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ABSTRACT 

In two separate  volumes a complete description of techniques 

for preparing electrolytic cell  feed, and producing granular thorium 

metal  powder by electrolysis ,  have been presented on a pilot plant 

basis.  This repor t  p resents  a brief description of the development 

program leading to  the pilot operation and descr ibes  in some detail 

a 1 ,000  ton per  year  production plant based on data result ing f r o m  

the pilot activity. 

developed by R. B. MacMullin Associates some two y e a r s  ago, in 

which aqueous techniques for  the preparation of electrolyte were 

assumed .*L yn* 

The cos ts  a r e  compared direct ly  with those 

Cost es t imates  appended hereto i l lustrate  that  the turn-key plant 

cost  for a production facility capable of producing 1 ,000  tons of high 

quality metal  per  year  is $4 ,623 ,000 .  Amortization of this  sum over a 

five-year period in its entirety yields a metal  production pr ice  of $1.07 

per pound, not including the cost  of thorium nitrate.  

It i s  concluded that thorium metal powder can  be produced in a 

most  economical fashion by the medium of preparing electrolytic cel l  

feed by fused salt chlorination techniques and converting this mater ia l  

to  high quality metal  by high tempera ture  e lectrolysis  e 

tion should be given to this process  should occasion a r i s e  in the future f o r  

the necessi ty  of producing la rge  quantities of thorium metal.  

Serious considera- 
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COST ESTIMATE 

FOR 
PRODUCTION O F  THORIUM METAL 

B Y  
FUSED SALT ELECTROLYSIS 

... - 

I. FOREWORD 

During a 4-year period ending June 30, 1956, Horizons Incorporated, 

under A.E. C. Contract No. AT(30-1)-1335, conducted a r e s e a r c h  and 

development program to determine the most  economic method for produc- 

tion of thorium metal.  

p r imar i ly  in determinations of feasible production approaches,  the relative 

mer i t s  of severa l  candidate processes ,  and the selection of a single sys tem 

which seemed to m e r i t  consideration. 

fundamental propert ies  and var iables  associated with the process  ensued, 

leading to a r a the r  well-delineated electrolytic process  for  thorium metal  

preparation. 

The f i r s t  two yea r s  of this operation were spent 

An intensive investigation of the 

Most of the emphasis  pr ior  to the summer  of 1954 was placed on the 

fused sal t  e lectrolysis  of thorium tetrachlor ide,  with comparatively nominal 

e f for t s  being applied to methods of producing a satisfactory cel l  feed 

mater ia l .  

chemical techniques in the chemical laboratory on a bench scale.  

Research  quantities of the chloride were  prepared  by wet 

When interest  heightened in 1954 in thorium metal ,  a shift in program 

scope w a s  made; a lmost  overnight it w a s  necessary  to  set  up a small 

scale production unit in o rde r  t o  produce severa l  hundred pounds of metal  

for  evaluation. It w a s  necessary  to  expand the wet method f o r  ce 
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preparation and place in service many equipment i t ems  that were 

expediently available, not necessar i ly  well-designed for the particular 

job. This w a s  done, and for s ix  months efforts were devoted solely to 

quantity production on a pilot scale of cell  feed and metal .  

During this period a cost  es t imate  was prepared  by R. G. MacMullin 

Associates ,  consulting engineers of Niagara Falls, to determine the 

probable cost  of metal  production in a plant with an annual rated capacity 

of 1 , 0 0 0  tons. 

be made, using the wet method for cell  feed preparation, and basing 

operations on very small  r e sea rch  scale cel ls  and auxiliaries.  

capital investment in excess  $6,  350,000 was a r r ived  a t ,  together with 

conversion costs  of $ 1 . 4 3  per pound of meta l  in transforming thorium 

nitrate to granular metal .  

total cos ts  was associated with cel l  feed preparation. 

A 5-day week was proposed, Gross  assumptions had to  

A 

It should be noted that a la rge  fraction of the 

Preparat ion of cell  feed followed the steps enumerated below: 

1 )  

2 )  

3 )  

4) Settle the precipitate,  decant supernatant liquor , re-pulp in 

Dissolve thorium ni t ra te  c rys ta l s  in hot water.  

Dissolve sodium carbonate in hot w a t e r .  

Mix solutions (1) and ( 2 ) ,  precipitating thorium oxycarbonate. 

water and repeat  the process  twice. 

5 )  

6 )  

7) 

Fil ter  the thorium oxycarbonate , producing a thixotropic cake. 

Dissolve f i l ter  cake in hydrochloric acid. 

Add ammonium chloride,  2 mols  pe r  mol of thorium. 

8) Evaporate excess  l iquor ,  forming a thick syrup. 
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Cast syrup into chill molds and allow to solidify. 

Crush  the cake, charge to d rye r  and dehydrate a t  a 

temperature  of 260°C. 

a hydrochloric acid g a s  a tmosphere,  and eliminates 

most  of the water.  

complex chloride, which can be produced water-free.  

This is c a r r i e d  out under 

The product i s  a thorium ammonium 

Crush  the complex chloride and mix with sodium chloride 

in proper proportions to constitute a suitable ce l l  feed. 

Decompose the complex by heating to 600° - 650°C under 

hydrogen chloride o r  iner t  gas atmosphere.  

p rocess  volatilizes the ammonium chloride,  leaving a 

feed mater ia l  of thorium tetrachloride and sodium chloride. 

Make a mechanical 

This 

Fuse  the residue and cas t  into chill molds. 

separation between oxide-free cell  feed and oxygen-bearing 

salt ;  s tore  the fo rmer  for e lectrolysis  and consign the 

la t te r  to sc rap .  

The preparation of cell  feed by this method on a small tonnage 

bas is  w a s  c a r r i e d  out with reasonable success;  however, it is difficult 

to envision a production plant incorporating this  process ,  especially in 

view of the mater ia l s  of construction required in the evaporation phase 

and others .  

In October, 1954, the program emphasis  again shifted; l a r g e r  

scale pilot operations were placed secondary to  development of a 

more  feasible method of cel l  feed preparat ion and engineering 
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prototype electrolytic cel l  equipment. The activity m e t  

success ,  culminating in the operation of a cell  feed preparat ion sys tem 

with batch capacity of 1 , 0 0 0  pounds,and a prototype electrolytic cell  

capable of continuous operation a t  a cur ren t  input of 7 , 5 0 0  amperes .  

The purpose of this  es t imate  is to  provide cost  data comparable 

to those now available, eliminating the wet chemical method of cell 

feed preparat ion,  substituting a d i rec t  chlorination technique, and 

modifying electrolytic plant and operating cos ts  in accordance with 

pilot plant experience,  the la t te r  not having been available to MacMullin 

Associates.  It is our belief that the cos ts  developed below more  near ly  

represent  probable costs  for production of thorium than those presented 

by MacMullin, since they reflect  major  improvements in processes ,  

equipment design and operating techniques e 

H O R I Z O N S  I N C O R P O R A T E D  
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11. THE PRODUCTION PROCESS 

A. Prepara t ion  of Cell  Feed 

A chlorination process  has  been developed which would most  

economically operate with a feed consisting of thorium oxide and 

carbon. However, in order  to integrate the process  with spent 

fuel e lement  recovery products and encompass a method of returning 

process  wastes to the operation, it is assumed that crystall ine thorium 

ni t ra te  w i l l  be the start ing r a w  mater ia l .  
* 

The following procedures  

a r e  required in order  to convert  ni t ra te  into cell  feed: 

1. Dissolve thorium ni t ra te  c rys ta l s  in hot water.  

2 .  Dissolve sodium carbonate in hot water .  

