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ABSTRACT 

An in ter fac ia l  viscosimeter has been b u i l t  fo r  use i n  an in ter fac ia l  
phenomena study. Instal lat ion of a 6-in. -n> fom, separation column system 
was completed. The dispersion-drying-sinteriflg characteristics of s i x  
low-nitrate batches of thoria so l  material were studied. The average 
effective porosity of the CuO pel le ts  used fo r  reactor helium purification 
was determined t o  be 0.0545 fo r  H2 transport and 0.0526 for  CO transport. 
In continuous Zirflex dissolution studies no &02 decomposition was observed 
when 10% &02 was fed into boiling dissolvent through a water-cooled nozzle 
and the oxygen concentration i n  the scrubbed off-gas could be used t o  control 
the &02 concentration i n  the dissolver. The free fluoride i n  Zirflex 
solutions must be maintained above 1 molar i n  order to prevent uranium 
precipitation a t  low concentrations of uranium even though the F'/U ra t io  
exceeds 100. Chopped stainless  s t e e l  clad U02 sections were leached i n  
a 4 stage pyrex leacher model using 6, 7, and 8 M n i t r i c  acid as the 
dissolvent . The temperature dis tr ibut ion ex-pectgd within Puel elements 
consisting of square arrays of tubes has been calculated for  shipping 
conditions assuming heat be transferred only by radiation. WETS values 
were calculated for  uranium stripping under 5% TBP flowsheet conditions. 
Very f ine  par t ic les  were obtained by quenching fused salt droplets i n  
water. A waste cal.cination run was made using TBP-25 waste and the close 
coupled evaporator calciner system. 
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1.0 CHEMICAL ENGINEERING RFSEARCH 

1.1 Inter fac ia l  Phenomena i n   mas^ Transfer 

An in t e r fac ia l  viscosimeter has been bu i l t  fo r  use i n  an in t e r f ac ia l  
phenomena study. In a preliminary experiment, the viscosity of the a f r -  
water interface of a solution containing 10 ppm of the commercial detergent 
"Tide" was measured as  0.95 two-dimensional centfpofse a t  25 '~ .  The 
sens i t iv i ty  of the instrument appears t o  be on the order of two- 
dimensional poise ( i . e , dyne -sec/cm) . 

Foam Separation 

Ins ta l la t ion  of a 6- in.-^^ foam separation colum system was completed. 
The 0.4-in.-dia cyclone used as a foam breaker gave a wet foam about l/500th 
of the i n l e t  foam vol~me. An a l te red  column top was required t o  eliminate 
l iquid l eve l  surging induced by %he cyclone foam breaker. An a l tered feed 
d is t r ibutor  reduced, but did not eliminate, channeling i n  the column. 

2.0 FUEL CYCLE DEVELOPMENT 

The dispersion-drying-sintering character is t ics  of s i x  representative 
low-nitrate batches ( N / T ~  r a t io s  from 0.040 t o  0,066) were studied. A 
minimum dispersion of 98 wt y'o was obtained for  a l l  these powders a t  N / T ~  
r a t io s  of -0.11. Portions of these same batches, which were leached i n  
hot water ( 8 0 ' ~ )  and dried immediately a f t e r  denitration, requi red N/Th 
ra t ios  between 0.15 and 0 , l g  f ~ r  dispersion. Toluene densi t ies  fo r  a l l  
sintered products ranged from 9.7'6 t o  9.88 and were apparently independ- 
ent of the N / T ~  r a t io .  Ef $xk fue l  pins containing Tho2-U02 prepared i n  the 
laboratory by t h i s  process and vibrator i ly  compacted t o  8.6 o r  8.7 g/cc 
have performed sa t i s f ac to r i ly  fo r  the in i t ia l .  two mnths  of i r rad ia t ion  
i n  the NRX reactor.  These 5/k6-ino -OD elemersts L~aded with 4.3 '(aPt 

enriched U02 w i l l  pmbably a ~ c u s n ~ a t e  8,000 $0 15,000 megawatt days/metric 
ton of Th a t  300,000 ~ t ~ u / h r - f t "  surface heat f l u o  

The average effect ive ~ ~ r o s i t y  of CUO pe l l e t s  was determined t o  be 
0.0545 f o r  IrI transport  and 0~0526 fo r  CO transport. based on the reaction 
of & o r  CO with CuO pel le t s  i n  d i f f e ren t i a l  bed tests .  The expression 
fo r  the mass t ransfer  factor  of & acmss m external gas-film surrounding 
a CuO pel le t  as a function of Reynold's Number was determined t o  be, 
JD = 0.24 ( R ~ ~ ) - O ' ~ ' .  

4 "0  POWER REACTOR FUEL PROCESSING 

b0 1 Modified Zirf lex 

In continufng studies of" the dfssob~:tisn of U-Zr-Sn i n  NHsP-mNOa-H202 
no gassing (indl,cating H202 deeomposition, in the l i n e )  was observed when 10% 



a 0 2  was fed into boiling dissolvent through a water-cooled nozzle. The 
behavior of the 02 concentration i n  the scrubbed off-gas with time indicated 
t h a t  the continuous a 0 2  addition ra t e  could be controlled by maintaining 
-3 + 2% 02 i n  the off-gas (principally hydrogen). The presence of a s  much 
as 7% 02 has indicated a suff icient  H202 addition t o  maintain uV1 i n  the 
dissolvent. While a reasonable excess of &02 is  not harmful i n  the dissolu- 
t ion ,  l imiting the off-gas 02 concentration t o  5 5% avoids the flammable 
range fo r  02-& mixtures (lower l i m i t  f o r  02 i n  hydrogen i s  6%). 

In engineering-scale runs dissolving 8% U-ZrH a small w u n t  (< 1% of 
fue l  charged) of a green precipi tate  containing 60% U, 23% F, and 6.4% Z r  
formed when the f i n a l  f ree  F-/U r a t io  5 82. A s i m i l a r  amount of precipi tate  
formed a t  F-/U = 115 when dissolving 2% U-Zr-Sn (PWR seed). Here a higher 
F'/U r a t i o  resulted from a much lower free F- concentration since the U 
w a s  lower by a factor of 4. This indicated tha t  not only must a free F-/U 
r a t i o  of 90-100 be maintained (controlling for  high U fuels)  but also the 
free F' M of the dissolvent must not drop below -1 M (l imiting for  low U 
f i e l s  ) iF t o t a l  dissolution without precipitation is t o  be accomplished. 

4.2 Shearing and Leaching 

The composite product when leaching the U02 from chopped s ta in less  s t e e l  
clad U02 sections, 112-in. -OD x l - i n .  long, in the 4 stage pyrex leacher 
model using 6, 7, and 8 M HN03 a s  the dissolvent was 325 g u / l i t e r  and 
2.5 M - HNOs, 350 g u / l i t e r  and 3.0 M - HNOs, and 425 g  liter and 3.0 M - HNOs. 

5.0 REACTOR NALUATION STUDIES 

5 .1  Heat Transfer from Spent Fuel Elements during Shipping 

The temperature dis tr ibut ions expected withir? fue l  elements during 
shipping i f  heat could be transferred only by radiation have been calculated. 
These resul t s  are rea.sonably close to the temperatures obtained from experi- 
mental measurements with electrically heated mock f ie1 elements and a simulated 
shipping car r ie r ,  especially a t  higher heat generation rates .  Calculations 
for  a 36 tube bundle and a heat generation ra t e  of 0.0986 watts/cm had an 
average deviation from the measured temperatures of approximately 16OC, and 
the maximum temperature could generally be predicted more closely than t h i s .  
However, there were s t i l l  noticeable e f fec t s  of convection such a s  non- 
uniform car r ie r  w a l l  temperatures andunsymmetrical temperatures about the 
horizontal plane through the center of the bundle. 

6.0 SOLVENT EXTRACTION STUDIES 

HETS values were calculated for  uranium stripping under 5% TBP flowsheet 
 condition^. HETS values were -2.0 fee t  for  aqueous continuous operation of 
the sieve plate  colwm and for  solvent continuous operation of the nozzle 
plate column regardless of the pulse frequency used. An aqueous continuous 
operation of the nozzle plate  column resulted i n  a HETS value of 3.1 fee t  
for  the pulse frequencies tested.  



VOLATILITY 

Fused NaF, LiF, ZrF4 s d t  was sprayed with two f l u i d  atomizing nozzles 
f o r  15  min obtaining a mean droplet  s i ze  of -60 micron. Very f ine  pa r t i c l e s  
(< 5 micron) were obtained by water quenching the hot droplets.  

8.0 WASTE PROCESSING 

Using simulated TBP-25 waste, the  evaporator-cdciner close coupled 
system was operated under continuous control  conditions. Control of the  
system was sa t i s fac tory  during the complete t e s t ,  except f o r  one time 
period (one hour duration) when the  evaporator was upset by foaming and a 
plugged l iqu id  l eve l  probe. Stable ruthenium was added t o  t h e  feed t o  
follow i t s  behavior during the  t e s t .  By chemical analysis t h e  only 
ruthenium i n  the  system a t  the  end of the  t e s t  was i n  t he  calciner  
and the  l i qu id  heel of the  evaporator. The ruthenium i n  the  evaporator 
condensate was below the detectable concentration. Mercury behaved 
s imilar  t o  the  ruthenium except i t s  concentration increased i n  the  
evaporator heel  during the  calcinat ion period. 



1.0 C H E M I C ~  ENGINEERING RESEARCH 

1.1 Inter fac ia l  Phenomena i n  Mass Transfer - C.  V. Chester 

Previous studies on the water-uranyl n i t ra te- t r ibuty l  phosphate system 
indicate t h a t  i n  solvent extraction contactors the rate-limiting process 
for the extraction of uranyl n i t r a t e  i s  diff'usive and convective transport 
of the molecular species concerned t o  and from the  interface. Many inves- 
t iga tors  have found tha t  certain in te r fac ia l  phenomena, such as in te r fac ia l  
turbulence, and in ter fac ia l  pressure caused by surface active agents, can 
have a profound ef fec t  on the r a t e  of mass transfer  i n  solvent extraction. 

To obtain basic information on the mechanics of contactor operation, 
studies of the hydrodynamics of solvent extraction system interfaces are  
being undertaken. It i s  believed t h a t  such studies w i l l  lead t o  improved 
design of  contactors and contactor operation. One of the in te r fac ia l  
properties of in t e res t  i s  tha t  of two-dimensional shear viscosity.  This 
plays a role i n  the  reduction of drop circulation and in ter fac ia l  turbulence, 
t o  the detriment of mass transfer .  The presence of surface active agents 
imreases in ter fac ia l  viscosity.  

