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■VSEEBtSmim THE OPTIMUM YIELD CUT .GQS^BS-mkTED OSS 

IN TEE RADIOMETRIC CONCENTRATION OF URANIUM ORES 

^Following is a translation of an article by Yec De Mai'- 
tsev in the Russian-language periodical Atpmnaya energiya 
(Atomic Energy)? Vol» 8, No«, 2,  Moscow, February i9o0, 
pages 121-126JJ/ 

(•The article gives a method for determining the optimum system 
for the operation of factories in radiometric ore separation, taking 
into account the expenditures for geological prospecting Sl5 the yield 
of ore S2, the radiometric concentration So, the hydrometallurgical 
reduction S^, as veil as the yield of concentrated ore V, the content 
of uranium in the ore a, the coefficients of the recovery of uranium 
in the radiometric concentration of the ore £, and the hydrometallurgi- 
cal reduction £sc ■ 

(For the determination of the minimum cost of uranium salto SmJ 

the analytic method was used; Sm was represented in the form of a con- 
tinuous function 

Sm - F(S-L, S2,  S3, Sk,  a, V, ££«). 

(According to the theory of approximation, the functions £ ~ 
tl(y)  and £* = f2(ay£) were set up in an analytical form by the method 
of selected experimental pointso 

(Siace Sm = f(y) is an experimental function/ then equation 
■'•-Sjji 

'£y~ -  0 is used to determine the optimum yield of concentrated ore at 

•43 ore-separating factory V ., corresponding to the minimum cost of 
the metalo ■ : ■ ■ ;.-.. 

(An example of the determination of the optimum yield of con- 
centrated ore is presented^) ; :, 

In connection with the extensive development of the  extraction 
C--.2& processing of uranium ores, great importance is attached to the 
raestion of reducing to the minimum the cost of extracting uranium 
,;:alts from ore» One of the most efficient processes significantly re- 
u'Viing the cost of uranium salts is the concentration of the uranium 
-:v'e in radiometric ore-separating machinesa The appropriate adjust- 
ment of the ore-separating machines makes it possible to regulato the 
content of uranium in the tailings of the radiometric concentrating 
plant and the yield of concentrated ore«»'' ' 
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At the present time the uranium content In the tailings of 
these factories in the majority of cases is established by the level 
of the uranium content in the tailings of hydrometairorgical plants. 
In the presence of the technical potentialities of the modern tech- 
nology of ore processing In hydrometallurgical reduction, this answers 
the problem of the maximum extraction of uranium, but does not answer 
the purpose as regards the practicable minimum cost of uranium salts 
such as nay be obtained in the case of the optimum adjustment of 
radiometric ore-separating machines. 

It should be noted that in a number of cases, an increase of 
1-1,5$ in extraction using radiometric concentration causes an increase 
of 10-15$ in the yield of concentrated ore, This significantly in- 
creases the volumes of hydrometallurgical production, the consumption 
of chemicals, steam, electric power, etc« Thus,, with a very small 
increase in the output of salts, the cost of all of the output pro- 
duced is increased. 

In our opinion, the adjustment of radiometric ore-separating 
machines, which provides the optimum yield of concentrated ore, will 
make it possible to reduce1 the cost of uranium without decreasing the 
volume of its production. 

The cost of uranium salts depends upon expenditures for pros - 
pecting for and extracting the ore, upon the cost of concentration 
and hydrometallurgical reduction, upon the coefficients of extraction 
during the concentrating and hydrometallurgical processes. The rela- 
tionship between these factors may be represented in the form of a 
continuous function and expressed by the equation 

.    bm ~     ate* .■•;■■■■■*■■■- {-1} 

m is the cost of uranium in salts (rubles/kilogram); S^ is the 
rospectlng for extractable reserves of uranium ore (rubles/ton.); 

where S^ 
cost of prosp 
S2 is the cost of extracting the uranium ore (rubles/ton); So i3 th« 
cost of the radiometric concentration of uranium ore (rubles/ton); Si,, 
is the cost of transporting the concentrated ore from the mine to the 
plant and its processing at the hydrometallurgical plant (rubles/ton); 
V is the yield of ore by radiometric concentration; a is the content 
of uranium in the. ore, which goes into radiometric concentration 
(kilograms/ton); £ is the coefficient of the extraction of uranium 
with radiometric concentration of the ore; e* is the coefficient of 
extraction of uranium by the processing of the concentrated ore at a 
hydrometallurgical plant, 