3. Add lampblack to sodium carbonate solution and maintain 
in suspension with suitable wetting agents. 

4. Pump solution (1) into solution ( 3 ) ,  precipitating thorium 
oxycarbonate on the lampblack. 

5 Fi l te r  thorium oxycarbonate-carbon precipitate,  dis  - 
charging to continuous belt o r  tunnel d r y e r .  

6. Continuously d r y ,  to  maximum temperature  of 300°C; 
discharge into storage hopper for  blending. 

7. Mix (6) with sodium chloride-potassium chloride and 
feed continuously into fused salt chlorinator e 

8. Chlorinate the mix at 725"-750°C with chlorine,  using 
compressed chlorine f r o m  the ce l l s  and some make-up 
chlorine as. required.  

9. Tap cell  feed direct ly  into holding buggy, o r  cas t  into 
into chill molds,  c rush  and s tore  in hopper as feed fo r  
cells.  

------------__-----_---- 
* Note: If associated with a spent fuel element recovery plant, a 

solution of 10% thorium as  ni t ra te  would be available,  
eliminating one of the dissolving tanks,  one or  two 
crys ta l l izers  in the ni t ra te  dehydration operation and 12.5 

much of the solids handling costs .  However, these 
a r e  not reflected in the cost  data presented 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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B. Metal Production 

A nearly continuous ffised sal t  electrolytic process  for  metal  

production has  been developed. 

lined with graphite, a r e  rectangular in shape with approximate 

dimensions 24" x 48" x 48". A cathode 10" in d iameter ,  water- and 

air-cooled, is centered in each cel l .  The crucible s e r v e s  a s  anode, 

metal  being plated on the tip of the cathode as  a sponge-like agglom- 

e ra t e  of granular metal  c rys ta l s  in te rspersed  with sal t .  

Cells of all-nickel construction, 

Deposits weighing more  than 200 lbs .  (including sa l t  adhering to 
' 

the meta l )  have been removed f r o m  a cel l  operated a t  7 ,500  amperes ;  

it i s  expected that each cathode w i l l  contain 100 lbs.  of useable metal  

in a 10 ,000  ampere  cel l ,  and that 8 deposits w i l l  be produced in each 

24-hour day. 

Make-up cell  feed w i l l  be charged continuously to the cel ls  a t  a 

ra te  of 1-1/2 to 2 lbs .  per  minute in order  to maintain bath level  and 

provide constant thorium content in the bath. 

Cathode deposit removal is effected by raising the cathode into a 

removal chamber a r e a ,  str ipping it mechanically and dropping the 

deposit into a water-cooled rece iver .  

the bath and electrolysis  resumed.  

in pilot operations. 

The cathode is then returned to 

This differs  f r o m  the technique used 

Metal deposits a r e  removed af ter  cooling by valving off the rece iver ,  

disengaging it and dumping. 

flushed with argon,  and is then ready for  the next deposit. 

The chamber  is replaced, evacuated and 
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Start-up and operating procedures  a r e  a s  follows: 

1. After complete cell  assembly,  evacuate with vacuum pumps; 
eliminate leaks and bake under vacuum a t  800°C. 

2 .  Break vacuum with argon; charge 2,000 lbs .  sodium chloride, 
mel t  and hold molten at 850°C for  24 hours;  tap the cell.  
(This soak removes many impuri t ies  in the graphite and 
saturates  the furnace with salt.  ) 

3 .  Charge 1,500 lbs .  sodium chloride; mel t ;  add cel l  feed to 
des i red  thorium concentration (5 to 15%). 
charge and lower temperature  to  800°C. 

Fuse the ent i re  

4. Pre-hea t  cathode 2" above bath for 20 to 30 minutes,  inser t  
cathode into bath under polarizing voltage and hold for 
20 to 30 minutes to  attain thermal  equilibrium 

5 .  Initiate full D.C. curren t  on cathode; s t a r t  cathode cooling 
a i r  within 5 minutes. 

6 .  Electrolyze at 10 ,000  amperes  for  27,500 ampere  hours.  
Cut De C. power and cooling air; apply polarizing potential. 

7. Raise cathode to removal position, s t r ip  deposit and lower 
cathode into bath with polarizing potential still applied. 

8. Repeat s teps  (5), (6) and (7) ad infinitum. 

9 .  Maintain continuous feed to cell  during electrolysis .  
Compress  chlorine evolved in electrolysis  for  use in the 
chlorinator 

10. When deposit is cold ( less  than 80°C - 1-1/2 to  2 hours) ,  
remove rece iver ,  dump deposit ,  replace rece iver ,  evacuate 
and flush receiver  with argon. 

C. Metal Recovery 

Aqueous techniques a r e  applied to the problem of metal  recovery.  

As a r e su l t  of the coa r se ,  crystall ine nature of the thorium granules 

it i s  possible to remove occluded salt by the expedient of counter- 

cur ren t  o r  fluid bed washing in water .  
M -\ 
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Some thorium sa l t s  a r e  present  j n  the metal  deposits and hydrolyze 

when contacted with water ,  probably forming a water-insoluble hydrated 

thorium hydroxide. 

a s  the oxide a f te r  melting. 

water wash therefore is r e so r t ed  to  in o rde r  that  oxide content of 

the metal  i s  held to a minimum. 

If not removed, the coating r epor t s  in meta l  ingots 

An acid t reatment  on completion of the 

Acid t rea tment  is followed by a fur ther  water wash and vacuum 

drying. The granular metal  product should be packaged and s tored 

under iner t  atntosphere,  since it oxidizes slowly on standing in air. 

Sequential metal  recovery operations a r e  presented herewith: 

Crush  cathode deposit to 20 mesh  maximum size. 

Charge crushed deposit into counter-current,  pulse bed 
washer ,  recirculating a suitable quantity of water to 
remove sal t  content. 

Acid t r ea t  metal  to remove oxide-forming coatings. 

Rinse metal  with water to remove t r aces  of acid. 

Vacuum-dry. 

Package under iner t  atmosphere. 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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111. PRODUCTION PLANT 

A. Plant Description 

1 e Cell Feed Preparat ion 

Figure I in the Appendix presents  a schematic layout of the 

entire production plant and auxiliaries.  

Raw Materials w i l l  be received by t ruck shipment in fiber 

drums and paper bags,  and wi l l  be stacked on pallets by fork truck. 

At periodic intervals the thorium ni t ra te  will be weighed out in 

proper  proportions sufficient to make 2 days' operating batch. 

Twenty tons w i l l  be required.  

be submitted to the laboratory,  and should a s s a y  40 to 4 2  per  cent. 

A sample for  thorium content will 

A corresponding quantity of soda a s h  will a l so  be weighed 

out, some 1 7 , 5 0 0  lbs . ,  approximately. 

Three tanks w i l l  be used to prepare  thorium oxycarbonate in 

accordance with the reaction, 

(c 1 
Th(N03)4 x HzO + ZNaZC03 -c - ThOC03 + 4 N a N 0 3  + C o t  t + XHzO 

The f i r s t ,  Tank "A", w i l l  be used to dissolve thorium ni t ra te  in 

hot water ,  and w i l l  have a volume of 25 ,000  gallons. Tanks "Bl" and 

"Bi' w i l l  be used alternately to  dissolve soda a s h  and precipitate thorium 

oxycarbonate. Each tank w i l l  be constructed of cypres s  with a r e -  

inforced concrete,  resin-coated base,  and w i l l  have a capacity of 

50 ,000  gallons. 

H O R I Z O N S  I N C O R P O R A T E D  ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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In sequential operation, Tank " A "  will be filled with 18,700 

gallons of hot water ,  to  which w i l l  be charged 40 ,000  lbs .  of thorium 

ni t ra te .  Tank IIBltt w i l l  be filled with 22,700 gallons of hot water ,  

17,500 lbs.  of sodium carbonate being added during the f i l l  cycle. 

A small quantity of wetting agent, such a s  Pluronic,  w i l l  then be 
* 

added and 1,300 lbs.  of lampblack w i l l  be charged. Agitation will 

produce a uniform suspension. 

With tempera ture  maintained a t  80°C by s t eam sparging, the 

thorium ni t ra te  solution f rom " A "  tank w i l l  be pumped into "B," 

where precipitation of thorium oxycarbonate on carbon will occur. 

