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tnglneerlng Galculallon: 

Subject: Hydrogen Generation From Caustic-Aluminum Reaction Checked: M. A. Knight 

1 .O ObjectiveBurpose: 

A "crawler" is to enter the AY farm annulus to clean the metal surface for corrosion measurements. The 
"crawler" weighs about 190 pounds of which 150 pounds are aluminum. (These values are supplied by the vender 
of the "crawler".) There is a potential that cleaning the surface of the metal may cause a leak to occur in the 
primary tank wall and the waste may contact the aluminum. The hydroxide in the waste may react with the 
aluminum and form hydrogen gas. The purpose of this analysis is to estimate the rate of hydrogen gas 
generation and the time to reach the lower flammable limit (LFL) in the annulus. 

Surface area of the aluminum piece is estimated to be 2 sq.ft. (This value was given by the vender.) 

2 SA:= 2 .  A 

2.0 Open Items: 

The vender supplied information on the surface area of the "crawler" and the mass of aluminum should be 
considered open items. The surface area directly affects the calculations and a better number could change 
the results of this analysis. 

3.0 Methods of Analysis: 

The amount of aluminum that can react with hydroxide is estimated based on information from the PUREX Tech 
Manual (Ref. 1). It is assumed that no suppression of hydrogen gas generation occurs due to nitrate ions. It is 
assumed that the reaction will behave like the aluminum is a massive mass -- not a powder or a foil. Therefore, 
the reaction will behave similar to decladding the aluminum clad reactor fuel rods with hydroxide as was done in 
PUREX plant. 

4.0 Input Data: 

Molecular weights of sodium hydroxide and aluminum. gm M o l W o ~  := 40.01 . - gm M W A ~  := 26.98. - 
mole mol 

Density of Aluminum 

liter Volume of an ideal gas at standard 
conditions. STP := 22.4.  - 

The volume of the annulus is given in Anatatmula (Ref 3.) 

3 AnnulusVol := 22980. A 

Natural atmospheric breathing rate is assumed to be 0.45% per day. 

BrRate := 0.0045 . d a y  

alohmcd Page 3 of 7 



tngineering tialculation: K P P T Z R  K ev. u uate: 
By: D. A. Reynold 

Subject: Hydrogen Generation From Caustic-Aluminum Reaction Checked: M. A. Knlgh 

LPL := 4% Volume percent hydrogen 

Concentrations of AY waste is from Best Basis Inventory Caustic Limits Report as of 10/20/01. (See attachment) 

COnOHAylOl := 3.15 COnot i~y102 := 1.09 Concentration of Hydroxide in mollliter 

-2 mol -3 mol C o n N 0 3 ~ y l ~ 2  := 6.61 . I O  . - Concentration of Nitrate in mollliter 
liter liter 

C O ~ N O ~ A Y I O I  := 8.21 . 10 . - 

5.0 Results: 

Below are the calculational results. 

5.1 Reaction Rate 

PUREX Tech. Manual (Ref. 1) on page 303 gives the following data: "The rate of penetration, which is a 
measure of the reaction rate, increases with NaOH concentration from about 1.5 mrnlhr at 5% NaOH to 5 mm/hr 
at 10% NaOH and to 13 mm/hr at 15% NaOH at the boiling temperature." 

[ :':) in mm/hr Penetration rate 
Pntr:= 5 

The Caustic Soda Handbook from Occidental Chemical Corp. was used to convert from percent to grams per 
liter. 

in gmlliter Corresponds to 5%. 10% and 15% NaOH 

(175.170) 

OHCon 
40.01 OHM := - in molelliter Converts to Molar units 

I 
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By: D. A. Rsynnlds 
Checked: M. A. Knight subjecl: Hydrogen Generation From Caustic-Aluminum Reaction 

The following does a regression of the form Y=Ae(W on the data. This can be transformed into a linear form as 
In(Y) = In(A) +B*X. In this form, In(A) is the intercept and B is the slope. 

A := exp(intercept(OHM,ln(Pntr))) B := slope(OHM,ln(Pntr)) MathCad functions to get the intercept 
and slope. 

A = 0.629 B = 0.704 

mm u.x 
hr 

PenRate(X) : = A .  - . e Penetration Rate as a function of X. Concentration of hydroxide is X .  

