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I - INTRODUOTION 

Within the past five years. the extraction of 

radium has been developed in the United states and radium is 

now produced in relatively large quantities by the Standard 

Chemical Company of Pittsbu~. Pennsylvania, and the National 

Radium Institute of Denver, Colorado. Up to Maroh 1st. 1916, 
1) 

the Standard Chemical Company had produoed 18.000 milligrams 

of radium bromide (9.600 milligrams of radium element), which 

oonstitutes praotically the entire output of the United States. 

There are no statistios available upon the output of the Nat- . 

ional Radium Institute. 

In the year 1912-1913. there can be no doubt but 

what there was twioe, and probably three times, asmuoh radium 
2) 

obtained from the American ores 8S from ores mined in the rest 

of the world put together. In the year 1913, the statistics of 
~ 

the United States Geological Survey show that more than one-

half of the radium (equivalent to approximately 7.6 g. of hy

drous radium bromide) was sent abroad. This exportation of ore 

was probably due to the fact that there was only one Amerioan 

company preparing radium salts of any degree of purity. The 

plant of the National Radium Institute has been in oper~tion,' 
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for nearly two years, and the monthly output has now nearly 

reaohed a half-gram of hydrous radium bromide. 

The ore used as a souroe of radium is a low 

grade oarnotite, containing from two to five percent uranium 

oxide CU308)' and slightly more vanadium. estimated as the 0%

id~ CV206 ). Both the vanadium and uranium are valuable by

products and are conserved. 

The separation of radiUm, ~ uranium, and vanadium 
( a) 

from oarnotite ore is a ohemioal process. In the course of 

treatment of the ore, after filtering, the uranium and vana

dium are found in the filtrate along with iron, caloium, and 

small quantities .of other elements. Sodium oarbonate is added 

in exoess to this filtrate to preoipitate the iron and oaloium. 

The uranium is then preoipitated by neutralizing the exoess of 

sodium oarbonate, boiling to expel the oarbon dioxide, and &4-

dition of sodium hydroxide in exoeS8. Sodium uranate and sod

ium vanadate are formed, and sinoe the latter is soluble in 

water, we should expeot to find the vanadium in solution as 

sodium vanadate, While the preoIpitate should consist of s04-
d.V-

iumAuranate (Na2U20?). In praotioe, however, some of the vana-

dium is preoipitated with the uranium, whioh is objeotionable. 

Ca) The prooess used by the National Radium Institute has not 
been publishe~ and we are, therefore" not at libert7 to 
outline the treatment of the ore for the reo overy of uran
ium and vanadium. 
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By redissolving the precipitate and again precipitating the 

uranium with sodium hydrox1de.the vanadium should be removed. 

A second precipitation removes about one-hal~ o~ the vana-

dium but ~ails to yield a product o~ su~~ioient purity to meet 

the speci~ications ~or the sale o~ uranium. The National Rad-

ium Institute. there~ore. was con~ronted with the addi~ional 

problem o~ removing the vanadium from the crude uranate, in 

oonneotion with the oonvers~ion of the product into uranium 

oxide. the ~orm in which the uranium was to be sold. The mar-

ket produot of uranium need not be entirely ~ree o~ vanadium 

but the amount should not &'xoeed one-half percent. 
4 

The market prioe of uranium oxide is two and 

one-half dollars per pound; and of vanadium oxide seventy

five cents per pound. However, the recovery of the vanadium 

~rom the orude uranate is not as important a faotor as the re-

oovery of the uranium,- as its peroentage in the orude uranate 

is only about eight peroent vanadium oxide (V205). 

In order to get some idea of the magnitude and 

eoonomic importance of this problem, let us consider for . a 

moment the amount of ore whioh a plant produoing one-hal~ a 

gram of radium per month would have to treat. Sinoe Lin4 and 
5) 

C. F. Whittemore have shown that the ratio of uranium to ~-

t1Iac1ium in carnotite ore is on the whole normal, the well e8-
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-v tablished value for the equilibrium ratio, name17 3.33 X 10 , 

may be used in the calculation, that is, a quantity of ore 

containing one gram of radium contains 3 X 106 grams of uran

ium or nearly three and three-tenths tons, equivalent to three 

and six-tenths tons of the oxide (U30a). Sinoe the low grade 

oarnotities used contain from two to three percent of uranium 

oxide, it is seen that about one hundred and fifty tons of 

ore must be treated to obtain one gram of radium. Henoe, a 

plant producing one-half gram of radium per month would have 

to treat something over 900 tons of ore per year. If the ore 

averages two and one-half percent uranium oxide, which is a 

oonservative estimate, a total of 22.6 tons would be repres-

ented in the by-produot annually. Allowing a loss of one-four~ 

of the uranium in the process of extraotion, the market val

ue of the by-produot alone at two and one-half dollars per 

pound would be about $82,600. 

It is thus evident that the separation of vana-

dium from the orude uranate preeents an interssting ' and val

uable problem for investigation. 

The first step in the solution of a problem of 

this kind is to find laboratory methods of aooomplishing the 

result. The next step in the investigation would be to test 

the suooessful laboratory methods on a larger scale, in an ex

perimentalplant. The experiments that follow are oonfined to 
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a study of laboratory methods for the separation of vanadium 

in the crude uranate, and the conversion of the latter into 

uranium oxide. 
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II - PRELIMINARY WORK 

In order to beoome familiar with the ohemioal 

properties of uranium and vanadium, some qualitative tests 
6) 

were performed as outlined in Browning's book, "Chemistry o~ 

the Rare Elements". Following this, an analysis of a oarno

tite ore was made for uranium and vanadium, and ~inally a 

oomplete quantitative analysis was made of the sample of orude 

sodium uranate, whioh was subsequently used in the main ex

periments. 

1. Determination of . Uranium and Vanadium 

I 

In Carnotite Ore 

In the analysis of the ore the method reo om-
7) 

mended by the Bureau of Mines was followed. Weighed samples 

of from four to five grams of the finely pulverized ore were 

treated with aqua regia to get the uranium and vanadium in 

solution. HOwever not all of the vanadium yielded to this 

treatment,so it was neoessary to ignite the insoluble resi-

due and treat it with hydroflourio aoid, to render the remain-
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ing vanadium soluble. After expelling the excess of hydro

flouric acid, the residue was taken up with dilute hydroch

loric acid, and hydrogen sulphide passed into the combined 

sulphates from the aqua regia, and hydrofluuric acid treat

ments, to remove any members of the copper-tin group pres

ent. The filtrate from the copper-tin group was then concen

trated and oxidized with hydrogen peroxide, after which it 

was neutralized with an excess of sodium carbonate, and boil

ed until the yellow precipitate of uranium dissolved leaving 

a brown precipitate consisting prinCipally oT iron. 

The iron precipitate was dissolved in dilute 

nitric acid, and again treated as before, with sodium carbon

ate to remove the last traces of uranium. This iron precipi

tate was saved to be treated later for the small traces of va

nadium which it might contain. 