The ent i re  contents of "A I I  tank w i l l  be t r ans fe r r ed ,  af ter  which 

another batch of thorium nitrate solution w i l l  be prepared  in proper 

t ime sequence in Tank l tAo t t  

The l iquor in ''Bllt tank i s  adjusted to  a pH of 7.6 to 8 .0  by 

addition of small quantities of soda a sh ,  then allowed to sett le until 

all precipitate is out of suspension. The supernatant liquid is pumped 

to waste disposal,  i t  represent ing an  8 per  cent solution of sodium 

nitrate by weight. This may have a finite value, but on a temporary  

basis  would be pumped to a solution disposal pond. 

Additional water i s  added and the precipitate re-pulped to  wash 

out res idual  sodium nitrate solution, the volume ranging f r o m  5 ,000  

to 15,000 gallons. Again the precipitate is sett led and the liquor 

decanted to  a sump pond. This process  may be repeated once, but 

i s  not presently deemed necessary.  

* Commercial  t rade name, Pluronic L61, Wyandotte Chemical Corp. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Five thousand gallons of cold water a r e  added to Tank " B l , "  

the s l u r r y  agitated and fed by gravity to a continuous s t r ing f i l t e r  

as required.  

During the t ime Tank "B1" se rves  a s  feed to the f i l t e r ,  Tank 

'lBZl1 w i l l  be filled, sodium carbonate dissolved and thorium oxy- 

carbonate precipitated,  following the same s teps  outlined above. 

In this manner  there  w i l l  be a continuous supply of feed to the fi l ter  

despite batch-type operations in the oxycarbonate precipitate stage. 

Tanks "Blf'  and I'BZ1' will discharge to  one of two drum-type s t r ing 

f i l t e rs ,  each 8 ft .  in diameter  and 8 f t .  wide. The f i l ter  cake w i l l  be 

fed continuously to  two tunnel-type woven belt d r y e r s ,  each 8 f t .  wide 

and 35 f t .  long, with belt speeds synchronized to  match the string 

speed on the f i l t e rs .  

Heat supplied to  the d r y e r  w i l l  be of two types:  pre-heat in a i r  

blown through the d r y e r  in a counter-current  manner to remove moisture ,  

and radiant heat f r o m  electr ical  res is tance elements  mounted in a shield 

above the belt. Glo-bars w i l l  be used for the latter purpose. 

An alternative method of heating w i l l  encompass muffle-type, gas- 

f i red heating units, the choice being a function of fuel availability and 

power economics. 

F i l te r  and d r y e r  capacit ies a r e  designed such that one sys tem can 

The tandem sys tem w i l l  be used handle the ent i re  plant requirements .  

when f i l ter  o r  d rye r  r epa i r s  a r e  required,  and for  additional capacity 

in the event of plant expansion. 
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Dry thorium oxycarbonate in granular fo rm discharges into a 

c 

bin feeding a bucket elevator.  

two s torage bins which in turn  feed weigh.skips that convey the feed 

The elevator discharges into one of 

directly to the chlorinators.  Use of two separate  s torage bins is  

considered de s i rable  in o rde r  to  provide for  thorium accountability 

on a batch bas is ,  checking the over-all  efficiency p r io r  to chlorina- 

tion. 

Adjacent to the thorium oxycarbonate bins w i l l  be situated bins 

fo r  s torage of sodium chloride and potassium chloride. 

three hoppers w i l l  be serviced by a weigh-conveyor which w i l l  propor- 

tionate the c o r r e c t  amount of salt onto a c r o s s  conveyor. 

conveyor w i l l  discharge into one of two s torage bins which feed the 

chlorinators.  The blend w i l l  be fed by gravity into the chlorinator,  

using a star-type metering valve dr iven by a motorized speed reducer 

to control feeding ra tes .  

Each of the 

The mixer-  

Two chlor inators ,  the outer dimensions of which w i l l  be 8 ft. in 

diameter  by 40 f t .  high, wi l l  provide chlorinating capacity w e l l  in 

excess  of the plant requirement.  

the batch-type of operation. 

w i l l  be used a s  a hot s torage vesse l  for  molten cell  feed, the l a t t e r  being 

withdrawn as required for  cel l  operation. 

until the volume of the chlorinator has  been depleted 50 p e r  cent,  a t  

which point the other chlorinator wi l l  be tapped and operations resumed 

in the half-filled unit. 

Two units are necessary  because of 

On completion of a batch the chlorinator 

Electrolyte w i l l  be tapped 

A tap-hole half-way up the chlorinator w i l l  be 

H O R I Z O N S  I N C O R P O R A T E D  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  0 4 0  0 D I D  0 0 0  , o  0 0 0 O O E  r -  



- 13 - 

us d for n r m  1 tapping operations. Durin the chlorination cycle 

which consumes 20 hours ,  there  w i l l  be charged 19 ,000  lbs .  of solids 

( 3 , 8 0 0  lbs .  sodium chloride, 2,200 lbs .  potassium chloride,  1 2 , 3 0 0  

lbs.  thorium oxycarbonate and 700 lbs .  lampblack). Rate of charging 

will be 1 ,000  lbs .  pe r  hour until the ent i re  charge has  been converted; 

following this w i l l  be a 5-hour period of bath adjustment with carbon 

o r  oxycarbonate in order  to clarify the bath. 

be tapped and duplicate operation initiated on the al ternate  unit. 

The chlorinator may  then 

Chlorine w i l l  be fed to  the base of the chlorinator a t  the equivalent 

ra te  of 2,500 to 3 , 0 0 0  CU. f t .  per  h r . ,  in liquid form.  

lbs .  of chlorine w i l l  be consumed per  day. 

r inator ,  together with unreacted chlorine, w i l l  be ducted through a 

scrubber  sys tem for  neutralization and entrained solids removal. 

These off-gases will consist  predominantly of carbon monoxide and 

carbon dioxide, with minor quantities of a i r ,  chlorine,  moisture  and 

phosgene. 

soda. 

Up to 10 ,000  

Gases  produced in the chlo- 

Acid-forming constituents will be neutralized with caustic 

Should chlorine conversion be lower than anticipated, provision w i l l  

be made for  refr igerat ion of the gases  to condense chlorine for  recycling. 

Fused cell  feed w i l l  be tapped f r o m  the chlorinator into a mixer  

ladle c a r  with a capacity of 5,000 lbs .  

molten sal t  to a holding furnace adjacent to each  electrolytic cel l  once 

every 6 to  8 hours ,  returning to the chlorinator to  be re-fi l led a f t e r  

completion of the circuit .  

1 ,  000 lbs.  of molten salt. 

The ladle c a r  w i l l  then t r ans fe r  

The capacity of each  holding furnace w i l l  be 
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Each holding furnace will be heated by bath res i s tance ,  using 

D. C. power a c r o s s  embedded r e s i s t o r s  during non-electrolyzing 

periods a s  a power source; i. e . ,  the holding furnaces  w i l l  be heated 

only during a 15 to 30 minute period every  3 hours.  

be provided to  maintain the bath with minimal heat loss during the 

remainder of the time. 

provided for  emergencies  a s  a secondary source of heat. 

jumper ba r s  t o  by-pass the furnaces  a l so  w i l l  be a t  hand should it be 

Insulation w i l l  

Auxiliary connections to  A.C. power w i l l  be 

Copper bus 

necessary  to take a unit out of service o r  shut down a cell .  

Transfer  of molten sal t  f r o m  holding furnaces  to  electrolytic cel ls  

w i l l  be on a continuous argon p res su re  surge basis .  Gradually increasing 

p res su re  w i l l  displace a sma l l  volume of salt which will be forced through 

a multiplicity of holes in a common w a l l  benind a baffle plate between 

the holding furnace and cel l ,  thus providing a uniform, continuous feed 

of make-up electrolyte.  

