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ABSTRACT
The circumstances are described per

taining to an explosion in a TNX evaporator 
during the concentration of a uranyl nitrate- 
nitric acid solution. TBP and Amsco diluent 
were probably present in the evaporator 
charge. A laboratory program involving small- 
scale atmospheric and closed-vessel distil
lations of various mixtures of UNH, HNO3, 
Amsco, TBP, and water indicate that an exo
thermic reaction between TBP and UNH, or be
tween TBP and HNO3, or both, was responsible 
for the explosion. The danger areas of temp
erature, TBP concentration, pressure, and 
heating rate are defined and recommendations 
are made for safe evaporator operation.
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The TNX Semiworks (678-G Building, CMX Area) of the 
Savannah River Laboratory was built to obtain design and 
operating data In support of the 200 Area Separations 
Plant. An evaporator (similar to those to be used in the 
Building 221 canyon) had been Installed and used since 
November 1951 to concentrate uranium solutions and to 
prepare process water. On January 12. 1953* while con
centrating a uranyl nitrate-nitric acid solution, the 
evaporator was destroyed by an explosion.

This report (1) describes the circumstances pertaining 
to the operation of the evaporator at the time of the 
explosion, (2) reports the results of laboratory experiments 
designed to establish the process conditions under which 
self-sustaining reactions will and will not occur, (3) offers 
a tentative explanation of the evaporator explosion, and 
(4) makes recommendations to assure safe operation of the 
Purex process evaporators.

The experimental program is being continued in an effort 
to characterize the chemistry of these reactions. The results 
will be reported at a later date.
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SUMMARY V

At th e  tim e  of the e x p lo s io n ,  the  TNX e v a p o ra to r  was 
being used to  c o n c e n tra te  a u r a n y l  n i t r a t e - n i t r i c  a c id -w a te r  
m ixture to  a p o in t  where 50Jf o f  the  HNO3 would be removed 
as d i s t i l l a t e .  The fo rce  of th e  e x p lo s io n  r ip p ed  th e  
evapo ra to r  po t i n t o  6 major p i e c e s ,  and damaged th e  bubble 
cap column to  th e  e x te n t  th a t  s e v e r a l  of the t r a y s  were d i s 
t o r t e d .  Damage to  the b u i l d i n g 's  s t e e l  framework was s l i g h t ,  
but ro o f in g  and s id in g  were e x t e n s iv e ly  d is lo d g e d .  Two minor 
i n j u r i e s  were s u s ta in e d .

The f a c t  t h a t  Amsco (a k e r o s e n e - l ik e  d i lu e n t  f o r  the 
t r i b u t y l  phospha te  e x t r a c ta n t  i n  th e  Purex p ro c e s s )  was found 
in  s u b s t a n t i a l  q u a n t i t i e s  in  th e  d i s t i l l a t e  was c o n s id e red  
s trong  ev idence  t h a t  Amsco and t r i b u t y l  phosphate (TBP) were 
p resen t in  th e  ev a p o ra to r  c h a rg e .  Since th ese  o rg a n ic  
m a te r ia ls  were suspected  of b e in g  f a c t o r s  in  c a u s in g  the  
ex p lo s io n , a l a b o r a to r y  program was i n i t i a t e d  to  de te rm ine  
the  r e a c t i v i t y  o f  these  m ix tu re s  under v a r io u s  c o n d i t io n s .

S m a ll - s c a le  a tm ospheric  d i s t i l l a t i o n s  of v a r io u s  m ixtures 
of UNH, HNO-j, Amsco, TBP, and w a te r  in d ic a te d  th e  fo l lo w in g :

TBP must be p re se n t to  promote a n o t ic e a b le  exo therm ic 
r e a c t i o n .

M ixtures of TBP, UNH, HNCh, and water w i l l  r e a c t  
e x o th e rm ic a l ly  w ith v a ry in g  d eg rees  of v ig o r ,  depending 
on th e  h e a t in g  r a t e  and co m p o s it io n , but no r e a c t i o n  
w i l l  t a k e  p la c e  a t  a tm o sp h eric  p ressu re  u n t i l  enough 
water and HKO? have been d i s t i l l e d  to  perm it th e  
te m p era tu re  or the charge t o  r i s e  above 1 3 5 °C ( 7&1 UN).

The v ig o ro u sn e s s  of the  r e a c t i o n  (observed by th e  e x te n t  
of th e  sudden tem perature r i s e )  in c re a s e s  as  th e  
TBP/uranyl n i t r a t e  (UN) r a t i o  i s  in c re a se d ,  b u t  in  no 
case was any r e a c t io n  observed  a t  a r a t i o  below 0 .12  
under th e  c o n d i t io n s  i n v e s t i g a t e d .

Less TBP i s  re q u ire d  to  promote a s e l f - s u s t a i n e d  re a c t io n  
a t  a h ig h  h e a t in g  r a t e  ( l°C /m ln )  than a t  a lew  h ea tin g  
r a te  (0 .1 °C /m in ) .

The system  TBP/UNH/water w i l l  y ie ld  a s e l f - s u s t a i n e d  
r e a c t io n ,  b u t  when HNO-̂  i s  p r e s e n t  the r e a c t i o n  i s .  
more v ig o ro u s .

The system  T B P /ff l^ /w a te r  w i l l  r e a c t  w ith  c o n s id e ra b le  
v io le n ce  i f  hea ted  r a p id ly  t o  tem pera tu re  above 150°C.