The filtrates from the iron precipitates were' 

concentrated to about 200 cc., when 10 cc. of strong nitrio 

acid was added, and the solution boiled to expel all carbon 

dioxide. Ammonium hydroxide was then added to neutralize the 

excess of free acid, and to give a slight precipitate of ur

anium hydrOxide, after which 8 cc. of strong nitric acid was 

added. Ten cc. of a twenty percent solution of lead acetate 

was then added,and enough of a strong solution of ammonium 

acetate to neutralize the nitric acid present, and substitute 
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acetic acid. The object here was to precipitate the vana

dium as lead vanadate. 

The precipitate was dissolved in dilute ni

tric acid and reprecipitated in a manner similar to that 

given above. The filtrates from the two precipitations were 

oombined, while the preoipitate of lead vanadate was saved 

for treatment later. The filtrate from the lead vanadate was 

o oncentrated , and 10 oc. of strong sulphurio acid added to 

precipitate the bulk of the lead. The filtrate from the lead 

sulfate was neutralized with ammonia, after whioh a freshly 

prepared solution of ammonium sulphide, . ( (NR&) HS ), was ad

ded to preoipitate the uranium, and what lead was present, as 

the sulphides. The precipitated sulphides were filtered off, 

and dissolved in dilute nitrio acid, after whioh ooncentrated 

sulphurio aoid was added and evaporated until white fumes ap

peared. The residue was oooled and taken up with water, af

ter whioh the precipitate of lead vanadate ·was fil t ·ered off. 

The filtrate was neutralized with ammonia, and 

powdered oarbonate of ammonia added in exoess to precipitate 

the aluminum. The preoipitate of aluminum hydroxide was fil

tered off, and sulphurio aoid added to expel the carbon diox

ide. The solution was made slightly alkaiine with ammonium hy

droxide to preoipitate the uranium as ammonium uranate. This 

preoipitate was filtered, ignited and weighed as uranium ox-
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The ignited precipitate from the iron residue 

obtained by precipitation with the sodium carbonate in ex-

cess, was mixed with sodium carbonate and fused. The fused 

mass was leached with water, and the filtrate acidulated with 

sulphuric acid. This was then added to the solution obtained 

by dissolving the lead vanadate precipitate in nitric acid. 

To this solution which had been evaporated ne~ly to dryness 

with sulphuric acid and taken up with water, 10 cc. of concen-

trated solution of sulphur dioxide was added, and the mixture 

boiled to expel the excess of sulphur dioxide. The hot solu-

tion was then titrated immediately with a standard potassi~ 

permanganate solution, and from the data the percent of vana-

dium oxide (V205 ) ,was calculated. 

The determinations were made in triplicate. The 

results are given in table 1. 

Number of 
Sample 

1 
2 
3 

Table I 

Uranium and Vanadium Content of Carnotite Ore 

Weight of: Weight of:Weight of:Percent of:Peroent of 
Sample U308 : V205 : U30a : V205 

4.1775 
4.3924 
4.6553 

0.1522 
0.1544 
0.1540 

0.2330 
: 0.2425 

0.2596 ' 

: Average 

3.64 
3.54 
3.31 

3.49 

6.67 
5.52 
6.58 

5.56 
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2. Complete Analysis o~ Crude Sodium Uranate 

~h~ 
A complete analysis was made o~Acrude sodium 

uranate used in this investigation by very much the same me-

thod as was used in determining the uranium and vanadium in 

a sample o~ carnotite ore. The analysis consisted in deter-

mining the percentages of, hygroscopic water, water of con-

sti~ution, insoluble matter, members of the copper-tin group 

ignited as the oxides, ferric oxide, uranium oxide, vanadium 

oxide, and sodium. 

A sample for analysis was prepared by taking 

the stock supply o~ crude uranate furnished by. the National 

Radium Institute through the courtesy of Mr. R. B. Moore, and 

thoroughly grinding it in a pebble mill. The ground material 

was then quartered until a sample sufficient for the analysis 

was obtained. Inasmuch as the stock supply of sodium uranate 

was used in all the subsequent work, the analytical .results 

here obtained prove to be of considerable value in connection 

with the quantitative experiments undertaken. 

The hygrosoopic water was determined by heating 

the material at 1200 C. t o constant weight. The water of con

stitution was'determined by heating the same sample of mater

ial to red heat, and it was assumed that the additional loss 

represented the .water of constitution. 
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For the determination of the insoluble residue, 

new samples were boiled with hydrochloric acid. The insolu-

ble material which consisted mostly of silica, was filtered 

off, ignited, and weighed. 

Into the filtrate from the insoluble residue, 

hydrogen sulphide was passed to precipitate the members of 

the copper-tin group. The precipitate was ignited and weighed, 

and the product is designated in table II. as the oxides of 

the c~per-tin group. 

From here on, the analysis for the removal and 

determination of the .uranium and vanadium was the same as that 

used in determining these oonstituents in carnotite are. 

The iron oarbonate residue was ignited and wei

ghed as ferric oxide. 

The sodium was determined from samples of the 

orude uranate, whioh were treated in the manner given above 

for the separation of the uranium and vanadium, except that 

ammonium oarbonate was used to precipitate the iron and uran-
/ 

ium in plaoe of sodium oarbonate. The filtrate from whioh the 

vanadium and uranium had been removed was evaporated to dry

ness in a platinum dish, taken up with hydrochlorio acid twice 

and again evaporated to dryness in order ,to convert the sod

ium present to sodium ohloride. The sodium chloride was then 
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ignited to dull red heat, and the amount of sodium calculated 

from the weight of the sodium chloride. 

The analytical results are given in tables II, 

III, and IV. 

Table II gives the percent of hygroscopic water, 

water of constitution, and sodium on separate samples of the 

crude uranate. Table III gives the percent of insoluble mat-

erial, members of the copper-tin group. as oxides, ferric 0%-

ide, uranium oxide and vanadium oxide, determined on the same 

samples of crude uranate. Table IV gives a summary of the re-

suIts. 

Table II 

Water and Sodium in Cnlde Uranate 

~o.of:Wt.of Cru-:Loss in:Loss In:Percent :Percent of Wat- :tot81 
Sam- : de Uran- :Water at: Vlater at: Hygrosc- : er of Const! tu- : Wat-
PIe :ate :1200 :RedHeat :ouicwater:tion. : ere 

1 
2 

1 
2 

· · :9.94 
:9.73 

· • 

· · 





1 
2 

1 
2 

lumber 
Sample 

1 
2 -
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Table III 

Insoluble Residue, Cu-Sn Group, F2~,U3Qa!V2Q5 

.0 .0 

:sol Mat- :Sn Gr.as .. :Fe203 : U308 • V206 :erial. : Oxides • • 
• • 

:0.5014 
:0.5125 

:0.0014 
:0.0016 

:0.0012 
:0.0019 

:0.0299:0.3222 :0.0435 
:0.0310:0.3332 :0.0438 

· · . · · 

· • 
:Percent :Percent :PercentPercent:Percent 
:Inso1.M~:Cu-Sn Gr.: of : of of 
:ter. :as Oxides:Fe203-lJ[3Q8 : Vg06 . . . . . . . . . . 