B. Electrolytic Operations 

The key metal  production unit i s  an  electrolytic cell  operating a t  a 

D. C. power input level of 10 ,000  amperes  semi-continuously. Each 

cell ,  constructed of nickel and graphite,  holds 2, 500 lbs.  of molten 

electrolyte Internal dimensions provide an electrolyzing chamber 

24" x 24" x 48" deep; on each end is a heater compartment 12" x 24" 

which houses two heating assemblies .  

compartment 24" x 24" which a l so  houses two heating assemblies .  

On one side is a make-up sal t  

The 
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make-up sal t  compartment i s  separated f r o m  the cell  proper  by a 

graphite baffle plate. Heating elements  a r e  bayonet-type , constructed 

of graphite and encased in fused quartz tubes. 

Cell lining consis ts  of graphite s labs  2-1/2" to 3" thick, segments 

being joined with lap,  step o r  tongue-and-groove joints cemented to- 

gether with graphite paste. 

except that it should be of reasonably high purity and uniform in s t ruc-  

ture .  

The grade of graphite i s  immater ia l ,  

Between the outer nickel shell and the graphite crucible a layer  of 

lampblack is tamped in, to  a density of 35 to  45 lbs./ft.3. 

thickness is 2" to 2-1/211 on s ides  and ends,  and 4-1/2" on the bottom. 

Acid-proof ceramic  br icks ,  spaced properly,  4 to  8 in number,  a r e  

bedded into the bottom to support the crucible and eliminate problems 

Layer  

associated with non-uniform packing of lampblack. 

Wedges of graphite between the shell  and the crucible provide 

good electr ical  contact, anode leads  being attached to  the outer shell  

fo r  convenience in design. 

wedges and br icks  a r e  located should be provided with cooling jackets 

through which cooling air is  blown. 

Shell sections in areas where graphite 

At one end of the cell  a tap-hole is  provided. This consis ts  of a 
* 

Graph-i-tite 

cylinder,  and a graphite tee to which a power lead may  be attached. 

A water-cooled safety rod is a l so  included to prevent premature  

tapping. 

pipe surrounded by an insulating sleeve and nickel 

By applying an electr ical  cu r ren t  to the tap tube, it ac t s  a s  

* Carbon impregnated graphite 

p --$ ",I 
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a re s i s to r ,  heating up and allowing molten salt to pour out. 

flow may be interrupted by inserting the safety rod and cutting off 

the heating current .  

power source for  heating the tapping device. 

Salt 

An A.C. welder adequately s e r v e s  as the 

A l id  is provided for  each cell  which fo rms  a vacuum-tight 

closure.  Graphite heat shields and water cooling of flanges a r e  

adequate to  prevent thermal  damage. The l id contains por t s  for  

heating elements ,  sampling, thermocouples and meta l  removal.  

Cathodes a r e  10" diameter  tubes 14 f t .  long, water-cooled except 

for the lower 36". Walls a r e  nickel forgings o r  centrifugal castings 

1-1/2" thick, and house 3" copper piping which ducts cooling a i r  t o  

the lower t ip,  

under 10"of water head. 

A blower provides cooling air at up to  20 ,000  cfh 

The cathode t ip is fabricated of Hastelloy-C. Dimensions a r e  

10" 0. D. x 20" length, closed on the end and partially filled with 

copper to improve heat extraction. 

The cathode shaft above the tip has an 8"diameter and is provided 

Sections of graphite a r e  held with a spli t  graphite protective cylinder. 

in place by a split r ing of nickel which bolts to the main shaft. 

A thermocouple well is positioned inside the shaft and cas t  into the 

copper bottom e 

Removal of cathode deposits is effected by rais ing them into a 

removal  chamber attached to the l id ,  stripping the hot deposit mechanically 

and directing the deposit t o  a cooling chamber which can be valved off for  
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deposit removal at the proper  t ime. 

stripped the cathode is returned to the bath to  begin another 

A s  soon as the deposit is 

e lectrolysis  

Electronic switch sys tems w i l l  throw the D.C. cur ren t  into a 

paral le l  c i rcu i t  consisting of the cell  and the make-up salt furnaces  

when the cathode i s  moved upward. When the deposit c l e a r s  the 

bath, all cur ren t  w i l l  flow through the make-up furnace,  none through 

the cathode. On lowering the cathode, r eve r se  switching w i l l  again 

place full cu r ren t  on the cathode circuit .  It is expected that no more  

than 10 per  cent of the total  day will be consumed in deposit  removalp 

and that 90pe r  cent o r  more  of the operating day will actually be 

utilized in full-scale e lectrolyses .  

There w i l l  be nine electrolyt ic  cell  s i tes  in the plant, each  

equipped with a complete cel l  and all necessary  auxi l iar ies .  Only 

seven will be required in order  t o  produce the requisite tonnage, two 

being held in stand-by to provide for  such contingencies as over-est ima-  

tions on production r a t e ,  taking ce l l s  out of service for major  rebuilding, 

expansion of plant capacity, e tc ,  

A single D.C. power source  w i l l  be provided, all ce l l s  being 

connected in ser ies .  

1 1 , 0 0 0  amperes  a t  1 3 5  volts and w i l l  be of the constant amperage control 

type. 

capacity capable of powering all nine ce l l s  simultaneously under normal  

statist ical  operating cycles ,  i .e.  , not all ce l l s  would initiate e lectrolysis  

The power supply will have a n  output capacity of 

Rectification by germanium i s  specified. This unit has  a n  operating 

simultaneously. 
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Separate A. C. power sys tems for  each cel l  installation a r e  

provided. These consist  of multiple tap t r ans fo rmers  with infinite 

variation between taps ,  field-controlled, Switchgear w i l l  include 

facility for diverting a portion o r  all of this power f r o m  the cell  

hea te rs  to the make-up sal t  furnaces  if necessary.  No A . C .  heat 

will be required during one-third of the electrolysis  cycle,  only a 

l imited amount w i l l  be required during the remainder  of the cycle,  

and up to 60 K. W.  w i l l  be needed during the cathode extraction cycle. 

Expected minimum cell  life i s  s ix  months, af ter  which it may be 

necessary  to tap out the molten sa l t ,  cool the cell  to room tempera-  

tu re  and rebuild the shell. Replacement of the graphite crucible,  

repacking of lampblack, renovation of auxiliary units and r epa i r s  on 

the cathode may  be necessary.  

estimated a t  two weeks with a two-man crew.  

Renovation t ime is conservatively 

C .  Metal Recovery Operations 

The proposed production operation, based on continuous electrolysis  

in seven electrolytic cel ls ,  w i l l  yield 56 deposi ts ,  each containing approxi- 

mately 100 lbs ,  of recoverable  metal ,  per  24-hour day. 

each deposit w i l l  approximate 250 lbs. , including unrecoverable meta l  

f ines  and salt dragged out with the metal  deposits. 

Total weight of 

Metal recovery equipment is designed to  p rocess  the cathode deposits 

continuously e 

Cathode deposit receiving chambers  wi l l  be equipped with hydraulically 

closed and sealed bottom covers ,  Once deposits a r e  sufficiently cool to 

- -  
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allow removal ,  the chamber cover w i l l  be opened, 

- - I. .- 
allowing the cathode 

deposit to drop  into a waiting shuttle car .  

individually to a chute leading to a crushing table.  

conveyor belt w i l l  deliver cathode deposits to the crushing site which 

w i l l  be equipped with a s team powered impact hammer .  The purpose 

of this  table i s  to c rush  the deposits f r o m  an  initial s ize  of 18" to 20" 

diameter  and 36" to 40" length into sma l l e r  chunks not exceeding 4'' 

ac ross .  A 4" grizzly w i l l  be built into the crushing table, and chunks 

passing through fall by gravity into a hopper feeding a Fi tzmil l .  Two 

such comminuters  a r e  being provided, one being reserved  for  use in 

the event of equipment failure o r  breakdown. 