An in ter fac ia l  viscosimeter has been designed and constructed ( ~ i g u r e s  1.1 
and 1.2) .  It i s  essent ia l ly  a modified two  -dimensional Brookfield viscosimeter . 
A stationary ring i s  suspended i n  the interface by a f ine  wire of known t o r -  
sional spring constant. A ring surrounding the stationary ring with a known 
clearance i s  rotated a t  constant velocity. From the torque produced i n  the 
stationary ring by the shear i n  the interface,  the  in ter fac ia l  viscosity 
can be calculated. Momentum transfer  from the rotating t o  the stationary 
ring i s  minimized by appropriate baff les ,  and can be separately measured 
and compensated fo r .  

Before operation, the  instrument had t o  be carefully adjusted so t h a t  
a l l  the par ts  were co-axial. The torsional  spring constant of the wire was 
determined by giving a s m a l l  angular displacement t o  the inner ring and then 
measuring i t s  period of osc i l la t ion  (45 sec).  The period i s  equal to the 
square root of the r a t i o  of the moment of i n e r t i a  of the ring (223.4 g cm2) 
t o  the spring constant of the wire. The spring constant was 0.1104 dyne-cm/ 
radian. 

In operation, the instrument was leveled up i n  a crystal l iz ing dish, 
and the  r e s t  position of the inner r ing noted. The motor w a s  connected t o  
the drive shaft  and s tar ted.  Dist i l led water was slowly added u n t i l  the 
interface w a s  between the rings. The rotat ion of the drum d i a l  necessary 
t o  restore the ring t o  i t s  r e s t  position (through torsion on the  wire) was 
noted (120'). The water leve l  was then raised u n t i l  the top surfaces of 
both rings were submerged, and hence no longer i n  the interface. The 
torque on the inner r ing was continuously increasing during t h i s  process, 
and the drum reading ~ras 220" when the rings were f ina l ly  wet. 

Water was pipetted from the system u n t i l  the l eve l  was again below 
both rings. When the rings had dried, the r e s t  position was again noted 
(0'). The level  w a s  raised again t o  the interface position between the 
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Fig. 1.1. Interfacial viscosimeter (set up for air-water interface). 



Fig. 1.2. Interfacial viscosirneter setup. 



r ings,  and t h e  def lect ion noted (120'). Then 10 ppm of  the  commercial 
detergent "Tide" was added t o  the system. In a few seconds t he  inner r i ng  
began t o  follow the  ro ta t ing  r ing.  A t  equilibrium, four complete t u rns  on 
the  drum d i a l  (1440') were required t o  bring the  Fnner r i ng  to i t s  r e s t  
posit ion,  with the  outer  r ing  making 9 revolutions per minute. 

When the  l eve l  of t he  solut ion was ra ised u n t i l  the  surfaces of the  
r ings  were jus t  submerged, the  drum reading was 220°, the  same a s  without 
t he  detergent. 

The f a c t  t h a t  there  was no observed decrease i n  def lect ion when the  
clean interface passed the  upper surfaces of  the  rings indicates  t h a t  the  
v i scos i ty  of the  clean in te r face  per se  i s  below detection i n  the  experi- 
ment. 

From the radius of t he  r i ng  (5.59 cm) and the  separation of the  two 
rings (0.10 cm) the  e f fec t ive  shear v i scos i ty  of t he  interface was calculated 
a s  0.95 two-dimensional centipoise i n  a shear f i e l d  of 52.7 cm/sec, cm. The 
shear f i e l d  i s  specif ied a s  it is  expected the  interface may not be Newtonian, 
i n  t he  two-dimensional sense. The viscosi ty  measured is  i n  the  range found 
by Harkins ("Physical Chemistry of Surface Films," Reinhold, 1952) f o r  
monolayers of  f a t t y  acids  on water. 

In the  immediate future ,  some of the  reported surface v i s cos i t i e s  w i l l  
be checked quant i ta t ively ,  and then some i n t e r f a c i a l  ( l iqu id- l iqu id)  v i s cos i t i e s  
w i l l  be measured. 

1 .2  Foam Separation - P. A .  Haas, W. W. Wall, Jr. 

Engineering s tudies  of fom- l iqu id  contacting columns a s  separation 
systems have s t a r t ed  a t  ORNL. An application of  immediate imtere&$ would 
be the  removal of  ce r ta in  f i s s ion  products from waste. Studies of the  
chemistry of  foam and surface ac t ive  agents i n  Chemical Development Section B 
have determined systems of i n t e r e s t  f o r  waste processing. A &in.  - I D  'foam 
column system (Figure 1.3) bjs in s t a l l ed  i n  Cel l  3 of  Bldg. 4505. Calibra- 
t i o n  of  flowmeters a d  preliminary checkout operation of  the  system were 
completed. 

The 0.40-in. -dia cyclone condensed the  foam t o  a l i qu id  and a small 
volume of wet foam. During one two-hour t e s t  period, t he  l i qu id  and wet 
f o m  volume was 1/500th of the  column foam volume. Effective condensation 
was not obtained when the  flow was reduced t o  t h e  3 l i ter /min column foam 
ra te .  The usual operating conditions were atmospheric pressure a t  t he  t o p  
of t he  column and cyclone discharge t o  house vacuum. Flow rate-condensation 
efficiency-pressure drop measurements remain t o  be determined. Cyclic 
pressure var ia t ions  of several  inches of  water, several  cycles per  minute 
i n  the  column were observed when the  column vent was a 3/8-in. tubing t e e  
i n  the  column t o  cyclone l i ne .  Substi.tution of a 2-in.-ID t e e  a t  the  column 
top  a s  a vent eliminated these f luctuat ions  and r e s u l t s  i n  excel lent  l i qu id  
l e v e l  control  by use of  the  jackleg. 



Fig. 1.3. Foam separation column system. 



Channeling of l iquid in  the 6-in.-dia column w a s  evident from regions 
of foam downflow at velocft ies  up t o  3 cm/sec when the net foam flow was 0.1 
t o  0.4 cm/sec upward. The m u n t  of channeling was reduced when the d is t r ibu-  
t l on  of the l iquid feed across the c o l m  cross section was improved. The 
mount of channeling varied with foam and l iquid flow rates ,  but some 
channeling was observed f o r  all combinations of 1000 t o  4000 cc/min foam 
ra tes  and 100 t o  1300 cc/rnin l iquid  feed rates .  



2.0 FUEL CYCLE DEVELOPMENT 

The f u e l  cycle program i s  a study of f u e l  materials  preparation and 
f u e l  element fabr icat ion procedures economically adaptable t o  remote operation 
f o r  recycle of  f i s s i l e  and f e r t i l e  materials .  Vibratory compaction of high 
density Tho2 o r  Th02-U02 pa r t i c l e s  has been selected a s  a promising method 
f o r  remote loading of  cladding tubes. Denitration of  T~(No=)*  i n  steam 
atmospheres gives products which can be converted in to  t ho r i a  o r  thor ia -  
urania so l s  and then dr ied and calcined in to  oxide pa r t i c l e s  of  near theo- 
r e t i c a l  density.  The present emphasis i s  on engineering development of  
these oxide preparation s teps  and on the  i r r ad i a t i on  of  t e s t  elements of 
v ib ra to r i l y  compacted oxides. 

2 .1  Oxide Preparation Development - C .  C.  Haws, Jr., J. W. Snider, R. D. Arthur 

Six runs were made i n  the  trough calc iner  t o  determine t he  reproduc- 
i b i l i t y  of  the  operation and t o  furnish a number of representative low-nitrate 
feed materials  f o r  drying-dispersion-sintering s tudies .  The N / T ~  r a t i o  w a s  
held between 0.048 and 0.066  a able 2.1). By adding n i t r i c  ac id  to a total 
N / T ~  r a t i o  of -0.11, a l l  batches were dispersed t o  1 98 wt $.' These disper-  
sions have t he  lowest n i t r a t e  content of  any t h o r i a  s o l s  made to date  and 
o f f e r  an opportunity t o  study t h e  proper t ies  of  materials  produced from 
low n i t r a t e  thor ias .  

No discernible  re la t ionships  were found between s in te red  product densi ty ,  
screen s ize  analysis  and the  N/Th r a t i o  of  t he  so l s .  Sintered t ho r i a  from 
these samples averaged above 9.8 g/cc density,  while previous s i n t e r s  from 
higher r a t i o  den i t r a to r  products ( N / T ~  = 0.15 - 0.20) averaged above 9.7 g/cc. 
This could mean t h a t  densi ty  of  t he  s in te red  sample is more dependent upon 
the  nitrogen content o f  t he  o r ig ina l  powder than it i s  upon the  immediate 
concentration of  t he  s o l  from which it i s  prepared. A l l  samples yielded more 
than 90 wt % of the  coarse +16 mesh shards, e a s i l y  adequate t o  meet the  
requirements o f  the  present vibratory compaction mix of 60 w t  '$ 1011.6 mesh 
material .  For reference, a 1500 g sample of t h o r i a  (screen 75 w t  $ +16 mesh 
mater ia l )  yielded 64 wt '$ of  +16 mesh shards when ground and screened f o r  
vibratory compaction. 

It was assumed i n  the  pas t  t h a t  a water leaching ( 8 0 ' ~  f o r  1 hr with 
constant ag i t a t i on )  would leach out o r  disperse t he  "high n i t r a t e "  thor ia ,  
leaving behind "low n i t r a t e "  t h o r i a  i n  t he  "insolable" heel .  This supposition 
had never been thoroughly checked. The r e s u l t s  of  these t e s t s  do not bear 
out t h i s  assumption; the  t h o r i a  i n  t h e  sedimentary layer  is approximately 
as  r i c h  i n  nitrogen as is  the  supernatant l ayer  within the  uncertainty of 
r e su l t s  (Table 2.1). Also the  quanti ty of  mater ia l  d ispers ible  i n  hot water 
increased with time following deni t ra t ion.  For example, Sample No. 1 8 ~  
dispersed only 0.75 wt % i n  hot water immediately a f t e r  deni t ra t ion,  but 
a duplicate sample dispersed 5.6$ a f t e r  storage f o r  about th ree  weeks. This 
aging phenomenon does not occur i n  the  "insolablew heel l e f t  a f t e r  extract ion 
with water ( the  "T" samples). The "U" designates the  or ig ina l ,  untreated 



Table 2.1. Characterist ics of 331 Gel Process Products Prepared from Low Nitra te  Thoria Sols 

Dispersion Conditions: One hour with ag i t a t i on  at mOc, 2 M - Th 

W t  $ Dispersion 
i n  Water Only Nitr ic  Acid-Water Sintered 

~ e e d "  Immediately Three Weeks Dispersions b Product Screen Size Analysis 
Run Material After After W t  Sol N/Th Density (weight %) 
No. N / T ~  Ratio Denitration Benitration Dispersed Ratio g/cc +16 16/100 -100 

&Estimated mean deviation fo r  "U" samples was 0.005. 

b ~ m u n t s  of n i t r i c  acid used were minimum amounts which appeared t o  give complete dispersion.  



deni t ra tor  product. The dr ied so l id  material  obtained from the immediate 
hot water dispersion t e s t s  following den i t ra t ion  a r e  given the  "T" de signa- 
t ion. 

