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L O  Abstract 

A fu l l - sca le ,  always-safe, metal d i sso lver  f o r  Experimental 

Breeder Reactor f u e l  was designed, built, and i n s t a l l e d  f o r  t e s t  

operation. 

and f eas ib l e  operating procedures were establ ished f o r  t h e  disso- 

It was found t h a t  the dissolver  operated s a t i s f a c t o r i l y ,  

l u t ion  of bare, or  jacketed, EFIR slugs. 

Minor modifications of the dissolver  design have been required 

t o  accomodate a modified EBR slug, but i t  is believed t h a t  this will 

not s ign i f i can t ly  a f f e c t  i t s  operating charac te r i s t ics .  
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An always-safe dissolver  was designed f o r  the d isso lu t ion  of enriched 

Experimental Breeder Reactor s lugs a t  the  Idaho Chemical Processing Plant.  

Because there was no previous operating information on this equipment, a 

prototype fu l l - sca le  dissolver  was i n s t a l l e d  t o  demonstrate the f e a s i b i l i t y  

of the suggested design and t o  develop p rac t i ca l  operating procedures. The 

uranium when i n  t h e  EBR is i n  a stainless s t e e l  jacket  with sodium metal as 

the jacket  t o  uranium bonding agent. After withdrawal from t h e  reactor ,  

t he  s t a in l e s s  s t e e l  and sodium a r e  removed and the uranium slug is  placed 

in m aluminum can t o  a i d  i n  i t s  s torage and handling. A t  t he  time of 

t h i s  work, a f i r m  decision of t h e  use of t h e  aluminimum can had not  been 

made; therefore,  t he  dissolving of bare and aluminum canned slugs was studied. 

The aluplinum canned slugs w i l l  probably be used. 

I n  the course of this study, t h e  e f f e c t  of the  following dependent 

variables were evalutated: 

1. Dissolution of aluminum-jacketed slugs vs. bare slugs. 

2. The length of dissolving time on final solut ion composition. 

I n  addition, data  were obtained on t h e  following: 

1. Acid-to-metal dissolved ra t io .  

2. The r e l a t i o n  of vapor temperature i n  the  dissolver  t o  the  time 

of d isso lu t ion  completion. 

3. The volume of water t o  be added t o  the  dissolver  a t  the  completion 

of d isso lu t ion  to  give the  desired solut ion composition. 

4. The off-gas volumes, r a t e s ,  and compositions. 

The object of t h i s  study was t o  dissolve 9 EBR slugs (Dimensions: 1.771- 

1.773" long, 0.362-036518 diameter; weights: 525 gms. of uranium, 35.0 0s. of 

aluminum) t o  a f i n a l  composition and volume as follows: 

Acid Deficiency 
Volume 

0.201 
1750 ml 
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2.0 Introduction (continued) 

With bare slugs the composition and volume become: 

UOz(No3 1 2 2,OM 

Acid Deficiency O*2N 

Volume 1130 ml 

The bases f o r  these compositions were so lubi l i ty  and available storage 

volume. It was found t h a t  a t o t a l  molarity of 2.0 was consistent with 

the tankage available f o r  storage and would insure non-freezing of the 

final solution. Both solutions are  acceptable as feed to the 1125n Process. 

The s i z e  of the charge t o  be placed i n  t h e  dissolver was determined 

on c r i t i c a l i t y  grounds even though the  dissolver w a s  t o  be of sub-crit ical  

design, i.e., 4 inches inside diameter. 

f i c i e n t  f i n a l  solution and a short  dissolving t ime were desirable, a 200 

Also, because a 0.2N acid de- 

per cent m e t a l  heel was adopted. 

8 kg. (assumed c r i t i c a l i t y  l i m i t  based on present data available)? How- 

The maximum uranium-23s was taken as 

ever, a factor  of safety of 5 reduces t h e  amount of uranium t o  1.6 kg. 

With the  200 per cent heel, the charge becomes about 530 grams, approxi- 

mately equal t o  the weight of nine slugs. 

3.0 SUmmary 

1. It was demonstrated t h a t  the sub-crit ical  dissolver operated sat- 

i s f ac to r i ly  when dissolving e i ther  aluminum-jacketed, or bare, EBR slugs. 

The time required f o r  dissolving nine jacketed slugs was 3.5 hours, while 

4 hours was necessary f o r  the bare slugs. The increase i n  the dissolution 

time f o r  bare slugs was essent ia l ly  due to the longer time required f o r  the  
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3.0 Summary ( continued) 

so lu t ion  t o  go acid-deficient.  

2. The n i t r i c  ac id  t o  metal dissolved r a t i o s  were 3.9 and 4.1 f o r  

the jacketed and bare  s lug  dissolut ions,  respect ively,  t o  obtain an a c i d  

deficiency of 0.20N. 

3. Observations of t h e  vapor temperature i n  tile d isso lver  disclosed 

t h a t  it decreased slowly t o  a minimum and tnen remained constant. 

stant temperature was reached 45 minutes before the end of t h e  dissolu-  

t i o n  of t h e  jacketed s lugs and 1.5 hours before t h e  end of bare  slug 

The con- 

dissolving. 

4. Experience indicated the  addition of about 475 ml. of water t o  

tne  ho t  so lu t ion  a t  t h e  end of a regular  d i sso lu t ion  run was necessary t o  

give t n e  desired concentrations i n  both types of dissolut ions.  

5. The t o t a l  volumes of gas evolved during t h e  dissolut ion of bare  

and jacketed s lugs  were 110 and 130 l i ters,  respect ively,  while the  m a x i -  

mum gas r a t e s  were 1.0 and 1.7 l i ters/minute,  respect ively.  

4.0 Recommended Operating Procedures 

The dissolving of jacketed s l u g s  involves t h r e e  types of runs, - viz ,  

The dissolving one jacket,  numerous regular ,  and t w o  hee l  dissolut ions.  

of bare  s l u g s  involves two types of runs, - viz,  numerous regular  and two 

heel dissolut ions,  

on Page 10. 

follows : 

