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Progress Report 

Distribution of My in Nitric Acid Digestioiis of Pitchblende 

(^ualitatlTe Notes on Fi l terabi l i ty of Gangues 

Henry C. Thomas, T/8 Andrew Ŝ  Toncufoik, T/4 Jajoes L. l l i l ler 

1 I 

Three groups of experlaants hkra been carried out with the purpose of 

determining the distribution o^My in the nlirie acid digestions of rich pitohblends. 

Incidental to this work some qualltatlT* infoinnation has been obtained on the charaetar 

of the gangues resulting froai the digestions. The Uy assays on these experljients are 

not eoeiplete, and few significant conclusions ^as be wade as to My distribution at 

this tljae. The completed experiaants will be reported at a future date. 

The various experiments were designed to determine: 

I 
I The effect of washing on the rettoral of l̂ y fron the gnngue. 
II Th« effect of excess nitric aoid and tintf of digestion on the removal of Uy 

from the ore. 
\ ' 

III The effeet of the concentration of nitric acid on the extraction of Ky. 

I "Die Sffeot of Washing 

In Fig. 1 is given a flow sheetj of a digestion experiment on kllograa 

portions of AAA ore. This experiment was carried out as nearly as possible in dupli-

cate. Hoveyer, it is to be noted that the handling of the large gelatinous ganfuas 

and the large volunas of solution cannot be carried out in a strictly quantitatlve 

•anner. fhe sampling for My assay in the two experiments w&s identical except that in 

the second experiment one additional gangue sample was taken after the first repulping. 



The weight of HNO3 used in the digestion was twice that calculated for 

the 308 input (assuming 7 moles UNO5 for 1 of 308). The introduction of the nitric 

acid was carried out as followa: 5.̂ 0 ml. of water were added to the ore and the mix­

ture brought to 350. SomeiiAiat diluted nitric acid was then added. Cxe initial BHO3 e ^ -

centratioD was 3€/f>, The reaction proceeded most vigorously with rapid increase in 

temperature. Tti» mixture was digested with efficient stirring in a water bath kept at 

85-95° C. After the digestion the mixture was fl).tered by suction on "varnitisad" 

cloth. The repulping steps, sampling, etc., are shown on the flow sheet of Fig. 1. 

The filtrate from the first repulp was combined with the filtrate from the digestion. 

The filtrates from the next five repulp steps were reserved separately. Saall sajgplas 

of gangue were taken after each filtration. It should be pointed out that errors due 

to the impossibility of obtaining representative samples of gangue are likely to af­

fect the results to a marked degree. 

Table I gives the results of these experiments. The numbers givw the 

percentages of the input My found in the total amount of the various gangues and fil­

trates. The input My was calculated frcn the assay of the ore: 72.11^ 306. (The or* 

had been carefully dried, hence the high assay.) The converaion factor to My used was 

2.84 X 10'*̂  g. My per g. 308. The preparation of the naterials for the My deteralnatioo 

was carried out by the varlum sulfate precipitation - sodium carbonate fusion prooedur* 

described in a previous report. 

In spite of the relatively poor material balance indicated in liable I, 

it Is immediately obvioos that the rather stringent washing is onsueoessful in reaor-

ing the My fron the gangue. It will be noted that the two expariments are essentially 

in agreement. 

) 

^' 
^ 
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Figure !• 

Flow Sheet for Repulp «aahlng 

(AAA Ore through 100 aesh) 

Filtrate ^ 

Wash Liquid ^ 

-> Cosibined Solution 
Fir* 

Filtrate t-

Filtrate ^ 

"l* 

Digestion 
1 kg. AAA Ore 

780 ml. 69.5* HNOj 

780 ml. H,,0 

i 
Filtration Hot 

langue 
Repulped with 1 1. HgO 

I 
Filtration Hot 

Gangue (0*) 
Repulped with I 1. Ĥ O 

• ! 
Filtration Hot ' 

Gangue (OQ*) 

Repulped with 400 ml. 3^ HNO3 

1 
Filtration Hot 

Gangue (d^*) 

I etc. 