2.2 Irradiation - S. D. Clinton, work i n  cooperation with E. S. Bomar, 
Metallurgy Division 

Eight f u e l  pins containing Tho2-U02 prepared by Chemical Development 
Section A have performed s a t i s f a c t o r i l y  i n  the  NRX reactor  during the  two- 
month period of April  and May. Each specimen contains approximately 75 g 
of f u e l  with a fully-enriched uranium content of  4.2 t o  4.4 wt $. The fue l ,  
consist ing of th ree  d i f f e r en t  pa r t i c l e  s i ze  f rac t ions ,  was loaded i n t o  11 i n .  
long tubes (5116-in. -OD, 304 SS, 25 m i l  wall)  t o  bulk dens i t i es  between 
8.6 and 8.7 g/cc by pneumatic vibratory compaction. Five of  the  tubes were 
loaded with sol-gel  Tho2-U02 prepared from thorium oxalate precipi ta ted 
thor ia ,  and th ree  tubes were f i l l e d  with so l -ge l  ThO2-U02 prepared by steam 
s t r ipp ing  thorium n i t r a t e .  

The e ight  f u e l  pins a r e  located i n  a s ingle  channel of a PRFR i r r ad i a -  
t i o n  holder a t  the  Chalk River NRX reactor .  Assuming a cosine f l ux  d i s t r i bu -  
t i o n  along the  channel length, t he  unperturbed thermal neutron f lux  var ies  
between 3.0 and 5.5 x 1013 n/cm2-sec. Using the  f l ux  perturbation method 
of Lewis ( ~ u c l e o n i c s ,  October 1955), the  thermal f lux  i s  decreased by -25% 
within the f u e l  pins.  A t  a peak perturbed f lux  of  4 x 1013 n/cm2-sec, t he  
heat  f lux  a t  the  clad surface i s  300,000 &u/hr-ft2. Due t o  the  uncertainty 
i n  the  thermal conductivity of the  compacted Tho2-U02 pa r t i c l e s ,  the  center-  
l i n e  f u e l  temperature cannot be determined t o  any degree o f  accuracy. I f  
an e f fec t ive  k of 1 .0  ~ tu /hr - f t -OF is  assumed f o r  the  oxide fue l ,  then t he  
center temperature should not exceed 2250'~. The peak in t eg ra l  of k dQ f o r  
t he  f u e l  pins i s  18.8 watts/cm which i s  well  below the limits f o r  center 
melting (50 watts/cm) and increased f i s s ion  gas re lease  (30 wattslcm) i n  
U02 pe l l e t s .  I f  t he  i n -p i l e  experiment continues t o  operate s a t i s f a c t o r i l y ,  
the  f u e l  specimen should remain i n  t he  reactor  u n t i l  burnups i n  the  order 
of 8,000 t o  15,000 megawatt days/metric ton of Th a r e  achieved, depending 
on the  pin locat ion (approximately 230 full power days). The major object ives  
of  the  proposed pos t - i r rad ia t ion  examination a r e  a s  follows: pressure build- 
up and chemical analyses of the  f i s s i o n  product gases released from the  fue l ,  
f i s s ion  product d i s t r i bu t ion  i n  t he  fue l  a s  determined by gamma-ray survey, 
and void formation o r  oth.er s t ruc tu ra l  changes i n  the  oxide a s  determined 
by metallographic t e c h n i q ~ e s .  

Four 11-in.  and two 22-in. long tubes were loaded by vibratory compaction 
with Spencer arc-fused Tho2-U02 containing 3.9 wt $J f i l ly-enr iched uranium. 
The fue l  bulk density i n  these tubes i s  8.6 g/cc. Similar f u e l  specimens 
loaded with so l -ge l  Tho2-U02 should be completed by the  middle of June. 
The 11-in. tubes w i l l  be scheduled f o r  inser t ion  i n  t he  MTR a t  an unperturbed 
f l ux  of 1 x 10'" n/cm2-sec, and the  longer tubes w i l l  be placed i n  t he  NRX 
reactor  by August of t h i s  year. One of t he  major object ives  of  those proposed 
i r rad ia t ions  i s  t o  compare the  in -p i le  e f fec t s  of arc-fused Tho2-U02, which 
has been formed a t  temperatures i n  t he  order of  3000°C, and sol.- g e l  Th02-U02, 
which has been f i r e d  t o  a maximum temperature of 1200°C. 



J. C. Suddath 

Contamination of coolant gases by chemical impurit ies and re lease  of 
f i s s ion  products from f u e l  elements a r e  major problems i n  gas-cooled reactors  
and in -p i le  experimental loops. Investigations a r e  being made t o  determine 
the  bes t  methods t o  reduce the  impurities, both radioactive and non-radio- 
ac t ive  with emphasis on the  k ine t ics  of the  f ixed bed oxidation of hydrogen, 
carbon monoxide, and methane by copper oxide. 

An attempt i s  being made t o  f i t  experimental da ta  from the  study of the  
CuO-H2 and CuO-CO reactions t o  a mathematical model of  external  di f fusion 
and in te rna l  d i f fusion of t he  & o r  CO control l ing a rapid, i r revers ib le  
reaction.  

1 Determination o f  CuO Pkl le t  Effective Porosity - C .  D. Scot t  

With t he  assumption of external  diffusion-in-tiernal d i f fusion control- 
l k g  the  H2-CuO and CO-CuO reactions it is  possible t o  derive an expression 
f o r  t he  e f fec t ive  porosity of the  CuO p e l l e t :  (see  Unit Operations monthly 
report  f o r  March 1961) 

where 

a = effect ive  porosity f o r  Hp o r  CO t ransport  within the  CuO pe l l e t ,  
e f fec t ive  void volume/total volume 

b = molar density of CuO i n  pe l l e t ,  g-moles/ce 

C = concentration s f  & o r  CO i n  t he  bulk gas phase, g-moles/cc 

t = t o t a l  time of exposure of  p e l l e t  t o  react ion environment, sec 

D = molecular d i f fu s iv i t y  of & o r  CO, cm2/sec 

R = radius of  CuO pe l l e t ,  cm 

r = radius of  the  Cu-CuO interface i n  t h e  p e l l e t  a f t e r  reaction,  cm a 

Several d i f f e r e n t i a l  bed t e s t s  were made i n  which mono-layers of  CuO 
p e l l e t s  were contacted with a high veloci ty  stream of  helium containing 
constant mounts o f  & o r  CO i n  the  temperature range of  400 - 600°c, can- 
centra t ion range of  -0.1 t o  1 .0  vo l  $ H2 o r  CO and a t  pressures of 10.2, 
20.4, and 30 atm  able 3.1). A t  the  end of each t e s t  the  posi t ion of t he  
Cu-CuO in te r face  ( ro )  was measured. This allowed determination of the  
e f fec t ive  porosity,  a, f o r  each s e t  of  operating conditions by use of 
equation ( 1 ) .  I f  t he  postulated k ine t ic  mechmism i s  correct  f o r  both 
t he  CuO-Ha and CuO-GO reactions,  then the  determined values of e f fec t ive  
pcrosity should be const,anP. over the  range of o p e r a t h g  conditions fo r  
both & and GO. 



Table 3.1. Effective Porosity of CuO Pel le ts  fo r  Molecular Transport 

of & and CO a s  Determined from 

Differential  Bed Tests of the H2-CuO and CO-CuO Reactions 

- -- - - -- - - - - -- - - - - -- - - - - - 

Contaminant Number 
Run Temp. , Pressure, Concentrat ion, of Cu Effective 
No OC atm vol q'o Pel lets  Porosity 

H2 + CuO 4 &O + Cu 

CO + CuO 4 CO2 + Cu 

7 
8 
6 

11 
11 
10 
11 
11 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Average 

Average 



It was found tha t  the effect ive porosfty was essentfal ly  constant 
Qwfthfn experimental e r ror )  fo r  e i ther  & o r  CO a s  the contamfnant  a able 3.1). 
The average value f o r  the effectfve porosity from the & t e s t s  was 0.0545 with 
a mximum deviation of 0.0119 and the average effectfve porosity from the 
CO t e s t s  was 0.0526 with a maximum deviatfon of 0.080. It 1s possible t o  
have f a i r l y  large experimental e r rors  i n  these t e s t s  since only 7-11 CuO 
pel le t s  were used f o r  each d i f f e ren t i a l  bed t e s t .  This i s  not enough pe l l e t s  
t o  insure a good s t a t i s t i c a l  average since the individual pe l l e t s  have a 
wfde range of some of t h e i r  physical properties (March 1961 Unit Operations 
monthly report) .  

3.2 Determination of Apparent Mass Transfer Factors for  the &-CuO Reaction 

In order t o  u t i l i z e  the assumed mathematical m d e l  of external diffusion- 
in te rna l  diffusion of Hz controll ing the CuO-& reaction, it i s  necessary 
t o  have available mass transport  properties of the & across the assumed 
external gas fi lm surrounding the CuO pe l l e t .  These mass transport  properties 
are  usually presented as  a mass t ransfer  coefficient,  k which i s  used i n  
the expression, g ' 

ra te  of transport  = k a ( C  - c*) 
Q 

(2) 

where 

g-moles k = mass t ransfer  coefficient,  
g sec-cm2-g-moles/cm3 

a = external surface of the pe l le t s ,  cm2/em3 

C = Hz concentration i n  bulk gas, g-mles/cm3 

C* = & concen t ra t i~n  a t  solid surface, g-wles/crn3 

k values a re  usually correlated as  a function of the various physical 
pmperfies of the  system.. The usual correlation i s  the mass t ransfer  factor ,  
JD, as a functfan s f  Mad.ified Reynold's Number, Re ' , 
where 

J = mass t ransfer  factor ,  dimensionless D 

p = gas density a t  system eonditlons, g/cm3 

G = mass flow ra t e  of gas stream, g/cm2-sec 

p = viscosity of gas, poise o r  g/cm-sec 



D = molecular d i f fu s iv i t y  of I& i n  He, cm2/sec 

Re1 = Mdif i ed  Reynold's Number, dimensionless 

D = mean surface diameter o f  CuO p e l l e t ,  cm 
P 

There a r e  numerous such correla t ions  i n  the  l i t e r a t u r e ,  however, t he  
majority a re  a t  system conditions much d i f f e r en t  from the  system of i n t e r e s t .  
In  general, these correla t ions  show t h a t  the  JD fac tor  i s  dependent not only 
on Reynold's Number but a l so  on p a r t i c l e  s i z e  and the  correla t ion goes 
t h ru  a t r ans i t i on  point  between high and low Reynoldts Numbers (50 5 R e  5 150) 

where the  dependence on Reynold ' s  Number changes. (1-8) A l l  of  t he  experi-  
mental t e s t s  on the  Hz-CuO system were made a t  r e l a t i ve ly  low Modified 
Reynold's Numbers, < 15.0, where published correla t ions  a r e  varied and few 
i n  number. Rather tlian attempting t o  choose one par t icu la r  corre la t ion f o r  
use i n  t h i s  system, it was decided t o  determine the  mass t r ans fe r  fac tors  
f o r  t he  range o f  operating conditions i n  t h i s  system from experimental da ta  
and develop a useable correla t ion.  I f  t h i s  cor re la t ion  f a l l s  i n  t he  range 
of  published information, it would be fur ther  ver i f ica t ion  of t he  proposed 
mathematical model. 