.28 

.31 
: .23 

.37 

Table IV 

:5.96 :64.26 :8.60 
:6.04 :66.00 :8.60 

· · 

Oomp1ete Analysis of Uranate.- Percentages 

of:Water:fnsot.:cu-Sn Gr.: · · · · · · : :Residue as :Fe2OS:U308 :V 205 :Sodium: Total 
: Oxidea • • · . . · . · • · · · · · · · · · · · · · . · · : 9'. 94 :0.28 :0.23 :6.96 :64.26:8.60:8.33 • · :9.73 :0.31 :0.37 :6.04 :65.00:8.60:7.90 • · · · · · · · · · · · · · • · · '. 

Average :9.83 · :0.29 :0.30 :6.00 :64.63:8.66:8.11 • 97.'11 · · · 

This slightly low percentage is due to the fact, 

that for every three mo1ecule$ of sodium uranate, there are 

five atoms of oxygen Which are not accounted for in the above 
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results. If we oaloulate the amount of oxygen to be added as

suming that the crude uranate oontains 64.63 percent uranium 

oxide, the peroent of oxygen lost would amount to 3.07 and 

the total peroentage then is 100.78. 





III. TREATMENT OF CRUDE URANATE WITH HYDROGEN 

CHLORIDE (GAS) 

8) 
Edgar F. ~mith and Joseph B. Gibbs first show-

ed that vanadic acid can be completely removed from sodium 

vanadate as a volatile product, by means of hydrochloric acid 

gas. Later, it was shown by Hillebrand that a part of the vana

dium in ores, thevanadous compounds} are not completely remov

ed by this method. Our first experiments were undertaken to 

ascertain whether the vanadium in the crude uranate can be vola

tolized by hydrogen chloride. The crudeuran~ was subject~ 

to the action of hydrochloric acid under varying conditions of 

temperature. It was found that crude sodium uranate which had 

been ignited in the free flame to remove moisture present, and 

then subjected to dry hydrogen chloride, evolves brown fUmes, 

characteristics of the chlorides and oxychlorides o~ Tanadium. 

The reaction proceeds fully as well at room temperatures as 

When the uranate is heated. Evidently the reaction produoes 
• 

enough heat to raise the temperature sufficiently to volatolize 

the chlorid~s and oxyohlorides of vanadium. 

During the process, a slight caking is produo

ed as a result of the water formed in the reaotion, and this 

sometimes prevents the hydrogen chloride from interaoting with 

the vanadium in the interior of the uranate •• ln such oases, it 
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is necessary to heat the uranate residue to a temperature high 

enough to expel all the moisture present. then to grind it to 

a fine consistenoy.When hydrogen ohloride is passed over it 

a second time. a slight evolution of brown fumes if again ob

served. showing that only traoes of the vanadium are left. Two 

treatments with hydrogen chloride gave a very oomplete quanti

tative separation of the vanadium. 

The residue left after the separation of vanadium 

probably is a mixture of sodium ohloride, sodium uranate. and 

uranyl ohloride. This residue is readily soluble in dilute 

acids from whioh the uranium oan be obtained in the form of oxi

des. By either precipitation with ammonia and ignition of the 

uranate, or else by boiling with ammonium ohloride, whioh like

wise oonverts the major part of the sodium uranate into ammon-

i urn urSlB; e • 

Assuming that the vanadium is present in the 

orude sodium uranate as a complex salt of vanadium from whioh 

Vanadio acid can readily be obtained, the brown volatile oo~ 

pound of van~dium may be ascribed to be 2V02·3H20.4HOI. whioh 

Berzelius obtained when he treated vanadio aoid with hydro

ohlorio aoid. If this is the oase, we may suppose that our re

aotion proceeds in somewhat the following manner, 

V205·2H20+6HCl:2V02:3H20e4HClt-012-

I am, however, unable to find that an analysis 
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of the volatile compound has ever been made, and it is, there

fore, doubtful whether the reaction proceeds aocording to the 

above equation. 

In subjecti~ the vanadium bearing uranate to 

the action of hydrogen chloride, the uranate was placed in a 

long hard glass tube of oneoentimeter bore. One end of the 

tube was fitted with a one-hole stopper, carrying a glass tube. 

A steady stream of hydrogen . ohloride &s passed over the uran

ate in the tube. The hydrogen chloride was prepared by drop

ping ooncentrated hydrochlorio acid from a dropping funnel in

to concentrated sulphuric acid. The other end of the reaction

tube was drawn out and oonnected with U tubes oontaining water 

to oollect the volatile vanadium compound and absorb the ex

cess of hydrogen chloride. A current of hydrogen chloride was 

maintained until the evolution of the brown fumes oeased. The 

reaction was carried out at different temperatures by plaoing 

the glass tubes in a combustion furnace and regulating the tem

perature. 

In order to get some idea of the quantitative 

separ ation of the vanadium from the crude uanate by this me

thod, the quantity of vanadium obtained from a weighed sam

ple of uranate .. was determined by taking the aqueous solution 

of vanadium and oxidizing it with hydrogen , peroxide. After ev

aporating the solution nearly to dryness with sulphuric aCid, 

it Was taken up with water andreduced~ti, sulphur dioxide. The 

Solution was then boiled to expel the excess of sulphur diox-
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ide .-after which the hot solution was titrated \Vi th a stand

ard solution of potassium permanganate. The amount of vana

dium in t he aqueous solution was found to vary from eight to 

eight and two-tenths percent of V206 as against eight and fif

ty-five hundredths percent, the amount aotually found in the 

cnlde uranate by analysis. (See table IV, page 13) This re

sult shows that the vanadium is nearly removed quantitatively. 
* 

The residue showed only a feeble test for vanadium. 

Whether this method can be conducted on a oom-

mercial scale is an open question. In designing a large form 

of apparatus, a ohemioal engineer must oonsider the following 

points: (1) The material to be used in the oonstruction of the 

apparatus- wood, metal, or stonework. Sinoe the reaotion pro-

ceeds at room temperature, a wooden vat would serve and prob

ably be the most economical. (2) The process should be made 

oontinuous. That is, &11 the hydrogen chloride should be ut

ilized by passing that which is rich in the products of the 

reaotion over fresh orude uranate. (3) The water formed dur

ing the reaotion is sometimes very objeotionable, as it pro

duoes oaking. The apparatus should, therefore, have a stirring 

devioe. (4) Some provision should be made for oolleoting the 

volatile vanadium oompounds. (5) An effeoient hydrogen ohloride 

* The method used in testing for vanadium ,in oonneotion with 
this work is as follQws: 8he substanoe to be tested is dissol
ved in nitric acid and cooled, after whioh a small amount of 
a dilute solution of hydrogen 'peroxide is added. The produotion 
of a red coloration of the solution under these conditions is 
oonSidered a characteristio ~est for vanadium. 
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generator is an important part of the apparatus. 