••Repeeted for Wj*, W3*, W4*, W5*; G2*. ^ * . ^4*. ^S*-
^Denotes samplea taken for My ana lya l s . 
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Sample 
Ko. 

FW 

* o 

" l 

»2 

Digestion 1 

% of Input My 

28.7% 

2,1 

0.6 

0.5 

0.2 

0.1 

0.3 

25.0 

Table I 

Digestion 2 

% of Input liy 

43.7% 

3.8 

0.9 

0,6 
•1 

0,5 

0.6 

1.4 

26.4 

Total recovery 57.5% 77.9% 

Weight My* Weight My* 

0 

4 , 3 X lO"*' g. 

2.7 

6.2 

5,7 

7 ,3 

6,1 

- 5 
3 ,1 X 10 g. 

6.9 

3.6 

4 .3 

3.7 

5,4 

*These values do not figure in the material balance. Their scat ter ing probably 

r e f l e c t s the d i f f i c u l t y in sampling. 



II The Effect of ^oess HNO3 and Time of Digestion on ReBov«l of 

•y from the Ore 

This group of experiments consisted of 6 digestions, performed in 

duplicate, ifeerein the stoichioawtric proportions of HKO3 and the times of digestion 

Wire varl*d, Th» main purpose of these experiments was the determination of the Pb, 

306, and My residues in the gangue after the digestions, 

I TABLE II-A 

Sxp. No. 

LA 

1 
IB 

2A 

2fi ' 

3A 1 

3B 

5A 

5B 

6A 

6B 

TA 

7B 

9A 

9B 

lOA 

lOB 

Time Di­
gestion, Hr. 

1 

1 

2 

2 

'• s ' 
3 

1 

f 
1 

£ 

2 

3 

3 

1 

1 

2 

t t 1 

Ore through 100 mesh. 

Stolch. 

mroj 

2x 

2x 

2x 

2z 

2x 

3x 

ax 

Sx 

3x 

3x 

3x 

4x 

4X 

4x 

4x 

Cone, 
HNO3 

36% 

36% 

36% 

36% 

36% 

se*^ 

54% 

54% 

54% 

54% 

54% 

54% 

69.5% 

69.9% 

69.5% 

69,5% 

Wash method 

Direct 

Repulp 

Direct 

Repulp 

Direct 

Repulp 

Direct 

Repulp 

Direct 

Bepulp 

Direct 

Repulp 

Direct 

Repttlp 

Direct 

Repulp 

Acid mixture volume was kept as near 150 ml. as possible, to approximate large scale 

(30 )pilo.) digestions being carried out by others in this Laboratory. 



In eaeb case 100 g. of ore was plac*<l In a 500 ml. round-hot toned 

flask, and the acid mixture added slowly. The rate of acid addition was dependent 

on the violence of the reaction. When the 4x exiMirlments were run, the reaction 

flasks hki to be cooled with a bath of ice to keep the reaction under control. After 

the Initial reaction subsided, the flasks ware placed in a water bath, kapt at 85-95*, 

and stirred vigorously during the requisite digestion period* 
I ' 

It seems apparent that the 308 goes into solution very soon after the 

addition of the acid. Whether long digestion times aid the soluticai of Pb and My tram 

the ore is still uncertain, | 

Filtratidn Details. ' 

After the completion of the digestion the hot slurry was filtered on a 

Buchnar funnel, using "varnltized" cloth as the flltfr medium. The differential praa-
I I 
I 

sure betwaen the atmosphere and the systea was kept as near 60 cm. Eg as possible. 

The characteristics of the gangues did not vary greatly, but the 4x 

gangues did seem more granular than the othars. | 

I Hie filter medium, "ramitized" cloth, was suitable in most oases. 

However, the slurries from the 4x digestions had to be dilated with 100 ml, hot water 

to prevent the cloth from suffering extensive damage^ 

II I 
The "A* experljMnts of Table II-A ware washed by direct dlsplacanant 

throu^ the cake after all the free filtrate had baaa drawn through. 250 ml. of hot 

3% HNO3 was used as the wash liquid. In the "B" sarlaa of Table if^the gangua ««• 

repulped with 200 ml. of hot 3% HHO for 15 ainataa. The pttlp was transferred to the 

filter with 50 ml. 3% HNO3. 

