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TESTS OF A VAPOR-SPACE FEED NOZZLE FOR 
CALCINING ALUMINUM NITRATE SOLUTIONS IN A FLUIDIZED BED 

by 

G. E. Lohse, Editor 

Operation'and Development Work Performed At 
Battelle Memorial Institute by 

G. R. Smithson, Jr. 
J. E. Hanway, Jr. 
F. M. Stephens, Jr. 

An investigation was conducted to determine the'performance of a 
vapor-space feed nozzle which sprayed aluminum pitrate solution on the 
surface of a fluidized bed calciner. Results indicate that 'this type 
of feed system is satisfactory for calcining aqueous wastes .from the 
processing of spent aluminum-type nuclear fuels. Process and product 
control were achieved by adjusting the volumetric ratio of the air to 
the liquid fed to the nozzle. The results obtained at various operating 
conditions are compared with those from a pneumatic atomizing nozzle * 

submerged below the surface of the fluidized bed. 

This report is largely based on a report submitted.by.Battelle 
Memorial Institute, summarizing work performed by BMI under a Task 
Agreement with Phillips Petroleum Company. 
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TESTS OF A VAPOR-SPACE FEED NOZZLE FOR 
CALCINING ALUMINUM NITRATE SOLUTIONS I N  A F L ~ D I Z E D  BED 

I. SUMMARY 

An experimental piogram conducted a t  the  Ba t t e l l e  Memdrial I n s t i t u t e  
has indicated t h a t  t he  feed system used a t  Ba t t e l l e  f o r  introducing 
s l u r r i e s  and solut ions  i n t o  a f lu id ized  bed calc iner  can be adapted f o r  
reducing aqueous wastes from aluminum reactor  f u e l s  t o  s o l i d s .  I n  t h i s  
system the  feed solut ion i s  sprayed on t he  surface of t he  bed through 
tubing i n s t a l l e d  ax i a l l y  through t he  top of the  calc iner .  

Process operation and product charac te r i s t i cs  were adequately 
maintained by adjusting t he  a i r  r a t e  t o  the  feed gun. Volumetric a i r -  
to-feed r a t i o s  above 240 gave a product with a mean diameter l e s s  than 
0.3 mill imeter and an alpha alumina content above 30 weight per cent. 
Air-to-feed r a t i o s  of approximately 100 gave product with a mean s i ze  
greater  than 0.6 millimeter and an alpha alumina content below 20 per 
cent. The res idua l  n i t r a t e  content of t he  so l ids  remained below s i x  
weight per cent  throughout the  t e s t s .  The'absolute densi ty  varied from 
3.6 grams per  cubic centimeter f o r  60 per cent alpha, t o  3.0 f o r  10 per 
cent alpha. Mechanically, t he  feed gun operated without d i f f i c u l t y  
throughout a t o t a l  operating time of 25 days, and no serious,  caking 
occurred i n  t he  bed. 

The weight of so l i d  product removed from the  bed did  not exceed 80 
per cent of the  equivalent weight of so l ids  introduced i n  the  feed 
solution.  From the  standpoint of product recovery, t h i s  feed system 
does not appear t o  'be superior t o  usilig pneumatic atomizing nozzles 
spraying below the  'surface of the  bed. 

Product containing high alpha-phase alumina, i . e . ,  g rea te r  than 50 
weight per cent, was successfully contained within t h e  calc iner  system. 
The weight of so l i d s  returned from a knockout cyclone t o  the  bed during 
such a period averaged f i v e  times t he  t heo re t i c a l  product r a t e .  Never- 
the less ,  t he  so l ids  leaving the  system i n  t he  off-gas downstream of the  
cyclone were l e s s  than four  per cent of t heo re t i c a l  product r a t e .  The 
weight of so l i d s  returned from the  cyclone t o  t he  bed during periods of 
low alpha generation, i . e . ,  l e s s  than 25 per cent, was l e s s  than the  
t heo re t i c a l  product r a t e .  However, so l ids  i n  t he  off-gas downstream of 
the  cyclone were a s  high a s  30 per cent of t he  t heo re t i c a l  product r a t e .  

The r e s u l t s  o f . t h i s  work indicated t h a t  a product with high alpha 
alumina, content could be contained i n  a calc iner  system a t  l e a s t  t o  the  
same extent  a s  a product with low alpha content. 

This repor t  i s  largely  the  summary repor t  submitted by Ba t t e i l e  
Memorial I n s t i t u t e  under a Task Agreement with Ph i l l i p s .  Certain product 
analyses and in te rpre ta t ions  of t he  da ta  from these analyses were made a t  
t he  ICPP. The major conclusions, however, a r e  those presented by BMI. 



11. INTRODUCTION 

I n  t h e  cont inenta l  United S ta tes ,  radioactive l i q u i d  wastes re -  
su l t ing ,  from aqueous reprocessing of spent reactor  f ue l s  a r e  being 
s to red  present ly  i n  underground s t e e l  tanks. If these tanks were 
breached by any means it i s  obvious t h a t  radioactive contamination of 
a l a rge  area could r e s u l t .  Therefore, research e f f o r t s  throughout 
t h i s  country have been i r ec t ed  toward s a f e r  and more economical 
waste storage. Bel ter  tl) recent ly  described t h e  processes being 
invest igated t o  develop t h e  ul t imate  storage method. 

For the  pas t  severa l  years, the  Atomic Energy Division of Ph i l l ips  
Petroleum Company has invest igated the  f lu id ized  bed technique fo r  
t he  reduction of radioact ive  wastes t o  so l ids .  This program has been 
concerned pr inc ipa l ly  with t he  calr.ina.tsion of aluminum n i t r a t e  sul.u- 
t i o n s  i n  six-inch diameter and two-foot-square calc iners .  I n  t he  
f l u id i zed  bed calc iner  simulated waste solut ion i s  introduced i n t o  
a bed of hot calcined a1 i~mlna ,  thr iugh pneumakic a'l;ol~l-lzlug nozzles. 
The aluminum content of t h e  solut ion remains i n  the  bed as spher ical  
p e l l e t s  of alumina, and water and. nitrogen oxides are  ca r r ied  from 
the calc iner  with t he  f l u id i z ing  gas. 

Because t h e  r e s t r i c t i o n s  regarding air pol lut ion a re  f a r  more 
s t r i ngen t  than those encountered i n  normal chemical processing plants ,  
e s s e n t i a l l y  complete removal of a l l  pa r t i cu l a t e  matter from the  e f -  
f l u e n t  gases i s  of pa r t i cu l a r  importance i n  t he  treatment of radio- 
a c t i ve  wastes. Of t h e  many process techniques f o r  cleaning e f f luen t  
gases, t he  wet scmbbing technique has received the  most e f f o r t  at 
t h e  Idaho Chemical Processing Plant .  This system includes a dry 
cyclone f o r  removing t h e  bulk of t he  so l ids  leaving t he  calc iner  bed, 
a cooler and ventur i  scrubber f o r  fu r ther  reduction of so l ids  loading, 
s i l i c a  g e l  adsorbers f o r  removing v o l a t i l e  f i s s i o n  products, and AEC-  
type f i l t e r s  f o r  f i n a l  p a r t i c l e  removal before t he  gas i s  discharged 
t o  t he  atmosphere. 

The so l ids  loading i n  t he  off-gas from a f lu id ized  bed calc iner  
i s .  dcpendent p r i r ~ ~ a r f l y  upon the  s i z e  and mass of the  paxa.l;icles and 
t h e  supe r f i c i a l  gas veloci ty .  The median p a r t i c l e  s i z e  of the  bed i s  
s i gn i f i c an t l y  influenced by t he  amount of a t t r i t i o n  t h a t  occurs i n  the  
bed and. by the  s i z e  of t he  l i qu id  drople ts  produced b y , t h e  spray nozzle. 
Pneumatic atomizing nuzzles spraying below the  surface of a f lu id ized  
bed a r e  known t o  be capable of causing considerable p a r t i c l e  a t t r i t i o n  
a s  wel l  as  producing l i qu id  drople ts  of vely small s i zes .  Since l a rge r  
l i q u i d  droplets  and reductions i n  energy put i n to  the  bed should, pro- 
vided a t t r i t i o n  from the  f l u id i z ing  media i s  negligible,  decrease the  

(1) Recent Developments I n  t he  Processing-and Ultimate Disposal 
of High Level Radioactive Wastes. Presented a t  t he  16th  
Annual Purdue Indus t r i a l  Waste Conference. May 2-4, 1961, 
Lafayette, Indiana. 



percentage of small diameter p a r t i c l e s  i n  the  bed as  wel l  a s  decrease 
the  amount of so l ids  entrained i n  t he  off-gas, it was believed t h a t  
introduction of feed above t he  bed l e v e l  might o f f e r  advantages over the  
method current ly  i n  use. 