The operating conditions can be found i n  Table L O  

The general operating procedure f o r  a l l  dissolut ions is as 

1. Add required number of s luks t o  d isso lver  (See Column A). 



I 
Type 

of 
RUn 

Jacket 
Removal 

Regular 
Dissoluti 01 

Heel Diss. 
#I* 

T A B U  430 

RECOP.4E3DED OPERATING CONDITIONS FOR 

DISSOLUTION OF JACKETED AND BARE EBR SLUGS - 
C - 

T i m e  
of 

Run - 
Hours 

D A B 

Volume of 
?ater t o  be 
rdded a t  End 

of Run 

i i t r i c  Acid 
t o  Metal 
Dissolved 

Ratio 

Composition of 
T y p e  of 

Iissolutior 
ial Solu 

lluminurr 

M 

ion 
Acid 

F 

Jranium lef i c i enc y 

M N NO o 

18 

9 

0 

Jacketed 
Slugs 0-6 

0.3  

0.0 

150 

475 

600 

3 -5 

3.13 

L e 4  

Bar e 
Slugs 

Regular 
D i s s .  #1 0 - 3  

0.3 

0.0 

475 2.10 

2.10 

2.10 

27 

9 

0 

3.9 

3.9 

4.4 

Regular 
D i s s  475 

Heel D i s s .  
#1* 600 

%Add enough acid t o  dissolve t h e  equivalent of 11 s lugs .  
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2. Add volume of water necessary t o  d i l u t e  t h e  ?@A HN03 required 

(See Column B) t o  SSk, o r  t o  40% ( j acke t  dissolut ion) .  

jacketed s lug  d i s so lu t ions  1% of t h e  aluminum weight as Hg(N03)~ 

I n  a l l  

i s  added t o  t h i s  water. 

3. Heat d i s so lve r  contents t o  bo i l ing  with 25 ps ig  steam. 

4. With d i s so lve r  contents refluxing, add t h e  required volume of 70% 

HNO 

a t  atmospheric. 

over a period of 5-10 minutes maintaining the  system pressure 3 

5. Dissolve f o r  t h e  required time (See Column C). 

6. Add d i l u t i o n  required (See Column D) t o  kive des i r ed  f i n a l  solu- 

t i o n  composition, and cool d i s so lve r  contents, 

7. Transfer d i s so lve r  so lu t ion  to intermediate tank, 

The second hee l  d i s so lu t ion  run is  made l i k e  a l l  others ,  except t h a t  

t h e  same amount of ac id  used i n  the  f i r s t  hee l  d i s so lu t ion  run i s  charged 

and t h e  run continues u n t i l  a l l  metal i s  dissolved, 

5.0 Equipment Description 

The dissolver  system consisted of a fu l l - s ca l e  sub -c r i t i ca l  dissolver ,  

a down-draft single-pass condenser, n i t r i c  a c i d  s to rage  and feed tanks, and 

a gas co l l ec t ing  tank, 

A l l  process equipment and piping were of  3k7 (18-8Cb) s t a i n l e s s  s tee l .  

For a p i c t u r e  of t n e  system see Figure 1 on Page 1 2 .  

The d i s so lve r  was a c y l i n d r i c a l  ves se l  4.03 inches i n  diameter and 

16 inches high equipped with a flanged tops a s l i g h t l y  s loping f l a t  bottom, 

and a flanged 2 inch s lug  chute. Tne bottom ha l f  i s  jacketed f o r  steam 

heating, o r  water cooling. A perforated crash p l a t e  with a perforated 
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5.0 Equipment Description (continued) 

bottom pro tec ts  t h e  various probes held by tne  flanged top and extending 

t o  the  bottom of t h e  dissolver .  These probes permit t h e  removal, t he  

sparging, t h e  measurement of temperature, t h e  measurement of s p e c i f i c  

gravi ty  and l i q u i d  l eve l ,  and tile sampling of t he  d isso lver  contents. 

For a close-up p i c tu re  of t h e  dissolver ,  s ee  Figure 2 on Page 13. 

de ta i l ed  drawing of d i sso lver ,  s e e  Drawing D-10157 on Page 14. 
For 

A 3/k-inch l i n e  connects t n e  d i sso lver  t o  t h e  condenser which s i t s  

v e r t i c a l l y  and cons is t s  of a 1-inch pipe ins ide  a jacke t  of l i - i nch  pipe. 

Water flows through t h e  jacket ,  

1.30 sq. f t .  of condensing surface.  

Tne u n i t  was about 6 f e e t  long and had 

The feed tank was constructed from a 2-foot length of 4-inch pipe 

and was equipped with a s i g h t  g lass ,  The ca l ib ra t ion  was 7.52 cc/mm. 

and held about 4 l i t e r s  of 70% HNO3* 

came. One was a vent, a second was connected t o  vacuum and a t h i r d  t o  

t h e  s torage tank. 

It had a top i n t o  which three  l ines  

The s ing le  o u t l e t  l i n e  ran t o  t h e  vapor l i n e ,  meeting 

it about 1 foo t  above the  dissolver .  Valves i n  t h i s  l i n e  were located 

j u s t  below t h e  feed  tank and j u s t  before t h e  vapor l i ne .  A dra in  was 

located upstream from t h e  l a t t e r  valve. 

The gas  holder and n i t r i c  acid s torage tanks were ident ica l .  

capac i t ies  were 73.4 l i t e r s  each and had a s t r a i g h t  s ide  ca l ib ra t ion  of 

160 cc/mm. 

Their 

They were 18 inches i n  diameter and 18 inches on tne  s t r a i g h t  

s ide,  and were equipped with flanged tops and dished-head bottoms. The 

tops held th ree  $-inch nipples  and two f-inch nipples ,  w i t h  t n e  middle 
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$-inch nipple on t h e  HNO 

bottom. 

was equipped with a valve and funnel f o r  venting and f i l l i n g  purposes. 

The bottom was equipped with two +-inch nipples. 

d ra in  and the  o ther  t o  t h e  s i g h t  g lass ,  t he  o the r  end of which led t o  t n e  

middle $-inch n ipp le  on t h e  top,  

acted as t h e  gas i n l e t  and trie top  ancnor of trie s i g h t  g lass ,  

2-inch nipple  ac t ed  as t h e  c i t y  water i n l e t ,  

as a combination sampling p o r t  and impulse l b , e  f o r  Hg manometer. 

t h i r d  %-inch n ipp le  was equipped With a valve f o r  venting purposes, 

bottom o u t l e t s  were connected t o  the  s i g h t  g l a s s  and t o  a d ra in  l i n e  which 

ran  t o  the  first f l o o r  and a cano 

s to rage  tank being t h e  only one t o  extend t o  the  3 
This one was connected t o  the  feed tank. Another $-inch nipple  

One was connected t o  a 

The middle nipple  on tne  gas c o l l e c t o r  

Another 

I One i-inch nipple was used 

The 

The 

The gas and condensate flowed co-currently through a 1-inch l i n e  f o r  

a s h o r t  d i s t ance  t o  a t ee  where the  gas l i n e  narrowed down t o  &inch as 

d i d  t h e  r e f lux  l i n e .  

held a vent l i n e  and a s i g h t  glass .  

vent  joined t h e  loop j u s t  above t h e  gas c o l l e c t o r  and a valve i n  t h e  l i n e .  

This connection allowed venting tox ic  NO2 t o  t h e  roof when necessary. 