After removal of the vanadium by this method, 

the next step is the conversion of the uranium compuunds into 

urano-uranic oxide(U30a). The usual oommercial method of con

version consists in boiling the sodium uranate with a concen

trated solution of ammonium chloride. Ammonium uranate is pro

dUced, but the conversion is not complete. Upon ignition, the 

ammonium uranate is decomposed, yielding uranium oxide. A mix

ture of uranium oxide and sodium uranate is thus obtained, from 

Which the sodium uranate is removed by digesting with dilute 

SUlphuric or hydroohloric acids. From ten to fifteen peroent 

of the uranium oxide, however, is also dissolved. Hence the 

recovery of uranium oxide is only partial. In this oonneotion, 

some experiments conducted by Dr. Herman Sohlundt in the Uni

ted States Bureau of Mines during the summer of 1914 will show 

the percentage of uranium that is converted into the oxide by 

bOiling sodium uranate with ammonium chloride, followed by ig-

nition of the mixed uranates and extraction of the sodium ur-, . 

anate in the residue by treatment with dilute sulphuric aoid. 

In One case Dr. Sohlundt used samples of both dry and mOist , . 

SOdium uranate, and dissolved them in oonoentrated sulphurio 

acid, then preoipi tated the uranate wi th an excess of ammonia, 

and ignited the preoipitate of ammonium ur~ate to obtain 

uranium oxide. In the oase of the dry sodium uranate, fifty-

nine percent of the uranium was reoovered as pure oxide(U301); 
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and in the oa~ of moist sodium uranate, the reoovery was 

sixty-four' percent. This prooess resolves itsel~ into vir

tually treating the sodium uranate with ammonium sulphate. 

The other method studied by Dr. Sohlundt oonsisted in boil

ing both dry and moist sodium uranate in concentrated solu

tions of ammonium chloride, filtering off the preoipitates, 

igniting and treating the residue with dilute EUlphuric acid. 

In the experiments with the dry sodium uranates by this me-

thod, the recovery of uranium oxide was found to be sixty

four percent; and in the oase of moist sodium uranate, a re-

covery of sixty-one percent was obtained. 

These experiments show that in the usual oom-

meroial methods of converting sodium uranate into oxide, ap-

prOximately sixty-four peroent of the uranium is reoovered, 

and, assuming that fifteen percent of the uranium oxide is 

dissolved by the aoid used in extraoting the sodium uranate, 
5~~ 

it is seen that seventy~peroent of the sodium uranate is oon-

verted into ammonium uranate. 

2. Treatment of Carnotite Ore With Hydrogen 

Chloride (gas) to Remove Vanadium 

Since hydrogen ohloride removed vanadium oom

pletely from crude sodium uranate, the idea suggested itself 

of trying the effect of the gas on the vanadium in the ori-

ginal ore, with a view of developing a quantitative method of 
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determining the vanadium in oarnotite ores. 

A few oharges were run at room temperature, but 

it was found that the removal o~ the vanadium was far from oom-
W 

plete, thus oonfirming the oonolusions of Hillebrand. Experi-

ments were next tried by heating the ore while the hydrogen 

ohloride was passing over it. It was found that the yield of 

oh10rides and oxych10rides was much greater, but even in this 

case, only about one-half of the vanadium was removed. The 

ore caked rather badly, due to the water formed in the first 

part of the operation, so it was necessary to remove it from 

the tube, pulverize it, and treat it again with hydrogen oh10r-

ide(g~s). 

The apparatus used in these experiments was prac-

tically the same as that used in the removal of the vanadium 

from crude sodium uranate. Only in onecase, was there a reason-

ably good separation of vanadium. 

The experiments whioh yielded the best results 

were oonduoted as follows; the sample of the ore was plaoed 

between plugs of glass wool in the hard glass tube" and hy

drogen ohloride(gas) passed over it until no more brown fum

es were given off. The hydrogen chloride generator was dis-
-connected then and the ore heated to drive off all moisture 

present. After this, it was removed from the tube, thorough-

ly gr-ound and mixed with powdered glass, in order to let the 





gas have an opportunity to come in direct contact with each 

particle of the ore. The sample was replaced in the tube and 

hydrogen chloride(gas) passed over it for about two and one

half hours, at as high a temperature as could be obtained in 

a combustion furnace. The residue that remained in the tube 

was brown and s~dy like in ,appearance and gave only a very 

slight test for vanadium. Other experiments conducted under 

nearly the same conditions failed to give as satisfactoryre

suIts as the above one did, showing that it is rather diffiault 

to remove the vanadium by this method. 

These experiments, however, suggest~ the possi

bility of a new and rapid method for the determination of vana-
9 

dium in carnotite ores.~otwithstanding Hillebrand states that 

this method cannot be applied to the determination of vanadium 

in such ores. 

The treatment of the ore by hydrogen chloride 

for the removal of vanadium has a very direot bearing on the 

problem at hand. If the vanadium could be removed from the ore 

by this tre~tment, at the beginning of the prooess a uranate 

would be ohtained free from vanadium. Moreover,the removal of 

the vanadium before treatment of the ore for the extraction of 

radium would very materially simplify the entire prooess. 

3. Treatment of the Crude Uranate With Chlorine Gas 

In connection with the experiments of hydrogen 

chloride for the , removal of vanadium, ohlorine gas suggested 





itself as a possibility. Experiments were tried substituting 

chl orine gas for hydrogen chloride, but the results were ne

gative. ChlDrine gas does not react with the vanadium pres

ent in the crude sodium uranate, and only ~ minuteBt traoes 

of the tetrachloride and oxychloride of vanadium were obser

ved. 





III SEPARATION OF VANADIUM BY MEANS OF 

AMMONIUM CHLORIDE 

Inasmuch as hydrogen ch1o~idereadi1y removes 

vanadium from crude sodium uranate as a volatile product, it 

seemed worth while to conduct some experiments with mixtures 

of ammonium chloride and sodium uranate at somewhat elevated 

temperatures. Under these conditions, the partial dissociation 

of ammonium chloride into ammonia and hydrogen chloride would 

furnish the constituent to react with the vanadium, and at the 

same time the ammonia and excess of ammonium chloride furnish-

8t favorable conditions for the conversion of s ome of the ur-

anate into the oxide. 

A number of preliminary experiments were con

ducted to ascertain; (1) quantity of water to have present 

in the mixture of uranate and ammonium chloride, (2) the 

temperature at which the reaction should proceed(3) the am

ount of ammonium chloride required, (4) the kind of a ves

sel best adapted for the experiments, (5) the effect of oth

er ammonium salts when added as partial substitutes for am-

mOnium chloride. 

Experiments were first conducted by mixing the 

crude uranateand dry ammonium chloride and subjeoting this 
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mixture to heat in a test tube. The ammonium chloride was 

readily vOlattlized but apparently no vanadium was volatili

zed. A part of the uranate, however, was converted into the 

oxide. Experiments were then tried with the mixtures of am

monium chloride and crude uranate made up to a ·thic~aste by 

the addition of water. When the paste is subjected to heat, 

the water is gradually expelled, and then as the temperature 

is increased, copious fumes of ammonium chloride are given 

off, ~Ld just as the volume of chloride vapor diminishes the 

characteristic brown vapor of the volatile vanadium compounds 

make their appearance and continue to be evolved copiously un":

til the molten mass in the crucible becomes solid. Upon test

ing the residue obtained in this treatment, it was found to 

contain only a trace of vanadium. 