The mass t r ans fe r  coef f ic ien ts ,  k were determined f o r  each run by 
g, 

making a t r i a l  and e r r o r  parameter search f o r  k , u t i l i z i n g  a f i n i t e  di f ference,  
machine solut ion of  the  proposed mathematical d d e l  (un i t  Operations monthly 
report ,  ~ a y  1961). 

Since the  ea r ly  part of  t he  e f f luen t  hydrogen concentration curve f o r  
deep bed t e s t s  i s  influenced strongly by the  hydrogen mass t r ans fe r  through 
the  gas f i lm, the  trial and e r ro r  solut ion was made so t h a t  t he  predicted 
e f f luen t  hydrogen concentration was within 576 of the  measured e f f luen t  
hydrogen concentration at  20% of t he  run time necessary f o r  the  I& e f f luen t  
concentration t o  reach 90% of  the  i n i t i a l  hydrogen concentration. This 
point  was a r b i t r a r i l y  chosen so a s  t o  exclude t he  i n i t i a l  phase of each 
t e s t  where there  was some data  s ca t t e r .  

From equations ( 3 )  and (4)  and the  calculated kg values, a cor re la t ion  
of JD vs Re l was made f o r  t h e  experimental system of  i n t e r e s t  ( ~ i g u r e  3.1). 
The resu l t ing  expression f o r  t he  l e a s t  squares f i t t e d  curve was: 

The resu l t ing  correla t ion is  within t he  range of  some of t he  published 
correla t ions  although the  slope of the  JD vs Re' p lo t  i s  somewhat d i f fe ren t .  
This corre la t ion w i l l  be used i n  all fu ture  calculat ions  f o r  the  deep bed 
t e s t s .  
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4.0 POWER REACTOR FUEL PROCESSING 

C. D. Watson 

4 .1  Modified Zirflex - F. G o  Ki t t s  

Modified Zirflex denotes a process for  the recovery of uranium from 
U-Zr-Sn fuels  by batchwise d i s s o l u ~ i o n  i n  NH4F-NHd03-&02 solutions, 
s tab i l iza t ion  w i  t h  H N O ~ - U ( N O ~ ) ~ ,  and TBP extraction. Duping dissolution 
a small, continuous addition of hydrogen peroxide i s  made t o  oxidize uIV 
t o  the more soluble uV1, Such a process i s  desirable for  processing zirconium 
fue ls  containing higher percentages of U (up t o  lo$) without the intermediate 
precipi ta t ion of UF.4 which would occur i f  no oxidant were added. Presently 
dissolutions of unirradiated zirconium fuels  are  being carried out both i n  
a 1-in.-dia recirculat ing dissolver and i n  engineering-scale equipment. 

Two runs ( c z ~ - 7  and 8) were made i n  the engineering-scale equipment 
dissolving 8% U-Zr  p late  (0.122-i no  t h i  ck) f n refluxing d i  ssolvent i n i t i a l l y  
6.53 M NH4F-0.15 M NH4N03-0.01 M G O 2  with a continuous G O 2  addition at 
an average r a t e  oT 1-2 x 10'~ gls/cm2-min  able 4.1).  In these runs and 
CZr-9 the G O 2  was introduced into the bulk of the boiling dissolvent through 
a water-cooled nozzle; t h i s  eliminated the gassing which had been observed 
a t  the G O 2  i n l e t .  In run CZr-7 about 2.5 g of an apparently crystal l ine,  
green precipi ta te  was collected whi ch contained 63% U, 23% F and 6.4% Z r .  
Near the end of the run t h i s  material  formed on the surface of the U-Zr and 
then dropped t o  the bottom of the dissolver;  it i s  assumed t o  be the same 
material involved i n  the coat formation reported by Gens (ORNL-2905). After 
d i lu t ion  of the dissolution product and standing f o r  24 hrs a f ine  white 
precipi t a t e  se t t led ;  t h i s  m t e r i d  (1.7224 g) contained 3.6% U dprobably 
imparted by f ines  of the green material a b v e )  which ~epresented a U loss  
of 0.15%. These materials had been produced i n  previous dissolutions but 
were not collected from the solvent extraction feeds because both were 
dissolved upon addition of the 1.8 M HN03 - 1.8 M U ( N O ~ ) ~  s tab i l iz ing  
solut-,fan. In run C Z ~ - 8 ,  9% more f l s r i d e  was ch;rged (calculated terminal 
f ree  P-/U = 81 compared tc 60 for GZT-7) and t o t a l  dissolution was achieved 
i n  a shorter time (other conditions comparable) with only a t race  of the 
green precipi ta te  observed. Although d i f fe rent  amounts of F- were charged, 
equal terminal f ree  F"/U r a t ios  of 82 were d e t e d n e d  from experhenta l  
values; a lower f ree  F- would have been calculated had the Z r  balance i n  
rm CZr-7 been -95% rather  than the 86,5% reported. Probably a ta rge t  
f ree  F-/U of 90 - 100 should be usea t o  assure rapid dissolution and prevent 
coat and precipf taste formation. 

Rm CZr-9 was made dissolving PWR seed plate  -2$ U-Zr-Sn i n  6.53 M NH4F - 
0.01 M He82. The m u n t  of F- charged was calculated t o  yield a terminal 
F - / ~ r r a t i o  of -6.8; t h i s  i s  about the lowest r a t i o  which w i l l  y ie ld a 
reasonable df ssolution t ine .  In t h i s  run about 2.6 g of a green-black 
precipi ta te  was formed although the free F'/U = 115. Some minimuan free F- 
:;.sncentra%isn ( a  much lower f ree  F" gave s higher F"/U here because the U 
w a s  only 2% instead of 8%) m y  be required i n  %he case of low U fuels ,  a s  
well as the high F'/U r a t io  required with high U fhe ls  i n  order t o  accomplish 
t s t a l  df ssolution w i  zhout precipitation. 
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Probably the most significant finding of the recent work was the observa- 
%ion of the behavior of the 02 concentration i n  the HN03-scrubbed off-gas 
(principally ~ 2 ) .  This variable i s  plotted a s  a function of refluxing time 
for  runs C Z ~ - 8  and 9 i n  Figure 4.1. The 02 concentration was reduced i n i t i a l l y  
t o  < 0.1% by N2 purging; the i n i t i a l  peak probably came from the decomposi- 
t ion  of the 0.01 M &O2 Ln the dissolvent. The concentration remained low 
during the period-of rapid dissolution and then rose steadily as decomposition 
became the major mode of H202 destruction. This suggests that the Hz02 
addition ra t e  could be controlled t o  maintain the 02 concentration i n  the 
off-gas at  -3 + 2%. A s  much as 1% 02 i n  the off-gas seems t o  indicate the 
presence of suFficient &02 t o  maintain uVI  i n  the dissolvent. While a 
reasonable excess of &O2 i s  not harmful t o  dissolution, l imiting the 02 
concentration i n  the off-gas t o  5% amids  the flammable range (lower l i m i t  
fo r  02 i n  hydrogen i s  6%). 

Four runs (MZr-20, 21, 22 and 23, Table 4.1) were made i n  the 1-in. -dia 
recirculating dissolver t o  study solution s t a b i l i t y  m d  fbnction as  p i l o t  
runs for  the larger  equipment. Run MZr-20 was made with a calculated f r ee  F'/U 
= 50; a small amount of green precipi tate  formed near the end of  the run. 
Crystals formed i n  the more concentrated solvent extraction feed a f t e r  -36 
hrs (before sampling), while the more d i lu te  solution stood for  about 30 days 
a t  room temperature before a small amount of crystals  appeared. A s m a l l  
w u n t  of precipitate again formed i n  the dissolution s tep of MZr-21 (calculated 
F-/U = 55); however, a highly loaded, s table  (no crystals  a f t e r  36 days) SX 
feed was produced. Run MZr-22 at  a calculated F-/U = 81 produced no green 
precipitate;  although the SX feed shown i n  Table 4.1 (vol = $00 ml) was 
stable (no crystals  a f t e r  30 days), crystals  formed i n  < 24 hrs when it was 
f i r s t  diluted t o  a volume of 475 d.. An additional 25 m l  of water dissolved 
the crystals  and produced a stable solution. Run MZr-23 was made under the 
same calculated terminal conditions (F-/zr = 6.8) as  run CZr-9 in the 
engineering-scale equipment but no green precipi tate  formed i n  the s m a l l  
scale dissolver. The U-Zr-Sn material dissolved i n  the small run  contained 
1.6 times as much U as  t h a t  usea i n  the large scale run resul t ing i n  a much 
lover f ree  F'/U (88 cornpaxed t o  i l 5  for  the c e l l  run) but a higher f ree  F- 
( F - / z ~  = 7.10 compared t o  6.88) since l e s s  Z r  was present for  F' complexing. 
(The f n i t i a l  f luoride charge was edcula ted:  F- = 6.8 [ to ta l  w t  U-Zr-sn/ 
91.22]). This observatfon strengthens the hypothesis tha t  some minimum free 
fluoride concentratio!! (-I M in  the dissolution product) must be maintained 
as  well as  f ree  F'/U = 90 in  order t o  prevent U precipitation during dissslu-  
tfan. 

4.2 Shearing and Leaching - B. C .  Finney 

A chop and leach prograni t o  determine the economic and technological 
f eas ib i l i ty  of continuously leaching the core material ( U O ~  or  U O Z - T ~ ~ O ~ )  
from re la t ive ly  short sections (1-in. long) of fue l  elements produced by shearing 
is conlljluing. Thls processing method enjs.fs'the appareht advantage bf recover- 
i ~ g  f i s s f l e  and f e r t i l e  rnatprial from spent power reactor fue l  elements 
withoui, dissolution of t h e  ine r t  jacketing material and end adaptors. These 
unf~eEed p3rkisans are stored d i rec t ly  i n  a minimum volume as  sol id waste. 
A "zold" chop-Peach complex consisting of a shear, csnveysr, leacher, and 
R-ompactor i s  being evaluated prior  Lo "hots' r m s .  
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Fig. 4.1. Oxygen concentration i n  scrubbed off-gas as a function of refluxing time. 