The reflux l i n e  continues on the same l e v e l  u n t i l  it i s  almost above the  

r e f lux  rotameter. 

and the  o ther  +inch hold ing  a rotametero 

rotameter t o  the  2-inch n ipp le  j u s t  above t h e  dissolver .  

The gas l i n e  flowed upward through a loop which 

A l a r g e  l i n e  connecting t o  t h e  roof 

A loop i s  then formed, one side of w'rii.cn i s  &inch 

A 2-inch l i n e  ran from t h e  

Thermowells were i n s t a l l e d  t o  allow t h e  measurement of t h e  dissolver  

contents, t n e  vapors a t  the dissolver ,  t n e  vapors a t  t h e  condenser, t he  
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5 .O Equipment Description (continued) 

l i q u i d  leaving t h e  condenser and the cooling water temperatures i n  and out. 

Sampling por t s  were located on t h e  dissolver ,  on the  vapor l i n e  above 

t h e  d i s so lve r  ( l i qu id  sampling), on the gas holder, and i n  t h e  r e f lux  l i n e  

a t  the  rotameter. 

Instrumentation consis ted of a s p e c i f i c  g rav i ty  manometer, l i q u i d  

l e v e l  manometer and Brown potentiorneteric multipoint temperature recorder, 

and mercurj manometers on t h e  feed tank and gas co l l ec to r .  

6,O Chemistrv of Dissolut ion 

Any discussion of da ta  obtained durinb t h e  experimental program must 

be withheld u n t i l  there  i s  an understanding of t h e  chemistry involved. 

Available information shows t h a t  uranium dissolves  by t he  following oxida- 

tion-reduction react ions:  

U + 6 NO3 + 4 H20 --jU02++ + 6 NO2 + 8 OH- (1) 

U + 2 NO3 + 2 H20 -)U02++ + 2 NO + 4 OH- (2) 

8 U + 12 NO; + 14 H20-$8 U02* + 6 N20 + 28 OH- (3) 

As well, aluminum with mercuric ion as a c a t a l y s t  dissolves by the follow- 

ing  oxidation-reduction react ions:  

A1 + 3 NO; + 3 H20-)A1+++ + 3 NO2 + 6 OH- 

A1 f NO; + 2 H20 ,-)Al+++ + NO + 4 OH- 

8 A1 + 6 NO; + 15 H20+8 A1+++ + 3 N20 + 30 OH- 

10 A1 + 6 NO; + 18 H 2 0 j 1 0  Al+++ + 3 N2 + 36 OH- 

(4)  

( 5 )  

( 6 )  

(7) 

These reac t ions  w i l l  t ake  place provided t h e r e  is a source of hydrogen ions 
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6.0 Chemistry of Dissolution (continued) 

present t o  neutralize the  hydroxyl ions,  This i s  done by the  addi t ion of 

n i t r i c  acid.  

present in t he  c r i g i n a l  n i t r i c  ac id  a r e  used up, 

The d isso lu t ion  process can continue a f t e r  t he  hydrogen ions 

This i s  accmplished by 

an addi t iona l  ccupply of hydrogen ions obtained as follows: 

The presence of a down-draft condenser i n  the  system allows the  ab- 

sorpt ion of NO2 i n  the  r e f lux  which is  returned t o  the  dissolver .  

reac t ion  with water which promotes fu r the r  absorption is  as follows: 

Its 

2 H02 + H20/HN03 + HN02 (10) 

Heat i n  the d isso lver  w i l l  decompose the  n i t rous  ac id  as follows: 

7.0 Time of Dissolution f o r  Jacketed and bare EBR Slugs 

The times of d i sso lu t ion  f o r  jacketed and bare EBR s lugs were 3.5 and 

4.0 hours, respect ively,  t o  obtain a f i n a l  solc4tion C.30N ac id  def ic ien t ,  

wi th  a 200 per cent uranium heel., The difference i n  dissolving times i s  

a t t r i b u t e d  t o  the f a c t  t ha t  tne hydrated aluminum ion hydrolyzes more 

rap id ly  than the  hydrated uranyl ion (See Section 6.0). 

shor t  dissolving t h e  is  the r e s u l t  of these fac tors :  

T h i s  comparatively 

(1) The high r a t i o  of surface area t o  weight. 

( 2 )  The 150 per cent freesoard i n  the dissolvzr.  
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7.0 

O f  these, the surface a rea  t o  weiglit r a t i o  was the  most e f f ec t ive  s ince  

t n e  dissolving reac t ions  a r e  very sur face  dependent. 

i n  t h e  d i s so lve r  allowed bo i l ing  of the d isso lver  contents desp i t e  t h e  

Time of Dissolut ion f o r  Jacketed and Bare EBR Slugs (continued) 

The l a r g e  freeboard 

v io l en t  foaming which occurso 

The d i s so lu t ion  times f o r  both types of d i sso lu t ion  could not oe 

predetermined, 

d i sso lu t ion  times u n t i l  t h e  proper lengths  of  d i sso lu t ions  were found. 

T h e i r  determinations were complicated by t h e  f a c t  triat it was d i f f i c u l t  

t o  maintain a 200 per  cent uranium heel ,  

As a r e s u l t ,  t he  dissolving program involved using many 

K i t h  a higher hee l  the dissolu-  

t i o n  time i s  reduced, and with a lower uranium heel,  t h e  e f f e c t  is  opposite. 

For d i s so lu t ion  times used and metal heels present  i n  t h e  individual  runs, 

see  Tables 13.1.2 througn 13.1.6 on pages 30 through 3be 
The reported d i s so lu t ion  times a re  averages. The first runs proceed 

l e s s  rap id ly  than later runs because the  surface a rea  increases  slowly 

w i t h  each succeeding run until  i t  reaches an equilibrium value. (Assume 

uranium h e e l  remains constant) .  Not enough runs were ever made during 

any one series t o  determine t h e  equilibrium time of d i sso lu t ion .  However, 

t h e  reported averake t i m e  was reasonably close.  

The length  of t he  jacke t  d i sso lu t ion  run i n  the  dissolving of jacketed 

EE3R s lugs  was only 1.5 hours which w a s  much shor te r  than t h a t  f o r  the  

regular  d i s so lu t ion  runsa This is ind ica t ive  of  tine f a c t  t n a t  the  rate of 

reac t ion  of n i t r i c  ac id  and aluminum i s  more rap id  than t h a t  f o r  n i t r i c  

acid and uranium. 
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8,O N i t r i c  Acid t o  Metal Dissolved Ratio f o r  Jacketed and 

Bare EBR Slugs 

The ind iv idua l  n i t r i c  ac id  t o  metal dissolved r a t i o s  f o r  Se r i e s  I1 

through V (jacketed EBR s lug  d i s so lu t ion )  and f o r  Se r i e s  V I  (bare EBR slug 

disso lu t ion) ,  can be found i n  Tables 13.1.2 through 13.1.6 on pages 30 

through 34a The average n i t r i c  ac id  t o  metal dissolved r a t i o s  f o r  Se r i e s  

I11 through VI are shown i n  Table 13s ln l  on page 29. These r a t i o s  are 

dependent on two fac to r s :  

(1) Acid deficiency of the  f i n a l  solut ion.  