A feed sys'tem f t h i s  type had been developed a t  the  Ba t t e l l e  
Memorial I n s t i t u t e  yl) f o r  introducing $elutions o r  s l u r r i e s  i n to  a 
f l u id i zed  bed calc iner .  Feed i s  sprayed downward on t he  top of the  bed. 
The feed gun en te rs  the  calc iner  ax i a l l y  through t he  top. Because of 
t h i s  p r i o r  work and because equipment was avai lable  f o r  conducting p i l o t  
p lan t  t e s t s ,  B a t t e l l e  was requested t o  carry  out  s tud ies  of t he  applica- 
b i l i t y  of i t s  technique f o r  calc ining simulated aluminum-type wastes i n  
a f lu id ized  bed. 

This repor t  i~ large ly  t he  summary repor t  submitted by BMI covering 
t he  work done under a Task Agreement with P h i l l i p s .  Contributions by the  
P h i l l i p s  technical  organization t o  t h i s  work included the  performance of 
some of t he  product analyses, the  in te rpre ta t ion  of t h e  da ta  obtained 
from these  analyses i n  t he  l i g h t  of t h e  BMI data,  and the  comparison of 
t he  r e s u l t s  obtained i n  t he  BMI study with t he  r e s u l t s  obtained i n  t he  
ICPP method of pneumatically atomizing calc iner  feed below the  surface 
of t he  f lu id ized  bed. 

( 1 )  The o r ig ina l  system was developed i n  cooperation with the  
Falconbridge Nickel Mines, Ltd., and i s  descri3ed i n  U. S. 
patents 2,813,015, 2,813,016, and 2,930,587. 



111. EXPERIMENTAL WORK 

The t e s t i n g  of a  spec i a l  system f o r  introducing aqueous feed 
i n t o  a  f l u id i zed  bed ca lc iner  was accomplished a t  the  Ba t t e l l e  
Memoria l . Ins t i tu te .  A descr ip t ion of the  ca lc iner  and i t s  aux i l i a ry  
equipment, an ou t l i ne  of t he  experimental procedure and methods of 
evaluat ing t h e  products, and the  tabula t ion of the  data  which were 
obtained are  included i n  t h i s  sect ion of t he  repor t .  

A. Description of the  Equipment 

1. Fluidized Bed Calciner 

The f lu id ized  bed calc inat ion u n i t  which was used i n  the  experi- 
mental program had an i n s ide  diameter of 22 inches and was 72 i n c h e ~  
high ( ins ide  measurements). The u n i t  was Pined with 7 inches of cas t -  
able  re f rac to ry ,  and had a  cas t  r e f rac to ry  o r i f i c e  p l a t e .  The o r i g ina l  
o r i f i c e  p l a t e  had s t a i n l e s s  s t ee l  b~ihhl F! r aps ,  but  thscc  f a l l ed  d ~ ~ i l i g  
prelfminary s t a r t u p  operations.  A new o r i f i c e  p l a t e  was ca s t  with 
twenty-five 3/8-inch openings shaped i n  the  form of deformed, rec l in ing  
z ' s ( @ ) , spaced on 4-inch centers .  This type of o r i f i c e  p l a t e  elimin- 
a t ed  t he  need f o r  bu'bble caps. 

The ca lc iner  was mounted above a  windbox combustion chamber i n  
which na tu r a l  gas was burned i n  an excess of a i r .  The r e su l t i ng  gas, 
which passed through t he  o r i f i c e  p la te ,  f lu id ized  the  bed and provided 
heat  f o r  the  evaporation and decomposition of t he  aluminum n i t r a t e  
solut ions .  

The off-gases from the  calc iner  were discharged through a  4-inch 
opening i n  the  top  o f  t h e  unit I .nto the  dust  collect ioi i  system. 

. Thermocouples were pLaced a.t. ~ t . r n t . e g i s  points  i n  the calclller ,Lo 
provide means of measuring the  temperature of t he  i n l e t  gases, the  
f l u id i zed  bed, t he  freeboard space, and t he  off-gas streams. The 
temperature of the  bed was control led  a t  a  se lec ted  value by varying 
e i t h e r  t h e  flow of na tu r a l  gas o r  the  l i q u i d  .feed r a t e .  

A diagram of t he  f l u id i zed  bed ca lc iner  and the  aux i l i a ry  equip- 
ment i s  shown i n  Figure 1. 



Figure 1. Fluidized Bed Calciner and Auxiliary Equipment 



2. Dust Collection System 

The eff luent  gases from the fluidized bed uni t  passed through a 
4-inch s ta in less  s t e e l  duct into the primary cyclone. Both the duct 
and the cyclone were insulated with f ibe r  glass so tha t  they could 
be maintained at a temperature above the dew point of the gaseous 
mixture. 

The alumina part iculates  which were collected i n  the primary 
cyclone dropped through an insulated 2-inch pipe in to  a screw conveyor, 
which returned the material  t o  the calciner t o  serve as nuclei fo r  
pa r t i c l e  formation. 

After passing through the primary cyclone, the gases passed through 
a venturi scrubber which had a one-inch-diameter throat, then tlwough 
an entrainment separator. The mixt~zre of solids and l iquid  from the 
entrainment separator dropped through a one-inch pipe in to  a sump which 
provided a water s e a l  fo r  the s lurry discharge system. The s lur ry  from 
t h i s  sump overflowed in to  the drainage system f o r  the building. The 
gases from the entrainment separator were directed in to  a s ta in less  
s t e e l  stack, where they were contacted with a f ine ly  divided spray of 
water f o r  additional removal of suspended sol ids  and nitrogen oxides. 
This stream also was discharged through a water sea l  i n to  the drainage 
system fo r  the building. The gases passed on through the stack and 
were discharged t o  the atmosphere. 

3. Feed Preparation and Introduction System 

Simulated, aqueous aluminum waste solutions were prepared i n  a 
two-foot-diameter by 4-foot-high agi tated tank. After mixing, the 
solution was t ransferred t o  a 5-foot-diameter by 4-foot-high storage 
tank, and from the storage tank intn ~1 ~ ~ l i h r ~ t . e d  feed tank, i n  both 
instances with small centrifugal pumps. The feed solution was pumped 
from the feed tank t o  the feed gun with a Milton Roy metering pump fo r  
which the length of the stroke was adtjusted t o  provide the proper feed 
ra te .  

Two types of feed gun were used during the experimental program. 
The f i r s t  of these consisted of a single piece of 1/2-inch-diameter 
s t a in l e s s  s t e e l  tubing which entered the calciner through a packing 
gland located i n  the center of the top. The feed solutions were pumped 
i n t o  t h i s  tubing through the side a m  of a tee,  and a i r  was introduced 
i n t o  the top opening of the t e e  t o  disperse the l iqu id  and form small 
Lroplets . 

The second type of feed gun consisted of a concentric arrangement 
of a 1/4-inch-diameter s ta in less  s t e e l  tube and a 1/2-inch-diameter 
s t a in l e s s  s t e e l  tube. The l iqu id  was introduced in to  the inner tube of 
t h i s  gun and was dispersed with a i r  which passed through the annulas 
space between the two tubes. This feed gun was ins t a l l ed  i n  the same 
manner as  the f i r s t .  Both feed guns were f i t t e d  so tha t  the  feed gun-to- 
bed distance could be varied, i f  t h i s  proved t o  be necessary. For the 



grea te r  p a r t  of the  f i n a l  run i n  the  reactor ,  the  feed gun extended 
18 inches i n t o  t he  freeboard of the  calc iner .  

B. Preparation of Simulated Waste Solutions 

The simulated waste solut ions  which were used i n  the  experimental 
program were prepared from commercially avai lable  t echn ica l  grade 
reagents. The composition of these  solut ions  was a s  follows: 

1.29 M aluminum n i t r a t e  
2.84 n i t r i c  ac id  
0 .  078-M sodium n i t r a t e  
0.015 M mercuric n i t r a t e  - 

The grea te r  p a r t  of the  research program was conducted with solu- 
t i ons  which contained no mercuric n i t r a t e .  Mercuric n i t r a t e  was added 
t o  t he  feed only during the  f i n a l  92 hours of operation. 

The solut ion was mixed i n  batches of 75 gallons,  and each batch was 
sampled and chemical analyses were made. The average compositions of 
t he  batches of solut ion which were prepared during each day of the  
operation of t he  c d c i n e r  have been determined and a r e  shown i n  Table 1. 

C. Experimental Procedure 

The experimental work t o  t e s t  t he  BMI feed-introduction system 
consis ted  of two runs of extended duration i n  the  22-inch-diameter 
f l u id i zed  bed system described previously. 

The general  experimental procedure which was used i n  both  of these  
runs consisted of :  

(1) Placing a s t a r t e r  bed of calcined alumina i n t o  t he  calc iner .*  
( 2 )  S t a t i n g  a flow of a3.r s u f f i c i e n t  t o  f l u i d i z e  t he  charge. 
( 3 )  I gn i t i ng  the  gas-a i r  mixture t o  the  combustion chamber t o  

provide the  heat  required f o r  evaporation and decomposition. 
(4) Heating the  charge mate r ia l  t o  the  des i red operating tempera- 

t u r e .  

q h e  calcined alumina which was used as the  s t a r t e r  bed f o r  the  pre- 
liminary- run was produced from simulated. waste solut ion i n  the  P h i l l i p s '  
two-foot,-square ca lc iner  at t h e  Idaho Chemical Processing Plant  (ICPP). 