*

•  • -
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ARY (continued)
The following information was obtained from a series of 

experiments made in a closed pressure vessel using the same 
ingredients investigated in the atmospheric experiments and 
using the same vessel/charge volume ratio as existed in the 
THX evaporator:

Self-sustained reactions were obtained with more dilute 
solutions than in the atmospheric experiments, but higher 
temperatures (possible under pressure) were required.
For instance, at 4-7* UK, reaction was obtained at 195° C.
The pressure Increases developed by the reactions varied 
from 150 psig at 0.06 TBP/UN to 1200 psig at 0.28 TBP/IJH 
when the UK concentration was constant at 80*.
At a constant TBP/UK ratio of 0.21. the pressure Increases 
developed by the reactions varied from 50 psig at 4>5* UK 
to 1300 psig at 85* UK.
Rates of pressure rise, observed with a piezoelectric 
gage, varied from 250 psi/sec to 1020 psi/sec; the 
higher rates were obtained with the higher peak pressures.
Very high pressure development rates were observed with
TBP and HHO3 (no UNH) in the pressure vessel tests.
Based on the information revealed by the two series of 

laboratory experiments, and the probable presence of TBP in 
the TKX evaporator, it is concluded that an exothermic reac
tion between TBP and UKH. or between TBP and HKO^, or both, 
was responsible, either directly or indirectly, for the 
rupture of the evaporator.

The circumstances surrounding the evaporation of the 
charge in question indicate that the danger areas of temper
ature. TBP concentration, and heating rate defined in this 
report were probably attained.
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V

In order to assure safe operation of the Purex process , 
evaporators, TBP In excess of water-soluble quantities must 
not be permitted to enter the evaporators.

Any of the following additional safeguards can be em
ployed where practical to decrease the potential hazard of 
the operation:

Hold temperature of the liquid in the evaporators 
below 125°C.
Use slow heating rates.
Design concentrating equipment with pressure relief 
mechanisms, such as large vents or rupture disks.
Design concentrating equipment for minimum hold-up 
to withstand sudden pressure increases.

• FUTURE PROGRAM

The hazards testing program is being continued with 
the following objectives:

1. Evaluation of the hazards (if any) Involved in 
evaporation of neutralized systems containing 
TBP.

2. Investigation of the actual chemistry of the 
reactions described in this report.
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DETAILS
General

The TNX Semiworks program Involved testing of equip
ment using Purex solutions: uranyl nitrate, nitric acid,
and 30/70 TBP/Amsco. The evaporator (Figure I) was used 
primarily for concentrating the uranyl nitrate solutions to 
allow their re-use in semiworks studies.

At the time of the incident, a special serle;. of evap
orations was in progress to remove about 50% of the nitric 
acid from 1800 gallons of uranyl nitrate solution. Equipment 
size necessitated that the deacidification be carried out in 
several batches of approximately 500 gallons each and three 
batches had been successfully processed. The fourth and final 
charge consisted of the 70 gallon heel of the original solu
tion plus 160 gallons of previously evaporated material which 
had been diluted with water. The additional 160 gallons were 
required to make a minimum evaporator charge.

Because the liquid temperature recorder was broken and 
since the required degree of concentration was beyond the 
range of the specific gravity recorder, the evaporation was 
being carried out for a specified length of time based on past 
experience. Five minutes prior to the scheduled completion 
of this fourth evaporation, a violent reaction took place 
with sufficient pressure to destroy the evaporator pot and 
cause extensive damage to the building.

The operator present at the time stated later that ne 
heard a rumbling noise, and then observed orange-colored fumes 
evolving from the top of the column with a high-pitched roar. 
This observation is considered evidence that a reaction vig
orous enough to produce copious quantities of gas or vapor 
was taking place. On the basis of previous experience, it was 
suspected that the reaction was accompanied by considerable 
frothing. This suspicion was confirmed when a later examin
ation or the column bubble-trays revealed that the lower trays 
were at least partially plugged with solid material. This 
partial plugging of the column could well have facilitated a 
pressure build-up in the evaporator, prior to its rupture.

Due to its use in semiworks studies, all of the aqueous 
uranyl nitrate fed to the evaporator had at one time been in 
contact with solvent (30/70 TBP/Amsco). Although none cf this 
organic solvent was thought to have been present in the feed, 
it was discovered, subsequent to the explosion, that Amsco 
diluent was present in the distillate catch tank. From the 
quantity of Amsco collected, and from phosphorous analysis of 
the evaporator residue, it was estimated that about 30 lbs. 
of tributyl phosphate (TBP) had been present in the evaporator 
charge. It was theorized that a reaction between uranyl nitrate
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and organic material could have occurred In the evaporator.
This theory is supported by reports in the literature of such 
runaway reactions. The odor of butyric acid, present after 
the explosion, was additional evidence of an oxidation reaction 
involving TBP.

An experimental program was initiated to determine whether 
a violent reaction could be produced under conditions similar 
to those now postulated to have existed at the time of the 
evaporator incident. The solutions tested were taken from 
TNX process tanks where possible and synthesized in other cases. 
Atmospheric and closed bomb tests were made on the various 
systems as follows:

Experiments at Atmospheric Pressure

Small scale scouting tests were made in 20 mm test tubes 
heated in a sand bath. These tests were designed to give 
qualitative evidence as to whether a given system would pro
duce a spontaneous reaction and at what temperature.

These preliminary scouting tests were run on 1-2 cc of 
various solutions involved in the incident. In further tests, 
about 10 ml of synthetic test solutions were charged to the 
test tubes. The systems were then heated in the sand bath and 
observations made of the liquid temperature, gas evolution, 
and foaming. In those cases where a spontaneous reaction took 
place, it was characterized by foaming, rapid evolution of 
oxides of nitrogen, and solidification of the residue. The 
results of these tests are shown in Table I.