Shear. The 250 ton shear including the hydraulic system and feed 
mechanism has been received from the Birdsboro Corp. Ins ta l la t ion  of the 
shear and auxiliary equipment on the th i rd  f loor  of Bldg. 4505 has begun. 

Eleven Mark I-Model 7 fue l  assemblies have been f i l l e d  with Davison 
Chemical Co. U02 pe l le t s .  Each assembly contains -4000 pe l l e t s  weighing 
-60 kg. 

Conveyor. The conveyor has been received from the Weld Craft Co. of 
Dayton, Ohio. Slight modifications w i l l  be made t o  the inner drum t o  eliminate 
the gaps between the f l igh t s  and inner cylinder and the inner cylinder w i l l  
be f i l l e d  with linear-polyethylene fo r  c r i t i c a l i t y  control. 

Leacher. Four leaching runs were made i n  the 4 stage pyrex glass 
leacher model  able 4.2).  The fue l  charge consisted of chopped s ta in less  
s t e e l  clad U0g (112-in.-OD x 1-in.  long) and 6, 7, and 8 M - HNOj  was used 
as the dissolvent. 

Run 28 was a scouting run i n  which one batch of chopped s ta in less  s t e e l  
clad UO;r containing 437.8 g of UOg w a s  leached with 8 M HNOs. The purpose 
of t h i s  run was t o  determine the operabili ty of the leather m d e l  when 
leaching the very f ine  UO2 from the chopped s ta in less  s t e e l  sections. The 
r e su l t s  of t h i s  run indicated t h a t  there would be no d i f f i cu l ty  encountered 
i n  the operation of the model and as a consequence three leaching runs 
(run 29, 30, and 31) were made i n  which the UOg was leached from 9 batches 
of chopped s ta in less  s t e e l  clad UOg. 

In each run there was some variation i n  the  weight of U02 per batch 
 able 4.2). The 9 f lasks were charged with a siniilar volume of weighed 
chopped sections and at the conclusion of each run the empty cladding was 
weighed and the amount of UOg per batch determined by difference. 

The product incremental uranium loading and acidi ty  as represented by 
the sectfoas of the curves above l5ne A-B fo r  runs 29, 30, and 31 are  
presented i n  Figures 4.2? 14.3, a9d 4.4. In each run a fresh batch of 
chopped sections was put on strean. every hour. A comparison of the maximum, 
minimum andl composite product uranium loading m d  ac id i ty  of runs 29, 30, 
md 31 are  presented i n  the following tab le :  

Product 
Rm Dissolvent Uran imbad ing ,  g / l i t e r  Acidity, M - HN03 
Nc . M - KN03 Max Min Composite Max Mfn Composite 

In each rn 6a - 90 min were required t o  completely leach the  UO2 
from the chopped sections. 



Table 4.2. Leacher k d e l  Dissolution k t a  U02-HNOs System 

Charge : Chopped sections of  s t a i n l e s s  s t e e l  clad UOp, -(1/2-in. -OD x 1- in .  -long) 

Dissolvent ( ~ ~ 0 3 )  UOP Acid 
U02 Dissolution Flow W t  Product (composite) Consumption 

Run Batch Time Temp, Rate Vol Charged $ Loading H g-no1 HNO3 
?!o . !;a . -,.. 

uLA. O C  M - / l i t e r s  g n + = = c h e d  g  liter - M l i t e r s  g-m1 Uh!Og Feed 

28 1 90 102-111 8 18.6 1.67 437.8 100 236 5.24 1.62 0.97 7.2 2.6 

101 - 109 
103-109 
101-109 
102 - 109 
103 - 109 
103-109 
102 - 109 
100 - 108 
loo -109 
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DISSOLUTION TIME, mins. 

Fig. 4.3. Uranium lmding and H' as o function of dissolution time for the leaching of 9 botches of chopped stainless steel 
clod U 0 2  (Run-30) i n  the 4 stage leacher model based on a 4 hour dissolution time. 





J. C .  Suddath 

5 .1  [ - J. S. Watson 

I n i t i a l  e f fo r t s  have been made t o  analyze experimental data on tempera- 
ture  r i ses  i n  e l ec t r i ca l ly  heated mock fue l  elements contained within simulated 
shipping carr iers .  The apparatus used i n  these studies has been described 
previously (uni t  Operations April 1.961. monthly progress report) .  The f i r s t  
approach has been t o  calculate the temperatures expected within the fue l  
bundle i f  radiation were the only method of heat t ransfer  inside the car r ie r .  
Thus f a r  calculations have only been made using approximate but conservative 
estimates of the  radiation factors within the bundle. The resulting tempera- 
tures  predicted by these calculations have been surprisingly close t o  those 
observed experimentally within the bundles. 

In general, the net radiant flux from a surface 1 t o  a surface 2 i s  
calculated from relat ions of the form 

where 

u = Stefan-Boltzman constant 

TI, T2 = absolute temperatures of tubes 1 and 2 

Q = net radiation from 1 t o  2 

Al, A2 = areas of 1 and 2 

712 = radiation factor  f o r  1 t o  2 

The problem i n  using t h i s  relat ion ar i ses  because %2 is  a rather  complicated 
function of the areas,  emissivities, and configuration factors not only fo r  
radiation between tubes 1 and 2 but between a l l  surfaces i n  the system. 
312 must account fo r  a l l  of the heat from tube 1 which is  sorbed by tube 2 
and some reaches tube 2 through complicated multiple ref lect ions from 
surrounding tubes. 

Efforts are being made t o  evaluate the radiation factors in the manner 
described by ~ c ~ d a m s l -  and credited t o  Hottel. However, u n t i l  these e f fo r t s  
yield positive resul t s ,  an approximate system has been used which i s  believed 
t o  give conservative values for  7 s .  Essentially a special case of the  
McAdams treatment was used where one assumes t h a t  1 and 2 are the only 
source-sink surfaces. A l l  other tubes are no f lux surfaces. I f  one considers 
a tube near the center of the  bundle, a l l  tubes surrounding 1 and 2 have the 
same area and emissivity, E ,  =d the  radiation factor  i s  obtained by1 

McAdams, Heat Transmission, 3rd Ed. McGraw-Hill (1956)) pp. 72-76. 



k! 3 i s  defined by the relat ion 

where R represents the no f lux surfaces surrounding 1 and 2. For more con- 
servative values of Yl2, H12 was taken equal t o  Fkp. This essent ial ly  
neglects any heat going t o  2 from R. These simplications i n  3's also simplif'y 
temperature calculations within the bundle because the configuration fac tor  
between any two tubes i s  only a function of t h e i r  re la t ive  posit ion (adjacent, 
diagonal, e t c .  ) and not a function of t h e i r  posit ion i n  the bundle. 

For power reactor fuels ,  the tubes ape generally spaced very close 
together, and each tube can "see" and, with the above simplifications, radiate 
t o  no more than four adjacent tubes, four diagonal tubes, and e i ther  other 
tubes which are  located adjacent t o  the diagonal tubes i n  the square pitched 
array. All of the heat generated within a given tube must be (net)  radiated 
t o  these 16 tubes. Then the t o t a l  net heat radiated, Qi, from tube i w i l l  be 

A re la t ion  such as t h i s  can be written for  each tube i n  the fue l  bundle, 
and these equa;tions ( l inear  i n  T4) e m  'be solved simultaneously fo r  each 
T ". For large tube bundles of varying s ize,  a rapidly convergent t r i a l  
& er ror  procedure for  the equations appeared simpler than a procedure 
for  se t t ing  up and evaluating the determinates fo r  d i rec t  solution of the 
eq~.a t ions .  

Equation ( 3 )  can be solved d i rec t ly  for  Ti4 t o  give 

The f i r s t  summation i s  the same fo r  a l l  tubes. 



where 

F1 = configuration fac tor  f o r  radiat ion t o  an adjacent tube 

F2 = configuration fac tor  f o r  radiat ion t o  a diagonal tube 

and F3 = configuration fac tor  f o r  radiat ion t o  a tube adjacent t o  a diagonal 

In the  t r i a l  and e r ro r  procedure, a l l  tubes were i n i t i a l l y  s e t  a t  t he  c a r r i e r  
w a l l  temperature and then the  temperature required fo r  each tube t o  rad ia te  
i t s  generated heat was calculated from equation (4)  and assigned t o  t h a t  tube. 
The calculations were repeated throughout the  bundle u n t i l  t he  center tube 
temperature changed by l e s s  than 0 . 0 1 ~ ~ .  

A s l i g h t  complication a r i s e s  i n  the  outer  two rows of tubes of t he  
bundle since these tubes rad ia te  pa r t  of t h e i r  energy t o  the  ca s t  w a l l  and 
not t o  other  tubes. Rather than d i r ec t ly  evaluating configuration f ac to r s  
for  radiation t o  the w a l l  and using d i f f i c u l t  equations, other  than (h ) ,  
fo r  these tubes,  it was simpler t o  simulate the  case w a l l  by considering 
two imaginary rows of tubes, whose temperatures were s e t  at the  w a l l  tempera- 
t u re ,  completely surrounding the  bundle. These tubes should a f f e c t  t he  
calculations much l i k e  t h e  w a l l  but s t i l l  allow one t o  proceed com- 
p le te ly  through the  bundle using the  same equation f o r  r e se t t i ng  the  tube 
temperatures . 

Some reduction i n  computation can be obtained by noting t h a t  t he  tempera- 
t u re s  within the  bundle w i l l  by symetrical. Although one needs only evaluate 
the  temperatures i n  one octant of t he  bundle, one must always carry temperatures 
of tubes of a t  l e a s t  two rows remved from the  octant .  For machine calculat ions  
the  t e s t i ng  and control  statements necessary take away most of t he  advantage 
of calculat ing the  temperatures of l e s s  than one-half of the  tubes. 

These calculations were made (with the  IBM-7090) f o r  the  conditions 
employed i n  some of t he  experimental runs (Tables 5.1, 5.2, and 5.3). The 
w a l l  temperature of  t h e  simulated c a r r i e r  was not constant f o r  any of  the  
experiments, but it varied with the angle from v e r t i c a l  (Figure 5 .1) .  For 
the  calculations,  an average value w a s  used. The agreement of  the  r e s u l t s  
with the experimental r e su l t s  was surpr is ingly good, especial ly  a t  higher 
heat generation r a t e s .  The average deviation of t he  experimental tempera- 
t u re s  and the  calculated temperatures (only 19 of t h e  36 tube temperatures 
were measured and could be used i n  the  average) were 16, 19, and 22OC, 
respectively, fo r  the  three runs shown i n  Tables 5.1, 5.2, and 5.3 with 
heat generation r a t e s  of 0.0986, 0.0708, and 0.0481 watts/cm. One would 
expect a l l  calculated temperatures t o  be equal t o  o r  higher than t h e  measured 
temperatures i f  a l l  of  the  constants employed were correct .  This w a s  not 
always the  case, and although the  calculated temperatures were higher on 
the average, t h i s  s t i l l  throws some questions on the  resu l t s .  