Deposits w i l l  be taken 

A shor,t,continuous 

The comminuted product discharged f r o m  the Fi tzmil l  w i l l  have a 

maximum size of 20 mesh. 

to comminute each 250-lb. deposit. 

Approximately 10 minutes will be required 

The Fi tzmil l  discharge result ing f rom crushing cathode deposits 

is caught in  a surge bin which feeds the mater ia l  onto a conveyor, 

conveyor discharges direct ly  into a counter-current  flighted d r u m  

washer which removes most  of the salt adhering to the metal  granules.  

The washer is continuously fed, at a ra te  of 15 lbs .  per  minute, and 

discharges onto a m e s h  dra in  conveyor which i s  sprayed f r o m  above 

with f r e s h  water. The dra in  conveyor deposits the partially washed 

metal  in a surge-bin which in turn  feeds a group of pulse tables ,  (jigs), 

each jig being comprised of 12 compartments  in a cascade arrangement .  

F r e s h  water i s  fed to the jig sys tem,  recycled counter-currently and 

The 

J 
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ultimately pumped to  the d r u m  washer for the removal of g ross  sal t  

content. Exhaust hoods a r e  positioned over each washer in order  to  

withdraw any gaseous products which might resu l t  f rom the action of 

water on small  quantities of thorium carbide should there  be any 

present .  

Sequential water flow in the washing process  i s  descr ibed below. 

The cascade pulse washer is divided into 12 compartments ,  each  

having a surface gr id  24" square and operating with a tapered metal  

depth averaging l", 

and meta l  to be washed is charged onto compartment 1. 

ment is by levitation and gravity f r o m  1 toward 12. 

Washed metal  discharges f r o m  compartment 12, 

Metal move- 

Every  other compartment w i l l  discharge its water  into i ts  own 

sumpI al ternate  compartments  being designed to  overflow into adjacent 

units. Fo r  example, f r e s h  water w i l l  enter  sump 11 , pulse through the 

bed and overflow with suspended metal  into compartment 12. 

dewatered metal  discharges f r o m  compartment 12,  pulse water passing 

through a side screen ,  flowing to sump 12 and being pumped f rom sump 

12 to sump 11. Thus,  sump 11 has  two water sources :  f r e s h  water and 

recycle water f r o m  sump 12. 

Nearly- 

The pump having sump 12 a s  feed a l so  pumps to sump 9, a t  a r a t e  

equal to the f r e s h  water influx to sump 1 1 .  

balanced volume-wise. 

to compartment 10 and thence into sump 10, 

sump 10 and rec i rcu la tes  a portion to sump 9 ,  the remainder  going to 

The s y s t e m  i s  therefore  

Water pulsing through compartment 9 overflows 

A pump takes water  f r o m  
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sump 7. 

tanks, recycling most  of their  water volume but continuously supplying 

make-up water  to the next higher tank pair  a t  the same  ra te  f r e sh  water 

i s  fed to  the system. 

counter-current advantages as well a s  pulse extraction principles.  

Thus,  the sys tem operates  a s  a group of s ix  2-compartment 

The resul t  is a recycle sys tem incorporating 

The pump fed by sump 2 by-passes a portion of the water to a spray  

sys tem above the dra in  conveyor, washing the meta l  in t rans i t  f r o m  the 

d rum washer to the jig washer.  

ac t s  a s  a sump f o r  the f r e s h  water ,  it being pumped t o  the d r u m  washer 

f o r  the major  salt removal s tep in the process ,  

A collector tank below the dra in  conveyor 

Water flow ra t e s  fo r  f r e s h  make-up w i l l  be determined pr imar i ly  by 

the r a t e  of deposit feed. 

should not exceed 10 per centdn i ts  salt ,  coident. Approximate-water czonsump- 

tion fo r  the washing sys tem therefore  will be about 1,000 gallons per  hour,  

allowing fo r  vaporization lo s ses ,  spil lagee,  etc.  

Final discharge water f r o m  the d r u m  washer 

Water discharged f rom the d r u m  washer ,  containing between 5 and 10 

per cent salts by weight, will carry over a quantity of finely divided 

thorium metal  powder a s  well, mostly par t ic les  100 microns o r  smal le r .  

This suspension w i l l  flow t o  a small Dor r  thickener to allow the meta l  to 

sett le out pr ior  t o  neutralizing the wash wa te r s  and precipitating soluble 

thorium values. Metal fines a r e  continuously discharged, dewatered by 

fi l tration and recycled to  the d rye r  for  re-chlorination in the feed p repa ra -  

tion department. 

The liquor overflowing f r o m  the fines settling tank i s  pumped to one 
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of two 250,000 gallon Dorr  tanks,  being partially neutralized with 

sodium carbonate in transit .  

Each Dorr  tank has  a liquid capacity of approximately one week‘s 

throughput. Following the week’s receipt of wash waters  the al ternate  

tank is placed in service and the filled tank completely precipitated of 

its thorium values. This is  accomplished by the introduction of addi- 

tional sodium carbonate into the tank, agitating for  8 hours with the 

addition of a coagulating and precipitating agent, and allowing the 

mater ia l  to sett le for  24 to  48 hours. 

solids then accomplishes removal through the bottom port  in  the tank, 

which discharges to a continuous d rum f i l te r ,  4 f t .  in diameter  and 6 ft. 

Paddle scraping of the precipitated 

across .  

with finely divided thorium metal powder and oxides, i s  caught on a 

continuous belt conveyor and t ransported to the d r u m  f i l te rs  which serve 

the feed mater ia l s  preparation a rea .  

the f i l ter  cake f r o m  the feed ma te r i a l s  filter d rums  and becomes a portion 

of the feed into continuous belt dr iers . .  

This material, predominantly thorium oxycarbonate in te rspersed  

At this point it is intermixed with 

Fully washed metal  discharging f r o m  the j ig washer i s  chuted into 

an acid pickling tank maintained automatically with a 5 per  cent concentra- 

tion by weight of sulphuric acid. Make-up acid f r o m  a feed tank i s  metered  

in a s  demanded by a hydrometer control system. 

Vigorous agitation of the acid tank is accomplished with a s e r i e s  of 

motor -driven s t i r r e r s  positioned along the tank, thus providing a suspen- 

sion of the metal. The tank itself has  a sloping bottom and i s  designed 
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to provide passage down its length in a per  od of 30 to 40 minutes. 

At the discharge end of the acid tank a rake mechanism loads the 

t reated metal  onto a washing conveyor which br ings the metal  out of 

acid and under a s e r i e s  of je t s  which spray  slightly acidified water 

over it to remove adherent acid. 

pas ses  through a d r u m  washer s imi la r  to the one used f o r  salt removal,  

f r e s h  water being introduced for  final acid removal. Overflow w a t e r  is 

pumped to  the spray head which r in ses  the metal  as  it emerges  f r o m  the 

acid tank. 

The partially r insed metal  then 

The acid t reated and r insed metal  is discharged direct ly  onto a 

coarse  f i l ter  for  g ross  moisture  removal ,  f rom which it i s  charged to 

a je t -aspirated,  continuous vacuum drye r .  On passage through the d rye r  

the meta l  powder, fully dr ied,  discharges into a packaging device which 

is operated under an  a rgon  atmosphere.  

polyethylenedined s teel  d rums  for storage pending fur ther  disposition. 

Metal powder i s  packaged in 

On a "once through" basis  approximately 70 pe r  cent of the total 

thorium w i l l  be recovered as useful metal. 

w i l l  be reprocessed  through the drying, re-chlorination and electrolyzing 

cycle in order  to convert it  back to useful metal .  The 30 per  cent r e -  

cycle is constituted of thorium in the f o r m  of chlorides in salt dragged 

out with the deposits,and in the f o r m  of me ta l  fines which a r e  not 

recovered as useful metal  in the washing operation. 

