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5th March, 1990

Bxtraction of Uranium from Refractory Uranium Minerals

S. Hirono

The number of the minerals containing uranium will be approximately 200.
tiowever, the number of uranium minerals mined for wranium milling are surprising-
ly few. Those are mainly uraninite(pitchblende), coffinite and brannerite. The
mineral formulas of those minerals are as follows:uraninite (U '*y ..U ')
02:.} .coffinite {(USi04), .(OW ..} .and bramnerite {(U,Ca,Fe, Th,Y)(Ti.Fe):0s}

The uranium solubilities of those minerals for leaching decrease in order of
the above minerals,and brannerite is known as a refraclory mineral for leaching.

Brannerite associates often with davidite(ideally FeTia0s) which is also the
refractory mineral. Both minerals may contain uranium in both the tetravalent
and hexavalent form in association with {itanium, iron, and oécasionally vanadium,
thorium, and rare earths. |

There are uranium-niobium containing minerals, euxenite, fergusonite, betafite,
and pyrochlore as the mere refraciory minerals, however, those minerals would be
rarely used for milling because of small productions as well as ihe refractory.

The ore including brannerite has been trealed economically in several mills.

Rio Algom Mines Limited, Stanleigh mill, in the Elliot Lake district of Canada,
will be mentioned as a representative example.

(@) Mineralogy

The uranium minerals in the ore are principally branmerite with lesser urani-
nite and minor amount of uranothorite, thucolite, coffinite and gummiie. Monazite
is relatively plentiful. Mineralization is wainly within the matrix in quartz-
pebbble conglomerate and consist of pyrite with minor amounts of apatite,zircon,
rutile and leucoxeme. In addition there are some silicates such as chlorite,

sericite,and felspar.

_Zl.ﬁ



Fig. 1. Flowsheet of Stanleigh Milling Process

Ore(0. 1%-Us05, Main uranium minerals:brannerite and uraminite)
(The ore was crushed_?y a jaw-crusher in the gallery)
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Grinding
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Sand filter
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Rio Aigom Mines Limited posesses Stanieigh, Quirk,and Panel mines in ihe Eliot

Lake district,and the mineralogies and features of those ores are quite similar.

Therefore, the milling processes ireating those ores are nearly similar.

Table 1. Process conditions

Leaching
Grain size:45 %.-200 mesh
Leaching process:16 Pachuca tanks

in a series

Pulp density:75 ¥-solid
Sulphuric acid:36 kg/t-ore
Oxidant(air) :350 CFPM/Pachuca tank
Leaching time:30-48 hr
Leaching temperature:80° C
Uranium recovery:94 ¥

Solid-Jiquid separation _
The slurry is separated afier neu-
tralization up to pH:2.
Separation process:belt fiiter
Uranium concentration:0.5-1.0 g/1
Suspended solids:o ppm
Uranium recovery:over 99 ¥

(b} Comminution

Uranium concentration
Concentration process:Himsly CIX
Ton exchange resin:sirong base(Amber-
lite)
Eluate:10 $-H.S0,
Uranium concentration in the solution
eluted:19-20 g/1
Yellowcake precipitation
Precipitation process:2 stages
First stage:The pH is adjusted to 3.0
by adding lime. The precipita-
te is separated with thickener
and filter.
Second stage:Magnesium divranate is
pracipitated by adding Mg0 to
pH 7.

Drying
Prying process:multiple-herth dryer
Temperature:900° C

At Stanleigh mill(5000 {-ore/day) as shown in Fig.1, the ore is ground up to 45

~-50% minus 200 mesh. Australian ores including branmerite and/or davidite requi-

re also grinding to between 55 and 65 ¥ minus 200 mesh size to obtain satisfac-

tory uranium extraction recavery for acid leaching.

However, overgrinding may result increased pulp viscosity , thus adversely

affecting uranium extraction rate,and slow settling rate in thickener of solid-

liquid separation system.

{c) Preconcentration and leaching

Flotation may be applicated the separation of the sulphides in the ore.

Typical conditions for leiching to achieve 95% recovery are summarized in

Table 1.

The neutral slurry is thickened and filtered up to 75%-solid. Approximaiely 36

kg-H.50./t-ore is added to the slurry of 75%-solid,and the free H.50. concent-
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ration is maintained approximately IN. (Concentrated H.S0( must be added in the
surry in order to maintain approximately LN free acid, because the specific
gravity of the ore is 2.7). Steam is injected to achieve the temperature at 80
® C. The leaching time requires 30 to 48 hr.

Those conditions in the leaching process are relatively drastic. Depend on the
property of ore and further the relatively drastic leaching conditions, the ieach
ing solution may contain a large amount of silica. The silica dissolving or
suspending in the solutiun may have considerably harmful effects to the follow-
ing processes.