There were very apparent e f fec t s  of convection i n  t he  experimental 
da ta  which w i l l  need t o  be taken in to  account. F i r s t ,  t he  r a d i a l  dependence 
of the  cas t  w a l l  temperature was apparently caused by the convective "chimney" 
above the  bundle. Also because of  convection the  measured temperature 
d i s t r ibu t ion  w a s  not symetrical. The temperatures i n  t h e  upper half  of t he  
bundle were notably higher than those i n  the  lower ha l f .  Methods of  account- 
ing for  and correla t ing the  e f f ec t s  of convection a re  being considered. 
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Table 5.1. Calculated and Experimental Temperature 

Distribution in  an Enclosed 36-~ube Bundle 

& = o .0g84 watts/cm 

Average wall temperature = 73.0gC 

Dif f et-enae bekween 
calcw-lated and measured 
temperature = 1 6 " ~  

0 Experimentally measured temperature 



Table 5.2. Calculated and Experimental Temperature 

Distribution in an Enclosed 36-~ube Bundle 

Q = 0.0708 wattslcm 

Average wall temperature = 58. OOc 

Emissivity = 0.55 

Difference between ' 
calculated and measured 
temperature = 19% 

I---; Experimentally measured temperature 



Table 5.3. Calculated and Experimental Temperature 

Df stribution in an Enclosed 76-~ube Bundle 

Q = 0.0481 watts/cm 

Average wall temperature = 50.0°C 

Differencb :-between 
calculated and measured 
temperature = 22OC 

[:A Experimentally measured temperature 
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Fig. 5.1. Angular wall temperature distribution on simulated spent fuel shipping carrier wall. 



6.0 SOLVENT EXTRACTION STUDIES 

The HETS values f o r  uranium stripping reported t h i s  month were obtained 
using the 5% TBP flowsheet described i n  the September Unit Operations Monthly 
Progress Report (CF 60-9-43). 

6.1 HETS Values fo r  Uranium Stripping i n  Sieve and Nozzle Plate Pulse 
Columns - R.  S. bwr ie ,  F. L. %ley 

HETS values were obtained fo r  the aqueous continuous operation of the  
12 f t  sieve plate  column (0.125-in.-dia holes, 23% f ree  area)  and f o r  both 
aqueous and solvent continuous operation of the 12 f t  nozzle plate  column 
(0.125-in. -dia nozzles, 10% f ree  area with the nozzles facing down). 

Operating conditions were those f o r  the 576 TEP flowsheet, a PLprex type 
flowsheet employing 576 TBP i n  Amsco 125-82 a s  the solvent and 0.01 M n i t r i c  
acid as the s t r i p  reagent. baded solvent f o r  the t e s t  was obtainex as  a 
continuous flow from an extraction column. The experimental conditions f o r  
the t e s t  are  shown i n  Table 6.1, the average analyt ical  resu l t s  fo r  the 
flowing streams and column profi le  samples i n  Tables 6.2 and 6.3 and the 
uranium dis tr ibut ion curves f o r  576 TEP and several acid concentrations i n  
Figure 6.1. HETS values were calculated using the number of theoret ical  
stages determined from a McCabe-Thiele diagram ( ~ i g u r e  6.1 i s  a typica l  
diagram). In order t o  minimize the e f fec t  of increased analyt ical  e r ro r  
a t  low uranium concentrations, I.IETS values based on analysis of l e s s  than 
0.01 g / l i t e r  uranium were not calculated. The solvent uranium concentrations 
were used for  a l l  HETS calculations fo r  stripping regardless of which phase 
was continuous i n  the column. This necessitated calculating solvent values 
f o r  aqueous continuous runs by material  balance  able 6_.3). The most 
representative HETS values  a able 6.4) fo r  aqueous continuous operat ion of 
the sieve plate  column were 2.2 ft a t  50 cpm and 2.4 f t  a t  70 cpm fo r  a 
6 f t  length of column. HETS values for  aqueous continuous operation of the  
nozzle plate column remained constant a t  3.1 f t  as  the pulse frequency 
increased from 30 t o  50 cpm fo r  a 9 f t  length of column. Solvent continuous 
operation of the nozzle plate  column showed t h a t  the HETS values decreased 
from 2.0 t o  1.7 f t  as the pulse frequency increased from 50 t o  90 cpm f o r  
a 6 f t  length of column. In a l l  cases, 12 f t  of column was suff ic ient  t o  
reduce the uranium concentration i n  the stripped solvent stream t o  0.005 g/ 
l i t e r  o r  less ,  equivalent t o  a uranium loss  of < 0.15. 

Several t e s t s  were made with a solvent t o  aqueous r a t io  of -7. Although 
%he operating l i n e  and equilibrium l ines  were too close t o  permit %he calcula- 
t ion  of HETS values, i n  all cases, the uranium loss  i n  the stripped solvent 
stream was < 0.1%. 



Table 6.1. Ex~erimental  Conditions f o r  

5$ TBP Uranium Stripping Tests 

Pulse Flow Rates 
Run Column Frequency Continuous a1 f tm2.  hr-' Ratio % 
No. Cartridge CPm Phase Sol:ent S t r ip  Total  O/A Flooding 

1 s 50 A s  343 74.6 418 4.6 90 
2 S 70 AS 248 51.6 300 4.8 > 95 
5 N 50 Solv 344 75.3 419 4.6 
6 

4 5 
N 70 S O ~ V  256 63.1 319 4 .1  60 

7 N 90 Solv 131 29.4 160 4.5 80 
8 N 50 A q 134 29.5 164 4.5 60 
9 N 30 Aq  341 74.4 415 4.6 > 95 

S - Sieve p la tes  0.125-in. -dia holes, 23$ f r ee  area 
N - Nozzle p la tes  0.125-in. -dia nozzles, 10% f ree  area 

Pulse amplitude = 1 inch 

Table 6.2. Average Analytical Data fo r  Flowing Streams 

Run Loaded Solvent A ueous Product Stripped Solvent 
H + M  .- u g / e  

k u 
NO. U g/a - H+ M - ~ c c t  f o r  

1 8.00 0.03 37.0 0.20 < 0.001 < 0.01 100. 6 
2 7.99 0.05 34-7 0.22 < 0.001 < 0.01 90.3 
5 7 95 0.09 33.6 0.25 0.005 0.08 92.6 
6 7.47 0.10 33-9 0.22 < O . O O ~  0.01 111.8 
7 7-97 0.10 32.2 0.21 < 0.001 < 0.01 90. 6 
8 7-27 0.10 30.9 0.21 0.003 < 0.01 93-6 
9 8.20 0.04 34.0 0.20 0.003 < 0.01 90.6 
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Fig. 6.1. McCabe-Thiele diagram for stripping uranium from 5% TBP - Run 8. 



Table 6.4. HETS Values for  Stripping Uranium f r o m  5% TBP-Amsco 

HETS Values - Feet 
Pulse Phase L ~ c a t i o n  of Colurrm Section Above 

Rm Continuous FYequency Ratio Feed Point - Feet 
No. Phase cPm O/A 0-3 0-6 0-9 3-6 3-9 6-9 

Sieve Plate Column (0.125-in. -dia holes, 23% f ree  area)  

Nozzle Plate  C o l m  (0.125-in. -dia nozzles, 10% free  area)  

5 Solv 50 4.6 1.3 2.0 - 3.2 - - 
6 solv 70 4 ,1  1.0 1 . 7  - 3.2 - - 
7 Solv 90 4.5 1.2 1.7 - 3.1 - - 
8 Aq 50 4.5 1.8 2.2 3.1 3.3 3.7 3.4 
9 AS 30 4.6 1.8 2.1 3.1 3.2 3.5 3.3 



VOLATILITY 

R. W. Horton 

7.1 MSR Core Fuel Reprocessing - W. W .  P i t t  

The core f u e l  s a l t  f o r  t he  proposed l h l t e n  Sa l t  Breeder Reactor w i l l  
be a mixture of Li7F and BeF2 plus u ~ ~ ~ F ~  and possibly ThF4. The accumula- 
t i o n  of  f i s s ion  products i n  t h i s  salt w i l l  necessi ta te  processing a t  frequent 
in te rva ls  t o  remove accumulated neutron absorbing poisons. The processing 
scheme1 currently under consideration involves separation of u~~~ from the  
s a l t  by the v o l a t i l i t y  process and recovery of the  high cost Li7F and BeF2 
from the  residue (Figure 7.1). 

The salt recovery process consis ts  of dissolut ion of the  salt i n  l iqu id  
HF, followed by a so l ids  separation s tep t o  remove insoluble F.P. f luor ides ,  
and then f i n a l l y  evaporation of  the  HF leaving puri f ied s a l t .  Laboratory 
s tudies  of  t he  dissolut ion of l i thium and beryllium f luor ides  i n  HF have 
indicated t h a t  the  r a t e  of dissolut ion i s  great ly  increased by ag i ta t ion  
o r  by increasing t h e  surface t o  volume r a t io .  This, i n  addition t o  a need 
f o r  a continuous process, l ed  t o  t he  consideration of spraying as  a means 
of introducing s a l t  i n to  l iqu id  HF. 

Due t o  the  d i f f i c u l t i e s  experienced a t  Argonne National Laboratory 
2 

with s ingle  phase nozzles spraying fused s a l t s ,  a two phase o r  atomizing 
nozzle was chosen f o r  study. 

Spray Nozzle Performance Specifications.  A maximum mean pa r t i c l e  
diameter of 50 microns was chosen t o  maintain the  high surface volume r a t i o  
required f o r  rapid dissolut ion of salt i n  HF. The nozzle must maintain t h e  
salt f l u i d  (- 5 5 0 " ~ )  u n t i l  it i s  discharged. Because the  s a l t  i s  highly 
contaminated the  nozzle must be simple and r e l i ab l e  o r  ea s i ly  replaced 
remotely. The nozzle w i l l  have t o  handle varying r a t e s  of fused salt; t h e  
mean r a t e  w i l l  be about 3 gal/hr.  

Pressure Nozzles. In  pressure nozzles t he  f l u i d  i s  under pressure and 
i s  broken up by i t s  inherent i n s t a b i l i t y  and i ts  impact on the  atmosphere. 
Here t he  energy required t o  break the  f l u id  i n to  small drops is supplied 
only by t h a t  s tored i n  t he  f l u id  under pressure. To produce droplets  about 
50 microns would require pressures greater  than 60 p s i  i n  the  fused salt 
system and nozzle diameter l e s s  than 0.020 inches which would tend t o  plug. 