The remaining 30  per  cent 
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c3 

IV. ASSUMPTIONS REFLECTED IN COST ESTIMATES 

The assumptions incorporated in cost  estimation for a thousand 

ton pe r  year  plant a r e  comparable in general  to those assumed by 

MacMullin Associates  in their  es t imate  of May, 1954. F o r  example,  

identical building costs  per  sq. foot, erect ion and installation Costs, 

e tc . ,  have been reflected in this repor t ,  in o rde r  that the two might 

be compared on an identical basis .  

It mrly be pos.6ibh to cr i t ic ize  this approach, since MacMullin's 

r epor t  was based on a production plant which would be built in conjunc- 

tion with the Ferna ld  facility. 

not necessar i ly  be the most  desirable  location, nor might the produc- 

tion and operating cos ts  be comparable to  those experienced at the 

Fernald location. 

opinion that any type of radioactive meta l  production plant would be associated 

with another plant which would concern itself with the recovery of spent fuel 

e lements ,  fabrication of fuel element components and associated operations. 

Fo r  any other type of plant this might 

However, it appears  to be the general  consensus of 

In essence ,  therefore ,  the production of thorium metal  as  outlined in this 

cost  es t imate  would be one s tep in a closed circui t  containjng a number of 

s teps ,  and hence the assumptions made would be valid. 

existing facil i t ies would be assumed for a s team supply, warehouse and 

office space,  a change house, etc. 

F o r  example,  

Because of the nature of the radioactivity associated with the plant 

product and desirabil i ty of close control over the operation, cer ta in  

faci l i t ies  which normally would be available to units of an overal l  integrated 

H O R I Z O N S  I N C O R P O R A T E D  . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
0 0  * o o  0 0 0 0  0 0 0 0  e *  0 e 0 0 0 0  

.. .. .. . .  . .  
0 1  



- 25 - 

plant have been duplicatec , these inclul ing a complete analytical 

laboratory,  metallographic and physical metallurgy e valuations of 

the product, minor  f i r s t  aid facil i t ies,  etc.  

H O R I Z O N S  I N C O R P O R A T E D  
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Based on the pilot plant developments under Contract AT(30-1)-1335 

during the yea r s  1954-1956 a potential production process  for the manufacture 

of granular thorium metal  has  been outlined. Assumptions generally 

comparable to those utilized by R. B, MacMullin Associates  in their  cost  

es t imate  of May, 1954, have been reflected throughout the present  es t imate  

in order  that there  might be a d i rec t  comparison of result ing manufacturing 

costs ,  and hence some indication of the process  improvement which has  

a r i s e n  during the past  two years ,  

With reference to  the appended cost  es t imate  it may be seen that a 

conversion cost  per  pound of $1.07 has  been arr,ived a t  for converting 

thorium ni t ra te  t o  granular thorium meta l  powder of extremely high purity,  

acceptable to  the Atomic Energy Commission far4nuclearL purposes 

compares  with a figure of $ 1 . 4 3  which w a s  a r r i v e d  at by Mac Mullin 

Associates 

This 

It is  interesting to note that of the $1.07 total conversion cost  46 cents  

Should a longer amortization a r e  reflected in depreciation of the plant itself. 

period be selected than obviously the conversion cos ts  would be reduced thereby. 

It has  been demonstrated in prototype pilot plant equipment that a high 

quality granular thorium metal powder can  be produced in accordance with the 

r a t e s  and,ef,ficiencies assumed in this report .  

been produced during the past  year  in two shor t  campaigns in a 7,500 ampere  

electrolytic cell. 

operate a large-s ized electrolytic ce l l  substantially continuouslyp withdrawing 

Nearly two tons of meta l  have 

It has  been proven without question that it is possible to 

H O R I Z O N S  I N C O R P O R A T E D  . . . . . . . . . .  .......... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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deposits in excess  of 200 lbs. in total weight without difficulty. 

aspect  of the electrolytic production technique has  been proven completely, 

and la rge  quantities of cell  feed have been prepared  by d i rec t  fused sal t  

chlorination _approaches. The only a r e a  in which unproven assumptions 

have been made is in the metal  recovery section, where continuous processes  

have been substituted fo r  batch-type sys tems which were used in the pilot 

Every  

operations. It is probable that much l e s s e r  costs  actually will be real ized 

in the metal  washing section than have been shown in the es t imate ,  but f o r  

contingency purposes the cos ts  have been presented in a pessimist ic  manner.  

Based on actual  pilot plant activit ies and es t imates  of cos ts  it is 

concluded that the production of thorium metal  of acceptable Atomic Energy 

Commission grade can be achieved in a most  economical manner  by utilizing 

fused salt electrolytic techniques. 

utilization of this  type of operation should occasion a r i s e  in the future wherein 

Consideration should be given to  the 

la rge  quantities of thorium meta l  w i l l  be required.  

H O R I Z O N S  I N C O R P O R A T E D  . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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DETAILED COST ESTIMATE 
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A.  EQUIPMENT 

Cell  Feed  Preparat ion 

2 bins,  feed,  thorium ni t ra te  
2 bins ,  feed, sodium carbonate 
2 bins ,  feed,  lampblack 
1 tank, wood, thorium ni t ra te  dissolver ,  

2 tanks,  wood, oxycarbonate precipitation, 

2 ag i ta tors ,  tank, thorium ni t ra te  
3 ag i ta tors ,  tank, oxycarbonate precipitation 
3 s t eam spa rge r s ,  tank, oxycarbonate 

2 pumps, w a t e r  booster p r e s s u r e ,  10,000 gph 
4 pumps , t r ans fe r  , thorium oxycarbonate , 

25,000 gal. 

50,000 gal. 

precipitation 

5,000 gph 
control valves, liquid level,  filter tank 4 

1 
4 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
4 
1 
1 
2 
2 
2 
2 
2 
2 

1 
2 

1 
1 

$3,800.00 
3,200.00 

600.00 

2,500.00 

8,000.00 
1 , 9 0 0 . 0 0  
2,850.00 

750.00 
2,570.00 

1,520.00 
4,000.00 

sca le ,  meter ing,  Pluronic 900.00 
pumps, decant, tank, 5,000 gph 2,600.00 
f i l t e r s ,  d rum,  8 x 8, complete 25,000,OO 
feede r s ,  vibrator  3,000.00 
f i l t e r  s c rape r  modifications 1,000.00 

blowers,  Roots-Connorsvible, 1,000.00 
prehea ters ,  air 5,000.00 
e leva tors ,  bucket 15,360.00 
bins s torage thorium oxycarbonate 3,400.00 
bin, s torage ,  sodium chloride 1,000.00 
bin, s torage ,  potassium chloride 800.00 
weigh conveyors, bin discharge 10 ,000 .00  
conveyor, col lector ,  chlorinator feed 2,500,OO 
discharge,  conveyor chute, swivel 2,000.00 
hoppers,  mixer, elevator feed 2,500,OO 
elevators  , bucket 10,000.00 
hoppe r s , feed, c hlor inator 1,600.00 
ch lor ina tors ,  8' dia.  x 40' 200,000.00 
ve s sels , tapping , p r  e s s u r  e - controlled 3,000,00 
t r ans fo rmers ,  150 KVA each, power,  

multiple tap,  3 phase 8,000.00 
portable welder 1,000,00 
compre  s s o r  s , chlorine , including ref r i g e r a -  

tion unit 50,000.00 
manif old, chlorine 1,000.00 
tank, s torage ,  chlorine 5,600.00 

d r y e r s  , tunnel 80,000.00 

H O R I Z O N S  I N C O R P O R A T E D  0- 
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1 sump, water ) 

2 pumps, cooling water ) 
1 sys tem,  c i rcu la tor ,  cooling water  ) 

