system, the re  should be no deposit ion of gadolinium 

on the  s t a i n l e s s  s t e e l  surface ' through p l a t i ng  act ion.  To subs tan t ia te  

t h i s  assumption, and t o  inves t iga te  the  thermal s t a b i l i t y ,  .an experiment 

was ca r r i ed  out using a bomb type apparatus i n  a s t a t i c  autoclave a t  

enviru1uenLa1 cu~li1il;ioils simulating thoac of thc  rcac to r .  

SELECTION OF THE ANION 

The gadolinium s a l t s  were avai lable  from the  suppl ier  i n  the  forms 

of oxalate,  oxide, chloride,  n i t r a t e ,  su l fa te ,  and f luor ide .  The 

oxalate and oxide are  r e l a t i v e l y  insoluble and, therefore ,  were omitted 

from considerat ion.  The chloride and f luor ide  were omitted because of 

t h e i r  corrosion e f f e i t s  on the  a tninlPss  steel. system(8). The su l f a t e  

ion was eliminated since the  s o l u b i l i t y  decreased with increased 



temperature. The ' n i t r a t e  s a l t  was ' therefore  se lected f o r  study. 

TEST DESCRIPTION 

A bomb apparatus was constructed of an 8 i n .  l e n g t l ~  of 314 i n .  304 

s t a i n l e s s  s t e e l  tubing with the  ends sealed by compression type connectors 

and pipe plugs. A solut ion containing 10 g / l  of gadolinium n i t r a t e  was 

prepared. This concentration, approximately 10 times t h a t  which would 

be required i n  the  reac to r  system, was used so t h a t  any decomposition 

would he read i ly  noticeable,  Suf f ic ien t  solut ion was placed i n  the  

bomb apparatus t o  f i l l  it approximately ha l f  f u l l .  The charged bomb 

was placed i n  a 1 gal lon s t a t i c  autoclave and t h e 4  autoclave was brought 

t o  operating condit ions.  Temperature was maintained f o r  a t  l e a s t  7 hours 

i n  each of the  t e s t s .  A t  t he  completion of each . t e s t ,  the  autoclave was 

cooled su f f i c i en t l y  t o  permit disassembly and t he  bomb apparatus was 

removed. The t e s t  so lu t ion  was inspected v i sua l l y  f o r  p r ec ip i t a t i on  o r  

crud. The s t a i n l e s s  s t e e l  bomb was inspected v i sua l l y  t o  asce r ta in  t he  

presence of any deposit ion on i t s  surface.  

RESULTS AND CONCLUSION 

The r e s u l t s  a re  l i s t e d  i n  t he  following t ab l e :  

TEMPERATUl?E STABILIYY OF GADOLINIUM NITRATE SOLUTION 

Formation of Formation of 
Test No. Temp. OF P r ec ip i t a t e  i n  Solution Film on Bomb Walls 

1 400 . .. Yes None Observed 

2 300 Yes None Observed 

3 250 No None Observed 

4 275 No None Observed 



Further  temperature resolut ion was not attempted s ince  t he  autoclave 

con t ro l le r  was only capable of maintaining a constant temperature within 

'+_ 10%. 

9 It &s found t h a t  t he  pH of t h e  so lu t idn  containing t h e  p r ec ip i t a t e  

was 6.4 and t h a t  t h e  p r ec ip i t a t e  dissolved upon t h e  addi t ion of a '  small 

quanti ty of n i t r i c  acid.  Therefore, an addi t ional  t e s t  was conducted 

with 10  g / l  solut ion of gadolinium n i t r a t e  with t h e  pH adjusted t o  2 

by t h e  addi t ion o f . n i t r i c  acid.  The ac id i f i ed  solut ion .a lso  formed an 

insoluble p r ec ip i t a t e  upon heating. A f i n a l  t e s t  was conducted with a 

gadolinium n i t r a t e  solut ion concentration of 1 g / l ,  t h e  calculat.ed 

concentration required t o  adequately poison t h e  reactor .  The gadolinium 

n i t r a t e  decomposed a s  before. 

It can be concluded t h a t  gadolinium n i t r a t e  i s  unsuitable f o r  use 

a s  a soluble poison i n  high-temperature, water-moderated reac tor  systems 

due t o  i t s  thermal i n s t a b i l i t y .  
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