Rotating Nozzles. In  ro ta t ing  nozzles the  f l u i d  i s  fed a t  low pressure 
t o  the  center of a rapidly ro ta t ing  disk o r  cup. Centrifugal force causes 
the  f l u id  t o  be broken up in to  drops. This type nozzle would be highly 
subject  t o  bearing f a i l u r e  i n  the  corrosive atmosphere of t he  fused s a l t ,  
HF system. Also there  would be the d i f f i c u l t y  of keeping the  s a l t  molten 
while it was on the  disk.  

Two Fluid Atomizing Nozzles. In atomizing nozzles the  f l u i d  i s  subject  
t o  a high-velocity j e t  of gas which supplies t he  energy required t o  break 
it up in to  f ine  droplets .  In t h i s  type nozzle t he re  a r e  no moving par t s  t o  
f a i l ,  the  fused salt nozzle can be of f a i r l y  large diameter with required 
pressure l e s s  than 20 ps i ,  and it, may be readi ly  heated by res is tance heating. 
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The problems associated with t h i s  nozzle type, t h a t  of  supplying a l a rge  
volume of  high veloci ty  gas and of separating the  small s a l t  p a r t i c l e s  from 
the  gas, may be solved with present technology. 

Two-Fluid Atomizer Sizing Calculations. The two . f lu id  atomizer 
equations developed b y  Nukiyama and ~ a n a s a w a , ~  were used. 

where 

cr = surface tension of  l iqu id ,  dynes/cm 

v = viscos i ty  of l iqu id  - centipoises 

p = l i qu id  density - l b / f t 3  

QL, QA = volumetric flow r a t e s  of l i qu id  and a i r ,  respectively,  ft3/sec 

V = r e l a t i v e  veloci ty  between two f l u i d s  - f t / s ec  
a 

D = mean droplet  diameter - microns 

For calculat ions  the  following physical constants of  the  fused salt 
were assumed: 

p = 8.4 cent ipoises  

The selected diameter of t he  fused salt nozzle was 25 m i l s .  It was 
f e l t  t h a t  t h i s  approached the  minimum diameter through which fused salt 
would e a s i l y  flow. I f  the  s a l t  dr iving force through the  nozzle i s  20 p s i ,  
the  salt veloci ty  w i l l  be 

From equation ( I ) ,  it is  apparent Va must be much grea te r  than 400 f t / s ec ,  
f o r  D t o  be l e s s  than 50 microns. Therefore VA must be greater  than 500 
f t / sec .  Also from equation (1) , it i s  apparent t h a t  QA must be on t he  order 
of 5 0 0 0 / ~ ~ .  



Area of gas nozzle = 0.375/500 x 144 = 0.11 in .2  

Where the  outside diameter o f  salt nozzle i s  114-in. t he  I D  of gas nozzle 
must be 0.63-in. 

Nozzle Heating and Construction Detai ls  ( ~ i g u r e  7.2). To prevent the  
fused s a l t  from freezing i n  t he  nozzle and plugging it, a means of heating 
t he  nozzle t o  g rea te r  than 500'C must be provided. The best  way of doing 
t h i s  i s  by res is tance heating the  nozzle. This requires a continuous 
e l e c t r i c a l  c i r c u i t  through the  nozzle. The salt nozzle was machined from 
Inconel bar stock, t o  a wall  thickness of -32 mils, ( the  same a s  small tubing),  
and an inner diameter of 25 mils a t  t he  discharge end ( ~ i g u r e  7.3). The i n l e t  
of t he  nozzle was welded t o  t he  114-in. Inconel t r ans fe r  l i n e .  The discharge 
end t o  112-in. Inconel tubing which circumscribed the  t r ans fe r  l i n e  f o r  about 
10-in. and terminated a t  an Inconel r i ng  j o in t  flange. Two Chrome1 Alumel 
thermocouples were attached t o  the  inner w a l l  o f  the  annulus, one a t  the  
nozzle t i p ,  and the  other  about 4 inches from the  t i p .  The annulus was 
f i l l e d  with magnesium oxide insulat ion t o  prevent shor t  c i reu i t ing .  This 
provided an e l e c t r i c a l  path from the  flange, which was insulated from the  
ground, through the  112-in. tubing, nozzle, 114-in. t r ans fe r  l i n e ,  supply 
tank t o  ground. The res is tance of t h i s  c i r c u i t  was approximately 0 .2  ohms. 

The atomizing gas was fed through l - i n .  Inconel tubing which was 
concentric t o  the  112-in. tubing f o r  about 5 i n .  It was tapered t o  0.6-in. 
a t  the  o u t l e t ,  jus t  beyond the  nozzle t i p .  This provided pa ra l l e l  flow of 
the  two f lu id s .  The gas supply tubing was bent go', t o  allow the  s a l t  
l i n e  t o  en te r  i n  a s t r a igh t  l i n e ,  through an opening cut i n  the  l - i n .  tubing. 
A r ing  j o in t  flange welded t o  the  bend, perpendicular t o  t he  discharge sect ion,  
allowed the  s a l t  nozzle and the  gas supply l i n e  t o  be disconnected. A sect ion 
of 112-in. pipe sealed t he  inner flange t.o t he  l - i n .  tubing. 

Molten Sa l t  Supply Tank and Transfer System. To provide a supply of 
molten salt, a tank was made from 6-in. Schedule 40 Inconel pipe, and 1 in .  
p la te .  i his tank was heated t o  8 0 0 ~ ~  i n  an 8-in. Hevi-duty furnace, and 
pressurized t o  30 p s i  with nitrogen t o  provide t he  dr iving force f o r  t r a n s f e r  
of the  molten s a l t .  The s a l t  was t ransferred through 114-in. Inconel tubing 
wrapped with asbestos insulat5on tape. The 10 f t  of  t rans fe r  l i n e  and nozzle 
were res is tance heated by 100 amp current a t  18 vo l t s  potent ia l .  This 
provided a temperature of approximately 700°C i n  t he  t r ans fe r  l i n e  and 
> 8 5 0 " ~  i n  t he  nozzle, before flow of atomizing a i r .  

Atomizer Testing. The atomizer shown i n  Figure 7.4 was f i r s t  t e s t ed  
with water and a i r .  The sprayed water droplets  were caught i n  molten para f f in  
and examined op t ica l ly .  With a water flow of approximately 0.5 cu f t / h r  and 
an a i r  flow of approximately 5000 cu f t / h r  droplets  of 5 - 100 micron i n  
diameter were obtained, with a mean l e s s  than 25 microns. From equation (1) 
and t h e  physical constants of water m d  fused s a l t ,  it i s  apparent t h a t  f o r  
2 given flow of the  two f lu id s  the  mean droplet  diameter s f  fused s a l t  
should be approximately twice t h a t  f o r  water. Therefore with a fused s a l t  
f l ~ w  c f  0.5 cu f t / h r  and ana a i r  flow of 5000 cu f t / h r  a mean droplet  diameter 
of < 50 microns should be obtained. 
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Fig. 7.2. Molten salt atomizer. 
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Fig. 7.3. Fused salt nozzle. 



Fig. 7.4. Two fluid atomizing nozzle. 



The nozzle was then welded t o  the 1/4-in. t ransfer  l i ne ,  m d  resistance 
heating c i r cu i t  connected. After charging the supply tank wlth 26-42-32 mol 
% Na-Ef - Z r  F s a l t ,  fhe s a l t  was fused and an attempt made t o  spray it. 
Though the nozzle and t ransfer  l i n e  temperatures were g r e ~ t e r  than 70Q°C, 
no s a l t  was sprayed a f t e r  a 3 hr e f for t .  Later visual  inspection showed 
tha t  s a l t  had been transferred t o  the t i p  of the nozzle. After d r i l l i n g  
the nozzle out with a 0.025 in.  d r i l l ,  a second attempt w s s  made, and t h i s  
t5me s a l t  was successf i l ly  sprayed f c r  15 min a t  a ra te  of 0.3 cu f t /h r .  
Atomization was not continuous, however, because a cake of frozen s a l t  b u i l t  
up around the s a l t  nozzle when the atomizing a i r  was ono This would quickly 
break away when the a i r  was turned o f f ,  so the nozzle wae; operated a s  an 
atomizer i n  cycles. 

The sprayed s a l t  was collected i n  water which separated the sol ids  fmm 
the high velocity a i r ,  A 5 gallon open container was placed in ara open 55 
ga l  drum ( ~ f g u r e  7.51, and both had approximately 4 i n o  of water. This way 
the non-atomized s a l t  was retained i n  the 5 ga l  container only. 

Results. Samp1.e~ of sprayed s a l t  were taken fmm both the 5 ga l  container 
and the 55 ga l  drum. In addition, samples of dry salt were taken from surfaces 
near the nozzle where the salt had se t t l ed  out. 

Microscopic examination of the samples showed tha t  those samples which 
had been wet by water were mostly i r regular  par t ic les  < 5 mferons i n  diameter 
( ~ i g u r e  7.6a). Those collected dry were mostly spheres 25 - 100 microns i n  
diameter ( ~ i g u r e  7.6b). However, the existence of sub-micron @heres indicates 
the atomizing nozzle may produce some droplets i n  t h i s  range ( ~ i  gure 7.7) 

Conclusions - Continuous Dissslu%isn. It appeam t o  be very feasible  
t o  obtain a mean droplet diameter of < 75 m3.erons by  lom mi zing fused s a l t .  
The f ac t  that the par t ic les  of salt which were sprayed inlato water were much 
s n d l e r  'and much more i r regular  than the d r ~ ~ p l e t s  collected dry, indicates 
tha t  the  droplets had been apparently shattered ifits very f ine  partfeles  
by rapid cgrcrlfng. This svggests t ha t  a s,mlB droplzt, dLmieter f s  not necessary 
(even the s a l t  which W S , ~  ~ o i ,  ekomized was collected as veqy s m a l l y  i r regular  
p a r % i ~ L e s ) ~  For con%ir?;~o~s dPssolution i n  HF, it s b u l d  only be necessary 
t o  introduce molten s a l t  i n  a f ine  s t r e m  into l iquid  HFo 

The two maJor praslems i n  a tomi~ ing  fused s d t  a re  the sapply of a 
large volume of h i  gh velocity atomi zing gas ( p r o b a ~ ~ y  very earmsive)  and 
the sep~zration ~f the sol id  s a l t  droplets from the atrdrnlzfng gas. Neither 
@f tbes3 problems should be too d i f f i c u l t  t o  solveo 

Csntinueus Fluorination. As a re su l t  of the preliminary t e s f s  s f  fused 
salt at,ornizatfon, spray fluorination sbauld be reconsidered as  a con$inuous 
process for  recovery of  uranium from fused s a l t  i n  the v o l a t t l i t y  process. 
The disadvantages l i s t e d  by Gabor, e t  a1. ,2 should be somewhat overcome 5y 
%he use o f  a-A atomizing nozzle. 

I. The fused s a l t  r -oz~ le  d imet2r  t s  net 2yi i , j f~ai  t~ t h e  atoqiziztion, 
thus fewer nozzle replacemsnts waald be requared. 