Tank 241-AY-101 has the highest hydroxide concentration of the two tanks and will be used for worst case 

Penetration rate at the concentration Of AY-101 hydroxide 
mm 

PenRate(ConOHAy101) = 5.783 - 
hr 

However, the penetration rate is for boiling temperatures. The PUREX Tech Manual states: "The penetration 
rate approximately triples between 60 and 100 C." Because 60 C is a bounding temperature for the tanks as 
they currently sit, the penetration rate from the equation above will be divided b 3. 

PenRate(C0nOHAy 101) 
Pentrate := Penetration rate corrected for temperature 

3 

5.2 Amount of Aluminum Reacting 

VolAl := Pentrate. SA Volume of aluminum reacting is the surface area times the penetration rate. 

3 - 
hr 

- 4  m 
VolAl = 3.582 x 10 

V o \ A \ .  PA] 
MolAl := Moles of aluminum that react. 

MWAI 

5.3 Time to Reach LFL 

Aluminum reacts with sodium hydroxide by the following equation 

2 .  AI + 2 .  NaOH + 2 H 2 0 = 2 .  NaAIR + 3 .  H2 

Three moles of hydrogen gas are formed from 2 moles of aluminum reacted 

3 
MolH2 := MolAl .  - 

2 

VolH2 := MolH2 . STP 

A3 
VolH2 = 0.707 - 

mill 
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tnglneerlng calculation: Kt'WTZiE Kev. U 

Subject: Hydrogen Generation Fmm Caustic-Aluminum Reaction 
By D A Reynolds 

Checked M A Knight 

I 

It should be pointed out that nitrate ion suppresses the formation of hydrogen gas. This was used in 
decladding to minimize the amount of hydrogen produced. One estimate is that between 40 and 70% of 
the aluminum reacted in ways that did not produce hydrogen gas. However, AY-101 has low nitrate 
concentration so no credit will be taken for it. 

Natural atmospheric breathing rate is assumed to be 0.45% per day 

BrRate := 0.0045 . day- ' 
VentRate := AnnulusVol . BrRate 

This is about 1110th of the hydrogen generation rate. Therefore, the vent rate will be not be taken into account 
the time to reach the lower flammable limit (LFL). This is conservative as it will make the time shorter than 
actual. 

Assuming that there is no breathing 

AnnulusVol . LFL 

VolH2 
Timeto-reach-LFL := 

The major uncertainty is the surface area that may be reacted. The analysis is based on an estimate 
given by Nuclear Safety and Licensing. However, the surface area used is bounding value. There are 
other uncertainties in this analysis but in all cases, the values chosen are conservative and so the result 
of 22 hours to reach the LFL can be considered a bounding case. The actual time to reach the LFL will 
certainly be longer. 

7.0 Recommendations: 

None. 
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tngineerlng Galculation: 

Subject: Hydrogen Generation From Caustic-Aluminum Reaction 

KP- K ev. u 

8.0 References: 

1. PUREX Technical Manual, HW-13000. General Electric Company, March 25, 1955 

2. Caustic Soda Handbook NaOH, Occidental Chemical Corporation, Dallas, TX 

3. Anantatmula, R, Dalpiaz, E. Fedenburg, E., Ogden, D., Thurgood, M.. "Double-Shell Tank . 
Annulus Ventilation Engineering Study", RPP-7695, CH2M Hill Hanford Group, Feb 28, 2001 
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CFAPTE_S 111. FEED PEPARATION 

Following a s u i t a b l e  'kooling"period, t h e  i r r a d i a t e d  f u e l  elements 
(descr ibed  i n  Chapter 11) a r e  dissolved i n  n i t r i c  a c i d ,  and the d i s so lve r  
s o l u t i o n  is  prepared a s  f eed  for en t ry  in to  the  so lvent -ex t rac t ion  
The s t e p s  i n  t h e  prepara t ion  of t h e  feed  which a r e  discussed in t h e  present 
chapter  are removal of  t h e  aluminum s lug  j acke t s ,  d i s so lu t ion  of t h e  slugs, 
off-gas t rea tment ,  head-end decontamination, cen t r i fuga t ion ,  and chemical 
adjustment of t h e  f eed  so lu t ion .  These a r e  discussed from both chemical an 
process  viewpoints. The d i s so lve r s  and o the r  equipment are descr ibed i n  
Chapter XIII. A Process  Flow Diagram, Figure 111-2 and Figure 111-3. gives 
a n  o u t l i n e  of t h e  equipment used i n  feed  preparat ion and a m a t e r i a l  balance 
over  t hese  s t e p s .  Previous t echn ica l  manuals (11, 1 4 )  descr ibed s i m i l a r ,  b 
not  i d e n t i c a l ,  feed  prepara t ion  opera t ions .  Phys ica l  p rope r t i e s  of  UNH-ZNO 
so lu t ions  a r e  discussed i n  Chapter IV, Sect ion  B .  