3h order to determine the optimum cost of uranium in the final 
■product from equation (l), it is necessary to -establish the relation- 
ship between £,  £», and V; 

£ =?l(Y), &' - f2(v)o 
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If in a system of rectangular coordinates one plots po^w 
tained experiment (along the abscissa axis    -- tue 7***f™i hJ 

raSometvic conjuration, and along the ordinate ax.,s ~ ™^.oex 
Sclent of extraction, corresponding to this yielc-J, auch a graph is 

<^^K^£S^ ^e, depending upon *■ *££- 
.echanicrr properties, difference, the *f f * ^d1^ ^f" 
+vn+irm used   and the tyoe of concentrating machine, itb own cu-^_ 
S^eESÄ L/«. the *ol* for the process of raalooetric 
concentration, a^aetof ~ ^ cOBOerfratlon^3s/,? ei- 

tlen «£Ä£ »Utta-Mp **«» e. andV -Jt««- *£££ 
logins condition:   vhen V- 0 % = P, I.e., zero e.tract.on co     ^ 
to a zero yield of concentrate* ore; when v - .1 i. °£>*'*',l.'z!Le 

into en equation of the bisectrix of the coordinate "g^J^f*. 
resenting the relationship between £ and V for ores, which because cr 
SS-SS Properties do not lend themselves to concentration, 
th       ^vestfgations indicated that the following form.of the ^ 
which satisfies the indicated set of curves, is r.ne most suable. 

fc     M        1 + >v 

where £   es v are the coefficients characterizing the physical-mechanical 

for the determination of the coefficient : 

xe, ^ i_. . g - 0.5 « 1, 
1 + iv 

b Obtatok by the experimental method, the two points on the curve, 
i e     the two values of the yield of the concentrated ore and xcs co- 
efficients S extraction corresponding to them, make it possible oo 
vrite the equations 

is (£l + 3~7T> -3« 1-5 
>i 

fl(v> ~IilA 
(3) 
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lg (&2 + 'r—J " ^ le5 
i +vx 

e - f2(v) = ~I51fe~~~ 9 (u) 

From equations (3) ana (k) by the graphoanalybic method we de- 
termine the values v and &f  having constructed curves for this0 At- 
the intersection of these curves we shall obtain the unknown values., 

It is necessary to have more than two experimental points, in 
order to characterize the process of concentration by means of equa- 
tion (2). In this case, for the determination of constant coeffi- 
cients e, and v, the most characteristic points on the curve, con*- 
structed on experimental data, may be selected« 

In its essence, the hydrometallurgical process is analogous 
to the concentration process, because in both cases, the concentration 
of the useful component occurs. Therefore the relationship between 
the extraction in the hydrometallurgical reduction £.' and the content 
of uranium in the ore ß, coming for hydrometallurgical processing, may 
also be established according to equation (2)» However, it should be 
noted that it is not necessary to investigate the relationship be- 
tween £' and p within such wide limits (from 0 to 100$) as was done 
in the investigation of the relationship between the extraction coef- 
ficient and the concentration coefficient of the ere in radionetric 
reduction. let us limit ourselves to the study of the relationship 
between g' and p in the range of change of ß from a to pOJ  which cor- 
responds to a specific given yQ„ 

The quantity of the metal, which will reiiain in the cencexitrated 
ore after .radio-metric reduction, will be equal to a£; then the content 
in' the concentrated ore fi> is determined by the expression 

/3. f . aCSy^f - ~F) - f0(Vj.        (5) 

Provided that the relationship between £' and ß> will be investi- 
gated in the interval from a to /30, corresponding to YQ$  we shall ob- 
tain the equation for the determination of the extreme ßQ: 

*>= a({'°"1 - T7v?' <6) 

The change of the extraction coefficient in hydrometallurgical 
reduction is represented by the graph presented in Figure 2D 

As has been indicated, the relationship between g* and flwe 
take in the form 

*••«!**-r^i- ft) 

- k  - 



•The coefficients £l9 £l9  vx are determined according to three 
experimental points 

0- 
ig fei + rf^i)"lg(e2 + r7itl) 