The experiment was here tried of pouring the mol-

ten liquid from the crucible into a beaker containing water, 

to ascertain whether mere fusion with ammonium chloride would 

render the vanadium soluble. The melt dissolves almost .com

pletely in the water. The solution has a decided green color, 

and gave tests for both uranium and vanadium. Evidently this 

procedure must be included in the list of negative experiments. 

. Experiments were next conducted to determine 

the minimllID quantity of ammonium chloride required for the 

nearly complete separation of vanadium by the above procedure. 
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Mixtures of uranate and ammonium chloride in the following 

proportions were heated: (1) ten parts by weight of ammonium 

chloride to ten parts by weight of crude uranate, (2) fifteen 

parts by weight of ammonium chloride to ten parts by weight 

of crude uranate, (3) twenty parts by weight of ammonium ch

loride to ten parts by weight of crude uranate. The vanadium 

was satisfactorily separa~ed only in the case where twice as , 

much ammonium chloride was used as crude sod}um uranate. 

The experiments were first conducted in iron 

crucibles, but it was noted that a crucible would not stand 

more than two charges before it showed holes. Nickel crucibles 

were attacked fully as badly. Iron test tubes made out of 

Ii in. steam pipe capped at one end only withstood two char

ges. Alundum and porcelain crucibles, however, served the pur

pose very well, and in the experiments that followed, porce

lain crucibles were used. 

In a few experiments, ammonium nitrate was sub

stituted for a part of the ammonium chloride usually 'Used. This 

modification' did not yield very satisfactory results. While it 
Iv 

was possible to remove the vanadium by using a mixt~e of fif-

teen grams of ammonium chloride. five grams of ammonium ni

trate and ten grams of sodium uranate, the percentage conver

sion of uranium into oxide in the residue was thereby reduoed. 

as shown in the tabulated data that follow_. 

As a result of these preliminary experiments 

the following procedure was adopted:- A known weight of sod-
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ium uranate, ten grams in most oases, is taken and twioe that 

weight of ammonium ohloride added. The mixtur~Splaoed in a 
" 

mortar and pulverized, whioh at the same time mixes it. The 

pulverized mixture is then plaoed in a poroelain oruoible and 

water added until a stiff paste is obtained. Heat is then ap-
I 

plied slowly at first with oonstant stirring to drive o£f the 

exoes~ of moisture. S~ong fumes of ammonia are noted at this 

point~ As the mass beoomes dry, it has a tendenoy to oake, 

but with vigorous stirring thfs oan be prevented to a large 

e~tent. After the water has been expelled the mass -begins to 

fuse, and oontinues to do so urtil there is a green molten 

liquid in the oruoible. This liquid boils freely with the ex

pulsion of ammonium ohloride fumes -until the large exoess of 

ammonium, ohloride is driven off, and then the brown fumes of 

the ohloride an~ oxychloride of vanadium begin to make their 

appearance. They were given off very copiously toward the end 

of the process, and espeoially as the molten mass became sol

id. Sometimes these brown fumes make their appearance before 

solidifioati~n be-gins, but usually not. As soon as the vola

tile produots Bease to be given off, the crucibles are removed 

from the flame because further heating of the residue greatly 

inoreases the, p'ercentage of sodium uranate in the residue. 

The blaok residue from this treatment gives a 

slight test for vanadium. The percentage of vanadium may be 

estimated colormetrically by comparison with standard solutions 
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of vanadium. In this way, it was found that the vanadium con

tent of the uran~te is reduced from 8.55 percent vanadium ox

ide to less than 0.5 percent. 

To ascertain to what extent the uranium is con-

verted into the oxide by treatment with ammonium oxide, sev-

era! quantitative experiments were conducted. The weight of 

the residue after treatment with ammonium chloride was first 

determined by introducing the ammoniu~ chloride and a weighed 

quantity of uranate mixture into a tared crucible and making 

a run. From the weight of the residue thus obtained, the ra

tio of uranate to residue may be calculated. This ratio is 

required for ,subsequent caloulations. 

Table V 

No. of Sample:Wt. of Crude Uranate:Wt. of Residue: RatIo 

1 
2 

10.00 
10.00 

. . 9.60 
9.55 

.96 

.955 

To ascertain the percentage oonversion and the 

percentage of recovery of uranium, analyses were made of the 

residues obtained in several experiments. The residue from 

the crude uranate obtained by treatment with ammonium chlor-

ide must consist of a mixture of uranium oxide, sodium uran-

ate, sodium ohloride, iron oxide, and impurities from the am-





monium chloride. This residue was shaken with dilute (1:40) 

sulphuric acid in excess, which dissolves out the sodium 

salts of uranium,and chlorides, and a small percentage of 

uranitun oxide, leaving a black residue consisting of uran

ium oxide with a small amount of iron oxide. For commercial 

use the iron present is usually not objeotionable. 

Samples of pure uranium oxide were prepared 

from two different samples of uranium nitrate in the follow

ing way: (1) by dissolving uranyl nitrate in water, preSipi

tating with ammonia, and igniting the precipitate, (2) by 

evaporating some of the aqueous s olution to dryness and ig

niting. The uranium oxide thus prepared was treated with dil

ute (1:40) sulphurio acid. The percentage solubility found 

varies from nine percent, in the case of the oxide prepared, 

by evaporating and igniting, to about twenty-five percent in 

the case of that which was preoipitated. Dr. Schlundt (p.19) 

did some work on this point, during the summer of 1914 at the 

Bureau of Mines using 1:20 sulphurio acid and boiling. He 

.found that t 'he solubility ranged from ten to fifteen peroent. 

In the caloulations which will follow, fifteen 'oeroent is 

considered as having dissolved. 
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Table VI 

Reoovery Of Uranium Oxide 

No.of:Wt. of:Crude Ur-:Total:Wt. of Pu-:TotBI :Pereent:Peroent 
Sam.- :Resi- :anate Eq-:U as :re U308 :Oomel'- :Reoov- :Conver-
pIe : due :uivalent : Oxide: :sion :erz :sion 

: : a- . O. 2840 : .: : : 
. 1 :0.5918: 0.6184 :0>.3935 :b- 0.2698:0.3174: 67.5 : 79.4 

2 :0.6082: 0.6355 :a4ID5 :a- 0.2930:0.3724: 67.7 79.9 
:b- 0.2783: 

Table VI shows the results of a quantitative de

termination made on the residue, obtained by treating a given 

weight of crude uranate with twioe its weight of ammonium oh

loride, to determine the percentage of reoovery of uranium ox

ide, and the percentage oonversion. 