Mo quantitatlTe filteriztg data ware obtained in thaat axparlMsnts; 

howarar, the following obsarvationa ware made: (1) The more concentrated acid solu­

tions Vgare the more easily filtarable gangue. (2) After repulping filtration was 

•ore rapid than la tha direct aashing prooadura. Ttifi latter raault is, of oooraa, 
j i 

I ! 
to be expeetad. 



Table II-B gives the resalts of the examinations of the gangues which 

have been obtained to date. 

I 
Table II-B 

306 Recovery ii; each case > 99%. 

Kxpariment 
Ko. 

LA 
IB 

Percent of Input 
PbO in Gangue 

<0.1% 
fCO.l 

3,5 
4.0 

1 4,0 
5.5 

< 0.1 
8.5* 

C O . ! 
f^O.l 

< 0 . 1 
2.3 

< 0 . 1 
< 0 . 1 

< 0 . 1 
< 0 . 1 

2A 
2B 

3A 
3B 

SA 
5B 

6A 
6B 

7A 
7B 

9A 
9B 

lOA 

lOB 

*Probably due to faulty wailhlng. 

The lead determinatioriS were made by the standard sulfate-chromate method after the 

gangues had beefi attacked by HF and HgSO^. The filtrates froa the lead sulfate were 

eoapared in color, by eye, with a similar solution containing, as tha sulfate, that 

weight of 306 eorreeponding to a 1% loss in the gangue. This procedure was checked 

by direct analysis as will be described below. 
I 

It is lasMdiately apparent that the re'pulp procedure gave the less ef-

feetlve washing of the gangue. In every oaae eeaentially complete recovery of 308 

•aa obtained. Thoae oases in which lead was incompletely reatoved may well have been 

due to the waahing procedure adopted. This procedure was an attempt to make these 

aaall scale experiments nearly correspond to the 30 kilo digestions being carried out 



by others in this Laboratory. 

Since the recovery of 306 was so nearly complete in all of the abore 

described experiments, it was thought woi^h while to carry out experiments designed 

to determine the minimum excess of nitric acid at which complete extraction could be 

obtained. Table III-A gives the conlitions of the second series of digestions at 

small excess of acid. > 

Table III-A 

Experiment 
No. 

IdA 

IdB 

2dA 

2dB 

3dA 

3rtB 

Ore through 100 mesh. Dl< 

S t o l c h . C 
HNO3 I 

1.25 

1.25 

1.50 

1.50 

1.75 

1,75 

Cons. 
HNO3 

23% 

23 

27 

27 ; 

32 

32 

Wash 
iiethod 

Direct 

Repulp 

Direct 

Repulp 

Direct 

Repulp 

Table III-B gires the results of the gangue examinations. In order to confirm the 

semi-quantitatlve determination of 308 in the gangues, the gangue from the experiment 

using 1.25x nitric acid and direct washing on the filter was carefully assayed by the 

eupfarroB - sllrar reduotor method. The result showed 99.8% extraction. 

Table III-B 
308 Recovery in each case ̂ 99%. 

Experiment No. 

IdA* 
IdB 

2dA 
2dB 

SdA 
3dB 

Percent of Input 
PbO in Gangua 

12.0% 
14,0 

11.0 
14.5 

3.0 
7.0 

^Gangue assayed for 308; see text. 
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III The Sffeot of jthe Co^usentration of Nitric Acid on the 

Kxtraotion of itj 

The My analyses on the ezperiaents now to be described are as yet 

inoomplete. It is, howerer, possible to gire the results obtained on the filterability 

of the gaugues fron the digestions. These ezperinants were carried out on kilograa 

portions of undried AAA ore (assay S"?,9% 306). The nitric aeid in appropriate ezovMl 

and concentration ««s added directly to the oi^. The digestion was carried out with 

efficient stirring for either three or fire hour periods, the container being inaiersed 

in a water bath naiatained at 85-95'. On remoral froa the water bath the dlgeatloft 

•Izture was allowed to stead for three hours. This step w«s introduced as aa apprexl-

•ation to conditions which Bight obtain in large scale work. The Hizture was then 

agitated and filtered by suction on paper supported in a Buohner funnel by a layer at 

1/8 inch filter cloth. Differential pressure was aaintained rou^ly at 60 oa. Hg. 