1 + a 
^1 = fl^vl)."." ^-S-e- " 1S'3l 

(8) 

(9) 

(10) 

Having constructed the curves according to equations (9) and (10), 
we shall obtain at their intersection the unknown values ^ and vp 

ve shall determine the value S, from equation (8)° 
Since, according to equation (5) ß - *0CV>* ** relationship 

between V and £« in the definitive form will be expressed py the 

equation  , 

Si ,,v'-.- *o_iy} _i (3i>, 

For the optimum value Y let us substitute the values obteiaici 

for £ ana £' in equation (l):: 

Th« graph of equation (12) is an experimental curve^which has 
its minimum at the point corresponding to the least cost of uran-um 
and the optimum yield of concentrated ore. 

Let us determine the position Sm of the minimum Yapt» after 
having taten the first derivative from the cost of uranium Sm accord- 
ing to /and having made it equal to zero.      ,„,.,. wVl/BMlrtir 

Tlrs equation in regard to Y, may be solved by the graphoanaljti^ 
method, after having divided it into two equations: 

y ■ ettsk» (13) 

y- ■(e«^+£,5^Ksi + ^+is3*V^ (xl° 



The value äi. is determined according to equation 
dv 

dva^6y       "      (3. +v^)2     ■' ^ 

The value 4^1 is found by differentiation of the equation (7): 
dv 

We shall determine the value ~- after having differentiated 
dK 

equation (5): 

g.^.^^V^±^J. (XT) 

Since before radiometric concentration the ore is separated by 
being sifted into classes of coarseness, each class being individually 
submitted to concentration, the relationship between £ and V for each 
class may be characterized by its own constant coefficients £, and >'„ 
It is necessary to carry out for all classes of coarseness the cited 
calculation for the determination of the optimum system of operation 
of the machine, determining for each class of coarseness its optimum 
yield of concentrated ore and the minimum cost of the metal, Thus, , 
after having separated the total cost of the ore, including expendi- 
tures for geological prospecting work, the cost of the ore of each 
class of coarseness should be determined proportionally to the dis- 
tribution of the metal by classes. 

The determination of the optimum yield of concentrated ore of 
each class of coarseness should be carried cut according to the equa- 
tion 

Q  
Sk * S3 * SitT 

bm -   a&£*  ■■    ' 

where Sk is the cost per ton of ore of a given class of coarseness, 
including expenditures for geological prospecting. 

Let us assume that the ore is separated by being sifted into 
i classes with an ore quantity in each class of Qj_, Qg ... QJ and 
with a metal content of a^, a2 ..<> a1. 3h this case the total opti- 
mum cost of the metal as a whole for all of the ore will be deter- 
mined by the expression 

Qlalsmi + Q2a2smp * «*« * QiaiSmj        ,,Rx 
Sm a   Q.iai + Q2

a2 + .«o+ Qi?-i    " ' 
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If one of the classes, due to its structure, does not lend 
itself to radiouetric concentration, then the cost of the metal ob- 
tained from the ore of this class is deterged by equation (1) with 
So - 0 and y s 1« „."      .    •   ■■„..• ,  „,    Q    ,5n 3 Let us cite an example of calculation for one cxass.    Sj- 20 
rubles/ton; S2 - 60 rubles/ton; S3 = 10 rubles/ton; Sk « 150 rv,bxes/ton, 
a =» 1,0 kilogram/ton =0.1$.  ,.. •,, , 

The data were obtained by the experimental method. 

For the ore's ability to be concentrated .;"■■'; 

Y± 1.0 <?i 1»° 

y2 '       0.62 ^ O.9J+ 

v3 0.25 £3   / °*75 

According to the hydrometallurgical process 

■■■&!■ 0,1 £V 0,90° 

■:■■ /32 0,151 ;*V 0e^ 

y33        0,300       L'3        °^39  . 

The coordinates <S and V, calculated according to equations (3) 
and (It), are presented in Table 1. For the determination of vaiu--& ^ 
and V a graph (Figure 3) is constructed. 

TABLE! 

COORDINATES OF POINTS ■<? AM) Y 

.a-.fifr)- e,.?.fe(v). 