(2) S f i c i e n c y  of t h e  down-draf t condenser. 

The e f f e c t  of t h e  acid deficiency o f  t h e  final so lu t ion  on t h e  n i t r i c  

a c i d  t o  metal  dissolved r a t i o  i s  shown i n  Table 13@le3  on page 31. The 

decrease i n  t h i s  r a t i o  w i t h  increasing, ac id  deficiency is t h e  r e s u l t  of an 

addi t iona l  amount of uranium which can be dissolved through t n e  acid de- 

f i c i e n t  process k e e  react ions (8),  ( sa ) ,  and (9b) i n  Sect ion 6 .4  with no 

addi t iona l  n i t r i c  ac id  charged. I n  order t o  put t h e  average n i t r i c  acid 

t o  metal dissolved r a t i o s  given i n  Table 13.1.1 on a comparable bas i s ,  t h e  

following t ab le  is presented: 

TABLE 8.0 

Type of Series Average N i t r i c  Acid t o  Metal Dissolved 
Dissolut ion NO . Ratio, Mole/Mole, a t  Acid Deficiencies of: 

O.ON 0,2N 0.3N 

Jacketed Slug 111 4.26 
Jacketed Slug Iv 4.41 
Jacketed Slug V 4.20 
Bare Slug VI 4.40 
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8.0 N i t r i c  Acid to Metal Dissolved Ratio f o r  

Jacketed and Bare EBR Slugs (continued) 

Even though t h e  so lu t ion  t o  bc stored and later f e d  t o  the 1125n Process 

will be 0 . 2 N  acid-def ic ient ,  the  goal of the dissolving phase w i l l  be O.3N 

ac id  def ic ien t ,  

be made i n  an intermediate tPnk before storage. 

t h e  n i t r i c  ac id  charged t o  the dissolver .  

dissolved r a t i o  f o r  a l l  jacketed and bare El3R s lug  dissolut ions was 3.79 

and 3.89, respect ively,  a t  an acid deficiency of 0.3N. 

As a r e s u l t ,  an adjustment of t m  disso lver  contents can 

T h i s  e f fec t ive ly  reduces 

The average n i t r i c  ac id  t o  metal 

The n i t r i c  acid t o  metal dissolved r a t i o s  presented i n  Table 8.0 a t  

O.ON a c i d  deficiency show t h a t  t h e  down-draft condenser was not 100 per cent 

e f f i c i e n t ,  f o r  they a r e  above t h e  range of 3.5-4.0 predicted on the  bas i s  

of react ions given i n  Section 6.0 and of 100 per cent M02 absorption. 

f a c t  i s  confirmed by r e s u l t s  obtained on off-gas compositions (see Sect ion 

This 

11.0) e 

The v a r i a t i o n  in t h e  n i t r i c  ac id  t o  metal dissolved r a t i o s  f o r  t h e  

individual  runs was caused by t h e  following fac tors :  

(1) Varying acid deficiency of f i n a l  solut ion.  

( 2) Errors i n  uranium determinations. 

(3) Unaccounted f o r  n i t r i c  acid losses ,  

Vapor Temperature Relation with Completeness of 

Dissolution of Jacketed and Bare EBR Slugs 

The f a c t  t h a t  t h e  d isso lu t ion  of jacketed, o r  bare, EBR slugs was 

divided i n t o  two phases was c l e a r l y  shown by observing t h e  vapor tempera- 
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9.0 Vapor Temperature Relation with Completeness -- of 

Dissolution of Jacketed and Bare EBR Slugs (continued) 

ture a t  t h e  t o p  of t i e  dissolver ,  

slow decrease i n  t h e  vapor temperature, a n  ind ica t ion  of t h e  drop i n  t h e  

The f i rs t  phase was marked by t h e  very 

n i t r i c  a c i d  concentration i n  the d isso lver .  Though t h e  po in t  a t  which t h e  

second phase, which was marked by a constant minimum vapor temperature, was 

d i f f i c u l t  t o  determine exactly,  it could be seen t h i s  temperature was 

e s s e n t i a l l y  t h a t  of water and indicated t h e  acid-deficient phase of t h e  

dissolving. (See Sect ion 6-0,  Equations 8 ,  4a and 9b). 

about 45 minutes f o r  jacketed El32 s lug  d i s so lu t ion  and about 1.5 hours f o r  

bare  EBR slug disso lu t ion ,  The difference i s  a t t r i b u t e d  t o  t h e  more r ap id  

hydrolysis of tne hydrated aluminm ion than t n a t  o f  t h e  hydrated uranyl 

This phase lasted 

ion. 

The vapor temperature was used as an operat ional  aid during t h e  ex- 

perimental program. 

a t  t h e  Idaho Chemical Processing Plant. 

10.0 

It i s  s t rong ly  recommended t h a t  it b e  used s imi l a r ly  

Volume of Water t o  be  Added a t  t he  End of Runs Made on t h e  

Dissolut ion of Jacketed and Bare ERFi Slugs 

The amount of water t o  b e  added t o  t h e  hot so lu t ion  i n  t h e  d i s so lve r  

a t  t h e  end of a run was dependent on t h e  type of run made. 

are summarized i n  Table k.0 and are the  r e s u l t  of t r i a l  and e r r o r  determina- 

t ions .  The purpose of these  water additions i s  to in su re  non-freezing of 

t h e  so lu t ion  upon cooling and t o  give t h e  concentrations indicated i n  Table 4.0. 

In  summarizing them, it i s  evident t h a t  f o r  a l l  runs except t ne  h e e l  d i s so lu t ion  

These volumes 
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10-0 Volume of Water t o  be Added a t  t h e  End of Runs Made on t h e  

Dissolution of Jacketed and Bare EBil S h g s  (continued) 

runs, a t o t a l  molarity of 2.10 and an acid deficient, normality o f  0.30 i s  

desired (Volume Z1680 In  t h i s  way t h e  d i sso lver  so lu t ion  can be 

adjusted before  s torage i n  an  intermediate tank t c  a t o t a l  molar i ty  of 2.00 

and an a c i d  d e f i c i e n t  normality of 0.20 (Volume = 1750 nil..),  

11.0 Volumes, Rates, and Compositions of Gases Evolved Durink 

t h e  Dissolution of  Jacketed and Bare ESR Slugs 

For t h e  individual  runs made on t h e  d i sso lu t ion  of jacketed and bare 

EBR slugs (excluding jacket  removal and hee l  d i sso lu t ion  runs), t h e  off-gas 

volumes, r a t e s  and compositions varied considerably f o r  t h e  following 

reasons : 

(I) The amount of n i t r i c  acid addi t ion .varied r e s u l t i n g  i n  changes 

i n  t h e  amount of metal dissolved. 