A .  JACKET REMOVAL 

1. In t roduc t ion  

The f i r s t  s t e p  i n  preparing the  rad ioac t ive  slugs f o r  t h e  separa t ion  of 
uraniurn, plutonium, and f i s s i o n  products i n  the so lvent -ex t rac t ion  columns 
i s  the removal from each slug of i t s  aluminum jacke t  and t h e  aluminum- 
s i l i c o n  bonding l aye r  which jo ins  t h e  jacket  t o  t h e  uranium core.  As f o r  
previous Ranf'ord sepa ra t ion  processes,  t h e  s l q  j acke t s  a r e  removed by d i s -  
s o l u t i o n  i n  a sodium hydroxide-sodium n i t r a t e  so lu t ion .  Although t h e  jackets 
can a l s o  be d isso lved  i n  n i t r i c  ac id  with mercury a s  a c a t a l y s t ,  t h e  Purex 
P l a n t  has  been designed for removal of t h e  aluminum cans by t h e  c a u s t i c  jacke 
removal process .  

2. Caust ic  J acke t  Removal 

2.1 General 

The aluminum s lug  j acke t s  a r e  removed by d i s so lu t ion  a t  the bo i l ing  
temperature i n  e s o l u t i o n  cons i s t ing  of about lC$ sodium hydroxide (3.3 M )  
and 20$ sodium n i t r a t e  ( 3 . 0  M )  under e s s e n t i a l l y  t h e  same condi t ions  a s  Kave 
been used successfu l ly  in  t h e  Bismuth Phosphate and Redox P l a n t s .  
r e a c t i o n  of aluminum wi th  caus t i c  i s  given by the  equation: 

The 

2 A1 + 2 NaOH + 2 R20 + 2 NaA102 + 3 E* 

I n  t h e  presence of n i t r a t e  ion the  evolut ion of hydrogen i s  suppressed and 
d i s s o l u t i o n  proceeds according t o  a combination of the  equat ions:  

8 AI + 5 N30H + 3 NaMO, + 2 F I ~ O  --+ a N~A~o: ,  + 3 m3 - - J 

2 A1 + 2 NaOH + 3 NaN03 + 2 NaA102 + 3 IiaN02 + E20 
2 A1 + NaOH + NaM02 + ii20 --? 2 N a A l O z  + NFI 3 

A- 1 
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. ,btive amounts of hydrogen, ammonia, and n i t r i t e  ion prcduced a r e  

emined by the  sodium n i t r a t e  exc, ass a s  discussed below. 

roxide d isso lves  p r a c t i c a l l y  a l l  of the aluminum-silicon a l l o y  
the bonding layer .  
erial, hown t o  be s i l i c e o u s ,  and be l ieved  t o  cons i s t  in  p a r t  of uranium 
icides and carb ides .  The g r e a t e r  part of t h i s  s o l i d  ma te r i a l  is  removed 

However, t he re  i s  a n  appreciably residue o f  s o l i d  

om the d i s so lve r  with the  coat ing waste so lu t ion .  
on 

The coat ing waste so lu-  
contains  l e s s  than  O.l$ by weight of t hese  suspended s o l i d s .  

me pH of t h e  coat ing waste s o l u t i o n  i s  about I2 t o  13. 