The dissolved silica present in the feed solution is thought to vccur the
problem of slow-breaking dispersion within the settler of mixer-settler. Silica
concenirations less than 0.7 gram per liter do not cause difficulty, but above
this value may lead to the formation of stable emulsions in aqueous contimous
systems. Organic-continuous systems are less affected by dissolved silica even
at concentrations of up to 2.5 gram per liter. Semi-permanent emulsions may be
formed at the interface when fine soiids are present in amine-type sysiems, lead-
ing to solvent losses and, in extrem cases, to the necessity for shutting down the
operation for cleanout. '’

Silica acts as resin poison. Silica éxists in acid solutions primarily in non-
ionic soluble form when the pH is less than 4 although some reactive ions are
apparently present. Such silica in solution may form weak complexes with the an-
ion present on the resin;with an increasing tendency to do so in the order N0
<{l” <80, . In either ion,an increase in pH is characteristic of the anionic
resins as a result of the Donnan membrance effect. Water washing which will
remove H" ion from adsorbed HS0, ion on the resin will raise pH within the
resin,and further increase the formation of precipitated silica. Once formed
inside the resin bead, precipitated silica blocks the resin pores to cause
decreased reaction rates. Thé silica content of the resin may increase lo as
high as 8 to 10 percent if not controlled,and within this range may cause the

resin to fail through rupture of the resin crosslinks.



At the leaching of Stanleigh ore, the relatively high concentration of free
acid remains in the ieached solution. The recycle circuit as shown in Fig. 2 was
installed in several of the Canadian mills in the Elliet Lake area where free
acid concentration of wp to 50 grams of H,SO, per liter were needed {or freat-
ment of ore containing the relatively refractory mineral, brannerite. In a
modification of the circuit a portion of the final leach slurry was recycled to
assist in the oxidation due to the contained ferric iron. However, the applica-
tion must be investigated thoroughly because of the added capital cost for the

exira stage of filtration and to the cost of operating and maintaining Lhis

equipment.

Fig.2 Recycle circuit of leaching

Grinding=— Ore

Dewatler“]g _ _Selutien

-

Leaching = H,50,

™ Oxidant
Filtration —— Filtrate
Cake
Repulping

Reached siurry

For the ore which more severe leaching is required, the leaching of iwo stages
as shown in Fig. 3 way be used. The economic investigation would be needed 2lso
for the application of the system.

The presence of sulphides in ore should suggést that bacterial leaching be exa-
mined. Bacterial leaching of low-grade ore imcluding sulphides in vai may be
effective particularly in the tropics.

{d) Solid-liquid separation
The pH of the slerry from the leaching prucess at Stanleigh mill is adjusied

1o 2 with adding of lime,and then the slurry is filtered with belt filter.
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Fig.3 Two stages leaching

Grinding =0re
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‘Water
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]_' Slurry

Leaching, stage 2=t::::;H2804

Water or l Oxidant
recycled
solution——=Liquid-solid separation ——>°'"*'** —
Slarry
Tailings

At Rio Algom-Panel, dram-filters are used, and Rio Algom-Quirke have a 4-stage
cyclone and circuit-washed sands separated join washed slims from a 6-stage CCD
circuit using Enviroclear thickeners,at the neutralization pachuca prior to
tailings disposal.

in solid-liquid system,washing water is added to wash slurry,and the increase
of the pH of slurry may result in uranium loss. This loss atiributes Lo repreci-
pitation depending on the reaction of uranium and inorganic acid anion such as
aresnic acid anion or phosphoric acid anion, lo adsorption on clay, such as
montomorillonite, or on carbonacecus materials having ion exchange properties, or
to the presence of wranium silicates or. other refractory type mimerals present
in small amounts. In case of those,acid would be added in the slurry to maintain

the pH under 1. Table 2 shows the pH ranges in which various anions may precipi-

tate uranium from sulphate solutions.

Table 2. pH range for precipitation of uranyl or uranous ion
with various anions in sulphate solutions?

pH range
Hydroxide Phosphate Arsenate Carbonaie
Urany! J3.8-6.0 1.9-2.5 1.3-1.17 3.5-6.0
liranous 2.9-6.0 <L.2 <l.2 —



{e) Concentration and purification
The clarified leach solution contains uranium of 0.5 - 1;0 g/1. The suspended
solids in the solution are as few as 5 ppm. Continuous ion exchange apparatus is
used, and uranium of 15 - 20 g/1 is eluted with 10%-sulphuric acid eluant.
There are significant quantities of thorium and lanthanide in the liquors pro-
duced at several mills in the Elliot Lake area. Table 3 shows typical ligquor

analyses.

Table 3. Typical liquor analyses{g/1)?
Acid free  Uz04 Th 50, NO; Rare-earth oxides
4.61 0.97 103.2 1.08 0. 89

1.02 0.14 18.1 0.79 0.18
0.00t1 0.15 18.9 1.24 0.23

Leach discharge 41
Pregnant liquor 0.
Barren liquor 0.

-3t

These elements can cause some problems in the subsequent treatmeni by being
extracted in small but significant proportions with the uranium and by causing
specifications to be exceeded for Lhese elements. However,when these are
recovered economically, these will be produced as by-product.

The presences of pelythionates and ionic silica im liquor would result in resin
poisoning problems and it is believed to be aggravated when chloride elution was
used. The most part of the poisoning problems on silica in liquor are mentioned
on page 4.