( 2 )  Analyses of the  gas samples were of ten i n  e r ror .  

( 3 )  The absorption efficiency of the  down-draf t condenser varied. 

To account f o r  t h e  v a r i a t i o n  due t o  these above fac tors ,  the  follow- 

ing  t a b l e  presents  on a comparable bas i s  t h e  r e s u l t s  given i n  Tables 13.1.2 

t o  13.1.6 f o r  S e r i e s  I1 through V (jacketed EBR s l u g  d isso lu t ion)  and 

Ser ies  V I  (bare EBR slug disso lu t ion)  and the gas  compositions presented 

in Tables 13~1.8 through 13.1.12 f o r  S e r i e s  I1 through S e r i e s  V I :  

. 
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11.0 Volumes, Rates, and Compositi;ns of Gases EveLved Dxring t h e  

Dissolution of Jacketed sild Zare IBi? Slugs (ccntinued) 

TAi3LE I? .C 

Q,pe of Dissolution 
b a Bare s l u g  Jacketed Slug 

1.3 3.0 

2.2 2.2 

130 110 

1.7 1.0 

A? dissolved, mcl,es 

U dissolved, moles 

Total  VC~WE?,  l i t e r s  

 ax. gas rate, l i ters /min.  

Ave. gas composition, vol. zc 
hO 09 

6 

1.5 

1.5 

ap;cludes jacke t  removal 3rd hee l  d i sso lu t ion  runs 

bIncludes 211 hee l  dissol t i t icn runs 

'CGrrected f o r  i n e r t s ,  rnainLg N2 intro6ucud i n t o  sa-stem 

87 

10 

0 

0 

dAssumed nitrogen percentage r e s ? d t , i n g  f r o m  d i sso lu t ion  sf aluminum 

The presence of addi t iona l  metal as aluminum 'In the disso lu t ion  of 

jacketed EBR sluts causes tile hig,ner evolution rate and l a r g c r  t o t a l  volume 

tnan t h e  r a t e  and total volume obtained i n  t h e  dissolut ion of bare BBiZ 

s lugs ,  

s l u g  d isso lu t ions  was t h e  r~m~l-t of react ions t n a t  aluminum underwent w i t h  

n i t r i c  acid (See Sect ion 6.0). 

The presence of N20 and N2 i n  tile &as evolved during jacketed E6R 
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11.0 Volumes, Rates, and Compositions of Gases Evolved During the  

Dissolut ion of Jacketed and Bare EBR Slugs (continued) 

The e f f i c i ency  of the  down-draft condenser is r e f l ec t ed  i n  t h e  NO2 

content of t h e  off-gas. I n  general ,  one can say t h a t  t h e  e f f i c i ency  was 

reasonably good. 

obtained i n  the jacketed EBR s lug  d isso lu t ion  over t n a t  i n  the  off-gas ob- 

t a ined  during t h e  bare ZE3R s lug  d isso lu t ion  was possibly the  f a c t  t h a t  

The cause f o r  t h e  increased NO2 content i n  the off-gas 

more NO2 was formed pe r  unit weight of metal dissolved, 

I n  t h i s  study,gas ana lys i s  da ta  were the only clues  wnich gave any 

idea  as t o  the  mechanism by which aluminum and uranium dissolve.  Jacket 

removal runs EBR 19, 31, and 43 involved mainly the d isso lu t ion  of aluminm. 

The high content of N20 and M2 i n  the off-gas evolved during these runs 

indicated t h a t  reac t ions  ( b ) ,  (5), ( 6 ) ,  and ( 7 )  i n  Section 6.0 a l l  take 

place t o  an appreciable extent. The regular  d i s so lu t ion  of bare  l B R  

s lugs (uranium only) was d i f f e r e n t  because M20 was notably absent i n  t he  

off-gas. not take place to Therefore, rea.ction ( 3 )  i n  Section 6.0 does 

any appreciable extent.  

I n  Section 7.0 the shortness  of t h e  jacke t  removal run (1.5 hours) 

i n  t h e  d i s so lu t ion  of jacketed EBR s lugs  was pointed out,  

of aluminum disso lu t ion  was f u r t h e r  confirmed by the  f a c t  t h a t  t h e  first 

77 l i ters  of gas evolved during the jacketed EBR slug d i s so lu t ion  contained 

appreciable quan t i t i e s  of N20P while t h e  remaining volume contained l i t t l e ,  

i f  any a t  a l l .  The f a c t  t h a t  the  f i rs t  gas por t ion  (77 l i t e r s )  was sampled 

The rapid r a t e  

about one hour  a f t e r  t h e  s t a r t  of t h e  run indicated tha t  p r a c t i c a l l y  a l l  of 

t h e  aluminum jacke t  had been dissolved by t h a t  t h e .  



ORNL-1137 

c 

12,O Heel Determinations i n  Jacketed and Bare FBR Slug Dissolutions 

I n  order t o  check t h e  amount of uranium hee l  i n  t h e  dissolver ,  hee l  

dissolut ion runs were made. 

charged and from the  uranium analyses of the  solut ions formed i n  t h e  EBR 

dissolver .  

calculated heel  was appreciable, i .e. ,  10 per cent and 4.5 per cent, 

respectively,  of t h e  t o t a l  uranium charged. 

t h e  differences between ac tua l  and calculated heels  were 0.57, 0.60, and 

0.60 per cent,  respect ively,  of the  uranium cnarged. The improvement i n  

t h e  accuracy of t h e  calculated hee l  was the r e s u l t  of more accurate uranium 

determinations, b e t t e r  sampling techniques, and more samples. 