The negative results in Runs 1 through 7 (Table I), can 
be attributed, for the most part, to the small amount of test 
solutions, i.e., a reaction could have taken place unnoticed.
The removal of the butanol in Run 8 by distillation at 
'V'lOO C prevented any organic-HNCh reaction. A possible slow 
reaction occurred in the 100-200°C range between HN03 and TBP 
in Run 9. J

Runs 10 through 13, in which reactions were noted at 
~135°C, had 70% HNO3, TBP, and a heavy metal (U and Th) nitrate 
salt in common. Run lo lnaicatau cnat the Amsco had been 
distilled from a UN-HNO3-TBP/Amsco mixture at ^  H 0 ° C  before

U.N-HNO3-TBP

h n o3-t bp

UN-HNO^-TBP/Amsco 

UN-TBP

Atmospheric Bomb

UN-HNO3-TBP
HNO^-TBP
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the rapid reaction took place at ^  135°C.
More quantitative tests were run in a 125 cc distilling 

flask heated by an oil bath. The flask was equipped with 
liquid and vapor thermometers, and with a reflux condenser 
and take-off line. Distillate was taken off continuously 
during heating.

The results of a series of runs made on a UH-8.8JC 
HNO3 solution with various amounts of TBP heated at two differ
ent rates are given in Table II. The data show that increasing 
the heating rate from 0.1 to 1.0°C/min. causes a reaction to 
occur in mixtures of lower TBP content. Initiation temperature 
of the spontaneous reaction was found to depend also on the TBP 
content- The temperature of initiation was found to be in tne 
140-160°C range (See Figure III). The reaction was typified 
by a rapid evolution of oxides of nitrogen, foaming, rapid 
rise in pot temperature, and solidification or drying out of 
the residue.

The results of the 125 cc-scale tests made on HNCU-TBP 
systems (no UlfH) are given in Table III. The bath temperature 
was maintained at ~  1S0°C during the runs. Distillate was \ 
collected continuously at a rate which varied with the sire 
of the charge. Some kind of a self sustained reaction took 
place in all the tests at ~  150°C.

Comparison of Runs 2, 3, and 7 indicates the trend toward 
more vigorous reactions with increasing TBP content at constant 
boilup. Runs 4 and 5 show a similar tendency. Runs 1 and 2 
show that more rapid boilup increases the vigor of the reaction 
at constant TBP content.

Additional test results are listed in Table IV. Runs 1 and 
2 indicate that a very low boilup rate or long refluxing of 
equal weight HNO3-TBP systems reduces the reaction rate so that 
it is not detectable. Run 3 gave a rapid reaction at ~  160°C 
between TBP and UNH crystals in a 0.21 TBP/UH weight ratio.
Run 4 s^ows that a reaction between TBP and UN-HNO3 occurs at 

• 160 C with a noticeable temperature increase. Run 5 again
shows that Amsco is not a factor in the reaction since it 
distilled off at ~  110°C, and no rep-tion occurred with the 
remaining UN-HNO3 when heated to 186C0. Runs 6 and 7 show no 
detectable exothermic reaction between TBP and HaHO^ or MaOH 
respectively up to ** 175°C.
Experiments in Test Bomb

The intent in carrying out the reaction study in a closed 
bomb was to permit elevating the temperature to the point where 
reaction is thermally initiated without change in the concentra
tion of the reactants through distillation of water or water and 
nitric acid. This objective could be accomplished only in the 
closed system.
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Soul patent
The 1 liter test bomb was constructed of 4-inch di

ameter schedule 80 X stainless steel pipe with a 1-1/2-inch 
flanged cover plate (Figure II). The cover plate was fitted 
with 2 thermocouple wells, one for recording the vapor phase 
temperatures and the second extending to the bottom of the bomb 
for measurement of liquid phase temperatures. There were 2 
pressure lines, one to a Bourdon type gage and the other to 
a piezo gage recording through an oscilloscope. In addition, 
a 1/3-inch I. D. distillate take-off line with a condenser 
was provided. The latter was equipped with a tee to allow 
pressure to be bled from the bomb without going through 
the distillate receivers. Finally, two terminals were located 
in the cover plate with a platinum wire between them to permit 
attempting periodic external thermal ignition of the vapor 
phase by a hot wire (electrically heated).

The bomb rested on a sand bath contained in a carbon 
steel shell. The shell was wrapped with resistance wire for 
heating, and was encased in magnesia insulation. A thermo
couple well was provided in the shell Just below the bottom 
of the bomb. Reaction pressures and their rate of development 
were measured by a piezo gage-oscillograph uni*. Fh* ex
perimental procedure followed with this bomb is described in 
the Appendix.

The relative volumes of the bomb and the test charges 
duplicated the relative volumes pertaining to the evaporator 
incident.

UW-HNO3-TBP SYSTEM

Uranyl nitrate solutions containing nitric acid reacted 
spontaneously with TBP at elevated temperatures. The reaction, 
once initiated, was highly exothermic and, if the system was 
closed or restricted, gave rapid rise to high pressures. If 
the system was not closed or restricted, the observed effect was 
considerably less violent.

Ho attempt was made to analyze the organic or inorganic 
product of the reaction. However, the odor of the reaction 
residues indicated that some butyric acid was obtained. In 
two cases with dilute solutions (Table 7, Runs 2 and 3) where 
the reactants were heated to high temperature (150-190c>C) but 
below the spontaneous reaction temperature (195°C) and then 
allowed to cool to room temperature, no reaction was observed 
on subsequent heating above the usual initiation temperature.
In both cases, the odor of an ester,, possibly butyl butyrate, 
was detected in the reaction mixture.

-
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When 24*) grams (150 cc) of a uranyl nitrate solution, 
containing 47* by weight of uranyl nitrate and 1.6* nitric 
acid, was heated with 24.4 grams (25 cc) of tributyl phosphate 
in the test bomb, a spontaneous reaction was initiated at 195°C« 
In subsequent experiments, predetermined quantities of water 
were allowed to distill off, the bomb was closed, and heating 
continued until reaction was Initiated. The temperature of 
initiation was found to decrease with Increase in the concen
tration of UN, and reached a minimum temperature of approxi
mately 130°C, at which point the liquid temperature required 
for distillation was the same as the reaction initiation tem
perature (Figure IV). The approximate calculated concentration 
of UN at this point was about that of uranyl nitrate tetra- 
hydrate (34.3* UN).