Column 2 represents the weight of the residue 

obtained from a charge whioh was taken fp! analysis. Oolumn 

3 represents the equivalent weight of crude uranate oaloula

ted from the ratio 0.957 of table V. Considering the orude ur

anate contains 64.6 (table II) percent uranium oxide, oolumn 

4 represents the total amount of uranium oxide present in the 

residue. Column 5~a represents the weight of uranium oxide 

found after treating the residue with dilute (;1 :40) sulphurio 

acid. However, it was found as will be sho~ later that this 

residue is only ninety-five percent pure, and thus b _repres

ents the weight of uranium oxide actually recovered on this ba

sis. Oolumn 6 represents the sn.ount of uranium oxide present 
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in the residue before treatment with dilute sulphuric acid. 

Assuming that fifteen percent of the uranium dissolved in 

the dilute acid used to remove the remaining sodium uran

ate. Column 7 represents the percentage recovery, figured 

from the weight of urani1UD oxide given in b column 5. Col

umn 8 represents the percentage conversion based upon the 

values of column 6. 

The purity of the uranium oxide removed was 

determined by dissolving two samples of the uranium oxide 

residue after treatment with dilute sulphuric aoid in ni-

trio acid. The insoluble material was filtered off, and the 

iron precipitated with ammonium carbonate in excess. The 

iron was filtered off ~d the ammonium carbonate solution 

boiled to expel the excess of ammonia and precipitate the 

uranium compound, which was then oonverted to uranium oxide 

by ignition. 

Table VII 

Puri ty of Uranium Oxide 

. . 
Number of SAmple:Wt. of U308: wt. of Pure U308: Percent Purity 

· · • · • · I :0.2555 · 0.2396 · 93.9 · · 2 :0.2432 0.2328 95.6 





To ascertam the effect of temperature on the 

percentage recovery of uranium, an experiment was run in 

which the final temperature was raised much higher than in 

preceding case. 

Table VIII 

Effect of Temperature on Conversion 

No.of:Wt. of:Crude Ur-:Tot81:wt. of pu-:Tot81 :Percent:Percent 
Sam- :Resi- :anate Eq-:U as :re U30e :Omve~:Reoov- :Conver-
Ie :due :uivalent :Oxide: :sion :er :sion 

1 

2 

· . · . 
:0.6182:0.6460 
· · :0.5936:0.6192 

: .1 : a-. : : 
:04151 :b- 0.242'1 :0.2855: 58.5 
: : a- 0.2432 
:Q~O:b- 0.2310 :0.2717: 57.6 

. . 68.'1 

67.9 

A comparison of the percentage of conversion 

with those of table VI shows that the further heating, after 

the evolution of volatile vanadium compounds cease~,materially 

reduces the yield of uranium oxide. 

To confi rm this conclusion a third series of ex-

periments was conducted in which the volatile products were 

vaporized at still lower temperatures than obtained in the 

first experiment. The results obtained are given in table IX. 

It will be note.d here that the percentage recovery of uranium 

oxide is higher than in either of the preoeding experiments, 

which shows that the lowest temperature possible to remove 

the vanadium gives the most efficient recovery of uranium oxide. 
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Table IX 

Effect of Temperature on Recovery of Uranium 

No.of:Wt. of:Crude Ur-:Tota1:wt. of pu-:Tot81:Percent:Percent 
Sam- :Resi- :anate eq-:U as :re U308 :Camer-:Reoov- :Oonver-
pIe : due :uivalent : Oxide: :sion :ery :sion 

:a- 0.3916 : : 
1 :0.6976: 0.7310 :O.4722:b- 0.7320 :0.4376: 78.7 : 92.6 

: : : :8 .. 0.3726 : 
2 :0.6694: 0.6994 0.4519 :b- 0.3540 D.4164: 78.3 

• . 
92.1 

A quantitative determination was made on the re

sidue obtained by treating ten grams of crude uranate with a 

mixture of fifteen grams of ammonium chloride and five grams 

of ammonium nitrate. The vanadium here was removed to less 

than half a percent, but the results of the experiment clear

ly show that the percentage recovery of uranium oxide is very 

material ly decreased. While the addition of the ammonium ni-

trate reduces somewhat the temperature at which the mixture 

fuses, it is ' evident from the data of table X that its pres

ence .materi,ally reduces the yield of uranium oxide. 

(Se~ page 34 for table X) 





Table X 

Effect of Ammonium Nitrate 

No.of:Wt. of:Crude Ur-:Total:wt. of pu-:Tot81 :Percent:Percent 
Sam- :Resi- :anate eq-:U a6 :re u30a :Ccnvc~:Re~ov- :Conver-
pIe :due :uivalent : Oxide": :sion :ery :sion 

: : :: a- 0.1768 : : 
1 :0.5120: 0.5350 :Q3456':b- 0.1680 :0.1976: 48.6 57.1 

:a- 0.1850 
2 :0.5316: 0.5555 : ~3589:b- 0.1758 :~.2068: 48.9 57.6 
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V. SEPARATION OF VANADIUM BY ~~S OF NITRIC ACID 

10) 
Hillebrand refers to the work of Friedel and 

11) , 
Cummenge on the separation of vanadic acid from oarnotite ore 

by rendering the oxide insoluble in water by evaporating the _ 

nitric acid solution to dryness. This method of separating 

the vanadium from crude sodium uranate was tried, but it did 

not work very successfully, as a large part of the uranium 

was rendered insoluble as well as the vanadium, and then, too 

the vanadium was not completely removed from the uranate. Some 

modifications of this method were then tried, which finally 

furnished a ' quantitative l:1ethod of separating vanadium from 

the crude uranate. In connection with some qualitative experi

ments upon the action of nitrio acid on sodium uranate, we 

found that *hen the vanadium bearing uranate was dissolved in 

dilute nitric acid and the solution then boiled that the vana

dium was prec!pitated quantitatively. Quantitative experiments 

were then ~onduoted to determine the following faotors: (1) 

the proper ~ount of ni trio aoi ei. nece,ssary to dissolve the 

crude uran$te, (2) the recovery of uraniUm from the solution 
. ' 

of uranium oxide and its purity, (3) the amount of uranium 

in the precipitate containing the vanadium. 
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I.The Quantity of Nitric Acid. By taking weigh

ed samples of uranate and dissolving them in nitrio aoid of 

different concentrations and then boiling this solution to 

precipitate the vanadium, it was found that acids ranging in 

concentration from B/20 to N/50 completely removed the uran

ium. Boiling of concentrated nitric acid solutions of t~e ur

anate results in only partial precipitation of the vanadium. 