+ 2.o 0.159 0.3*" 

+ 1.0 

OoO 

.-■■0.5 

- 1.0 

- 3.0 

0.26V 0«329 

0.380 0.339 

0^7 :;     °'k2h 

! O.500 •■'"■'     '■    ';    ';    0^5^ 

0,727 °^6 



Thus equation (2) will assume the form 

x + \-0.12 

The graph of equation (2.) is presented in Figure k. 
The values ^ and Y±,  determined according to equations (9) 

and (10), are presented in Table 2. 

TABLE 2 

COOBDINATES OF POMDS £]_ AMD v± 

Vl ^lafl(vl) e±lI^liL 
V      0.19^ 

0.151 

0.123 

0.092 

0,0^6 

■       ./ O.Ö38 

0.038 

The graphs «?i = f^v^) and e.^ " fg(vi) are presented in Fig- 
ure 5#        c 

The value i 2.^ calculated according to equation (8), is equal 
to 0.987. Then equation (7) vill take the form 

£.' - 0o982 j&0'* -  -"-r-r = tip). 

The graph of the equation f (ß) is presented in Figure 6. 
The value of optimum yield of concentrated ore is determined 

according to equations (13) and' (lV). The coordinates V and y are 
presented in Table 3. Tbe graph y..-. fx(v) and y = fg(V) is presented 
in Figure 7. 

+ 00 0.151 

+ 1.0 0.123 

0.0 0.101 

-1.0 0.062 

-3.0 o.cij-o 

- 5c3 0.038 

- 00 0.038 •■■ 
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OIABLE 3 

C00BDEIATE3 V AND y 

Accordinf to equation {13)       According to equation (Ik) 
v. £ ' Y Z 

o.l 80.3 o.l 195.0 

0.3 110.5 0.3 92 .h 

0«5 12^.0 0.5 58A 

O.T 131.5 0.7 35.1 

0.9 13^.5 0.9 16.6 

1.0 135.0 1.0 7.2 

Let us calculate according to equation  (12) the coordinates 
of the points and let us construct the curve Sm - f(V): 

V Sm 

0.1 196.5 

0.3 183.0 

0.5 199.5 

0.7 222.0 

0.9 251.0 

1.0 267.0 

Graph Sm » f (V) is presented in Figure 8. As can be seen by 
this figure, there is a clearly expressed range of optimum yields of 
concentrated ore, which is characterized by the minimum costs of 
uranium salts. 

Tn this case, if the economic parameters of the extraction and 
processing of ore make it possible to obtain a uranium cost in the 
final product significantly lower than its average cost in industry, 
then it seems to us expedient to depart somewhat from the optimum in 
favor of an increased yield of concentrated ore V and to thus increase 
the extraction and yield of uranium in the final product. However, the 
degree of departure from the optimum should be regulated so that the 
cost of obtaining an additional kilogram of metal will not exceed the 
average cost of metal in industry. 
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FIGJJFJ3 APPZBDIX 

:s*y 

■-xgaxe i.    ihe relationship between the yield of concentratee 
ore ■/ arid -the .extraction coefficient' of uraniurc e« 

sf-~ 5v« >i„. 
?+Vv 

Fig^-e R.    Tit variation of the extraction coefficient £.'  in 
bydroHietallur^ical reduction in relation to the con- 
tent of -uranium in the ore j5. 
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Figure 3. The determination of coefficients v and 6. 

'* f «i + -r&-r ^ ~% *.* ■ , «    ~    l-'-v* J 
Q *=. /, (V) -  ' T* 

tev* 

Figure k. The relationship of the extraction of the metel in the 
rich product of rediometric separation to the yield of 
this product» 
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at: / ,       . 
- ..= a!  ftvO-~t _        1       A       .   ,   , 

*        •••   ' 'T7 Yv,'*•■/» (Y^- 

Figure 5.   Determination erf coefficients v-^ and £p 

f p.-«^*-- i-v 
•        - l-fyV   y 

Figure 6. Belationship of the extraction of the aetal in the con- 
centra-ee of hydro-metallurgical reduction to the content 
of the metal in the ore (rich product of radiometric 
separation). 
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'-»V' 

Figure 7»   Beterasiaatioa of the optima yield of the rich product 
of ra&lofflfctric separation* 

6,... . : 
V I ; 

Figure 8.   Itelationsliip of the cost of tfe matal la tiie final 
product of barflrcHEetallurgical reduction to ths yield 
of the rieb product of radioicetrie separation» 

5620 - SHD 
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