*

In a similar manner, the effect on the initiation temper
ature of varying the concentration of TBP relative to UN was 
studied, using approximately constant UN concentration in the 
aqueous phase. The runs were made by varying the quantity of TBP 
added to a standard charge (150 cc) of aqueous uranyl nitrate 
(38»5* UN-4* HNCh-Sp.Gr. 1.49) and removing the same amount 
of aqueous distillate to a calculated uranyl nitrate concen
tration of about 83-84* by weight in the aqueous phase. The 
variation of the initiation temperature with the concentration 
of TBP was found to be minor compared with the effect of UN 
concentration and remained in the 140 * 10°C range (Figure V).
Pressure Developed

The pressure (a P) Increased with increasing quantities 
of TBP, when the quantity and concentration of uranyl nitrate 
and nitric acid were held approximately constant, as shown in 
Figure VI. When the ratio of TBP/UN was held constant, the 
pressure change Increased with increasing concentration of 
UN in the aqueous phase (Figure VII). It should be noted that 
the pressure rise is fairly low until an aqueous concentration 
approaching uranyl nitrate hexahydrate (78.5 wt.*) is attained.
At this concentration, the pressure rise is much higher, but 
may not increase significantly above this concentration.
For the purpose of comparison, the observed autogenous pressure 
in the bomb at the temperature required to Initiate the exo
thermic oxidation reaction is shown in dotted lines in Figure VII.

Since the above ̂  P Valves were obtained starting from 
initial pressures greater than atmospheric and in order to 
correlate the data with atmospheric runs, it is Interesting 
to determine the pressure which would be obtained from these sys
tems if the reaction could be initiated at atmospheric pressure. 
For example, with an observed a  P of 1300 psig starting from 
50 psig autogenous pressure (Run 7). the estimated effect at 
atmospheric pressure (absolute) would be 15/65 of the experi
mental values of approximately 300 psig* This relation was

: * v *• »«* • • 1 • •
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checked in a single run (Run 32) where concentration of the 
aqueous phase, by distillation, was carried to the point 
where the liquid temperature initiated reaction in the open 
system (135°C). The observed AP  was 250 psig and the maximum 
rate was 264 psi/sec.

Only a few closed bomb tests were made on HNO3-TBP mix
tures (Runs 26-31, Table V).

A violent reaction under an autogenous pressure of 
<**500 psig was observed starting at ~  160°C for a TBP/HNO3 
ratio 01 0.43 (Run 3 D -  A pressure increase of 4600 psi and 
a rate of 250,000 psi/sec. were observed.
General Discussion

The experimental data have shown that a vigorous reaction 
occurs between TBP and UN and/or HNCb at temperatures greater 
than 130^3. The severity of the reaction and the pressure 
developed were found to be directly affected by the amount 
of TBP present and the rate at which the mixture was brought 
to its initiation temperature.

It can be tentatively concluded that UN-HNO^-TBP is 
potentially a pressure producing system and reaction can be 
initiated if the system is heated above 130°C at atmospheric 
pressure. The pressure produced has been found to be a function 
of the pressure in the system at the time of reaction and the
amount of TBP present, "hus, at a TBP/UN ratio of 0.06
(estimated to have been the incident charge), a reaction 
occurring against a 50 psig back pressure (plugged column 
plates) would produce *** 200 psi in about 0.2 sec. The 
impact strength of the evaporator shell has been estimated a^ 
120-150 psi.

The incident then appears to be the result of the follow
ing series of events:

1. Presence of TBP i'+'QO lbs.) in the aqueous uranyl 
nitrate solution.

2. Concentration of the solution to greater than 78<
UN/total aqueous at temperatures greater than 130°C.

3. Buildup of a 50-100 psi back pressure due to partial
ly plugged plates.

A comparison of the incident evanoration data and a typ
ical bomb run shows how a pressure capable of rupturing the 
vessel might be explained.
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Bomb* Evaporator
Size of container lOOOcc
Size of heel 50cc
Ratio of volumes 20*1
TBP/UN 0.06
Temperature of Initiation. °C. 135
Pressure at time of reaction,psig ^ 5 0
Pressure developed,psi ~ 2 1 0
Rate of pressure development,psi/sec. ^1200

1300 gals.
65 gals.20:1
0.06 (min.) 

>13550-100 (assumed) 
210-420

* Thble ▼, Run 21
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Description of TNX Evaporator
Evaporator Shell f

Diameter - 6 feet 
Height - 5 feet
Dished Ends - l A — inch stainless steel 
Wall Thickness - 3/16-inch stainless steel sheet (welded) 

Evaporator Pot 
Diameter - 3 feet 
Height - 18 Inches
Wall Thickness - 3/16-inch stainless steel
Heating Colls - 6 concentric banks of 1-inch schedule

4o stainless steel pipe
Column

Diameter - 2.5 feet
Height - 17.5 feet
Number of Plates - 8
Number Bubble Caps ner Plate - 30
Total Condenser -
Wall Thickness - 3/16-tnch stainless steel 

Total Capacity
Shell and Pot - 1300 gallons 
Column - 525 gallons

• •
• •
• • • • • •• • •

• « • • 
• • 
• •
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D e sc r ip tio n  o f  TNX E vaporato r (co n tin u e d )

InatrumAntatlon Ranges 

Pot T em perature 0-150°C 

Pot S p .Q r. 1 .0 1 -2 .0

Column P re ssu re  D i f f e r e n t i a l  -  20 In ch es H2 0 maximum 

Steam Feed Weight R ate C o n tro l -  2500 l b s / h r .  maximum 

R eflu x  and Take-O ff R o tam eters  -  0 - 5 .o gpm 

Column Vapor T em perature -  0-l50°C  

C oo ling  Water (X itlet T em perature -  0-150°C 

Normal S v ap o ra to r  O peration

Such ex p e rim en ta l s tu d ie s  a s  so lv en t e x t r a c t i o n ,  head 
end, and j e t  t e s t in g  r e s u l t  In  d i lu t io n  of th e  uran ium  s o lu tio n  
(UN-HNO^-HoO) • The w ater o f d i l u t i o n  i s  removed a s  re q u ire d  by 
c o n c e n tra t io n  in  the  e v a p o ra to r  to  a s p e c if ic  g r a v i ty  of 1.55  
to  1 .65  (B o ilin g  p o in t:  ab o u t 110°C).