TMLF: 1. CHEMICAL ANALYSES OF FEED SOLUTION PREPARED DAILY DURING 
RUNS 1 AND 2 I N  THE 22-INCH DIAMETER FLUIDIZED BED CALCINER 

Volume of Chemical Analyses, 
Solution Prepared, ~ o l a x i  ty- 

Date g a l  M(No3I3 
m03 

NaNO 
3 Hg(N03 12 



( 5 )  S t a r t i ng  flows of air and so lu t ion  -t;o the  feed gun. 
(6) Adjusting t he  na tu r a l  gas flow t o  maintain the  des i red wind- 

box temperature. 
( 7 )  Adjusting. the  feed r a t e  t o  maintain the  des i red bed temperature. 

After the  u n i t  was operating properly and the  se lec ted  experimental 
conditions had been met, samples of t h e  bed were taken through an over- 
flow discharge por t  located two f e e t  above t he  o r i f i c e  p l a t e .  Material  
was discharged hourly from t h i s  por t  a t  a r a t e  su f f i c i en t  t o  maintain the  
l e v e l  of the  f l u id i zed  bed within a normal operating range. Every four  
hours a sample of t he  discharged product was taken f o r  determination of 
I t s  physical  and chemical proper t ies .  

I n  addit ion t o  t he  regular  samples of discharged product, o ther  
samples were taken a t  i n t e rva l s  as follows: 

(1) Samples of the  dust  returned from the  primary cyclone t o  t he  
bed were taken a t  severa l  d i f f e r en t  times so t h a t  the  circu- 
l a t i n g  load could be  determined. 

( 2 )  The s l u r r i e s  discharged from the  venturi- type scrubber system 
and the  spray 'towel- were sampled per iod ica l ly  t o  d.etermine the  
amount of so l i d s  ca r r i ed  out  of the  calc iner  a t  these  points .  

( 3 )  A cascade 5mpactor was used t o  determine the  amount and par- 
t i c l e  s i z e  d i s t r i bu t i on  of t he  so l i d s  i n  the  gas streams from 
the primary cyclone and from the  entrainment separator.  

The r e s u l t s  obtained from the  sampling program are  given i n  d e t a i l  
i n  Appendix A of t h i s  r epor t  and a r e  summarized i n  the  sec t ion  i m -  
mediately following. 

The f i r s t  run was of 136 hours1 duration, and i t s  primary object ives  
were t o  provide information regarding the  operabi.l.j,ty of t he  ca lc iner  
and the  aux i l i a ry  equipment, and t o  ind ica te  whether o r  not  the  calcined 
mate r ia l  could be re ta ined  i n  the  f l u id i zed  bed under the  conditions of 
t he  experiment. 

The nominal operating conditions f o r  the  f i r s t  run were as follows: 

Bed temperature - 450 C 
Windbox temperature - 1035 C 
Super f ic ia l  ve loc i ty  - 1.1 fps  

The feed gun consisted of a s i ng l e  1/4" s t a i n l e s s  s t e e l  pipe 
having the  same dimensions as the  concentric pipe feed gun shown i n  
P'igure 1, excepl; .the i11ie1- pipe wac eliminated. The air flow t o  the  
feed gun was maintained a t  about 8 t o  9 scfm during t he  e n t i r e  run. 



A l i t t l e  over twenty-five per cent:-of . t h e  time of the  f i r s t  run was 
spent i n  improving the  operab i l i ty  of the  calcdnation equipment and the  
exhaust system. During t he  remaining 97 hours; a t o t a l  of 520 gallons 
of simulated reac to r  waste solut ion,  containing the  equivalent of 'ap- 
proximately 280 pounds of aluminum oxide ( ~ 1 ~ 0  ), was fed i n t o  the  cal -  
c ine r .  Of the  280 l b s .  of the  equivalent alum?num oxide fed  i n t o  the  
ca lc iner  as aluminum ion,  approximately 200 , l b s .  was recovered i n  the  
mate r ia l  discharged from the  ca lc iner  during the  operation and i n  the  
mate r ia l  remaining i n  the  calc iner  a t  the  end of the  run. 

A l i s t  o f . t h e  samples which were taken during t h i s  f i r s t  run and 
t he  r e s u l t s  of the  physical  evaluations a r e  included i n  Appendix A of 
t h i s  r epor t .  

The second run i n  the  twenty-two-inch-diameter ca lc iner  was ca r r i ed  
out  over a period of .24 days,, during which time the  sl.mu3.ated waste solu.- 
t i o n  was fed i n t o  the  reac to r  a t o t a l  of 516 hours. Since the  conditions 
were var ied  severa l  times du r ing , t h i s  run, it w i l l  be broken down i n t o  
severa l  phases f o r  purposes of t h i s  r ~ p n r t . .  Ih r ing  tho f i r o t .  two phases, 
t he  operating condit ions were var ied  i n  order t o  study the  e f f e c t s  of 
such var ia t ions  on t h e  pe l l e t i z a t i on  of t,h.e mater ia l .  I n  Phacea 3 and 4 ,  
t he  bed temperature was decreased.to increase  the  capacity of the  i ~ n i t ,  
and t he  feed gun a i r  r a t e  was decreased t o  study the  e f f e c t s  of t he  r a t i o  
of the  nozzle a i r  r a t e  t o  feed r a t e  on - the  mass median p a r t i c l e  diameter* 
of t he  product. Mercuric n i t r a t e  was added-to the  feed solut ion a t  the  
beginning of Phase 5 i n  order t h a t  i t s  e f f e c t  on pe l l e t i z a t i on  could be 
s tudied.  

The nominal 'conditions used i n  Phase 1 of Run 2 were as . fo l lows:  

Bed temperature - 450 C 
Windbox. temperature - 1100 C 
3upel*r lc ia l  velocity - 1-11, fps 
Feed gun a i r  - 7 t o  8 . 5  acf'm 

This phase of R u n  2 extended over a t o t a l  of 128 hours i n  which 
aluminum n i t r a t e  solut ion was fed  i n t o  the  reactor .  A t o t a l  of 861 
gallons oS solut ion having an average composition of 1 . 4 8 ~  aluminum 
n i t r a t e ,  2 . 6 m  n i t r i c  ac id ,  and 0.079M sodium n i t r a t e  was-fed i n t o  the  - - 
reac to r .  

Screen analyses on samples of mate r ia l  from.the f i r s t  phase of Run 2 
indicated the average p a r t i c l e  s i z e  of the  product was smaller than was. 
considered desirabl.e, and ce r t a i n  operational  changes were made during 
t h e  second phase of the  run. 

* The mass median p a r t i c l e  diameter i s  calcula ted by mul t ip l  ing the  
ari thmetic mean of the  openings.of, two screens of the  .s' 2 : l  s e r i e s  
by t he  weight f r a c t i on  of the  mate r ia l  remaining on the  screen with 
t he  smaller opening, and summing the  r e s u l t s  f o r  the  e n t i r e  screen 
s e r i e s .  



Among the  changes which were made i n  t h i s  second phase were in -  
creases i n  supe r f i c i a l  ve loc i ty  (0.9 t o  1 .2  f p s )  and a change i n  feed 
gun design. The second phase covered a period of 107 hours of operation, 
during which time 713 gallons of solut ion were fed  i n t o  the  ca lc iner  and 
342 pounds of product were discharged. A new feed gun of concentric pipe 
design, ( see  Figure l), was placed i n  operation a t  the  beginning of t h i s  
phase and was used continuously u n t i l  the  end of the  e n t i r e  campaign 
without plugging o r  d i f f i c u l t i e s  of any other type. The p a r t i c l e  s i z e  
d i s t r i bu t i on  tended t o  l e v e l  off  during t h i s  phase, but  the  mater ia l  
remained considerably smaller i n  s i z e  than was considered des i rable .  

A t  t h i s  point  it was decided t o  change the  operating conditions so 
a s  t o  obtain a higher feed r a t e  and t o  vary only the  operation of the 
feed gun and the  supe r f i c i a l  veloci ty ,  i f  necessary, during the  remainder 
of the  run. I n  o s d e r , t o  obtain an increased feed r a t e ,  the  windbox 
temperature was increased t o  1200 C ,  t he  bed temperature was decreased 
t o  400 C ,  and the  supe r f i c i a l  ve loc i ty  was s e t  a t  1 . 2  fps .  -Under these  
conditions, t he  feed r a t e  increased from the  5 t o  6 gallons per hour 
which had been maintained during Phase 2, t o  13 t o  14 gallons per hour. 
The conditions out l ined above were maintained over a period of 125 hours, 
during which time 1644 gallons of solut ion were fed i n t o  the  calc iner  
with the  a i r  flow t o  the feed gun s e t .  a t  7 .5  scfm. miring t h i s  phase of 
the  run (phase 3 ) , a  t o t a l  of 758 pounds of product was discharged from 
the ca lc iner .  