The quantity of pure nitric acid necessary for a given weight 

of crude uranate is given in the table below. It might be stat

ed here that it is only necessary to boil the nitric acid solu

tion for two or three minutes to precipitate the vanadium. It 

should also be stated that the quantity of nitrio aoid requir

ed is less than shown by the equation, 

Na2U207+ 6HNOa:: 2NaN03+ 2U02 (N03)2+ 3H20 

2.Recovery of Uranium and Its Purity. The re

covery of the uranium from the filtrate of the nitrio acid 

solution is best aooomplished by preoipitating it with am

monium hydroxide and then igniting the preoipitate of ammon

ium uranate., Some sodium uranate is probably preoipi tated 9ut 

with the ammonium uranate, whioh, upon ignition gives us a mix

ture of uranium 'oxide and sodium uranate, along with a small 

quanti ty of iron. T_he sodium uranate oan be ,easily removed by 

agitating the ignited residue with cold dilute(1:40) sulphurio 

aoid. The oxide of uranium thus obtained is free from vadadium, 
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and sodium uranate. I 

In this connection, reference should be made to 
12) 

the work of Metzger and Heidelberger on the analysis of sod-

ium uranate. These investigators precipitated the uranium from 

the nitric acid solution of sodium uranate as ammonium uran

ate, which they ignited. They assumed that the residue was pure 

uranium oxide. That this conclusion is not correct is shown ~Y 

the following experiment:- If no sodium uranate is present in 

the ignited residue obtained by the first precipitation of uran

ium from the acid solution of sodium uranate with ammonia, then, 

by redissolving some of the first residue in nitric acid and re

precipitating with ammonia, the quantity of oxide by ignition 

should equal the first weight. The weight of oxide ~rom the 

second precipitation is less, by at least one and one-half per

cent as will be seen from table XI. The data of table XIV also 

confirm~ this conclusion. The percentage of uranium oxide re

covered by the treatment of sulphuric aCid, plus the amount ob

tained from the filtrate, should equal the amount of the ori-

ginal uranium' oxide residue, if it were pure. But here, again, 

there is discrepancy of about two percent. 

Table Xl 

No.of:Wt.of cru_:Total:Wt.U308:,t.U308:Percent:Peroent:Peroent 
Sam- : de Uran- :U -as: 1st : 2nd :U308 ,ls'tU3082Dd:Disorep-
pIe :ate :Oxide: pp't. : pplt. :pp·t. :pp·t. :anOl . . . . . : 

1 : . 2.000 :1.292:1.1765 :1.1209 : 90.8 : 88.0 : 2.8 
· 2 3.000 :1.938:1.7308 :1.6393 : 85.9 : 84.5 : 1.4 
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It was found on analysis of the uranium oxide 

obtained after treatment with dilute sulphuric acid that it 

was about ninety-five percent pure. The impurity here is un

doubtedly due to iron present, which is not objectionable for 

commercial purposes. 

3. Uranium Present in Precipitate Oontaining 

Vanadium. The amount of uranium present in the vanadium pre

cipitate was determined in a manner similar to that used in 

determining the uranium in the sample of carnotite ore. Inas-

muoh as the precipitate is not soluble in aqua regia, the me

thod of analysis given in Bulletin 70 U. S. Bureau of Mines, 

required modification. The precipitate was, therefore, fused 

with potassium acid sulphate, and then leaohed with water. 

The usual method for a uranium determination in carnotite ore 

was then followed, except that it was necessary to add a lar

ge excess of lead acetate to precipitate the vanadium as lead 

vanadate, due to the sulphate present from the potassium acid 

sulphate. The analytical data obtained are summarized in tab-

Ie XII. 

Table XII 

Analysis of Vanadium Precipitate 

No.of:Wt.of c~-··:Total U:wt.of:wt. of: Percent:Percent 03 08 
Sam- :de Uran- : as :V205: U308 :U30~1n : of Total 
pIe : ate : Oxide ~:kb.e: : Res d_a :U308 

: : :: : 
1 : 2.8270 : 1.826 g~.5728 :a.2406 : 43.7 : 
2: . 2.9383 :1.898 :0.55900.2733 48.8 : . 

13.1 
14.4 





(39) 

Next a series of determinations was run to find 

the weight of pure nitrio aoid required to reaot with a given 

weight of orude uranate, the peroentage reoovery of uranium ox

ide and the weight of the vanadium residue. Four determinations 

were made and the results obtained are given in table XIII. 

Table XIII 

No.of:wt.of :TotaI:wt. of pure:wt. of:Wt. of u308obtainstWt. of 
Char- : Crude :U as :HN03 per -g. :U308 :from H2S04 aoid : V205 
ge :Uram.1e:Oxide:of uranate :by pp'tre'sidue ~ : residue . . . . . . 

1 :3.6191:&3383: 
2 :2.8270:1.8262: 0.6048 
3 :2.9383:L8980: 0.5738 
4 :ttl m8 3:6. 6440: 0.5719 

1 
2 
3 
4 

, . . 

. . . . 
:2.1320: 1.8530 : 
:1.5986: 1.0354 :0.5728 
:1.6173: 1.2997 :0.5590 
:5.9026: 4.0116 :2.2349 

.. 
20.2 
19.0 
21.1 

:79.2 
:56.6 
:68.4 
:58.6 

It will be noted from this table that the reoov-

ery of uranium dropped oonsiderable in the oases of samples 2 

and 4. This result is readily aooounted for when the sulphurio 

acid filtrate was taken and analysed for uranium oxide. In the 

case of sample , 2'; 22.5 peroent of the total uranium oxide was 

found in the filtrate. That would bring the reoovery up to 79.1 

peroen~. In the oase of sample 4, 25 percent of the total uran-
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ium conten~ was found in the dilute sulphuric acid filtrate, 

thus bringing the percentage recovery up to 83 peroent. Thus, 

we see that the recovery is very nearly the sarnein all cases. 

It will also be noted that the weight of vanadium residue bears 

an almost uniform ratio to the weight of the orude uranate treat

ed. This method of treatment still leaves approximately 13.6 

percent of the total uranium (table XII) in oombination with 

the vanadium, but the vanadium is completely removed and fully 

75 percent of the uranium is reo overed as pure oxide. This re-

sult compares favorably with the recovery of uranium by the 

previous method, namely, the treatment with ammonium chloride, 

where the reoovery of uranium is only '8 percent. 
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VI. SEPARATION OF VANADIUM BY MEANS OF (I) HYDROCHLORIO 

ACID AND (2) SULPHURIC ACID 

After obtaining a good separation of vanadium 

from orude uranate with dilute nitrio aoid, the investigation 

was extended to hydroohlorio aoid. Experiments were oonduoted 

very similar to t h. se used in the oase of n~trio aoid, and it 

was found that here, again, the vanadium oould be removed quan

titative. 

Two samples of the crude uranate of approximatel7 

five grams were dissolved in the least possible amount of hy

drochloric acid, which had been standardized. The solutions were 

then brought to a boil and boiled for a few minutes to preoi

pitate the vanadium which settled out ver7 readil7. The vana

dium residue was filtered off. and ammonia added to precipitate 

the uranium. The preoipitate of ~onium uranate was filtered 

off, ignited to uranium oxide and the residue treated withdil

ute(1:4Q)sulphurio acid to extraot the sodium uranate present 

in the ignited residue. 

Table XIV gives a summary of the results obtain-

ed in these exPeriments. 
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. I 

Table nv 

Separation of Vanadium With Hydrochloric Acid 

No.of:Wt. of:Total:Wt. of Pure:Wt. of:Wt. of U30e~afU~:wt. of 
Char-:Crude :U as :HCl per g. :u308 :from H2S04 :from : V206 
ge :Uranate:Oxide:of uranate :by pp'1:aoid resd. ,:H2S041!i].:Resid. 