Normal o p e ra t io n  of th e  e v a p o ra to r  c o n s is te d  o f con tinuous 
charg ing  a t  3 .5  gpm by steam  j e t .  S im u ltan eo u s ly , a ta k e -o f f  
r a te  of 3 . 5  gpm, and a r e f lu x  r a t e  of 1.0  gpm was m a in ta in ed , 
th e reb y  r e t a i n i n g  about 250 g a l lo n s  in  th e  p o t .  The c o n c en tra 
t io n  was c o n s id e re d  com plete when the  d e s ire d  s p . g r .  of th e  
so lu t io n  was a t t a in e d .  The h e e l  was th en  pumped t o  a concen
t r a t e  ho ld  ta n k .

In c id e n t B v ap o ra tlo n

I t  was n e c e ssa rv  to  d e p a r t  from the  above p ro ced u re  In  
o rder to  p re p a re  a UN, 1 .5 £  HNCK (maximum) s o lu t io n  fo r  
head end s t u d i e s .  This r e q u ire m e n t^ n e c e s s ita te d  re d u c tio n  
of th e  a c id  c o n te n t of th e  aqueous uranium s o lu t io n  on hand, 
w hich, a t  M+Jf UN, co n ta in ed  HNO .̂

Three m ethods were c o n s id e re d  to  remove th e  ex cess  HNO3 
( 1 ) n e u t r a l i z a t i o n  w ith  sodium h y d ro x id e , (2 ) a d d i t io n  of 
UO3 . and ( 3 ) e v a p o ra tio n . The n e u t r a l i z a t io n  w ith  c a u s t ic  
would In tro d u c e  sodium io n s  w hich were u n d e s i r a b le .  The 
a d d i t io n  o f  UO3 was the  p r e f e r r e d  method, b u t m a te r ia l  was 
n o t a v a i la b le  a t  the  p la n t s i t e .  T h ere fo re , e v a p o ra tio n  to  
th e  p o in t where s u f f i c ie n t  HNCK was removed in  th e  overhead 
appeared to  be th e  only a v a i la b le  method.
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Three s u c c e s s fu l  a c id - re n o v a l  runs were made, accord ing  
to  the  fo llo w in g  p rocedu re , p r i o r  to  the e x p lo s io n :

1. Pot b a tc h  was charged w ith  ^  500 g a l lo n s  s o lu t io n .

2 . Steam in p u t was a d ju s te d  to  'v ' 1000 l b s / h r .

3 . T o ta l  ta k e -o f f  (no r e f l u x )  was u sed .

4 . O p e ra tio n  considered  com plete when po t tem p era tu re  
re a c h e d  150°C, or one hou r a f t e r  s p .g r .  reach ed  
1 .9 .

5. Charge was d i lu te d  w ith  w a te r , co o led , pumped to  
c o n c e n tr a te  hold  ta n k .

6 . E v ap o ra to r and column were f lu sh ed  w ith  w a te r .

The fo llo w in g  d a ta  p e r ta in in g  to  the  feed  ch arg ed  to  th e  
ev ap o ra to r w ere ob ta ined  as in d ic a te d :

Volume: 230 g a llo n s  ( l i q u id  le v e l  re c o rd e r )

C om position : UN-44jf, HN03- 2 . 4JJ ( a n a ly s is  o f  fe e d )

S p e c if ic  G ra v ity : 1.56 ( s p e c i f i c  g ra v ity  r e c o rd e r )

TBP C o n te n t: 80 lb s .  (from  phosphorous a n a ly s i s  of
r e s id u e  a f t e r  in c id e n t )

Amsco C o n te n t: 10-15 g a l lo n s  (found in  d i s t i l l a t e )

The d a ta  on the  charge c o n d i t io n s  a t  th e  i n s t a n t  of the 
ex p lo sio n  a re  Incom plete because th e  tem pera tu re  r e c o rd e r  was 
n o t in  o p e ra t io n  and the s p e c i f i c  g ra v ity  re c o rd e r  had gone 
o f f  sca le  ( g r e a te r  than  2 .0 ) .  From the  r e l a t iv e  volum es and 
an a ly ses  o f th e  d i s t i l l a t e  and o r ig in a l  ch a rg e , how ever, i t  i s  
in fe r re d  th a t  th e  volume had re ac h ed  65 g a l lo n s ,  an d  th e  UH 
c o n c e n tra tio n  was about 8o£.

The fo rc e  o f  th e  e x p lo s io n  r ip p e d  the  e v a p o ra to r  in to  6 
major p ie c e s ,  m ost of the  d iv i s io n  tak in g  p lace  i n  th e  lo v e r 
h a l f .  In th e  colum n, the  bottom  t r a y  was bowed downward uore 
than  1 " . O ther t r a y s  were bowed t o  a le s s e r  e x t e n t ,  some 
upward, and some downward. Some s t r u c t u r a l  damage t o  the  
b u ild in g  was s u f f e re d  in  the im m ediate v i c i n i t y .  The sheet 
m etal ro o fin g  and 3 ld in g  was e x te n s iv e ly  d is lo d g ed  th roughou t 
the  b u ild in g .