The mass median pa . r t ic le  diameter appeared t o  have reached a 
reasonably constant value of about 0.25 mm during the  l a t t e r  p a r t  of 
Phase 3, and the  feed gun a i r  was lowered t o  3 scfm i n  an attempt t o  
increase the  mass median p a r t i c l e  diameter during the  four th  phase of 
operation. The other  experimental conditions i n  Phase 4 were the  same 
as w e d  i n  Phase 3. Phase 4 extended over a period of 64 hours,and the  
mass median p a r t i c l e  diameter increased t o  about 0 . 4  mrn and had'begun 
t o  l e v e l  off  somewhere between t h i s  value and 0.45 mm. A t o t a l  of 829 
gal lons  of solu.Lion was fed i n t o  the  ca lc iner  d1lri.ng Phase 4, and 399 
pounds of product were discharged. 

Phase 4 was discontinued i n  order t h a t  the  remaining time would be 
su f f i c i en t  t o  determine what influence,  i f  any, mercuric n i t r a t e  would 
have on the  formation of p e l l e t s  i n  the  ca lc iner .  This mate r ia l  was 
not  avai lable  a t  the  beginning of Run 2, and i t s  addi t ion t o  the  solu- 
t i o n  was delayed u n t i l  l a t e  i n  the  run i n  order t o  avoid the  introduction 
of an addi t ional  va r iab le .  A t  t he  beginning of Phase 5, pur i f i ed  mer- 
cur ic  n i t r a t e  was added t o  the feed solut ion i n  an amount su f f i c i en t  t o  
provide a concentration of 0.014 molar. The other  components of the  
solut ion were kept a t  the  same concentration which had been used through- 
out Run 2 .  Phase 5 extended over a 92-hour period,during which time 
1269 gallons of ~vluLlurl  were fed i n t o  the  ca lc iner  and 558 pounds of 
product were discharged. The f i r s t  52 hours of t h i s  phase of the  run 
were characterized by a rapid  increase i n  the  mass median par t ic3e  dia-  
nleter. A t  the  end of 52 hours, the mass median p a r t i c l e  diameter had 
rj-sen t o  about 0 . 9  mm, and the  a i r  flow t o  t he  feed gun was increased 
t o  7.5 scfm i n  an attempt t o  reverse t he  t rend toward l a rge r  p a r t i c l e  



diameters. Unfortunately, the  p a r t i c l e  s i z e  had increased t o  where the  
qua l i t y  of f l u i d i z a t i o n  had become r a the r  poor a t  t he  prevai l ing super- 
f i c i a l  veloci ty ,  and it became necessary t o  increase t he  supe r f i c i a l  
ve loc i t y  t o  about 1 .6  fp s  before the  e f f e c t s  of increasing the  feed gun 
a i r  could be determined. The mass median p a r t i c l e  diameter reached a 
maximum of about 1.06 mm before the  combination of the  increased 
a t t r i t i o n  r a t e ,  caused by increased supe r f i c i a l  f l u id i z ing  veloci ty ,  and 
increased feed gun a i r  appeared t o  have reversed the  trend.  The mass 
median p a r t i c l e  diameter was 0 .9  mrn a t  the  end of the  run. 

A l i s t  of the  samples taken during Run 2 and the  de ta i l ed  r e s u l t s  
of the  evaluation procedures which were .carr ied  out a t  Ba t t e l l e  appear 
i n  Appendix A. These data  have peen summarized i n  t ab l e s  and graphs 
which appear i n  t he  following sect ion of t h i s  repor t .  These t ab l e s  of 
da ta  a l so  include t he  informa.t.ion which was col lec ted on the  st:)lids 
loading i n  the  scrubber solut ions ,  



I V .  EXPERIMEIVTAL RESULTS 

The primary purpose of the  preliminary run ( ~ u n  1) i n  the  22-inch- 
diameter f lu id ized  bed ca lc iner  was t o  provide information concerning 
t he  operational  cha r ac t e r i s t i c s  of the  system. The alumina (397 pounds) 
used as  the  s t a r t i n g  bed was produced i n  the  ICPP two-foot-square ca l -  
c ine r .  This mater ia l  had a bulk densi ty  of 60.5 pounds per cubic foo t  
and a mass median p a r t i c l e  diameter of 0.37 mill imeter .  During s ta r tup ,  
approximately 75 pounds of mate r ia l  was e l u t r i a t e d  from the  calc iner .  
 h his estimate i s  based on the  amount of discharged product which was 
returned t o  the  bed a t  t h i s  time i n  order t o  r a i s e  the  l e v e l  of the  s t a t i c  
bed t o  the  o r i g ina l  l e v e l . )  The weight of product removed during the  run 
and the  bed recovered from the  ca lc iner  a t  the  conclusion of the  run 
exceeded the o r i g ina l  charge by 207 pounds. The so l i d s  i n  the  ca lc iner  
a t  the  end of Run 1 had a bulk densi ty  of 67.6 pounds per cubic foo t  and 
a mass median p a r t i c l e  diameter of 0.35 mill imeter .  

A minimum of data  were col lec ted during R u n  1 and, consequently, 
l i t t l e  information was obtained concerning pe l l e t i z a t i on .  Several s o l i d  
samples were taken, however, and t h e i r  p a r t i c l e  s i z e  d i s t r i bu t i ons  and 
bulk dens i t i e s  were determined. The average da i l y  experimental conditions, 
and a l i s t  of samples taken together with the  r e s u l t s  of screen analyses 
and bulk density determinations,are included i n  Tables A - 1  and A-2 of the  
Appendix. The screen analyses indicated t h a t  70 t o  75 per cent of the  
so l i d s  was f i n e r  than 65 ( ~ y l e r )  mesh. 

During the  run, 520 gallons of solut ion containing aluminum n i t r a t e  
theore t i ca l ly  reducible t o  280 pounds of alumina were fed i n t o  t he  
calc iner .  The weight of so l i d s  recovered (207 pounds) accounted f o r  
74 per cent of the  t o t a l  s a l t  content of the  feed. 

The second run i n  the  Ba t t e l l e  22-inch-diameter ca lc iner  was begun 
with a s t a r t e r  bed prepared from so l i d s  recovered during R u n  1. This 
i n i t i a l  bed weighed 200 pounds, had a bulk densi ty  of 85.5 pounds per 
cubic foot ,  and had a mass median p a r t i c l e  diameter of 0.22 mill imeter .  
The average da i l y  experimental coriditions a r e  shown i n  Table A - 3  of the  
Appendix. 

Samples of s o l i d  product from the  calc iner  were removed generally a t  
four-hour i n t e rva l s ,  and forwarded t o  Ph i l l i p s  Petroleum Company f o r  
physical  and chemical analyses. The weight of the  product removed was 
recorded, and scrub samples were taken t o  determine the  amount of so l i d s  
col lec ted i n  the  scrubbing stream. These da ta  a re  shown i n  Figures 2, 
3, and 4, and discussed below. 

Several e f f o r t s  were made t o  determine the  amount and p a r t i c l e  s i z e  
d i s t r i bu t i on  of the  alumina pa r t i cu l a t e s  i n  the  off-gas stream by using 
a cascade impactor. The amount of so l i d s  col lec ted was so  small, how- 
ever,  t h a t  even a f t e r  several  hours of sampling, ovly 30 t o  40 milligrams 
of rnxterial were col-lected by the  impa.ctor. These data were not consis tent  
with the  r e s u l t s  obtained from the  scrubber solut ion samples, which 



indicated a considerably higher dust  loading i n  t he  gases. The reason 
f o r  t h i s  inconsistency became apparent when the  gas-sampling probes were 
inspected a t  t he  end of t h e  run and found t o  be p a r t i a l l y  plugged. The 
plug ahead of t he  cascade impactor was evidently f i l t e r i n g  out the  
g rea te r  por t ion of t he  dust  i n  the  gas-sampling stream. s ince  these data  
do not appear va l id ,  they are' omitted from the  repor t .  

I n  addit ion t o  t he  sampling of the  exhaust gas stream from the  p r i -  
mary cyclone, t h e  amount of so l ids  returned from the  cyclone t o  t he  bed 
v i a  a screw conveyor was determined several  times. During the  ea r ly  
s tages  of Phase 3 when t he  mass median p a r t i c l e  diameter of the  product 
was low, the  c i r cu l a t i ng  load i n  t he  dust re tv rn  system amounted t o  about 
20 t o  30 pounds per hour. Later,.  a s  the  percentage of f i n e  mater ia l  i n  
t he  bed decreased, t h i s  load of c i rcu la t ing  dust decreased t o  a r a t e  of 
two t o  four  pounds an ho11.r. Thereafter, ~ m p l i n g  of t h i s  sya-l;em was dis-  
conttnued because t he  time required t o  obtain samples becmc cxcessive; 
furthermore, sampling disrupted the  re tu rn  of seed pa r t i c l e s  t o  the  bed. 