2 Effect  of sodium hydroxide concent ra t ion  

Aluminum i s  a t tacked  r ap id ly  by sodium hydroxide over a concentrat ion 
nge of 5 t o  5C$ NaOH. 
ac t ion  r a t e ,  increases  with NaOH concentrat ion from about 1.5 mm./hr. a t  

mperature.(59) 
ac t ion  i s  too g rea t  t o  be e a s i l y  con t ro l l ed  i n  the p lan t  d i  so lve r s .  The 
ne t r a t ion  r a t e  appr0ximateI.y t r i p l e s  between 60" and 100°C .97) Uranium 

s l i g h t  i n  so lu t ions  up t o  3C$ NaOH but  become appreciable  

The r a t e  of pene t ra t ion ,  which i s  a measure of the 

NaOH t o  5 mm./hr. a t  lC$ NaOH and t o  13 m./hr. a t  15$ IJaOH a t  t h e  bo i l ing  
With i n i t i a l  NaOE concentrat ions above 1% t h e  r a t e  of 

The maximum caus t i c  concentrat ion which can be used is l imited by t h e  
ac t ion  rate and by t h e  necess i ty  of having s u f f i c i e n t  volume of so lu t ion  

25 NaOH/Al mole r a t i o )  p r e c i p i t a t i o n  of alumina was observed a f t e r  t h e  
lu t ion  had s tood f o r  s e v e r a l  days.(9)  
ons of lC$ sodium hydroxide (1.65 NaOH/Al mole r a t i o l a n d  20$ sodium n i t r a t e ,  
concentration of about 5% NaOH i s  present  i n  t h e  waste so lu t ion  a f t e r  
ac t ion  and no p r e c i p i t a t i o n  of AQO3 occurs even a f t e r  low storage  per iods.  

3 Effec t  of sodium ni t ra te  concent ra t ion  

cover t h e  slugs. A t  a caus t i c  concentrat ion of  8% (with 16$ NaN03 and a 

A t  t h e  n o r m 1  coating-removal condi- 

The presence of sodium n i t r a t e  se rves  t o  suppress t h e  evolut ion of 
hydrogen which mi.ght otherwise c o n s t i t u t e  a n  explosion hazard.  
a ~ ~ t s  Of hydrogen, ammonia, and n i t r i t e  ion produced i n  t h e  presence of 
mr ious  concentrat ions of sodium n i t r a t e  a r e  ind lca t ed  i n  Figure 111-1. 
Under coating-removal condi t ions the  i n i t i a l  NaNO / A 1  mole r a t i o  is 
l -5 .  

NaOH concentrat ions.  

The r e l a t i v e  

The curves of Figure 111-1 apply for an i n i t i a l  NJOH concentrat ion of 
w t -  per cent ,  and should be taken only as q u a l i t a t i v e l y  co r rec t  a t  o the r  

" '  2.4 s ~ u ; .  r i n s i n g  

Following t h e  removal of the  coating-waste so lu t ion ,  t h e  s lugs  a r e  given 
r i n s e s  t o  f l u s h  t h e  d i s so lve r  of r e s i d u a l  a l k a l i n i t y  and t o  remove addi-  

While t h e  f i r s t  i s  water,  t h e  second may be e i t h e r  

b 

tional Suspended s o l i d s .  
% n i t r i c  a c i d  ( t o  d isso lve  t h e  bonding l a y e r )  o r  water .  

A-2 
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3.100 
3.874 
4.649 
5.424 
6.199 
6.974 
7.748 
8.523 
9.298 
10.080 
10.850 
11.630 
12.400 
13.180 
13.950 
14.730 
15.500 
16.280 
17.050 
17.830 
18.600 
19.370 
20. I50 
20.920 
21.700 
22.470 
23.250 
24.020 
24.800 
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26.350 
27.120 
27.900 
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29.450 
30.220 
31.M)O 
31.770 
32.550 
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34.870 
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37.200 
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1.3212 
1.3317 
1.3424 
1.3529 
1.3634 
1.3738 
1.3842 
1.3944 
1.4046 
1.4148 
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9.170 
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11.960 
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14.630 
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17.200 
18.440 
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20.850 
22.030 
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24.300 
25.400 
26.480 
27.530 
28.570 
29.590 
30.580 
31.550 
32.510 
33.440 
34.350 
35.250 
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36.980 
37.830 
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41.770 
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43.230 
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47.880 
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NaDfi 
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20.457 
31.019 
41.803 
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99.076 
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136.1 30 
148.920 
161.930 
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216.200 
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288.910 
304.090 
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501.910 
5 19.630 
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705.970 
725.440 
745.040 
764.780 
784.640 
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0.259 
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0.826 
0.927 
1.031 
1.136 
1,242 
I .35 I 
1.461 
1.573 
1.687 
1.803 
1.921 
2.040 
2.162 
2.285 
2.409 
2.536 
2.664 
2.794 
2.926 
3.060 
3,195 
3.331 
3.470 
3.610 
3.751 
3.895 
4.039 
4.186 
4.333 
4.482 
4,633 
4.785 
4.939 
5.094 
5.250 
5.407 
5.566 
5.726 
5.887 
6.049 
6.213 
6.377 
6.543 
6.710 

- 
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:oXX!rEwi 
I.H;CAI. 