The bottom  column t r a y s  were a t  l e a s t  p a r t i a l l y  plugged 
w ith  a y e llo w ish -g re e n  s o l id .  A n a ly s is  showed t h i s  t o  be 55£ 
uranium , o , 7% phosphorous.
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1 . P ip e t te  150 cc aqueous and 25 cc o rg a n ic  in to  bomb.

2 . S ea l bomb, ex cep t f o r  ta k e o f f ,  and h e a t  a t  5°C/min.

3 . C o lle c t  d e s ire d  amount d i s t i l l a t e  a t  6 cc/m in .
Measure d i s t i l l a t e .

4 . C lose ta k e - o f f ,  th u s  com pletely  s e a l in g  bomb, co n tin u e  
h e a t in g .

5. A ttem pt ho t w ire i g n i t i o n  every  50 p s ig  p re ssu re  i n c r e 
ment . %

6 . D eterm ine p re s su re  a t  beginning o f spon taneous r e a c t io n .

7 . C ontinuous te m p e ra tu re  reco rd  kep t by p o te n tio m e te r-  
therm ocouple u n i t .

8 . Cool bomb, slow ly  v en t o f f  p re s s u re .

9 . Open bomb, In sp e c t r e s id u e ,  c lean  w ith  abso rben t p a p e r .
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CALCULATIONS

1 .  Maximum R a te  o f  T e m p e r a tu r e  R is e  i n  TNX B v a p o r a t o r :

S te a m  I n p u t » 6 0 0  # / h o u r

E n t h a l p y i  8 6 0  B t u / l b s .  (1 4 5  p s i g  -  3 6 4 ° F )

Q -  6 0 0  x  86 0  -  5 1 6 ,0 0 0  B tu /h o u r

t  = _  Q = 2 1 9 0  ° F / h  o u r  = 6 6 ° C /m in .
«p » /  0p2vr2

2 .  Maximum T e m p e r a tu r e  i n  P o t*

U ■ 1 0 0  B t u / h r .  f t . 2 

A -  1 4 0  f t . 2

t  = Q « 3 7 ° F  t  = 3 6 4 -3 7  « 3 2 7 °F  = 1 6 4 °  C

3 .  TBP/UN R a t i o  i n  E v a p o r a t o r *

R e s i d u e  A n a ly s i s *  V 8 .8 jf  U

E s t i m a t e d  f ro m  O rg a n ic *  TBP s  80#

4-. S t r e n g t h  o f  E v a p o r a to r  S h e l l *

T e n s i l e  S t r e n g t h  -  6 0 ,0 0 0  p s i

P = — 2 X y16 x 6 0 .0 0 0

I m p a c t  S t r e n g t h  = 2 0 ,0 0 0  p s i

3 6 0  p s i

12 0  p s i
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TNX EVAPORATOR
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HEATING RATE AND CONCENTRATION TBP VS REAJTION TEMPERATURE WI SE
39.9* UN M% HNO3 1 TBP 
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E F F E C T  O F UN CONCENTRATION IN AQUEOUS PHASE ON 

TEMPERATURE REQUIRED TO IN IT IA T E  R E AC TIO N

URANYL NITRATE IN AQUEOUS PHASE 
Wt. X

liranyl N l t r t t *  ialwtian

47% Urinyl N ltrttt 
1.5% Nitric Acl4 
1.435 Sg.Gr.

Charge (Initial)

ISOca Uranyl Nitrate Sal’a 
25cc Trihatyl Phaaghata

Figure IV
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EFFECT OF TBP/UN RATIO ON TEMPERATURE 
REQUIRED TO IN IT IA T E  REACTION

I
0 10 20 30 40

RATIO (TBP/UN) > 100 
Cone, of UN in Aqueous Phase Constant 

(Approx. 83-8499

In itia l Uranyl Nitrate Sol'n

38.1* Uranyl Nitrate 
4% Nitric Acid 

1.49 Sp.Gr.

in itia l Charge

ISOcc Uranyl Nitrate Sal’n 
5-JOcc TBP - Varied

Figurt V
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EFFECT OF T B P /U N  RATIO  ON PRESSURE DEVELOPED

0 10 20 30 40 SO

RATIO (TBP/UN) x 100 
At Constant Cone, of UN in Aqutevt Photo 

(Approx. 83»84%)

Initial U'oityl Nltroto Sel'n Initial Chocpo

38.1% UN 
4% HN03 

1.49 Sp.Gr.

ISOcc Uronyl Nltroto Sol'n 
5-30cc TBP - Vorio4 Figaro VI
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EFFECT OF UN CONCENTRATION IN  

AQUTOUS PHASE ON PRESSURE DEVELOPED

1200

1000

.

9

1
h ' T

f
1

Okoorvad P 
la O t i N  Sy*t

J
O hio
Proti

v i t d  A u t o g e n o u  I

i«r« «t Initiati*II /!
0

;  w

/  j
C o o y itto n

• r"—

4« . Y / I "  ' '

“T,
sx #

40 SO 60 70 80

URANYL NITRATE IN AQUEOUS PHASE • WT.X

In itia l Uronyl N itro t* Sel'n

47% Uronyl N itro t* 
1.6% N itric Acid 
1.635 Sp.Gr. 
TBP/UN : 0.21

In ltto l Oior«*

ISOcc Uronyl Nltroto SoTa 
25cc Tribotyl Photyhoto

* 0 t «t
• • • •

Figoro VII
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t a b u  1

ST3UOBT c r  SMALL SCALE TEST CT3ULTS AT AlMOgPERIC PRESSURE

*HS 8iw t—
i w . 4 o c * '

Rapid

1

2

1 ml o r f a u lo  ta k e n  from 
to p  of oono. UNH s o l 's  
(* -l»  47% UN 1 .8 % HMOj)

24-200 SOBS funny r e s id u e

1 ml o r f a n lo  tak en  from 
top of oono. UNH s o l 's .  
/  0 .1  ml 70* HNO,