Di f fe ren t ia l  pressilre r ~ a d i n ~ s  be tmen  ocvcral pofnts 111 Ll~e cal- 
ciner  were a f fec ted  by p a r t i a l  plugging of the  pressure probes. Hence, 
no pressure data  a r e  presented. 

V. DISCUSSION OF' RESULTS 

The r e s u l t s  obtained f o r  the  Ba t t e l l e  system of introducing s l u r r i e s  
and so lu t ion  i n t o  f l u id i zed  bed calc iners  ind ica te  t h a t  t h i s  system can 
be applied t o  t he  calc inat ion of aluminum n i t r a t e  solutions.  Obviously, 
t h e  inves t iga t ion  of all t h e  independent var iables  associated with cal-  
c iner  operatjon was not possible during t h i s  b r i e f  experimental program. 
However, c e r t a in  t rends  i n  the  physical  and chemical proper t ies  of the  
product, and operating charac te r i s t i cs  of the  process were observed and 
are  reported herein. 

Results  of Run 1 were included i n  previous sections of t h i s  repor t ,  
and, s ince  the  run was primarily exploratory, no fu r the r  discussion w i l l  
be presented. Because operating conditions were var ied several  times 
during Run 2, discussion of the  r e s u l t s  of t h i s  run has been divided 
in-Lo t h e  f i v e  phases representing these  conditions. 

Phase 1 

Tl?is phase of Run 2 was operated a t  a bed temperature of 450°c, a 
supe r f i c i a l  f l u id i z ing  ve loc i ty  of 1.1 f e e t  per second, a feed r a t e  of 
f i v e  t m  six gallons per hour, and a feed gun a i r  r a t e  of 7.0 t o  8.5 scfm. 
The o r ig ina l  feed gun, with a s ingle  tube f o r  both a i r  and l iqu id ,  was 
used. The product charac te r i s t i cs ,  which are  shown i n  Figures 2 and 3, 
were as  follows: 

1. The mass' median p a r t i c l e  diameter decreased from an i n i t i a l  
value of 0..22 mill imeter t o  0 .11 mill imeter,  then increased 
t o  0.19 mill imeter a t  t he  end of t h i s  phase. 



FIGURE 2 PRODUCT DATA 

CALCINER B"I RUN Na SUPERFICIAL FLUlDlUNG VELOCITY 1-1 - 1.2 ft/sec. FEED: - 
FEED RAT- BED TEMP @ E " c  Al(N03)~ -L29 -M 

HN03 A M  

TIME - 2b 12 24 12 &I 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 & 12 & 12 24 12 24 
4-29 4-30 5-1 5-2 5-3 5-4 5.5 5-6 5-7 DATE/1961 4-27 4-28 - - - -  5-s 5-9 5-10 

CPP-S-1570 



FIGURE 2(COnt'dPRODUCT DATA 

CALCINER RUNNa 2 
FEED RAT- BED T E M P ~ ~ ~ C  

SUPERFICIAL FLUIDIZING VELOCITY l s l  - l.2 ftlse:. FEED: - 
AI(N03b 1.3 1 LNCO --a. 
HNO3 2 . 1  h? Hg(N03)2 



FIGURE ', PRODUCT DATA 

CALCINER* RUN Na 
FEED  RATE:?/^^ BED TEM-OC 

SUPERFICIAL FLUIDIZING VELOCITY&!&&H/~~C FEED: - 
AI(N0313 1-29 M 
HNOs 2 . 8 1 M  Hg(No3I2 - 

a -.- 
TIME- 24 12 % 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 W 12 24 12 24 12 24 12 24 12 24 
DATE - L-27 IA-26 4-29 4-30 5.1 5-2 - 5-3 54 5-5 A 5-8 5-9 5-0 

CPPS-157 2 



CALCINER ,Tb RUNNo. 
FEED RATE b l f i h r  BED TEMP-c 

FIGURE U o n t ' a )  PRODUCT DATA 
1 1 - 1 2  

SUPERFICIAL FLUIDIZING V E L O C I T Y ~ ~ / ~ ~ C  FEED: - AI(N0h 1.29 M 

TIME - 24 12 % 12 24 12 24 I2 24 12 24 12 % I2 24 12 24  12 24 12 ;?Q 12 24  12 24 I2 24 12 24 
DATE - 5-31 -5-13- 5-15 5-16 5-17 5-18 5-19 - - 



CALCINER mm RUN No. 
FEED RATE =hr BED TEMR~ET 

&.I - I. 
SUPERFICIAL FLUIDIZING VELOCITY-~/S~C FEED: 

AL(NO$~--?&-M 
NaN03*" H N q  2-84 M_ H~(NO&=M - 

Zi TIME- W 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 
4-29 4-30 5-1 f2 &AAA5-8-- 5-7 59 5-10 DHE- 4r27 4-28 - - - - 

CPP-S-1573 



FIGURE M G E N E R A L  DATA 

CALCINER mm RUN No. SUPERFICIAL FLUIDIZING VELOCITY'%~/S~C FEED: 
1 1 - 1  - 

FEED R A T E ~ ! I / ~ ~  BED TEMF?!=C AL(N0$3 1.29 M NaN03.+&+; 
H N h  2-84 M_ Hp(N03)2asnoe 

a 
TIME-24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 I2 24 12 24 
DATE- 4-1l 4-12 F13 5 4  5-15 5-165-17------- 

CPP-S- 1573 



2. The absolute material  density was e s sen t i a l l y  constant through- 
out a t  3.52 g/cc. 

3. The n i t r a t e  content decreased from an i n i t i a l . v a l u e  of 0.75 
millimole per gram t o  0.45, then increased t o  0.61 a t  .the end 
of t h i s  phase. 

4. The alpha alumina was i n i t i a l l y  70 weight per cent, then de- 
creased rapidly  t o  55 per cent i n  24 hours and remained a t  t h i s  
value u n t i l  the  end of t h i s  phase. 

5. The bulk density decreased slowly from an i n i t i a l  value of 1.35 
g/cc t o  1.02 a t  the  end of t h i s  phase. 

6. The s i z e  analyses indicated t h a t  t h e  bed increased i n  s i ze .  
The percentage of mater ia l  f i n e r  than 150 mesh decreased from 
67 t o  27 per cent ,during t he  operation. 

7. The product was too small f o r  determination of p a r t i c l e  density. 
The change i n  bulk density may have resu l ted  from changes i n  
p a r t i c l e  density and/or porosity.  . 

8. The a t t r i t i on - suscep t ib i l i t y  t e s t s ,  using a technique of Forsythe 
and Hertwig (11, indicated t h a t  90 t o  95 per cent of a -28 t o  +35 
mesh mater ia l  was reduced i n  s ize .  This high a t t r i t i o n  r a t e  i s  
a t t r i bu t ed  t o  the  high alpha alumina content. 

Operating character . ist ics observed during Phase l , .which a r e  shown i n  
Figure 4, were as  follows; 

1. The measured r a t i o  of f e e d - a n - a i r  r a t e  t o  feed r a t e  var ied be- 
tween 525 and 760. This range of nozzle a i r  r a t i o  was much 
higher than t h a t  normally used f o r  nozzles i n  the  ICPP calc iners .  
However, t he  ve loc i ty  of t he  air through the  th roa t  of t he  ICPP 
nozzle was 1100 t o  1200 f e e t  per second, i . e . ,  sonic; whereas 
t he  supe r f i c i a l  ve loc i ty  through t he  BMI feed gun was 120 t o  140 
f e e t  per second. Atomizing charac te r i s t i cs  were obviously d i f fe ren t .  

2. The theore t ica l  production r a t e  f o r  t h i s  phase should have been 
1.92 kilograms per hour. The amount of so l ids  removed from the  
calc iner  averaged only 66 per cent of the  theore t ica l .  

3. Samples of the  solutions f r o m t h e  spray tower and ventur i  scrubber 
were not taken during t h i s  period. Hence, no estimate of t he  
so l ids  content of the  scrub solut ion i s  possible.  

(1) Ind. Eng. Chem. , Vol. 41, pp 1200 - 06. 



I. r 

Phase 2 
. ' 

. . 

The nominal operating conditions of t h i s  phase of Run 2 were a bed 
temperature of 450°c, a feed r a t e  of f i v e  t o  s i x  gallons per  hour, and a 
feed-gun-,air r a t e  of 7.5 scf'm. . The supe r f i c i a l  f l u id i z ing  i e l o c i t y  was 
var ied between 0 .9  and 1 .2  f e e t  per second. The new feed gun of concentric 
pipe desi-gn was used. The physical  and chemical proper t ies  of t he  product 
were a s  follows: 

1. The mass median p a r t i c l e  diameter was e s sen t i a l l y  constant a t  
0.19 mill imeter f o r  most of the  phase, then decreased rapidly  
t o  0.15 i n  the  f i n a l  twelve hours. 

2.. The absolute mate r ia l  density remained between t he  values of 
3.50 and 3.60 g/cc throughout Phase 2. 