2 t r aps ,  dust ,  chlorinator 
2 tanks,  neutralization, chlorinator gas  
2 sys tems,  caustic j e t s  and pumps 
2 bubblers,  sea l ,  liquid 
1 c a r  , ladle , mixer ,  5 ,000  lb. cap. 
1 t ruck,  ladle t ransfer  
1 sys tem,  manifold, a rgon  

misc.  special  tools and rigging @ 1% 

plant instrumentation @ 5% of equip- 
of equipment 

ment cost  
3 pumps, decant,  oxycarbonate tank 

$3,000.00 

10,000.00 
3,900.00 
6,500.00 

500.00 
10,000.00 
4,500.00 
1,000,00 

5,000.00 

25,700.00 
1,200.00 

$539,830,00 

H O R I Z O N S  I N C O R P O R A T E D  
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@ ),,, Electrolytic Plant Equipment 

9 ce l l s ,  e lectrolyt ic  $351,000.00 
9 tanks,  su rge ,  argon 2,400.00 
2 pumps, vacuum, l a rge  5,000.00 
1 controls  D .C . ,  1500 KVA, 11,000 amp. ,  

135 volt 100,000.00 
2 shunts, 12,000 amp.  1,500.00 
9 sys tems,  hoist  and monorail  6 ,000 .00  
1 system, hydraul ic ,  s e rvo  3,000.00 
2 pumps, hydraulic 5,000.00 

1 manifold, argon 2,200.00 
manifold valving, hydraulic 3,000.00 

1 manifold, vacuum 3,000.00 
9 compre s s o r  s ,  a i r ,  cathode cooling 11,000.00 
9 sys tems,  w a t e r  cooling, c i rculatory 5,000.00 
1 manifold, cooling air, ce l l ,  w/blower 3,500.00 
9 t r ans fo rmers ,  multiple tap,  75 KW 15,000.00 
2 rece ivers ,  molten salt 3,500.00 

18 rece iver  cans ,  deposit  7,500.00 

9 supports ,  metal r e c e i v e r ,  hydraulic 5,000,OO 

1 t ruck ,  hydraulic l i f t ,  motorized 5,000.00 
1 welder,  1000 amp. ,  portable 1,000.00 
1 compresso r ,  s e rv i ce  1,000,00 

instrumentation @ 5% of equipment 27,250.00 
miscellaneous standard & special  tools @ 1% 5,400.00 
miscellaneous handling equipment 7,750.00 

$580,000.00 

H O R I Z O N S  I N C O R P O R A T E D  
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(2a) Electrolytic Plant  Equipment 

Electrolytic Cell: (Component Costs per  Cel l )  

CaW. base 
Shell, lower ,  nickel, air-cooled, 

1/2" side plate,  1" bottom 
Shell, upper, nickel 
Chamber,  removal,  cathode 
Valve, removal ,  deposit 
Receiver ,  deposit 
Cathode , nickel, jacketed 
Connector, power, cathode 
Stripper cathode 
System, s t r ipper ,  hydraulic 
Crucible,  cel l  
Insulation, crucible 
Shields, heat, upper shell  
We 11 s , the r moc ouple 
Wells , heater ,  cel l  
E lements ,  hea t e r ,  cell  
Tubes,  graphite,  heater well protection 500.00 
Tubes,  graphite thermocouple well 

protection 100.00 
Connector, power,  anode 200.00 
Switchgear, D. C. 3,000.00 
Heaters ,  immers ion ,  pre-mel t  300.00 
Control, levelp electrolyte 250,OO 
Assembly , tap-hole 750.00 
Bubbler , chlorine 200.00 
Chamber,  dust  200.00 
System, probe, bath depth, D. C, 100.00 

$ 3 9 , 0 0 0 . 0 0  

$ 800.00 

9 ,000 .00  
6,000.00 
3,500.00 
4,000.00 
1,000.00 
4,000.00 

250.00 
750.00 
400.00 

1 , 600.00 
100.00 
600.00 
100.00 
300.00 

1,000.00 

H O R I Z O N S  I N C O R P O R A T E D  
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(3) Metal Recovery Operations 

4 dol l ies ,  tilting, cathode deposit $3,600.00 
1 conveyor, c rushe r  table 600.00 
1 table, c rushe r  2,100.00 
1 gr izzly,  4" 600.00 
1 chute, grizzly 300.00 
1 h a m m e r ,  impact,  steam-powered 1,500.00 
2 F i t zmi l l s ,  knife-equipped, s ta in less  steel 3,600.00 
1 hopper, crushed deposit 750,OO 
1 elevator , bucket 5 , 0 0 0 . 0 0  
1 chute, discharge 500.00 
1 washer ,  d r u m ,  flighted 10,000.00 
1 thickener,  metal f ines ,  Dor r  type 7,500.00 
1 pump, Dorr  underflow 400.00 
1 conveyor, mesh .  water  -sprayed 10 ,000 .00  
1 tank, col lector ,  sp ray  water ,  conveyor 1,000.00 
1 pump, sump 350.00 
1 hopper, surge,  j ig feed,  including ) 
1 feeder , vibratory,  j ig 1 1,500.00 

45,000.00 1 j ig,  12-compartment 
7 pumps, t r ans fe r ,  wash water 2,500.00 
1 r e c e i v e r ,  washed metal ) I ,  500 .00  

5 , 0 0 0 . 0 0  1 trough, acid 
3,000.00 6 ag i ta tors ,  rubber-coated 

1 conveyor, d i scharge ,  acid tank 1,500.00 
1 conveyor , mesh ,  water  - sprayed 10,000.00 
1 washer ,  d r u m ,  flighted 10,000.00 

1 feeder ,  vibratory,  j ig 1 

1 f eede r ,  vibratory,  acid tank 1 

1 centrifuge, dewatering 4,500.00 
1 bin, feed,  vacuum d r y e r  1 750,OO 
1 dryer, continuous vacuum 40,000,OO 
1 hopper,  d r ied  metal, i ne r t  a tmosphere 1 500.00 
1 machine,  packing, i ne r t  a tmosphere  7,500.00 

miscellaneous standard & special  tools @ 1% 1 830.00 
plant instrumentation, me ta l  recovery @ 570 9,050.00 

1 conveyor, rolLer 200.00 

miscellaneous handling equipment 3,000.00 
2 , 0 0 0  finished product containers  2,000.00 

$199,030.00 

H O R I Z O N S  I N C O R P O R A T E D  
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(4) Auxiliary Process ing  Equipment 

2 tanks,  Dor r ,  250,000 gal.  cap. 
1 tank, surge , oxycarbonate decant, 

1,000.00 
2 pumps, surge  tank t r ans fe r  2,400.00 
1 col lector ,  dus t ,  oxycarbonate d r y e r  3,600.00 
1 sys tem,  sc rubbe rp  chlor ine,  emergency 5,000.00 

10,000.00 1 sys tem,  fresh air 
1 power source ,  stand-by, 100  KVA, d iese l  25,000.00 

1 furnace,  melting, sample 1,700.00 
800 00 1 power source ,  furnace 
700 e 00 1 sys tem,  vacuum, furnace 

1 pel le t izer  , powder 250.00 
4 pumps, t r a n s f e r ,  Dor r  tank 1,600.00 

$50,000.00 

1,000 gal. cap. 

1 welder ,  gasoline-powered, 1000 amp.  2,000.00 

(5)  Mater ia ls  Handling & Service Equipment 

1 sca le ,  platform, 15 ton cap. 
1 t ruck ,  fork ,  5,000 lb. cap. 
1 scale, platform, 1 ,000 lb. cap ,  
1 sca le ,  platform, 100 lb,  cap. 