24-200 SOSO tommy r e s id u e

•

3 1 ml aqueous tak en  from  
bottom o f 00a o .  UNH 
s o l 's .  (W -l)

24-200 SOS. —

4 1 ml TBP-UW (o )» 24-200 nose foam y  r e s id u e

9 1 ml TBP-UW (0 )* 
A  0 .1  ml 709 HNO3

24-200 BOBO fussqr re s id u e

6 1 ml TBP-UNH (o )»  A  0 .1  
ml e-B utano l A  0 .1  ml
709 HNO3

24-200 BOBO funny r e s id u e

7

8

2 ml TBP-UW (> )•  
/  0 .1  ml 709 HNOj

24-200 BOBO funny re s id u e

9 .5  ml HbO /  0 .5  ml 
n—Butanol /  1 ml 70* 8803

24-200 BOBO B utaao l d i s t i l l e d  
e f f  s t  «c 100®C

•

10

10 ml HoO /  2 ml TBP 
A 1 ml 709 HNOj

24-200 BOBO p o s s ib le  slew  re a c tio n

10 ml UW ( a )* A  l  ml 
TBP /  2 ml Ameoo A 1 ml 
709 UNO,

24-200 7 " Amsoo d i s t i l l e d  off 
a t  <  HO°C. R eaction 
i n i t i a t e d  a t  13^6C 
a f t e r  Amsoe d i s t i l l e d  
e f f  -  PeamlBf

11 10 ml UW (A)* A  2 ml 
TBP-UNH A  0 .4  ml 709 HNO3

24-250 PM R eac tio n  a t  A/135®C

12 6 .5  ml UNH (▲)• A 2 ml 
TBP-UNH A 1 ml 709 HNO3

24-250 7»» roam ing. B esotion 
a t  ~ 1 3 5 ° C

13 10 ml aqueous th o riu m  
n i t r a t e .  1 ml 709 UNO,, 
2 ml TBP

24-250 7*« foam ing. ReaotIon
a t  ^ 1 4 0 ° C

I  -  s o l id

•  s e e  e • •• I « • •: :

A -  aqueous 0  -  o rfa n lo
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1 £ L ! £ J 1

125 oc "TESTS AT A3MOSPNSR1C PRSSSURT_____ok uw-gso«-TBp rrsTtx
T «it S o lu tio n ! 4 0 *  itt 8.9% HJJOj *  TBP 

23 oo aquoous ohargod/run

Run JZ “St* _
Seoulta

1 15.6 3 .4 5 0 .36 0.037 0 .1  -  0 .2 >170 0 So rap14 r e a c tio n

i 15.6 3 .4 3 1.93 0 .125 0 .1  -  0 .2 >170 0 So rapid re a c tio n

s 15.6 3 .4 5 2.9 0.167 0 .1  -  0 .2 >170 • So rapl4 r .a o t lo n

4 15.6 3 .4 5 3.9 0.249 0 .1  -  0 .2 >170 0 So rap 14 r M e t lr a

3 13.6 3 .45 4.95 0.311 0 .1  -  0 .? 144 44

6 15.6 3 .4 5 7 .3 0.467 0 .1  -  0 .2 138 30

7 15.6 3 .4 5 9 .7 0 .62 0 .1  -  0 .2 140 30

9 15.6 3 .4 5 0 .1 9 0.012 1.0 > 170 0 So rapid ro a o tlo n

• 15 .6 3 .4 5 0 .36 0.037 1.0 >170 0 So rapid r e a c t io n

10 13.6 3 .4 5 0 .97 0.062 1 .0 >170 0 So rapid ro a o tlo n

11 13.6 3 .4 5 1.95 0.125 1 .0 136 49 So rapid ro a o tia a

I t 13.6 3 .4 5 2 .9 0.167 1.0 141 123

13 13.6 3 .4 5 2 .* 0.187 1 .0 160 87

14 15.6 3 .4 5 4.63 0.311 1 .0 154 91

19 15.6 3 .45 4.85 0.311 1 .0 190 131
16 15.6 3 .4 5 7 .3 0.467 1.0 150 104

17 15.6 3 .4 5 9 .7 0 .62 1 .0 141 102

4 •
. : v • • • • • I M • •• • • • t I *'•
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C e u t u t  IMO, Contact
i

lhu>
REACTION

R B O JU C S

"SF T T (oo) . (■*■•) o V a la . aquld ,
° r

m2;
1 IB •.> 34 - ~V 75T ~

20.9
4 hr*. 

43 0 .4 9
2 T > f

LlouU Both 
90j, ( l m  o f f

2 S9
(689)

9.7 34 • 0 .36 23 .9 34 0 .6 9 190-194 Oorimito Ronotion 
WOg fltroB o ff

I »
(609)

14.2 40 - 0 .99 23.9 9 0 .63 ~ 1 9 D 190 to  
193

M114 Ronotion 
902 off

4 19
(6«9)

24.6 90 - 1 .0 20.9 21 0 .9 9 ^ 1 9 0 190 to
206

902 f lr o o  o ff

9 | 9
(«•>

44 73 - 2 .0 14 14 0 .9 9 ~ 1 9 0 191 to  
210

90^ oto laad

•
(&l . . . 29 - 0 .12 23 99 0 .42 "V190 0 Tory alow roaotion  

Copious 90? a r o in t

7 (So 73 100 - 3.0 12 19 0.67 ~ 1 9 0 190-209 90j a n l n t

DP-25 
Page 32
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TABU

l i t  oo TESTS AT am 
40 oo Chorgo/ nut

•  0

•  •

0 0  

• •

REACTION
HIM

UK rincH KntOOCS
gmm cxVain. • c •C

1 - 21
( M P O

14 .6 - 1.0 N n flu od  
46 hour* ( 120) - No roootlon  

NOjj | l m  o ff

r. ------ : J

13/45 (200) -  ■ No roootlon  
NOj otwI toA

| tm
( « * )