The tieel was calculated from t h e  uranium 

I n  Series I1 and 111 the difference between t h e  a c t u a l  and 

For Ser ies  I V ,  V ,  and V I ,  

m:mh E. H. Sampson,PJr. 
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JACKETED EBR SLUG DISSOLUTION 
l3EXtXS I I R U N S  

Full-scale sub-c r i t i ca l  dfssolves. - 4” I.D. & 16’’ high 
Dm-draf t  single-pms cordemer - 1.3 sq. f t .  = surfwe area 

m t i a l  nftric acid concentration a 40% (jacket dissolution) 

R 3 f l u x  f l o w  % 30 cc/min, 

DfsSOlVW’ Chest pZWSSWe = 25 psi& 

= 55$ (regular & heel d i s so lu t ion )  

Aluminum F i n d  Solution 
uranium CC 

L3 
2 
M 

0,24 
0.24 
0.48 
1,122 
1.02 
1.55 
~ 0 6  
1,29 
1030 
l e 3 9  

1.00 
1Q34 

In 

Ld 

9 
W 3 

3 

Molea M Moles Moles Moles 

4,oo 

7.93 
E.50 
11.70 
11.00 
E .20 
13 .OO 
12.20 
12 . 30 
3.1~80 
6.10 

-_ 

Moles 

0.89 
0.80 
1.13 
2*01 
1.21+ 
1.22 
le25 
1-27’ 
lo% 
1,24 
1-22 
1.22 

M 

+o. 65 

+1.85 
+Os 30 
-0.20 
-0.38 
+0.50 
+0,50 
+0.88 
+O,% 
+O 7b 
+3 e 00 

-9 

1.24 
1.58 
1.97 
2.01 

1.22 
1025 
1.27 
L.26 
1.24 
1.22 
1,22 

1,24 

0.00 
0.35 
0.78 
0.84 
0.0G 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.0 
0 .G 

0077 
0.94 
0.53 
1.08 
0.68 
0.69 
0.64 
0.67 
0.74 
0.73 
0072 
0,o 

3.39 

3.64 
3 e 0 5  
3 *76 
2.76 
3.68 
3953. 

3.34 
3438 
3959 

3.41 

2.18 
2,18 
2017 
2.18 
2,18 
2.18 
2.18 
2.18 
2,18 
0.0 

esign charge 
af ter  this run. 

2 reflux lfne made a(+>9 or (e), indicates ~ X Z B B B  HT, or O r  tied up in  basic Ion. E 

BDissolver fnspected ant2 faun3 em2ty a t  beginnhg of run. 
CJacket r a m a l  runs. 
aAcid lost during sun 

fDfmolver impec td  an8 fo?tllci empty 
at end of run. 



-30- 
om

- 13.37 

I 
I 

a 3 rl 

rf 0
 

m
 

a
 

4
 

G
I 



JACEETED EBR SLUG DISSOLUTION 
SERIES IVRUlBS 

Full-scale sub-critical dissolver - 4" I o D o  and 16'* high 
Down=draPbsin&e-pass condenser - 103 sao f t ,  = surfam m e a  
Dissolver steam chest pressure m 25 psigo 
Initial nitric acid concentration CI 40% (Jscket diasolution) 

Reflux flow 30 cc/min, 
55$ (repleu. & heel dissolutfon) 

Metal 
Diesolved Aluminum 

!3 8 f f i  2 8  . = / k g  
.p+2 
$ $  

I;r 

Moles 

0.00 
0 -50 
0000 
oooo 
0.00 
0.00 
0,oo 
0,OO 
0.00 
0.00 
0000 
0.00 

Moles Moles Hrs. Moles Moles 

I I I 

Moles 

Final Solution 
C o q  08 it ion 

0 ~ 0 8  
lo05 
1-18 
1,Ol 
10 13 
l040 
1,38 
1027 
1060 
1.27 
2-08 
L70 

i036  
1.16 
0.76 
0.88 
0,64 
0.90 
0~82 
0.72 
o .82 
0 a73 
0.00 
0,OO 

I I 1 I 



._ L_ 
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TABLE 13.1.5 

JACKETED EBR SLUG. DISSOLUTION 
SERBS v RUNS 

Full-scale sub-crit ical  dissolver - 4" I.D. and 16" high 
D o w n d r a f t  single-pass condenser - 1,3 SQ. ft. = surface area 
Dissolver steam chest pressure = 25 psig. 
Init ial  n f t r i c  acid concentratan = bo$ (jacket dfSBQlUtfOn) 

Reflux f l a w  30 cc/min. 
55% (regular & Heel dissolution) 

i Final  Solution 

7 
Metal 

Di 88 olved 

Moles ~ Moles 
~ 

0.00 

0,oo 
0023 

0.00 

Moles Moles 

2.58 
1.29 
0,OO 
0.00 

M 

4,43 
6.46 
4035 
2,02 

Z058 
1.52 
0.00 
0 -00 

0.18 
1018 
1.96 
2.22 

0.18 2035 
2, lP  1052 
2.33 0.00 
1.98 O,OO 

2-42 -L35 
0,86 -0021 
0.00 0.00 
0,oo 0.00 

3055 0.71 
3063 ~ 4 2  
3089 L75  
4-48 2,17 

0000 

I I I I I 



0 

$2 
El 
pi 

47 
48 
49 
50 
51 
52 
53 
54b 

f .  '. 

TABLE 13.1.6 

BARE. WR- SLUG DISSOLUTION 
SXttUS VI RulQs 

Full-scale s u b c r i t i c a l  dissolver  - 4" I.D. and 16" hi& 
Downdraft eingle-pass condenser - 103 sqo ft. & surPace area 
Ilissolver steam chest pressure .t 25 psig. 
L n i t i a l  n i t r i c  acid concentration s 55% (regular and heel dissolution) 
Reflux flow = 30 cc/min. 

, ,  

uranium p- 
6.64 
2.21 
2.21 
2.21 
2,21 
1097 
0.00 
0.00 

6.64 
6 *79 
6.20 
6.09 
5099 
6.26 
4,49 
1095 

4-314 
5-46 
4-216 
5 
4 
4 
4-2/6 
11 

Moles Molee Mole I Mole , m  
1084 
1,89 
2.25 
1 0  97 
1.98 
2.30 
2 010 
2.02 

a(+> or (-1 indicates excew H+OY OH- ti& up i n  complex ion, 
bDissoltper inspectea and found empty at end of runo 



RUll 
Number 

In H N O ~  1 
A 
m A t o r r s ~  

Charged 

F’ Nitrogen 

I Gram Atoms of Nitrogen 
ill 

Gas Seal 
Water 

T o t a l  
Le&vlng 
System 

111 
In Series 

Number 

IIId 

IVd 

-- 
Vd 

V I e  

Evolved 
Gases 

19 
20 
21  
22 
23 
24 
25 
26 
27 

29 
30 

Total. 

2a 

0012 

0*13 
0003 
0003 
ooo3 
00 32 
0 1.4 
0093 
G.14 
0003 
0,Ol 
2027 

0.34 

i 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Total  

oo61 
0.26 
0052 
2 73a 
O,&” 
I” 0 :“\e 
G023 
OolG 

0003 
0.02 
0.30 

-TE 

00x7 

I 

43 
44 
45 
46 

T o t a l  

6,O8 
8,42 
4,66 
3095 
23011 

0.09 
0.06 

0026 
0075 

0034 - 
47 
48 
49 
50 
51 
52 
53 
54 

Total 

0,20 
o o l o  
0013 
O O E  

0,20 
0005 
0,06 
00f5 
lo01 

a2,60 mols m03 lost during dissolver surge, 
30.76 m o b  ~ ~ 0 3  lost during aiesoiver surge, 
q1019 mole mO3 lost during dfssolver surge, 
aThis series i6volved dissolution of jacketed slugs o 

eThis series involved dissolution of bare slugs 
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Sample 
NO e 

TABLE 130108 

JACKETED EBR SLUG DISSOLUTION . 