3. The n i t r a t e  content v'hried between 0.5 and' 0.6 'millimole per 
gram of so l ids .  

4. The alpha alumina content averaged 55 weight per cent. Varia- 
t ions  shown on Figure 3 were wi th in  t he  l i m i t s  of ana ly t ica l  
e r ro r .  

5 .  The bulk density of t h e  product decreased from 1.02 g/cc. to. 0.. 92.. 

6. The s i z e  d i s t r i bu t i on  of t h e  product indicated t h a t  t he  mater ia l  
f i n e r  than 65 Tyler mesh i n c r e a s e d ' i n i t i a l l y ,  then decreased 
s l i gh t l y ,  and f i n a l l y  increased gradually toward t he  end of 
Phase 2. The ne t  r e s u l t  was an increase fro111 70 t o  82 we2ght 
per cent. 

7. The product was too  small f o r  accurate determination of particl 'e  
dcnoiky. 

8. The a t t r i t i o n  t e s t s  indicated t h a t  the  product became somewhat 
l e s s  suscept ible  t o  a t t r i t i o n .  The percentage of -28 t o  +35 
mesh mate r ia l  which was reduced i n  s i ze  dropped from 85 t o  75 
per cent .  

Operating cha rac t e r i s t i c s  observed during Phase 2. were a s  follows : 

1. The volume r a t i o  of feed-gun-air r a t e  t o  feed r a t e  was 670 f o r  
f i ve  gallons per hour and 560 f o r  s i x  gallons per  hour. The 
ve loc i ty  of t h e  a i r  f o r  t h i c  feed gun was 190 f e e t  per second. 

2 .  The theo re t i c a l  production r a t e  f o r  t h i s  phase was 1.84 k i lo -  
grams of so l ids  per  hour. The ac tua l  measured r a t e  of production 
was 79 per cent of t he  theore t ica l ,  the  highest  a t t a ined  i n  the  
BMI t e s t s .  



3. Scrub samples were not taken during t h i s  period. 

Of prime s ignif icance during t h i s  phase was the  high percentage of 
the  so l ids  t h a t  was removed from the  calc iner  i n  the  product stream, even 
though the  alpha alumina content was high. I n  the  ICPP 24-inch c a l c i n e r ( l ) ,  
high alpha has invar iably  caused high so l ids  loading i n  t h e  off-gas. The 
a t t r i t i o n  index f o r  product from t h i s  run was very high, i . e . ,  75 t o  85 
per cent reduction, but  a high product removal r a t e  was s t i l l  a t ta ined.  
Thus, product with high alpha alumina content can be t o l e r a t ed  under 
ce r t a in  conditions while calcining aluminum-type wastes. 

Phase 3 

The nominal operating conditions f o r  Phase 3 of Run 2 included a bed 
temperature of 400°c, a super f ic ia l  gas ve loc i ty  of 1 .2  f e e t  per  second, 
a feed r a t e  of 13 t o  14 gallons per hour, and a feed-gun-aibr r a t e  of 7.5 
scf'm. The product proper t ies  of Phase 3 were a s  follows: 

1. The mass median p a r t i c l e  diameter increased from an i n i t i a l  
value of 0.15 mill imeter t o  0.25 a t  t he  end of this period. 

2. The absolute niaterial  density decreased from 3.60 g/cc t o  3.15, 
then increased t o  3.25 g/cc. 

F.. . . . . 
r,r : 

3. The n i t r a t e  content decreased from 0.75 t o  0.65 millimole per 
gram of sol ids .  .. ... . .. 

'... .," * .  . 
.: >! 

s:, .,. 
4. The alpha alumina percentage decreased s t ead i l y  from an i n i t i a l  ,. . 

value of 55 weight,per cent t o  35 per cent a t  t h e  end of t h i s  
phase. ;., . .  

5. The bulk density of the  product increased from 0.92 g/cc t o  +.. ..$ 

1.11 g/cc during t h i s  period. ;i,: > ;;,: 
1 - 3  

6. The weight per cent o f , s o l i d s  f i n e r  than 65 mesh decreased from 
82 t o  65 ,per  cent. The l a r g e s t  change i n  s i z e  d i s t r i bu t i on  
occurred on t h a t  mater ia l  f i n e r  than,  100 mesh. This percentage 
decreased from 65 t o  19 per cent during Phase 3. 

7. The product again was too small f o r  accurate p a r t i c l e  density 
measurements . 

8. A t t r i t i o n  su scep t ib i l i t y  decreased during t h i s  period. The 
percentage of -28 t o  +35 mesh mater ia l  which was reduced i n  s i z e  
dropped from 75 t o  45 'per cent. This change i s  r e l a t ed  t o  t he  
decrease i n  t he  alpha alumina content. 

71)  Bower, J. R . ,  Chemical P r o c e ~ ~ i n g  Technology Quarterly Progress 
Report, . j u ly  - September, 1960, IDO-14540. 



Operating cha rac t e r i s t i c s  observed during Phase 3 were as  follows: 

1. The r a t i o  of feed-gun-air r a t e  t o  feed r a t e  ranged from.258 
f o r  13  gal lons  per hour t o -  240 f o r  14 gallons per hour. . The 
ve loc i ty  of a i r  through t he  feed gun was e s sen t i a l l y  unchanged 
from Phase 2, i . e . ,  190 f e e t  per second. 

2 .  The t heo re t i c a l  production r a t e  f o r  Phase 3 was 3.75 kilograms 
per hour. The ac tua l  measured product r a t e  was 2.75, approxi.- 
ma.tely .73 per cent of t he  theore t i ca l .  The percentage, recovery 
increased gradually as  t he  operation progressed. Near the  end 
of t he  period,  the  amount of so l i d s  removed as product approached 
87 per cent of t he  t heo re t i c a l ,  although i n i t i a l l y  the  value was 

. 67 per cent .  . . 

3.  Samples uf t h e  scrub solution .i rl(1-i ( : a . t . ~ d  +.hat the r a t e  of colido 
removal by the  off-gas increased from an i n i t i a l  ra te-  of 0.14 
kilogram per hour t o  approximately 0.95 a t  the  end of Phase 3. 

The 
a s  those  
from 7 . 5  

nominal operating conditions f o r  Phase 4 of Run 2 were the  same 
f o r  Phasea.3, except t h a t  t he  feed-gun-air r a t e  was decreased. 
t o  3.0 scfm. Trends i n  t he  product proper t ies  were a s  follows: 

1. The mass median p a r t i c l e  diameter increased from 0.28.mi11i- 
meter t o  0.45 mill imeter .  and was r i s i n g  slowly when t h e .  
operation was ha l t ed .  

2.  The. ab.solute mate r ia l  densi ty  decreased from. 3:2 g / c ~  t o  2.85, 
then increased:to. 3.05 g / ~ ~ .  

. Tlie' nf trate content .  c1ecrease.d. from 0 ;  65. t o  Q'; 45:. i ~ + x i ~ i r n h l ~  pel: 
gram. 

4. The alpha a1umina:content dqcreased from 35 t o  30 per cent 
throughout t he  period. 

5. The bulk dens i ty  increased from 1.1 g / c c  to .  1.22 g/cc. 

6 .  Thc weight per cent or so l i d s  f i n e r  t h a n . 6 ~  mesh decreased 
from 60 per cent  t o  7 .0  per cent .  Sol ids  f i n e r  than 100 mesh 
made up l e s s  than 1 . 5  per cent of the  t o t a l .  

7 .  The amount of mate r ia l  changed i n  s i z e  during a t t r i t i o n  t e s t s  
dropped from 45 t o  33 per cent. 



Operating cha rac t e r i s t i c s  during Phase 4 were as  fbllows: 

1. The r a t i o  of feed-gun-air r a t e  t o  feed r a t e  ranged from 104 
f o r  13 gallons per hour t o  96 f o r  14 gallons per hour. The 
supe r f i c i a l  ve loc i ty  of a i r  through the  one-half-inch tube a t  
the  t i p  of t he  feed gun was 76 f e e t  per second. 

2. The t heo re t i c a l  production r a t e  during Phase 4 was 3.65 k i lo -  
grams per hour. The measured r a t e  based on the  so l i d s  re -  
covered was 2.82 kilograms per hour, 77.5 per cent of the  
t heo re t i c a l .  

3. The cpncentration of so l i d s  i n  the  e f f l uen t  scrubbing solut ions  
. . was such t h a t  between 0.75 and 1 .5  kilograms of so l i d s  per hour 

were removed from the  off-gas. 

Presently,  the re  i s  no explanation f o r  t h e  high so l i d s  loading i n  
t he  scrubbing solut ion which occurred toward t he  end of Phase 3 and 
during Phase 4. The weight of so l i d s  being returned from the  primary 
cyclone t o  t he  bed was estimated t o  be between one and two kilograms per 
hour, a s  compared t c  10 t o  1 5  kilograms per hour'during the  i n i t i a l  
s tages  of Phase 3. The so l i d s  removed by t he  scrub had been 0.18 k i lo -  
gram per hour during a period of Phase 3 a t  comparable alpha alumina 
content of t he  product. 