1 4 .6 1.0 13.2 /130 (200) • P o .u lb lo  roootlon  
HOg OTOlVod

s 17.5 •* 1.6
„

0.21 4 .V 2 1 ~  160 100 to  
200

U r f t  oTolatlon  
o f  goo

4 IS. A 1 .5 5
( » )

0 .32
(DBP/UK)

1.43
( DBP/HKOj )

16 .1 /22 ^  160 100 t*  
190

ML14 roootlon  
NO* gloom o ff

1S.A 3 .5 4 • • 2 5 .V 4 2 (186) No ro o o tlo n . 
Aaooo 41*t 111*4 
o f f  ho low 110*

6 - 5 .7  j
(■•■O3J

22/17 170 0 No roootlon
N o * *

7 • o .e
("»<*)

1 4 .5
( TBP/JUCR )

2 2 /2 0 174 0 No ro o o tlo n . 
No WOg

*> I 
•  ru 

vn
KjJ
u ;

i  '
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Ittii I
1 LTTTRBOMB IT STS ON UN-HNO,—THP SY5TTH3

S o lu t io n  Bt 4b.7% Of 1 .5 8 *  HMD, 1 .635  S .C . ) ^ 1 7 5  <*, o h a rd s /r e e  
S o lu t io n  Bl 3 8 .1 *  UN 4.0% HNOj 1 .4 0  S .C . )

. *  Im

INS RI ACTION KXSULTS

•JiiFi
pa i f

V
p a is

9 t
pat

•2
P

P«i
’ < - 1 *

V-nt
V . * «

AT
1 /a t 

#c /  seo

- 7 5 >300 >300

. . . J

44 /  40

___

•* Not o o n te n ta  p robably  
o o n o en tra tad  w hile boob 
an t o r e r n i t e  re n te d .

>  300

* ............ _____
'

1— *d

P o ss ib le  leakage of ro
t a t io n  f a c e s  w hile bomb 
■ a t o re m l  to  net ra n te d .

40 ** 1L *" ,
200 •  1 mm

_

f 111 “ir — 1

l ..... t
Tem perature no t brought 
up n i g h  enough (aaa run 8

0 -
■ J

r
L

*140 -3 5 0 > 160 130

i

r ..... '■"■* "’"4|

t..............J

20 /25

iL...............

R eaction w h ile  ho t w ire 
waa on.

>130 -3 2 0 *150 1 »
f 1

30/20 -
73 -7 5 0 >225 >260 [--- 1

_..............J

80/20

. _ i

• R eaction w h ile  hot w ire 
waa on; c r e a tu r e  r i a in f  
1 ps l / s e c  n t  r e a c t io n .

~ s r 1«330 *300 1300 3020 1>190/15 • P reaaure u a ln f  2 p e l/ to o  
a t  r e a c t io n .

>300 > 300 - '  - m

r
^ 3 5 - -

«v50 ■4300 *300 1280 5040 190/13 - ..................  — _______ ■" ~~
JOC «• • mm " ..“*e

mm 'mm

160 - 3 3 5 >140 V I 40/25 28/25 —
>300 mm cm mm_ , j mm found l e a k  a t  IBP p a y  

flo o d  e r e m i t e  sealed  
a f t e r  95oo d i s t i l l a t e  
re a o re d , NO, proaent 
• t  and. z

140 190 56 mm 16/35

. J

26/35

00 600* 600 "  540 ”M 6 '1 80/20
1____.____ . - . .

Tem perature reo o rd  ro ry  
s im ila r  t o  Rust 6 . ___

ISO i b O „  50/15 40/J5
90 -  |►180/20 >176/26 | —

D
P-25

Page 3**-



•  • » \* %

• • • • • a
• •  ♦

*.. t

" I

TABU V (COM’ T .)

Run
'....... . "

S o l’ n

17 T ~

18

1 1
| J i

gam gsm gam | Rate iV A queoue o£ o*
M l

k 3~o7;

gam H?0

12A?2185 9 .0

85 * 9 .0  ' 5 0 .0 5 8  ' 120/75 '

1 f t  i ( «

86.0

p . l g p a t£  pSi t t* *  - ^ X -V A t

154 130

h TC ^
p«M  p «i < i

7ots42X »:

133 95

176 165

30 190

*
*

lo o o

a t  k r
p |  X o/a  t  «<»*
(mna)pf ^ * f °  #C/eem °C/ s e o

1160 790 110/23  1 3 0 /2 3
I ' f

160' 85* - ~ *  60 /20  * W »

27 HNO,-Trace 53
w f  . in in t/o e jg ,

28 HNOr P o t 80

TPP C lean (68)p

10 T BNOj* Pot 53 
C le a n  (68*

31 HK0r  Pot 75

„  ? p C1n 3 ^ d

1 4 .3  0 ,1 6 9 earn’ r 7 9 ,7 142 123
2 9 ,1  0 .3 3 9 50/16 4 7 ,0 140 «»

0 .3 3 9  H 113/21 7 8 ,3 141 117
non# ea» 160 150

15 - none - 161 150

22

7 .5
j ___

___ __
none - 158 140

_ k————-—
none

f “

15 none
"

180 164

22 — none -w l604 5 0

24 0 .7 1 167/34 « 7 .7 “  175 17?

-  j  -  * -
4450' 1 0 W  944

1  §Ng
160 150 500 r l 500 >1000>1600 * i$P
161 150 3SC f i t t i n g *  found leaking No r e a c t io n  

158 HO ~  cO0>1500k>100022200 U£00

l ^ n k l ^ ,  ee ry  l i t t l e  ajharge

420 no r e a c t io n ,  temr>s. f a l l in g  o f f

> 20o t « 2D o |n o o o
oj 2301 250j
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