S W Y  OF GAS ANALYSES - SERIES I1 

NO 

55.1 
57.6 
8L3 
83.6 
92.1 
58 07 
63.8 
69,r 
81.3 
87.4 
49.8 
92 .o 
77.0 
89.8 
9093 
78 07 
95 .I 
89.1 
68.9 
84,5 
210 1 

13.8 

5.3 
3 b? 
1.7 

31.7 
000 
1001 
7.7 
000 
17.6 
100 
4.8 
4.2 

1209 
0,l 
0.0 
28.2 
1x07 
8.1 

1b07 

5.5 

Gas Camposition, Volume Per Cent 

02 

3.5 
808 
1.6 
102 
0.3 
000 
000 
1.4 
0.3 
303 
2 02 
L8 
0.0 
104 
000 
1.5 
000 
O ,8 
000 

001 
- 

co 

104 
0.4 
001 
0.0 
000 
102 
0.3 
0.6 
1 0  6 
0 01 
0.4 
000 
000 
001 
000 
0 04 
003 
003 
000 

0.3 

Th 
000 
409 
000 
000 
QoO 
0,o 
0 07 
0.0 
000 
0 03 
ooo 
000 
0,o 
000 
OoQ 
000 
000 
000 
000 

001 
- 
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TABLE: 13.1.9. 

JACKETED EBR SLUG DISSOLUTION 

Semple 
EO 0 

SUMMARY OF GAS COMPCBITIONS - SERIES I11 

NO 

54,6 
8800 
89,O 
9407 
86.5 
76,o 
78.4 
89.0 
95.6 
82.0 
9006 
93.7 
81.4 
85.7 
8g0r 
82.0 
74.1 
8606 
89.8 
76.7 

NO2 

8.9 
000 
000 
000 
000 

1308 
505 
000 
0.0 
12,k 

3.6 
1.2 

l2*4 
8.2 

904 
19.0 
8,6 
7 -4 

14.2 

5.8 

Gas Cmpoaition, Volume Per Cent 

02 N20 

11.9 
6,1 
308 
0.0 
2.9 
2,6 
0,o 
2,6 
000 
101 
0.0 
1 . 3  
0.6 
0*3 
000 
2.0 
1.0 
000 
0.0 
000 

~ 

GO 

0.7 
0.4 
004 
004 
0.1 
000 

0.3 
0*3 
0.3 
0 0  3 
0.1 
003 
0.1 
000 
000 
0.3 
0*3 
0*1 
0.3. 

003 

E2 

307 
0.0 
10 7 
0.0 
000 
000 
000 
001 
0.0 
000 
0.0 
0.0 
000 
000 
0.6 
007 
000 
000 
000 
0.0 

aJacket rermoval run 
bHeel dissolution rum , I  



Sample 
moo 

1~3~31 
32A 
32J3 
3 3  
33J3 
34A 
34B 
35A 
3 3  
36A 
3@ 
37A 
3811 
39a 
395 
40A 
4 m  
4 u  
4lB 
42A 
428 

TABIS 1 3 o 1 0 1 O  

JACXGTED EBR SLUG DISSOLUTION 

SUMURY OF GAS ANALYSES - SERIES IV 

Gas Composition, Volume Per C e n t  

NO N02 co2 02 CO 

004 
006 
LOO 
001 
004 
001 
000 
004 
005  
001 
001 
0,o 
005 

001 
000 
001 - 

.D - 
001 

-- 
% 

606 
002 
000 
000 
091 
0.7 
000 
0.4 
000 
0,6 
000 
005 
0,1. 
000 
001 
000 
090 

c1 - - 
0.0 
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31.3 
64.1 
82.5 

TABLE 13,i.u 

JACKETED EBR SLUG DISSOLUTION 

SUMMARY OF GAS ANALYSES - SIzRIEi V 

15.2 
15.6 
13.0 

Sample 
Ib 

EBR43A 
44A 
44B 
45A 
4 3  
46A 
46B 

~~ ~ 

Gas Canposition, Volme Per Cent 

co H2 

7.6 
0.1 
0.0 

0,O 
000 

- 
I 

15.6 
702 
8,1 

51.9 
18.1 
2.7 

I .  

I 
I 



I 

I 

Sample 
No 0 

TABLE 1301.12 

BARE B R  SLUG DISSOLUTION 

SUMMARY OF GAS ANALYSES - SERIES VI 

NO NO2 

22.2 
12.8 

1009 
20 3 
9.0 

18.8 
18,6 
22.9 
0000 
1206 
11,o 
13.7 
20.5 
15.6 
16.0 

0 

Gm Composition, Volume Per Cent 

02 CO 

1.3 

3.2 
201 
0.9 
1.0 

18.1 
11.3 
8.5 
8.8 

24,8 
4.6 
2,6 

9.3 

505 

20 7 



-40- 0RIW;-1137 

Jacketed P,BR Slug Dissolution - 
Run NQ, 37 

Uranium remaining f rm previous run I 5.97 moles 
Uranium charged t o  dissolver c 524,O gum. I 2,20 moles 
Uranium i n  dissolver at beginning of run = -8,17 moles 

ALminum remaining fKmr previous run LD 0.00 
Aluminum charged t o  dissolver = 35.4 gum. Y 1.31 moles 
Al.minum i n  dissolver at beginning of rult I 1.31 moles 

Nitric Acid US& 

Ritrfe acid 

Nitric acid 

Metal Dissolved 

Uranium 8 

Aluminum* 

wed = ni t r ic  acid charged - ni t r ic  acid remainrig 
:: 13.5 - 0 

nitric Acid Used 

Ratio = 
to Metal Dissolved Ratio 

*Assme that all. aluminum goes in to  solutfon, 
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Jacketed EBR Slug Dissolution - 
ltun Noo 37 (continued) 

Nitrogen in GBB ko #et& Dfssolved Ratio 

"A" 

. Sample l o s t  - a~sume NO +No2 = 9@ 
2.0g-xOe900 = 1,82 moles 

T o t d  Ni.tmgen P a  :: 3,0b+ le82 z 4,83 moles of N 1  
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1 

! 