Similarly,  t he  simultaneous decrease i n  both  alpha alumina and 
n i t r a t e  contents of t he  product, and an increase  i n  t he  bulk densi ty  , 

. . 

with a decrease In  absolute mater ia l  density,  cannot'be p rec i se ly  
. explained. 

The nominal operating conditions f o r  Phase 5 were t h e  sage as those 
, . . + ,  

f o r  Phase 4. , Merculbfc n i t r a t e  was added t o  t he  Peed t o  determine any ,' ' . I $  

possible  e f f e c t  on t he  operation. After 52 hours, t he  feed-gun-air r a t e  
was increased from 3.0 t o  7 . 5  scfm. Trends i n  the  product proper t ies  
were a s  follows: 

1. The mass median p a r t i c l e  diameter rose  rapidly  from 0.46 m i l l i -  
meter t o  1.09 mill imeters i n  80 hours, then decreased t o  0.86 
'during t he  remaining 40 hours of t he  run. 

2. The absolute mater ia l  densi ty  averaged 3.1 g/cc and was near ly  
constant  throughout the  phase. 

3. The n i t r a t e  content increased from 0 .5  millimoie per gram t o  
0.8 milllmule pel- gram i n  70 hours. ~ t ,  a.veraged 0.6 millimole 
per gram f o r  t he  remainder of t he  run. 

4. The alpha alumina cont,ent of t he  s o l i d s  dropped from 30 weight 
per cent  t o  10 per cent ,  a l so  i n  70 hours. There was a s l i g h t  
increase t o  1 5  per cent a t  the  end of t he  run. 



5. The bulk dens i ty  decreased from 1.22 g/cc t o  0.99 g/cc i n  70 
hours, then inc reased ' to  ,1 .08 a t  t he  end of the  run. 

' 

6. Small p a r t i c l e s  disappeared from the  product during Phase 5. 
Those so l i d s  l e s s  than 20 mesh dropped from 95 per cent t o  
25 per cent  i n  70 hours,. then increased t o  30 per cent a t  t he  
end of t he  run. 

7. The product showed increased res i s t ance  t o  a t t r i t i o n .  The per 
cent  unchanged i n  s i z e  increased from 72 per cent t o  87 per 
cent  i n  50 hours, then t h e  percentage dropped t o  75 a t  the  end 
of t h e  run. 

8. P a r t i c l e  dens i t i e s  were determined f o r  two samples; one taken 
eighteen hours a f t e r  the  s t a r t  of Phase 5, the ,o ther  66 hours 
a f t e r  t he  s t a r t up .  Mercury  content^ were a l so  determi.ned. 
(:orr1~re.rts0ns a r e  ~hown i n  Table 2. 

PROPEXTIES OF TWO PRODUCT SAMPLES FROM PRASE 5 

~ e n s i t i e s  (g /cc)  Alpha Calculated Bulk Density 
Time Absolute P a r t i c l e  Bulk Alumina Mercury Porosity P a r t i c l e  Density - 

66 hrs .  3.08 1.67 0.985 10% 1.0 w t . %  0.46 0.590 

These data  show t h a t  ( a ) ,  the p a r t i c l e  and bulk dens i t i e s  decreased 
simultaneously a t  a constant r a t i o ;  (h ) , t .hp p r ~ d u c t ~  bccgnc lncrre p u r u u s ;  
and ( c ) ,  t h e  mercury content, of the product increaseil -Lo t he  point  where 
approximately 40 per cent of t h e  mercury introduced durzng the  48-hpuk 
per iod between samples was re ta ined  i n  t he  so l ids .  

Operating cha rac t e r i s t i c s  observed during Phase 5 were : 

1.. DL~ring t he  f i r s t  52 hout~s, the  r a t i o s  of the  feed-gun-air t o  
feed r a t e  were t h e  same as t,hose f o r  P h a ~ e  4. Thereafter ,  the  
r a t i o s  were -kho$e i n  Phase 3. 

2.  The t heo re t i c a l  production ' r a t e  during Phase 5 was 3.82 kg/hr. 
The ac tua l  r a t e  averaged 2.75 kg)hr, 72 per cent of t he  theo- 
r e t i c a l .  

3. The weight of so l i d s  leaving with the  scrubbing solut ion de- 
creased from 0 .5  kg/hr, i n i t i a l l y ,  t o  0.2 kg/hr a f t e r  70 hours, 
then increased t o  0..3 kg/hr a t  t he  end of t he  run, 



The rapid  increase i n  t h e  mass median p a r t i c l e  diameter may have 
been caused by the  presence of mercury i n  t he  feed. However, the  s i z e  
ana lys i s  a t  t he  end of Phase 4 shows t h a t  the  f i ne s  i n  the  bed were being 
depleted rapidly,  even without mercury i n  t he  feed. Consequently, t he  
changes observed during Phase 5 may have been continuations of changes 
which began i n  Phase 4. When t h e  feed-gun-air r a t e  was increased from 
3.0  t o  7 .5  scfm, the  increase i n  the  mean p a r t i c l e  s i z e  was hal ted ,  and 
a decrease was observed a t  termination of the  run. 

Kt. CONCLUSIONS 

The object ives  ,of the  experimental program conducted a t  the  Ba t t e l l e  
Memorial I n s t i t u t e  were t o  inves t iga te  t he  feed-introduction system used 
a t  Ba t t e l l e  when calcining aluminum n i t r a t e  solut ions  i n  a f lu id ized  bed, 
and t o  compare t h i s  system with the  pneumatic-atomized feed system used 
a t  t h e  ICPP. 

The r e s u l t s  per ta in ing t o  t he  f i r s t  object ive  were: 

1. The BMI feed gun was s a t i s f ac to ry  f o r  introducing solut ions  
i n t o  f lu id ized  bed ca lc iners .  

2. Thc feed gun was operated.without any mechanical d i f f i c u l t i e s  
f o r  a t o t a l  of 25 days. 

Operation of the  process and cha rac t e r i s t i c s  of t h e  product 
were control led  p r inc ipa l ly  by adjus t ing t he  feed-gun-air r a t e .  
Very f i n e  product (mean s i z e  below 0.2 mil l imeter)  with high 
alpha alumina was produced when the  r a t i o  of feed-gun-air r a t e  
t o  feed r a t e  was g rea te r  than 560. Intermediate-size product 
( 0 . 3  mi l l imeter)  was produced when the  r a t i o  was approximately 
250. Large p a r t i c l e s  (above 0.6 mil l imeter)  with low alpha 
alumina content were formed when t he  r a t i o  was 100. 

4. . No serious caking occurred i n  the  bed. 

5. The weight of product removed from the  bed was from 65 t o  80 
per cent of the  equivalent weight of so l i d s  i n . t h e  feed solut ion.  

6. From 10 t o  15 per cent  of t he  t heo re t i c a l  so l i d s  equivalent  of 
t he  feed solut ion was accounted f o r  by t h e  so l i d s  suspended i n  
t he  scrubber l iqu id .  

7. A few analyses f o r  dissolved so l i d s  i n  t he  scrubbing streams 
indicated t h a t  a considerable por t ion of the  "unaccounted fo r"  
so l i d s  may have been dissolved i n  the  scrubber solut ion.  

8.  The weight of so l idc  recovered from the  bed as product averaged 
79 per cent of the  t heo re t i c a l  production r a t e  during the  
period when the  alpha alumina content of t he  product averaged 
55 weight per cent. During a period of operation with low 
alpha a.lumina content ,  i . e . ,  l e s s  than 1 5  per cent  alpha, the  



highest  average recovery was 72 per cent  of t he  t heo re t i c a l  
production r a t e .  

When t h e  alpha alumina content of the  product was high, 
the  weight of undissolved so l i d s  1eaving.with the  scrub was 
as low as  3.8 per  cent  of the  t heo re t i c a l  p'roduction r a t e .  
When t he  alpha content was low, the  weight of undissolved. 
s o l i d s  leaving with t he  scrub never averaged l e s s  than 5.2 
per cent of t he  t heo re t i c a l  production r a t e .  

The above r e s u l t s  ind ica te  t h a t  losses  of so l i d s  t o  the  o f f -  
gas stream due t o  high alpha alumina can be as  low as ,  o r  
lower than,  losses  occurring when t h e  alpha content i s  low. 