8.437 
8.529 
8.622 
8.715 
8.807 
8.900 
8.993 
9.087 
9.180 
9.273 
9.366 
9.459 
9.552 
9.645 
9.738 
9.830 
9.923 
10.020 
10.110 
10.200 
10.300 
10.390 
10.480 
10.570 
10.660 
10.750 
10.840 
10.930 
Il.020 
11.110 
11.200 
I1.280 
11.370 
11.460 
11.540 
1 1.630 
11.720 
1 1.800 
11.880 
11.970 
12.050 
12.130 
12.210 
12.290 
12.370 
12.450 
12.530 
12.610 
12.680 
12.760 
12.830 
12.910 

Ii?TM w 
NaOH 

IB?CII FT 

0.631 
1.277 
1.935 
2.608 
3.295 
3.995 
4.710 
5.438 
6.181 
6.937 
7.707 
8.492 
9.290 
10.110 
10.930 
11.770 
12.620 
13.490 
14.370 
15.260 
16.170 
17.090 
18.030 
18.970 
19.930 
20.910 
21.890 
22.890 
23.900 
24.920 
25.960 
27.010 
28.070 
29.140 
30.220 
31.310 
32.420 
33.530 
34.660 
35.800 
36.950 
38.1 I O  
39.270 
40.450 
41.640 
42.840 
44.040 
45.260 
46.480 
47.710 
48.950 
50.200 

707N.. WT 
SlXL:rIo?+ 
IR,CU m 

63. I13 
63.804 
64.497 
65.19 I 
65.885 
66.581 
67.277 
67.973 
68.670 
69.367 
70.063 
70.759 
71.455 
72.150 
72.845 
73.539 
74.231 
74.922 
75.612 
76.300 
76.987 
77.672 
78.355 
79.035 
79.713 
80.389 
81.062 
81.731 
82.398 
83.057 
83.722 
84.379 
85.033 
85.681 
86.327 
86.968 
87.605 
88.237 
88.864 
89.487 
90.105 
90.717 
91.324 
91.926 
92.522 
93.113 
93.697 
94.275 
94.847 
95.412 
95.971 
96.523 ~__"_.,  ." _.,- 
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PROCESS 

General 

The operations of coating romval  and m t d  d i ~ 6 0 l r l n g  .%re carr ied out 
consecutively i n  the dlssolvero. 
charges of the active sluga and conduct ,operations at  the boil lng point under 
s l i gh t ly  less then atmsgheric  pressure. There are three dissolvers i n  each 
Canyon Building; located ln Sections 3-L, 3-R, and 4-L, and designated as 3-%, 
3 - 3 ,  ana 4-5L respectively. 

These e r e  v e r t i c a l  tanks eqaiyped t o  receive 

The mtal  i s  charged in to  the dissoivers in batches of 3 1- tons (8 
buckets of 105 slugs each). 
of a large amunt of reacting surface, a mta l  heel of approxim?itely 1 long 
ton is carried i n  the d i e a ~ l v e r .  l n u  ths  dlesolver contains approximately 
4 long tons of m t d  j u s t  a f te r  cb-ging end approximateb 1 ton after Lthree 
1-ton batchea of mta l  have been dlssclvnii. 

In order t o  increase thn r a t e  of eolution by use 

The aluminum jackets are  removed from the e l u p  by reactiun with sodium 
hydroxide i n  the preeence of eodium n i t r a t e  solution. 
vents the evolution 0: b b g s n  which d&t reach au explosive concentration 
i n  the dleaolver. Par t  of the ei l icon bonding al loys I s  hlEEOlTt3d, and p a r t  
forma scale or  sludge which l e  flushe6 oct with the coating removd solution or 
with the water and acid ~ksh.96 which i o l lw  the coating renwval etep. 