After the free filtrate had passed through the filter, one liter of 3j( nitric aeid was 

poured slowly orer the cake to displace Boat of the dissolTsd neterlal. The cajca v u 

remored as well as possible froB the filter, weighed, dried, reweighed and pulvwrlsad 

for My assay. The total volune of the filtrate, including the wash solution, wma 

noted as was the tiae of filtration. On the ten experiments for whioh filtration pro-

oeeded properly, data were obtained sufficient to oaleulate the filtration rates. 

Table IV glTes the details of the Tarious digestions and the results on 

filtering rates. The filter aediUB for the 10:j( digestions was inadequate; the fiao 

slurry failed to stop on the paper. The one result obtained for this case should h« 

glren little weight. The nest significant results of this work are apparent when one 

examines the rates for the 20^ digestion as coaipared with the rates for the 50^ and 

40i> digestions. Ibe gangue from the 20^ digestion was of a gelatinous nature aad was 

extremely difficult to filter and wash. It is thought that filtration will giro a 

ainlmuB of difficulty for digestions carried out in sore concentrated acids. If, how­

ever, dilute acids should be desirable for other reasons, further wor'c on fllterabllltj 



iB the low ranges of HNO^ concentration will be necessary. 

The exBBlnatlons of the dried gangues for their My content are now be> 

^jf0 carried out. Tbe results^ which these ezperlnents were designed to glTS, will be 

re ported lat^. 

Table IV 

Ezperlneiit No. 

Concentration HNO3 
Tl»e of Digest ion 
Thickness of Calre 
% figO in !^et Cake 
F i l t r a t i o n Rate 

( f i l t r a t e and wfiah 
In g a l . / s q . f t . / h r . 

2 r Misest lons 

l iquid 

(a 

^ / ^ 

combined) 

ctual BIO^ 

CD-13 

lOfC' 
5 hr. 
1/4" 

19.3 

used was 

CD-14 

205^ 
3 hr . 
1-1/2" 
S2.89( 
0,74 

2.06 s to ichiometr ic ) 

CD-15 

30)f 
3 hr . 
3/4" 
75.H 
5.43 

CD-16 

401C 
3 hr . 
5/8" 
74.Sffi 
3.31 

3x Olgeetlons (actual HNO3 used was 3.12 stolchlMnetrlo) 

IxperlBent No. CD-17 00-18 OD-19 CD-20 

Conoeatretion HNO3 
Tlae of Digestion 
Thickness of Cake 
% H^O in '«et Cake 
Filtration Rate 
(filtrate and wash liquid combined) 
In gal./sq.ft./hr. 

1(* 
5 hr. 
-
-
-

ML 
3 hr. 
1-1/4" 
85.4'^ 
0.72 

30jt 
3 hr . 
3/4" 
68.1« 
3.96 

40^ 
3 hr . 
7/8" 
79.8% 
4.77 

4z Digestions (actual HNO„ used was 4.16 stolcblonetrle) 

Ixperinent No. CD-21 CD-22 CD-23 CD-24 

Concentration HNO3 
Tijte of Digest ion 
Thickness of Cake 
% U]f) in A'et Cake 
n i t r a t i o n Rate 

( f i l t r a t e and wash l iquid conblned) 
in g a l . / s q . f t . , hr. 

10* 
5 hr. 
•m 

-
-

ton 
3 hr. 
1-1/2" 
8 5 . 9 ( 
0.96 

ioH 
3 hr. 
1" 
83.7% 
6.45 

40% 
3 hr . 
1/2" 
72.9% 
6.15 

Summary and Conclusions 

1. Repulp washing of the gangues fron the nitric acid digestion of rich pitch­

blende ores is insufficient to renore the My. 

2. The gangues from digestions with More concentrated nitric acid are the nore 

readily filterable. 