2 The use of r"l!:o~fne as the a-Lomizing gas m d  the vury small drcplets 
obtained shoul6 pr4vfde high recovery in  one eyc2e. 
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A - Non-Atomized I3 - Atomized 

Fig. 7.5. Salt Collection. 
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A. Salt Quenched by Water B. Salt Collected Dry 

Fig. 7.6. Atomized salt. 
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Fig. 7.7. Atomized salt quenched i n  water particularly note sub micron spheres. 
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8.0 WASTE PROCESSING 

J. C. Suddath 

The purpose of  t h i s  program i s  t o  obtain engineering information fo r  
the design of a hot p i l o t  plant,  which w i l l  demonstrate the disposal of 
high leve l  waste solutions. Since the hot p i lo t  plant may be bu i l t  a t  the 
Idaho Chemical Processing s i t e  where TBP-25 waste i s  available, TBP-25 waste 
of the composition stored a t  Idaho was used fo r  t h i s  t e s t .  

8.1 Evaporator-Calciner Test (R-38) - C .  W. Hancher 

Test R-38 was operated using the same procedure as was used f o r  t e s t  
R-37 reported i n  the  May 1961 Unit Operations Monthly Report. The close 
coupled evaporator-calciner was operated and controlled as  reported f o r  
t e s t  R-37. The feed f o r  t h i s  t e s t  was TBP-25, simulated from the sampled 
composition of tank WM-182 a t  the Idaho Chemical Processing Plant, Table 8.1. 
Cold Ru was added t o  check i t s  v o l a t i l i t y  during the evaporation-calcination 
operation. 

The average feed r a t e  f o r  the t e s t  was 27.6 l i t e r s  fo r  an hour,   able 8.2, 
Figure 8.1. Only 89$ of the n i t r a t e  was accounted for ,  while the ruthenium 
and mercury balances were 455 and 42$. The unaccounted f o r  ruthenium and 
mercury are  probably plated as sol id  i n  the off-gas system. However, the 
mercury did concentrate i n  the evaporator during the standby period, Table 8.3. 

8.2  vapora at or-Calciner Control and Operation 

Test R-38 s ta r ted  with the evaporator f i l l e d  with cold feed and the 
calciner empty and cold  a able 8.4). The evaporator contents were heated 
t o  boiling and then the calciner was heated and f i l l e d  simultaneously, 
requiring about 60 min t o  fill. As the control variables reached t h e i r  s e t  
point values they were switched from manual t o  automatic control. The 
control set t ings f o r  f ive  controlled streams are  shown i n  Tables 8.5 and 
8.6. The system controlled sa t i s fac tor i ly  f o r  over 90$ of the time. The 
evaporator l eve l  ( ~ i g u r e  8.2) was within control l imi t s  a t  a l l  times, except 
when the leve l  probe plugged. This caused feed t o  foam over in to  the 
condensate tank. 

The control of variables has been evaluated by the se t t ing  of l imi ts :  

L i m i t  "A" Too high, out of control, dangerous 
L i m i t  "B" Upper l i m i t  of good control 
L i m i t  "C" Lower l i m i t  of good control 
Limit "D" Too low, out of control, uneconomical 

The evaporator density exceeded only l i m i t  "B" during the operational 
period of the t e s t .  When the calciner was f i l l e d  about the 13 hour the feed 
r a t e  t o  the calciner decreased t o  a low ra t e ,  the evaporator was put on 
standby, no more feed was added t o  the system. As the calciner demanded 
feed at a low ra te  the Al+++ concentration of the evaporator decreased, 
Figure 8.3. The temperature of the evaporator controlled sa t i s fac tor i ly ,  
but acid concentration of the evaporator did not follow the temperature 



Table 8.1. Test R-38 Feed Concentration - "TIP-25" 

AS made up* 1.26 1.72 4.0 6.6 0.16 2.4 
As  analyzed 

Tank 1 1.75 1.7 5 75 6.6 0.20 0.148 
Tank 2 1.48 1.7 4.60 6.6 0.31 0.148 
Tank 3 1.70 1.7 4-31 6.6 0.31 0.158 

* Concentration of Tank - WM-182, Idaho Chemical Processing Plant 



Nitrate Balance 
Input 

w e n s a t e  
(sol id  
(off -gas 

Ruthenium Balance 
Input 
Recoverv 

( condensate, 
( sol id  
(evaporator 

Mercury k l a n c e  
Input 

R w e n s a t e  
(sol id  
( evaporator 

Table 8.2. System Balances and Results 

Test R-38 

2581 g moles 
3 g moles 
6 g m l e s  

Off -gas 

1260 cu f t  t o t a l  
1152 cu f t  leakage and purge 

108 cu f t  non-condensable (74 cu ft oqgen)  

1081442 = 0.245 cu f t l l i t e r  of system feed 

Averaae Feed Rate 

442116 hr = 27.6 l i t e r l h r  average 

(11 + 5 a t  low ra t e )  

Water Feed Rate 

1457 l i t e r  of water, water t o  feed r a t i o  = 3.3 

Calcined Solids 

TBP-25 Waste 

38 kg solid168 l i t e r s  = 0.56 g/cc Bulk Density 





Table 8.3. R-38 Tes t  Conditions and Results  

System System Water bl Evap Evap Evap Evap Evap Evap 
Test  Feed Water t o  Feed System Evap NO3 b1 NO3 Evap Evap Al I@ Ru H+ S t e m  Steam 

T_?me ppLEP-2s). ._Feed__ Ratio Condensate Press Input Condensate Density Temp Conc Conc Conc Conc Temp Cond 
h r s  e e r a t i o  e ps ig  g m l  g mol g/cc "C g/e g/e g/e molar 'c e 



Table 8.3. (Continued) 

Calciner 
Calciner  Calciner Temp a t  

Off-gas before Water Scrub 
N 2  02 A2 NO7 + N O 2  - - - - - 

Test  Heat Temp a t  Midsection System A i r  CO2 Off-gas a f t e r  Water Scrub 
Time Input Feed Point Center off-gas 78.03 21.00 0.94 0.03 0 A i r  N2 02 A2 N20 NO2 
h rs  KWH O C  'C cu ft vol  $ vol 5 vol k vol % vol  5 cu f t  v01 $ ~ 0 1  $ v01 v01 % v01 % 



Run Time 

Table Test R-38 Operation Log 

S t a r t  Wheelco 800°c - Evaporator f u l l  cold - pot empty 
cold 
S t a r t  t o  f i l l  pot - Evaporator 1 1 4 ' ~  - pot furnace on 
Calciner pot f u l l  
Calciner l eve l  plugged - water added 50 cc/min 
Evaporator pressure s e t  point  moved -0.5 psig t o  -0.75 psig  
Low r a t e  of feed t o  the  ca lc iner  pot - evaporator standby 
System foam over t o  condenser 
Wheelco t o  900°C 
Calciner heat o f f  and evaporator shut down 

Table 8.5. Control Set t ing f o r  Test R-38 

Prop. Set 
Control Control Range Eand Reset Point 

Variable 0 - 100% k min Scale $ 

Evaporator Liquid l e v e l  7.4-35.0 l i t e r  250 5 50 
Evaporator Density 1.0-1.5 g/cc 200 10 70 
Evaporator Temperature 101-128 OC 100 5 65 
Evaporator Pressure -5 t o  +5 psig 10 0 - 3  42 

Calc i ne r  Liquid l eve l  44-52 l i t e r  100 10 50 



Table 8.6.  Operational Limits f o r  Test R-38 

Operational* 
Limit Limit Set  Limit Limf t Readings 

A B Point C D Min Max 

Evaporator 
Lfauid Level 

scale  $ 
l i t e r s  

Evaporator 
Density 

scale  % 
g/cc 

Evaporator 

Evaporator 
pressure 

scale  % 

Calciner 

l i t e r s  

* Recorded hourly readings 
** Was zero before and a f t e r  f i l l i n g  period 

*** A 1  'U= 45 g / l i t e r  
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Set Point 50% 

Limit "A"  - - - - - - 

"C" v--f+ .--- -------------------------------- ** ----------- 

Liquid Level Probe Plugged System 
Foamed-Over Into Condensate Tank. 

I I 1 
2 4 6 8 10 12 14 16 18 20 22 L 

RUN TIME, hrs. 

Fig. 8.2. Evaporator l iquid level vs time. 

Set - Point 





very closely, Figure 8.4. The high acid level  of the 4th hour did not cause 
any extra  Ru vo la t i l i t y .  The Ru in the condensate was below 0.005 g / l i t e r  
fo r  the ent i re  t e s t .  The maximum evaporator Ru concentration was 0.25 g/ 
l i t e r .  

8.3 Calciner pot Corrosion 

The calciner pot used i n  t e s t  R-38 showed no signs of corrosion on the  
inside. The outside of the pot showed no signs of corrosion o r  oxidation 
scaling. A nitrogen purge of 10 cu f t /h r  was used between the calciner pot 
and furnace l ine r .  

8.4 Calcined so l id  

The calcined sol id had a bulk density of  0.56 g/cc ( ~ a b l e s  8.2 and 8.7). 
The sol id was l i g h t  gray i n  color and very crumbly. There was a hole down 
the  center of the pot indicating radia l  growth of solids.  Only 4% of the 
mercury fed t o  the system remained with the calcined solids.  However, 43% 
of the ruthenium added as cold ruthenium remained with the calcined so l id .  
The off-gas l i n e  contained a sol id fi lm which was 90% mercury and 1% Ru. 
The mercury and ruthenium system balances were 57% and 42%. The unaccounted 
for  material probably plated on the system's metal surfaces. 

Off -Gases 

The off-gases were sampled before and a f t e r  the water j e t  scrubber. 
The gases were analyzed for 02, N 2 ,  A, NO-C02, and NOn, Table 8.3. After 
sampling,the gas volume i s  determined by a wet t e s t  meter. The total volume 
of gas for  the t e s t  was 1260 cu f t ,  of which 1152 cu f t  was leakage and 
instrument purge (-400 cu f t  purge). Of the  108 cu f t  of non-condensables 
other than air, 74 cu f t  was excess oxygen, and the remaining 34 cu f t  
was NO2. 
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4 6 8 10 12 14 16 18 20 22 24 

RUN TIME, hrs. 

Fig. 8.4. R-38 evaporator temperature and ac id concentration vs run time. 
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Table 8.7. R-38 Solid Analysis 

- - - -- - - - - - - - -  

Fe Al Hg No3 Ru 
$ I& $ $ mg/g 

Top 70 in.  0.48 42.5 0.84 1-7 1.2 
5 0 i n .  0.35 44.0 0.1 0.2 0.5 
3 0 i n .  0.38 46. o 0.1 0-3 0- 5 

Bottom 6 i n .  0.39 46. o 0.1 0.1 0.7 
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