The m e t a l  i s  dLssslved in batches of 2200 lbe. each by adalng 5000-~00 
lbw. of 60-6e n i t r i c  acid end digesting until a spec i f ic  p a r i t y  of 1.80-1.82 
a t  the boi l ing temperature 16 reached. 
in the dlesolver t o  approxinmtely 55% u" t o  prevent crystal l izat ion,  oooled, 
end j e t t ed  t o  Section 4R where previously accumulated wash water dilute6 it t o  
approximately 4 Sulfuric acid 1s then added t o  glve a cmcentrat ian of 
0.338 lb. E M  7 lb .  metal .  After ag i ta t ion  the solution i s  ready for trarurfor 
t o  the extraction section. 

The eodium n i t r a t e  pre- 

. 

Each batch of mtal solution l e  di lu ted  

UNB. 

During -tal d l 6 6 0 l ~ i n g  the off-gaaes, which include air, oxides of ni- 
trogen, and e1m3-l quant i t ies  of radioactive elemsnte, are remove& from tho 
vessel r i a  a stdnless a tee l  l ine end vent Jet  t o  the 29lBullding s tack for 
d i lu t ion  and dispoeal t o  the atmosphere. 

Under unfavorable weather Condltiolls, e.&, no wind, dmm brait, or fog, 

However, two dlrsolvora can grodnco 
This excees oapaoltr p o r d t .  

the 291 Building facllitiee do not d i lu te  the rad loaot lw gasem t o  a .ai. lot01 
and the dieeolvere can notba operated. 
m t d  aolutlon faater thsn It can be proceesed. 
a 4-day stock of mstd solution t o  be accumnlated; the t h i rd  diaaolver is  held 
ae a mare. 

Chemistry of Ccating RemoYal 

Each mta l  slug of 7.85 lbs .  average weight i s  enclosed in an drudnul 
jacket when received In the 200 North Area. The jaoket w a l l  thiclmess l a  
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0.035 inches and the heavier and pieces are  approximately 0.375 inches thick, 
one being in tegra l  with the alundnum tube and the other welded on a f t e r  the 
slug i s  placed i n  the jacket. The aluminum and uranium surfaces a r e  bonded 
together w i t h  molten aluminum-silicon, which produces aluminum - s i l icon  - 
uran ium al loys on the surface of the slug. The t o t a l  coating material on a 
finished jacketed slug weighs 115-120 gram (0.265 l b . )  of which 80-90 gram 
are aluminum. 

Two imthoda have been developed f o r  removing aluminum jackets: the mr- 
cury catalyzed 1% n i t r i c  acid procedure, and the 1% sodium hydroxide - 2 9  
sodium ni t ra te  procedure. 
p i l o t  plant where there was no pro l e u  of s i l i con  bonding material. 
not been used a t  Hanford because control of the reaction with multiple batch 
charges is questionable and a caustic treatnrsnt is  necessary t o  remove the 
bonding d lOys .  

- Hg procedure was used extensively i n  the 
The ""2 It  has 

Two versions of the 1% NaOH - 2C$ NaXO3 procedure have been used: w i t h  
the mtal  charge i n  the vessel, (1) a l l  the cauetic is  added t o  the cold NaN03 
solution, the temperature allowed t o  r i ee ,  and the heat of reaction removed 
w i t h  c o i l  cooling water, or (2) the cauetic is  added slowly t o  the boi l ing 
NaNO solution, and the heat of reaction removed by the co luw condenser water. 

essent ia l ly  the sam.  
The ? a t t e r  mthod 1s now being used; the chemlstry of the two variations i s  

I n  the absence of sodium n i t r a t e  the theore t ica l  m o l  r a t i o  of ceust ic  t o  

1) 

2)  

3) 

2 Al f 2 NaOH + 2%0 __C 2Na A102 + 3 $ 

8 Al + 5 NaOH t 3NaNo3 + 2%0 -t 8NaAl02 + 3 NH3 

2 A l  t 2NaOH t 3Nd03 --+ 2NaAl02 + 3NaN02 + H20 

Laboratory experimnts  have shown t h a t  a NaOH/Al m o l  r a t i o  of 1.25 pro- 
vides an adequate excess f o r  solution of the a l u m i n k .  
is  not great  enough t o  insure tha t  A1203 w i l l  not precipi ta te  if the solution 
i s  allowed t o  stand for a day. Experimntal r e s u l t s  have shown that a NaOHIA1 
m o l  r a t i o  of 1.65 prevents precipi ta t ion even if the solution is  held f o r  long 
periods of t i m .  I n  the p lan t  t h i s  r a t i o  i s  approximated by the use of 1070 
l b s .  of 5% NaOB t o  disaolve about 220 lbs .  of coating material from a 3-ton 
im ta l  charge. 