2 hois ts ,  Budgit, 4 ,000  lb. cap .  w / r a i l s  
4 e leva tors ,  bucket type 
3 conveyors,  r o l l e r ,  salt-handling 
1 r ig ,  salt-dumping, mechanical 
9 disconnects,  AC-DC, electrolyt ic  ce l l  
1 console,  control ,  e lectrolyt ic  ce l l  

12 hoods, exhaust, scrubber  serviced 
6 exhausters ,  dust  col lector  
1 sys tem,  water f i l t e r  

machine shop equipment 
maintenance shop equipment 
weld shop equipment 

1 sys tem,  vacuum, floor 
1 overhead crane  
3 switches,  high voltage, 
6 pads,  t r ans fo rmer  
1 motor  control center  
1 cha rge r ,  bat tery 

200 pal le ts ,  wood 

Total  

$1 04,050.00 

$2 ,500 .00  
6,000 e 00 

750.00 
200,oo 

1,000.00 
1,000.00 

20,000.00 
1,500.00 
1 , 500.00 

27,000.00 
10,000.00 
15,000.00 

3,000.00 
25,000.00 

100,000.00 
25,000.00 
20,000.00 

9 , 0 0 0 . 0 0  
4,000.00 

45,000.00 
25,000 00 
20,000.00 

5.000.00 

$367,450.00 

H O R I Z O N S  I N C O R P O R A T E 0  
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(6) Quality Control, Health and Safety 

1 t e s t e r ,  hardness ,  Brinell  
1 t e s t e r ,  hardness ,  Rockwell 
1 lathe, shop 
3 sanders ,  beit ,  metallographic 
1 wheel, cut-off, metallographic 
3 wheels,  polishing, metallographic 
1 microscope,  metallographic 
1 camera ,  4" x 5" 
1 laboratory,  analytical, complete 

f i r e  extinguishers 
f i r  e blankets 
sand pai ls ,  shovels,  etc. 
f i r s t  aid kits 
f i r s t  aid station 
radiation monitoring equipment 
masks ,  f r e s h  a i r  
system, safety a l a r m  

Total 

$ 600.00 
450.00 
700.00 
200.00 
150.00 
250.00 

I ,  500.00 
5.00. 00 

25,000.00 
5,000.00 

100.00 
200.00 
100.00 

1,000.00 
25,000.00 

5,000.00 
3,500.00 

$ 6 9 , 2 5 0 . 0 0  

.$ Q ,?? 
6 ;  .. L P  i. H O R I Z O N S  I N C O R P O R A T E D  
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Equipment Cost Summary 

Cell  Feed  Preparat ion 
Electrolytic Plant  Equipment 
Metai Recovery 
Auxiliary Process ing  Equipment 
Mater ia l  Handling & Service Equipment 
Quality Control, Health & Safety 

Total Equipment Cost 

Equipment Erect ion,  Piping & Wiring 

Buildings, 890,000 f t ,  @ $O.6O/f te  

Roadways, 15,000 ft .2 @ $9.00/yde2 

Sewers  

Total Plant Cost 

P r o c e s s  Engineering @ 1% 
De sign Engineering @ 2% 
Mechanical & Archi tectural  

Contractor’s  Fee @ 3% 
Engineering & Contracting 

Purchasing & Procurement  

Eng. Fee  @7% 

Expense 

@ 4% 

Total  F e e s  

$539,830.00 
580,000.00 
199,030.00 
104,050.00 
367,450.00 

69,250.00 

$1,859,610.00 

1,487,690,OO 

534,000.00 

15,000.00 

25,000.00 

$3,921, 300.00 

$39,200.00 
78,500.00 

274,500.00 
117,650.00 

35,000.00 

156,850 00 

$ ,, 701,700.00 

Grand Total ,  Turn-key Plant  Cost $4,623,000.00 

H O R I Z O N S  I N C O R P O R A T E D  
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B. MANUFACTURING COST ESTIMATE 

Metal Production Rate - 2,000,000 lbs.  per  year  

1. Raw Mater ia ls  Quantity Annual Cost 

thorium ni t ra te  4 ,825,000 lbs. no cos t  
argon 500 cyls.  $16,750.00 
sodium carbonate 2,110,000 lbs. 34,650.00 
sodium chloride 2,000,000 lbs.  29,900.00 
sulfuric acid 300 tons 7,200.00 
hydrated lime 50 tons 550.00 
caust ic  soda 20 tons 1,050.00 
lampb iac k 157,000 lbs. 7,300.00 

Total ,  Raw Mater ia is  97,400.00 

2. Utilities 

steam 30,000,000 ibs .  $22,600.00 
e lec t r ic i ty  14,500,000 kwh 130,500.00 
water  9 1 , 0 0 0 , 0 0 0  gal.  2,750.00 
natural  gas  10,000,000 f t .  3 5,000.00 

Total ,  U t i l i t i e s  $160,850.00 

3. Repair Mater ia ls  and Maintenance 

Est imated @I 3% of capi ta l  investment 
annually, e 03 x $4,623,000 $138,690.00 

Cel l  Lining replacements  105,000.00 
Supplies, $1 OO/day 36 ,500 .00  

Total ,  Repair Mat’ls & Maint. $280, 190.00 

6- ”* r > 
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4. Labor ,  Operating 

(a) Electrolyt ic  Plant 

Job - No. /Shift Totai  Men 

1 shift superv isor  4 
1 feed make-up tender  4 
1 deposit  remover  4 

4 

Total 16 
- 1 shift helper  

(b) Metal Recovery 

1 meta l  c rushe r  
1 
1 he lpe r 
1 drying & packout 

me  tal w a  she r 

Total  

( c )  Cel l  Feed  Prepara t ion  

4 
4 
4 
4 

16 

1 shift super  vis o r  4 

1 oxycarbonate prep .  4 

1 chlorinator ope r a t o r  4 

2 t r u c k e r s  8 

1 chlorinator feed 4 

8 2 he lpers  
Total  32 

- 

(d) Monthly Labor  

1 genera l  fo reman  ' 1  
2 

Total 3 
- 2 shift engineers  

Annuai Cost 

$ 21,620 
16,440 
16,440 
18,140 

$ 72,640 

$ 19,400 
19,400 
18, 140 

'18,140 
$ 75,080 

$ 21,620 
32,880 
19,380 
16,440 
19,400 
36,280 

$146 ,000  

$ 6,000 
10,000 

$ 16,000 

( e )  Maintenance 

2 shift mechanics  8 
10 mechanics  (days)  10 
11 he lpers  (days)  11 - 

Total 29 

$ 41,600 
52,000 
64,800 

.. ... . . . .. .. . ... . ... .. . . .  ... ... . .. .. .. .... . . .. . . ... ... . ,  * . .  0 . ..e . ... .. e '  
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Key to  F i n .  1. 

A Shipping & Receiving Area  
B Thorium Oxycarbonate Precipitation Area 
C Chlorinator Area  

. D Electrolytic Area  
E Metal Recovery Area 

Fork  Truck 
Pallet  Stor age 

- 3  Freight Elevator 
4 Thorium Nitrate Storage Bin 
5 Thorium Nitrate Dissolving Tank 
6 
7 Precipitate S lur ry  Transfer  Pumps  
8 Drum Fi l ters  
9 Tunnel Dryers  

10 Di s charge Conveyor 
11 Bucket Ele vat0 r 
12 Thorium Oxycarbonate Storage Bin 
13 Sodium Chloride Storage Bin 
14 Potassium Chloride Storage Bin 
15 Proportioning Feeder  -Conveyors 
16 Mixing Conveyor 
17 Chlorinator Feed Elevator 
18 Chlorinator Feed Surge Bins 
19 Chlorinators 
20 Molten Salt Transfer  Buggy 

T hor ium Oxycar bonate Pr e c ipita ti on 

21 Transfer  Rai l  Line 
22 Electrolytic Cells 
23 
24 
25 

Tanks 26  
27 
28 
29 
30 
31 
32 
3 3 .  
34 
35 
36 
37 
38 
39 
40 

Cathode Deposit Transfer  Bugg 
Cathode Deposit Chute 

Drum Washer 

Jig Washer 
Transfer  Conveyor 
Acid Leach Tank I 

Dewatering Conveyor 
Drum Washer 
Vacuum Dryers  
Packaging Machine 
Roller Conveyor 
Dust Collectors 
Solution Transfer  Pumps  
T hic kene r - Settle r Tanks 
Fines  Thickener Tank 
Caustic Scrubbers  

Crushing Table tr . 
' i  Dewatering Conveyor I 
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