The comparison of t he  BMI and ICPP feed-introduction systems does 
n o t  show conclusively a supe r io r i t y  of one over the  other.  The proper t ies  
of t h e  product from t h e  l imi ted  B a t t e l l e  t e s t s  compare favorably with, tohe 
product proper.,ties .Prom s imi la r  t e s t s  i n  t he  ICPP two-foot-square ca l -  
c ine rs .  For runs i n  both  ca lc iners  a t  4 0 0 ~ ~  with 1.3 M aluminum n i t r a t e  
feed,  t he  ranges of product proper t ies  were generally xs fnllnws: 

Absolute densi ty  . . . . . . . 3.5 t o  3.6 g/cc 
Ni t ra te  content . . . . . . . 0 .5  t o  0 .6  millimole/gram 
Bulk densi ty  . . . . . . . . . 0.9  t o  1.1 g/cc 
I n t r a  p a r t i c l e  porosi ty  . . . 0 .4  t o  0.45 void f r ac t i on  

From the  process viewpoint, the re  does not appear t o  be any advantage 
f o r  t h e  B a t t e l l e  system over t he  ICPP system. Mechanically, t he  ICPP 
nozzles  should be b e t t e r  f o r  remote operation,  s ince  cleanout plungers 
f o r  c lea r ing  t h e  t i p s ,  should plugging occur, a r e  e a s i l y  i n s t a l l ed .  On 
t h e  o ther  hand, the  ve loc i t y  of the  a i r  through the  ICPP nozzles i s  
approximately 10-fold g r ea t e r  than t h a t  through the  BMI feed gun, and 
eros ion of the  nozzle t i p s  has caused considerable concern. I f  erosion 
c w n o t  be el imina t . ed  by changca citllci' i l l  des ig~i  o r  PSn mater ia ls  of 
construe Lion, t h e  U M I  sys te~u may prove t h e  more des i rable .  
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APPENDIX A. 

DETAILED EXPERIMENTAL DATA 



DETAILS OF RUN 1 

The mater ia l  used as  a s t a r t e r  bed f o r  Run 1 was produced by cal -  
c ining simulated waste solution.  i n  the  P h i l l i p s  ' two-foot-square calc iner  
a t  t h e  ICPP. A t  t h e  beginning of R u n  1, 397 pounds of t h i s  material ,  
which had the  following screen s i ze  d i s t r ibu t ion :  

Cumulative Weight Per Cent 

Mesh (Tyler)  

was used as a bed f o r  s t a r t i n g  up the  Ba.tt,elLe calc iner .  This mater ia l  
had a bulk density of 60.5 pounds per cubic foot .  

During t he  ea r ly  stages of the  run, approximately 75 pounds of 
mate r ia l  was e l u t r i a t e d  from the  calc iner  during s ta r tup .   h his estimate 
of mate r ia l  l o s t  from the  u n i t  i s  based on t he  amount of discharged pro- 
duct which was returned t o  the  bed a t  t h i s  time i n  order t o  r a i s e  the  
l e v e l  of the  s t a t i c  bed t o  the  same height t h a t  it was before t he  l o s s  
occurred.)  The s o l i d  mater ia l  which was recovered from t h e  system during 
and a t  t h e  conclusion of t h e  run was as-fol lows:  

Discharge product ( l e s s  75 l b s  returned t o  t h e  bed) 417 l b s  
Lost from bed during a s t a r t up  7 5 
Remaining in t he  calc inec a t  the  end of ~ w i '  1 112 

Total mater ia l  recovered 73n-iE 
I n i t i a l  bed weight 397 

Net gain 20'7 l b s  

During t h i s  run, 520 gallons of solut ion containing 280 pounds of 
alumina was fed i n t o  t h e  calc iner .  The re tent ion of t h i s  mater ia l  i n  the  
bed amounted t o  about 74 per cent of t he  t o t a l  available so l ids  fed  i n t o  
t he  calc iner .  

The mater ia l  remaining i n  the  calc ines  a t  the  end. of R u n  1 had a bulk 
densi ty  of 6(.6 pounds per cubic foot ,  and- t he  following screen-size dis-  
t r i bu t i on  : 

Cumulative Weight Per Cent 

Mesh ( f i l e r )  



The f i n a l  bed mater ia l  and some of t he  discharge products from Run 1 
were mixed and used as  a s t a r t e r  bed f o r  R u n  2. 

The average da i l y  experimental conditions f o r  R u n  1 and a t ab l e  of 
samples which were taken together with the  r e s u l t s  of screen analyses and 
bulk density determinations a re  included i n  Tables A - 1  and A-2 of t h i s  
Appendix. 

DETAILS OF RUN 2 

Run 2 was begun with a s t a r t e r  bed prepared from the  mater ia l  re-  
covered from the  calc iner  during Run 1. This i n i t i a l  bed weighed 200 
pounds, had a bulk density of 85.5 pounds per cubic foot  and had a screen . 

s i  xe dis t r ibu t ion  as follows : 

Cumulative Weight Per Cent 

Mesh ( ~ v l e r )  

During the  t h i r d  day of operation a b r i e f  shutdown became necessaGy, 
and while s t a r t i n g  t he  un i t  up approximately 115 pounds of mater ia l  was' 
e l u t r i a t e d  from the  bed.  his estimate of mater ia l  l o s t  i s  based on t he  
s t a t i c  bed l e v e l  before and a f t e r  the  l o s s  and on the  bulk density of the  
mater ia l  at  the  time of the  l o s s . )  I n  order t o  replace t he  mater ia l  which 
was l o s t ,  96 pounds of discharged product was returned t o  the  calc iner .  
The un i t  was operated fo r  the  remainder of t he  run without f u r the r  losses  
except t he  normal carry  over of dust  i n  t he  exhaust gas stream. 

During Run 2, mater ia l  was discharged from the  calc iner  as  follows: 

Phase 1 366 pounds 
Phase 2 342 11 

Phase 3 758 " 
Phase 4 399 " 
Phase 5 . 558 " 

Total  2423 pounds 



T A B U  A-1. ATERAGE DAILY EXPERIME~AL COPTDITIOITS FOR RUN 1 

Date 
Hours of 
Operation 

.Average Experimental Conditions - & 

Temperature, OC Superf ic ia l  
Windbox E.ed . Velocity-, fps  (1) 

. Volume Product 
of Solution Discharged, 
Fed, gals  l b s  , 

(1) Calculation of supe r f i c i a l  gas .veloci ty  does not take i n t o  consideration e i t he r  water 
vapor or  the  products of n i t r 3 t e  decomposition.' 

( 2 )  75 l b s  of discharge p r o d ~ c t  returned t o  calciner aft.er elutr i 'at ing about t h i s  amount . .. 

from the  calc iner  during a ssartup.  
. . 



-- 

Date Time Period 
Sample 

No. 

Total  Screen-Size Distr ibution,  Bulk 
Weight, Elapsedi opera Per. Cent of-Mesh 

l b  s Time, hoLirs -20 +65 -65 l b s / f t  

(1) Eiapsed operating time t o  be'gihning of sampling period. 



Taking i n t o  consideration f h e , . l l 5  pounds of mater ia l  l o s t  from the  I 
-calc iner  during the  previously described s' a .tup, the  re tu rn  of 96 pounds Flf of product t o  t h e  bed, and t h e  341 pounds. of mater ia l  .remaining i n  
t h e  calc iner  a t  t he  end of R e  2, a ne t  gain of 2564 pounds was effected 
during t h e  run. A t o t a l  of 5316. gallons of .simulated waste solut ion con-' 
t a i n ing  3,296 pounds of alum*na was f ed  i n t o  the  caLcinef. during t h i s  run; 

' 

thus,  t h e  ove ra l l  recovery o f t h e  alumfna i n  t he  calc iner  was about 78 
per  cent  of the  t o t a l  f ed  i n t o  the  system. 

, .. 

The average da i l y  experimental conditions, a l i s t  of the  samples 
taken f o r  evaluation, and t h e  r e su l t s  of screen analyses and bulk density 
determinations f o r  Run 2 a r e  included i n  Tables A-3 and A-4 of t h i s  
Appendix. 

(1) Includes 37 pounds of mater ia l  adhering t o  the  walls of the  
calc iner  at  t he  end of the  run. 



TABLE A-3. AVERAGE DAILY EXPERIMENTAL CONDITIONS FCR RUN 2 

Averaae Ex~erimental Conditions Volume Product 
Hours of Tem~erature, C Superficial of Solution Discharged ' 

Date Operation Windbox Bed Velocity, fps(l) Fed, gal lbs 

Phase 1 

Phase 2 

Phase 3 

Phase 4 

Phase 5 

(1) Calculation of superficial gas velocity does not take into consideration 
either water vapor or the products of nitrate decomposition. 



TABLE A-4. DISCHARGE SAMPLE LOG AND RESULTS OF PHYSICAL- 
PROPERTY EVALUATION PROCEDURES FOR RUN 2 

T o t a l  Screen-Si z e  
Elapsed D i s t r i bu t i on ,  W t  Bulk 

Sample Operat ing Per  Cent of Mesh 
Date  Time Number Time, hours  - +20 -20 +65 -65 - l b s / f t  



TABLE A - 4  (Continued) 

Tota l  Screen-Size 
Elapsed Dis tr ibut ion ,  W t  Bulk 

Sample Operating Per Cent of b s h  Dens i tr ,  
Date Time Number Time, hours +20 -20 +65 -65 - - -  l b s / f t  



I Total Screen-Size I 
Elapsed Distribution, W t  Bulk 

Sarnp 1 e Operating Per Cent of Mesh Densitr, Date Time Number Time, hours +LO -20 +65 -65 - l b s / f t  
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