However, t h i s  r a t i o  

Aluminum l e  vigorously attacked by sodium hydroxide over a teeted concen- 

Uranium mtal l o s s  by caust ic  a t tack  is very s l i g h t  i n  solutions up 
In  the 

t r a t ion  range of 5-5$; the reaction rate increasee with increased caust ic  
strength. 
t o  3% NaOH, but  the r a t e  of solution become appreciable in 50$ NaOH. 
coating removal step, d i lu t e  caustic is  desirable t o  limit the r a t e  of react ion 
and t o  obtain euf f ic ien t  solution volunrt t o  cover the s lug8 in the dissolver  
without using an unreasonably large sxcees of caustic.  Precipi ta t ion of 
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alumina may occur in the coating waste if the cauetic concentration is ae low 
as 4 baaed on final solution weight. A t  16 NaOH and a NaOE/Al mol  r a t io  of 
1.65 or abwe, alumina does not precipitate even af ter  a long storage period. 

The concentration of sodium nitrate need i s  less cr i t ica l  than that of 
the caustic. 
Qdrogen formation, but there is som evltence that solid residues are more 
completolj rewved from the dissolver with the coating waste solution if 2 4  
sodiumnitrate is used. 

Concentrations ae low as 1% are aatisfactory for suppression of 

Caustic dissolves aluminum-silicon al loy,  but the alumlnum-sillcon- 
ctrauirrm male may be rewwd by undercutting and the dieiutegratinq action 
of the alkali. 
ths coating waste. 
waeh t o  renvve any residual material. The coating solution, water wash, and 
acid wash are combined in Section 15 for disposal t o  the w a s t e  storage area. 
The resultant solution is sufficiently alkaline for  storage; the specific 
gravity is 1.5 and the freezing p o i n t  is below -1OOC. Pilot plant data show 
a maxilnua product ~ O S S  of O.l$ in thie solution. 

A large fraction of this suspended material is removed with 
The dissolver is givsn a water flush and a 5$ n i t r i c  acid 

Chemistry of *tal Dissolving 

IJranlllm mtal is diesolwd and oxidized by n i t r i c  acid t o  uranyl nit rate  
h e m a t e  (ud2(N03)26+0). 
temperature and increased n i t r i c  acid concentrations. 
reaction can 

The rate of this  reaction increases with increased 
The acid consumed i n  the 

between the extreme indicated i n  the following equations: 

Actual acid conetauption l i e s  between these two extrema ead has averaged ap- 
proximately 5.5 mle  acid/ml mta l  i n  p i lo t  p lan t  and plant  operation. Acid 
uti l ization may vary with dissolver colum design, gas velocity in the col~lm, 
(vhich in turn l a  effected by the amount of air leakage into the vessel) and 
condenser w a t e r  temperature and flow. 
the contents of the diesolver reach the boiling point the flow of reflux 
(containing water, acid, and dissolved oxides) begins in the colunm. 

The heat of reaction of m e t a l  with n l t r i c  acid is 1472 t o  2713 BTU/lb. 
With n i t r i c  acia of 60$ or higher concentration and adequate m e t 4  surface, 
this heat Is sufficient to  keep the reaction mixture at the boiling point. 

Essentially no acid is regenerated unt i l  

The product, contained in the slugs of mtal, le oxidized by n i t r i c  acid 
t o  either the (111) o r  (IV) ata te  and forme soluble nitrates.  There has been 
no indication In pilot  plant or plant operation of the oxidation of any appreci- 
able amDllnt of product t o  the ( V I )  state.  The wide variety of fission-formed 
radioactim elemnts, or by-products, include n i t r i c  acid soiuble, insoluble, 
and volatile lPaterids. 
Very r r d  quaatities and do not eerioualy affect the handling of m e t a l  eolu- 
tion. 
a a m a l l  quantity of argon. 

The n i t r i c  acid ineoluble materials ere present in 

The ro la t i le  materials of greatest importance are xenon and iodine with 
These two principal elements appear i n  the dissolver 
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