13.3 Sample Computation and Table Showing t h e  Effec t  of 

A c i d  Deficiency on N i t r i c  Acid t o  Ketal  Dissolved Ratio 

AssumptAons 8 

(1) Reaction ( 2 )  given i n  Section 6.0 represented the  n e t  reac t ion  during 

t h e  ac id  def ic ient> phase of dissolving (All NO2 i s  absorbed with t h e  

evolution of NO) e 

( 2 )  2,20 moles of uranium and 1.30 moles of aluminum were dissolved t o  give 

a f i n a l  volume of 1.75 l i t e r s .  

Csing a r a t i o  of  4.30 f o r  the  n i t r i c  acid t o  metal dissolved a t  0,OW acid deficiency, 

determine t h e  r a t i o  at. 0.2N acid deficiency. 

Acid Deficient  (OH-) Equivalents 

Ratio of OH- t o  uranium dissolved = 4.00 moles/mole 

Uranium dissolved - -0.0876 moles 

Ratio of HNO t o  metal dissolved = 

= 1.75 x 0.200 = 0,350 

- 0.350- 

- 4.3' =3 . 95 moles/mole 4.30 
+ e0076 - ' m m  3 

This  ca lcu la t ion  was repeated t o  obtain the following tab le  from which conversions 

can be made: 

TABLE 13.3 

Ni t r i c  Acid t o  Metal Dissolved 
Ratios, Mole/Mole, a t  Acid Deficiencies  of: 

O N  

4.60 
4050 
4.40 
4 e  30 
4.20 
4.10 

I 
0.4 N - 0.3 N - 0.2 N - 0.1 N 

4041. 4.23 4.07 3.92 
4.31 4.14 3.98 3.83 
4922 4.05 j089 3.74 

b002 3.86 3.71 3 057 
3 993 3.77 3.62 3.49 

4,12 3.95 3.80 3.66 
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13*b Operating Ins t ruc t ions  f o r  

I 

. 
tr 

Experimental EBR Slug Dissolver 

START UP 

1. 

2, 

3. 

4 e  

5. 
6. 

7. 

8. 

9 6  

If necessary, t u r n  on ni t rogen bleed, 

Charge 9 jacketed slugs ( o r  18 f o r  j acke t  d i sso lu t ion  run, o r  none f o r  
heel d i sso lu t ion  run) through s l u g  chute. 

Turn on mult ipoint  temperature recorder and se t  char t  s o  t h a t  a numbered 
l i n e  coincides w i t h  t h e  quarter-hour. 

Drain water from condenser s h e l l ,  Then close t h e  dra in  valve, 

Open vent valve ir, gas l i n e  immediately above r e f lux  l i n e ,  

F i l l  gas holder f u l l  of water. 

f i x  designated volume of water i n t o  t h e  dissolver  (vo lme  w i l l  depenci on 
type of d i sso lu t ion  run) 

Shut off  nitzcgen by closing t h e  two header valves, t n e  two manometer 
by-pass valves, and t h e  th ree  lead valves a t  t h e  dissolver ,  i n  t h a t  order. 

If necessary, f i l l  n i t r i c  ac id  head tank and record l i q u i d  level .  

NOTE: Steps 10 and 11 are appl icable  only i f  aluminum is t o  be dissolved, i.e., 
i n  jacke t  removal and regular  d i sso lu t ion  runs used i n  the d isso lu t ion  of 
jacketed EBR slugs.  

- 

10. 

11 . 
12, 

13 

14 

1.5 * 

Weigh out  about 0.3 gm. Hg(NO ) 
removal run), and place it in3h$ ml, of H20 held ii a 50 cc graduated 
cylinder.  

( o r  0.6 gm. Hg(N0 )2 i n  case  of j acke t  

Add n i t r i c  ac id  t o  t h e  Hg(N03)? and H20 mixture and br ing  the  volume to  
50 cc by opening ac id  l i n e  dra in  valve. 

Check a l l  valves f o r  proper posit ioning. 

Make sure  can i s  below water o u t l e t  of gas noldero 

Making sure  water i s  off  t h e  d i sso lver  jacket,  t u r n  on steam and ad jus t  
i t s  pressure t o  25 psig,  

When gas l i n e  a t  bottom of condenser begins t o  ge t  h o t ,  add the  ac id  
Hg(N0 )*  so lu t ion ,  immediately close the  open vent valve, and crack t h e  
conddse r  water valve , 



A 
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~ 13*c4 Operating Ins t ruc t ions  f o r  IBperLiental EBR Slug Dissolver (continued) 

16, Charge slowly from the BNO3 head tank a designatea amount maintaining a S l igh t  
vacuum on the  system, Record final l iquid leve l ,  

17* Adjust condenser water f l o w  t o  a rotameter reading of 1,04(1.00 gpm). 

18. Maintain a slight vacuum, or  pressure on systan by controll ing water flow out 
of gas holder, 

SHUT Dclwm 

1 

1, 

2, 

3. 

4. 

5. 

6, 

7. 

8. 

9. 

10 e 

11, 

12. 

13  

14 , 

15 * 

Shut off steam t o  dissolver jacket, 

Do la t e  gas holder, 
level ,  

Open vent valve t o  roof. 

Sample gas 2n holder, 

Open vent valve on top of holder. 

Drain remaining water fram holder, 
record l iquid level ,  

Close vent valve on top of holder, 

F i l l  gas holder ful l  of water. 

Close valve in gas line at holder and open vent valve on gas holder. 

Drain water en t i re ly  from holder, 

Turn on cooling water t o  diesolver Jacket, 

Adjust gas holder pressure t o  zero. Record f ina l  l iquid 

Sample water every time water f i l ls  can azld 

Open valve in  gm l i n e  at  holder, 

F i l l  holder t o  570 mm, mark with water. 

Open valve on top of holder and close vent valve t o  roof. 

Turn on nitrogen t o  mnoqeters and record l iquid leve l  and specif ic  gravity 
readings, when t a p e r a t w e  of dissolver is 60°C. 

Add a designated volume of H20 t o  d i sso lver  and hea t  dissorver  t o  boil ing.  

Cool d i s so lve r  t o  25' C. 
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13.& , B e r a t i n g  Instructions. f o r  Experimental EE)R Slug Dissolver (cont imed)  

16 . 
17 

18. 

19. 

20 

21 0 

22 

Record liquid l eve l  and specif ic  gravi-by readings, 

Pull contents of dissolver out by evacuating a & - l i t e r  suction f l a s k  connected 
t o  VWUUII1. 

Pour the final solution in to  a graduated cylinder (at least 2-1iter). 
the  volume a& sample after stirring effectively.  

Pour this  solution into 20-l i ter  bot t le ,  recording net weight before and a f t e r  
its addition. 

S t i r  contents effectively snd sample, 

Shut off the tcunperature recorder. 

Close valve i n  acid l i n e  at the  vapor-gas line, 

Record 