1 :5.7852:~7383: 0.3422 
2 : 5.4948 :3.5496: 0.3712 

1 
2 

. . 

· . · . 
:3.3686: 2.3864 
:3.2363: 2.4673 

:Per- :Per-
:cent :oent 
· • 
:89.8 . 63.3 . 
:91.1 69.6 

:'0.8884 · 1.0360 · :0.7078 · 1.2620 • · • 
• • 

:Per-
:oent 

23.8 • 18.4 · 19.9 · 22.7 · 

, Comparing the percentage of vanadium oxide resi

dues here obtained with those obtained by the nitrio aoid treat

ment, it appears that the peroentage weight of the vanadium bear

ing residues averages 20.5, peroent, whioh is in good agreement 

with the percentage obtained by the nitrio acid treatment.Henoe, 

we assume that the vanadium oxide residue is the same in both 

oases. 

. It will also be seen, from the table, that the 

percentage of pure uranium oxide in sample 2 is less than in 
.. 

sample 1, but, on the other hand, the amount of uranium ox-

ide reoovered from the stuphurio aoid treatment is larger, whioh 

aooounts for the differenoe. Sinoe the two aoids serve equally 
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well, and the choice for a commercial method would be deter

mined by their cost. 

2. Sulphuric Acid 

A few qualitative experiments were conducted 

on the removal of vanadium from crude sodium uranate bTboil

ing a dilute sulphuric acid solution. The vanadium is remov-

. ed here fully as effectively as in either of the preceding 

cases, and the indications are that the quantity of aci:d re

quired is no greater than when nitric and hydroohlorio aoids 

are used. A more complete investigation of the Bulphurio aoid 

method is in progress. 

. This method looks promising from a commercial 

standpoint, on account of the lower cost of sulphurio aoid. 
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VII. SUMMARY OF RESULTS 

The experiments here described have resulted in 

at least four methods that have proven successful for removal 

of vanadium from the crude uranate, which is obtained on a 

large soale in the plant of the National Radium Institute. 

1. By the action of hydrogen chloride gas, it 

has been shown that in time the vanadium is completely remov

ed, leaving a residue consisting of sodium uranate, sodium 

chloride, uranyl chloride, and the other impurities in the 

crude uranate • . The uranium may be removed from this residue by 

either of two methods. (I) by boiling with excess of ammonium 

chloride. which converts the uranium into ammonium uranate, 

which may be ignited to uranium oxide; (2) by dissolving the 

residue in a dilute mineral acid and precipitating the uran

ium with ammonia, as ammonium uranate, which may be converted 

into uranium o~ide by ignition. The percentage recovery of uran-

. ium oxide, free from vanadium, but containing a small peroent

age of 'iron. Which, is not objectionable for its sale. vaJ!"ies ' 

from fifty-nine to sixty-four percent. 

2~ By mixing the vanadium bearing uranate with ' 

twice its weight of ammonium chloride and enough water to make 

a thick ·p~ste, the vanadium may be nearly completely volatili-
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zed .by heating in a porcelain crucible. When subjected to pro

per conditions of temperature, it is possible to reduce the 

quantity of vanadium present in the crude uranate from eight 

and five-tenths percent to lees than one-half of one percent. 

The ammonium chloride serves the double purpose of converting 

a part of the uranium present to ammonium uranate, which, up

on ignition, yields uranium oxide, as well as removing the va

nadium. The percentage of uranium recovered may be regulated 

very materially by the heat treatment to which the mixture is 

subjected. Where the residue, after volatilization of the am-

monium ohloride, is heated to a high temperature, the percent

age recovery of the uranium oxide (U30a) is reduced very mat

erially, due to the fact that some of the uranium oxide for

med in the operation is converted back to sodium uranate. The 

highest percentage recovery was obtained where the temperature 

was not raised any higher than necessary to volatilize the am

monium chloride and vanadium compounds. In this connection, it 

waS found that a mixture of fifteen grams of ammonium chloride 

and five grams of ammonium nitrate to every ten grams of crude 

uranate : served the purpose of removing the vanadium from th.e 

crude uranate just as well as the ammonium chloride alone. How

ever, 'the perce~tage recovery of uranium oxide is reduced very 

materially, as it is only possible to get a re,covery of about 

fifty-eight percent under the most favorable conditions of tem

perature. ,This reduction in the percentage recovery more than 
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courite~balances any advantage that the use of ammonium ni

trate might have as a partial substitute for ammonium chI or-

ide. 

3. The vanadium can be completely precipitated 

by dissolving the crude uranate in the least possible amount 

of dilute nitric, hydrochloric, or sulphuric acid.and then 

boiling the solution. Anproximately thirteen percent of the 

uranium is precipitated out with the vanadium, but the amount 

is small as compared to that which remains in solution. The 

uranium may be recovered by adding ammonia to the solution con-

taining the uranium, free from vanadium, to precipitate it as 

ammonium uranate, which may be converted into uranium oxide by 

ignition. 

The percentage recovery of uranium oxide in the 

oase of n i tric and hydrochloric aoid treatments is found to 

vary from fifty-eight to seventy-nine percent. No quantitative 

determinations have been made on the sulphuric treatment'. Some 

uranium is lost in the dilute sulphuric aoid treatment of the 

residue for the removal of the sodium uranate, but this uran

ium may be recovered from the acid solution by precipitation 

with ammonia. 

Only by one of the above methods is the removal 

of the vanadium and the conversion of the uranium oxide acoom

plished in one step. That is the case of the ammonium chloride 

treatment. In all of the other processes the vanadium is re-
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moved by one step and the uranium recovered by another opera

tion. However, it will be noted that the peroentage recovery 

of uranium oxide in all the methods was practioally the same. 

Probably hydrogen chloride (gas) may also be 

utilized to remove the vanadium from carnotite ores quantita

tively, by proper regulation of temperature. Further experi

ments in this direotion must be oonducted before a positive 

statement oan be made in contradiotion to the findings of Hille

brand that vanadium cannot be determined quantitatively in ores 

by treatment With hydrogen ohloride. 

As a result of our experiments on the precipita

tion of uranium from a nitric aoid solution of sodium uranate 

with ammonia, a doubt has arisen with regard to the experimen

tal procedure of Metzger and Heidelberger in the analysis of 

sodium uranate. Our experiments indi~ate that the oxide of ur

anium obtained still oontains nearly two peroent of sodium ur-

anate. 

In .oonnection with the determination of the vana

dium in the preoipitate obtained by boiling a dilute mineral 

acid solution of theuranate, it was found that the method of 

analysis of uranium~vanadium oompounds outlined by the Bureau 

of Mines requires some modifioation at the beginning of the 

analysis. The residue oontaining vanadium is insoluble in hy

drochlori~ aoid, nitric acid, and aqua regia. It is, therefore. 
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neoessary to fuse it with potassium aoid sulphate and leaoh 

the fused mass, · thereby effecting solution of the residue, 

after which the regular oourse of analysis outlined in Bulle

tin No. 70 of the Bureau of Mines for the determination of 

uranium and vanadium may be followed. 
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