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liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
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otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
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Government or any agency thereof. 
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ABSTRACT 

A method of recovering thorium 

from slag from the bcmb process of 

producing thorium has been developed. 

HCl and NaOH are the only chemicals 

required in quantity. Materials re

quired for a representative slag are 

given. 
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5. 

Fusion with ammonium cacalate was studied as another possi
ble method. The fusion must be carried out in a nickel or monel cruci
ble at 550°C, and the weight of aranonium oxalate required is four tines 
that of the s^ag. There is considerable frothing during the fusion. 
To ccsnpletely dissolve the melt, it must be removed from the crucible 
and boiled with aqua-regia in a Pyrex beaker. Although the reagents 
required are not costly, the process is not readily adaptable to large 
scale operations. 

Digestion with ferric nitrate solution and ferric nitrate-
nitric acid mixtures did not dissolve the slag residue. 

Eaqperiments using a metathesis reaction with a 50^ sodium hy
droxide are the most promising of the methods. This process converts 
the thorium salts to the less, soluble thorium hydroxide. After a four-
hour boiling, the thick slurry is diluted with water to about four times 
the volame and filtered. The residue which still contains all the thori
um, is extracted with 6 N hydi^chloric acid. A second treatment vdth 
sodium hydroxide can be carried out on the residue if assay shows it to 
contain much thorium. Fran a limited number of experiments it appears 
that one such treatment vdll be sufficient. This method is practicable 
because the sodium hydroxide treatment can be carried out in an iron 
vessel and the chemicals required are relatively inexpensive. 

III. Proposed Process for Recovery of Thorium from Slag 

The figures given below are for a representative slag siimple' 
weighing one kilogram. 

Step 1. Leach with one liter of water. Filter, discard 
filtrate. 

St^p g. Treat the residue fran the water leach (1220 grams 
when dried) with cone, hydrochloric acid. 3300 ml or 7»3^ of 
cone, hydrochloric acid are required. Filter} filtrate contains 
thorium and is 1-3 normal in HCl. Add 10 ml cone, nitric acid. 
Add a solution containing 70 grams of oxalic acid (100/̂  excess) 
and let stand for 12 hours. 81 grams of the oxalate (= 46.2 grams 
thorium) are produced. 
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A MetKod of RecoYerlnfi Thorium from ?lag Materialg 

I. Ifltrodufftlon 

The slag from the reduction of thorium fluoride vri.th calcium 
and using zinc chloride as a booster contains the follovdng substances: 
Ca, CaO, ThOg, Fe, ZnFa, CaF2, Zn, Th, and unreduced ThF̂ .̂ It is de
sired to extract the thorium from this slag and precipitate it in a 
form suitable for reconversion to anhydrous thorium fluoride. 

II. aig}?r3jaent^ 

It has been found that a water leach serves to disintegrate 
the slag material veiy well. Since much heat is produced in the reac
tion, the slag is added to water. There is evolution of hydrogen and 
acetylene and a thick slurry is formed. All of the thorium remains 
in the solid phase. The filtrate which is saturated with calcium hy
droxide can be discarded. 

A treatraait of the above residue by concentrated Ijydrochloric 
acid dissolves all free thorium metal, thorium hydroxide, iron, calcium 
oxide and 2dnc salts. The insoluble material is calcium fLuorids, thori
um fluoride, and thorium oxide. 

The filtrate is made 1-3 nonaal in hydrochloric acid and 
thorium is precipitated by adding oxalic acid. Before this precipita
tion of thoritim oxalate, a small amount of nitric acid is edded to keep 
iron in ferric form and prevent co-precipitation of ferrous oxalate. 
Twelve hours are required for catiplete precipitation of thorium oxalate. 

Several methods have been tested to recover the remaining 
thoriiM from the acid insoluble residue. A sample of slag was digested 
with cone, sulfuric acid for five hours and the resulting slurry poured 
into cold water. The filtrate contained only about 5% of the total 
thorium in the residue. 

Digestion of the acid insoluble residue in 60/o perchloric 
acid proved to be very effective. Five grams of the residue dissolved 
in 10 ml cone, perchloric acid in tv;o hours of heating. The cost and 
unavailability of large quantities of perchloric acid prohibit the use 
of this method on a recovery process, but it does constitute a conveni
ent method of assaying slag for total thorium content. 
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^tep "i. The acid insoluble residue (230 grams) is mixed well 
with 200 grams of flake sodium hydroxide and water added to give a 
volxime of approximately 430 ml. It is gently boiled for four hours. 
It is then diluted to 1-2 liters and filtered. The filtrate is dis
carded and the residue treated with 6 normal hydrochloric acid. The 
treatment is repeated on the residue obtained in the above step, us
ing about 50 grams of sodium hydroxide. 

The final residue of insoluble material = 37 grams. 
In the sanqjles to date, solution of this final residue in perchloric 
acid solution using 12 grams of oxalic acid. This amount of thorium 
oxalate is equivalent to 8.6 grams of thorium metal. 

The amount of hydrochloric acid required after the 
first hydroxide treatment is about 500 ml and 200 ml after the second 
cycle. Excess hydroxide must be neutralized and the solution made 
from 1-3 normal in hydrochloric acid before precipitation of the -
thorium oxalate. 

IV. puantitias of Material Required and Product Obtajjed 

a) :rotal thorim rgCOVgr?^i 55 grams (as mstal) (This 

1) B3.5% from step 2 will depend on the efficien-

2) 16.5/& from NaOH treatment cy of the reduction process.) 

b) Hy4rooli]Loric AgX4 req^^j-rg^i-

Step 2 3300 ml or 7.32# 

Step 3 700 ml or l.^M. 

Total 4000 ral or 8.9 # 

c) Q;xa,lic Acid required; 

Step 2 70 grams 

Step 3 JL2» " 

Total 82 graius 

<i) §,9^m HY4ro?a4g r?qvy,rea; 

Step 3 250 grams 
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Thorium oxalate has been chosen as the final precipitate of 
the thorium because it can be conveniently converted to thoriu;a fluoride, 
the oxalate is easily filtered, and its precipitation offers a conveni
ent separation frcan iron. The extent of co-precipitation of calcium is 
small. In an experiment in which IJo of calcium was added to the solu
tion from which thorium oxalate was to be precipitated, there was 100 
p{Ha of calcium in the thorivim oxalate. 

Oxalic acid is used as the precipitating agent rather than am-
monitia oxalate since it has been found to give a pre.cipitate wiiich is 
more easily filtered. 
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