Comparison of the Stanleigh plant,Canada with the Kalan pilot plant. Indonesia
is shown in Table 4,and the reasons and improvements inferred on the low uranium

recovery at Kalan pilot plant are shown in Table 5.

References

(1) Robert C. Merritt,The Extractive Metallurgy of Uranium, Colorado School of
Mines Res. Inst. 1971

(2} International Atomic Energy Agency, Significance of Mineralogy in the Develop-
ment of Fiowsheets for Processing Uranjum ores(Technical Reports Series No.
196), 1AEA, Vienna (1980,

_27__



Table 4. comporison of Slanleigh plant and Kalan pilot plant

{re
Uranium content{U;04):
Uranium mineral:

Leaching
Ore grain size;
Leaching process:

Pulp density:
H»S50, addition:
Oxidant addition:
Time:
Temperature:

Uranium recovery:
Solid-liquid separation
Separation process:

Uranium concentration;
Suspended soiids:
Uranium recovery:

lon exchange
Exchange process:

Ion exchange resin:

Eluant:

Uranium conceniration:
Yellowcake precipitation

Precipitation process: 2 stages precipitation
Ist stage:Ca(OH)a, pH:3
2nd stage:Mg0, pH:7

Stanleigh process
Canada

0. 1%
Brannerite, uraninite, urano-
thorite, thucolite, coffinite

45% minus 200 mesh
16 Pachuca in a series

79%-s0lid
36 kg/t-ore

Air, 350 CFPM/Pachuca

Kalan pilot plant
Indonesia

0. 1%
Uraninite, brannerite

100% mipus 48 mesh

4 mixing-tanks in a
series

50 - 60%-s0lid

125 kg/t-ore

Mn0Qz, 20 - 30 kg/t-ore

30 - 48 hr 8 hr

80 ° C 60 ° C

04X about 70¢(60 - 80)%

Belt filter 4 ihickeners in a series

0.5 - 1.0 g/l —

5 ppni —

over 99% —

Himsly SIX 8 fixed columns in a
’ series

Amberlite(strong base) Amberlite(IRA 400)

10%-H23504 1.5 M-NaCl

15 ~ 20 g/1 —

Total uranjum recovery: over 92%

2 stages precipitation
1st stage:Ca{0H) ., pH:
3.5
2nd stage:Mg0, pH:7.0 -
7.5

50 - 60%

Table 5. Reasons and improvements ioferred on low recovery of uranium
at Kalan pilot plant

Reason

{1) Brannerite in the Kalan ore may
have more refractory properiy for
dissolution in acid than that in

other ore.

{2) The grain size(100% minus 0.3 mm)
of the ore would be relatively

coarse.
(3} The pulp density(50 -

60%-solid)

would be relatively low.

(4) The leaching time(8 hr) would be

relatively short.

(5) The leaching temperature(60° C)

_Improvement

(1) The property should be asecertained by
mineralogical and leaching tests.

’

{2) The leaching tests should be carried
out with the ore samples grouad up to
minus 200 mesh(0, 074 mm).

(3) The pulp density should be increased.
it wtll result in increase of acid
concenfration.

(4) The leaching tests under lomger
leaching time such as up to 50 hr
would be carried out.

(5) The leaching test under higher leach-



Table 5(Continued). Resulis and improvements on low recovery of uranium
at Kalan pilot plant

Reson

would be relatively low.

(6) The amounts of sulphuric acid and
oxidant (Mn0.) added are consider-
ably large.

(7) The solid-ligoid separation has
diflficult problems.
{8) The economical and metallurgical

considerations would be insuffi-
cient.

Improvement

ing temperature would be carried out.

(6) Small amounts of sulphuric acid and

oxidant should be added {or leaching
tests, and the optimum condition
including many other factors mention-
ed above should be obtained.

(7) 1t should be investigated to adding

of cyclons and/or Tillers and Lo
increasing the stages of thickeners.

(8} The instruments and flows in each

process should be improved and chang-
ed to increase the uranium recovery
on the basis of economics;beside, the
improvement increasing the uranium
recovery through all process would be
investigated.






Uranium mills treating brannerite ores

Introduction

The Uranium mills which have or had treated the uranium ores containing

brannerite are generally as shown in Table 1.

Table 1. Uranium mills which have or had treated brannerite ore
Country Name Comminution Leaching
Canada Denison 80¥ minus 65 mesh Conventional acid leach in air
(50% minus 200 mesh) agitation pachucas. Sodium chlo-
rate, 65-75°C, 40 hours
Canada Kerr Addison No milling Acid im-situ leach
-Agnew Lake
Canada Rio Algom 80X minus 65 mesh Conventioral acid leach in air
-Quirke (b0¥ minus 200 mesh) agitation pachucas. Only oxygen
from air. 65-79°C. 40 hours.
{anada Rio Algom 80X minus 65 mesh Conventional acid leach in air
-Panel (50% minus 200 mesh) agitation pachucas. Only oxygen
from air. 65-75°C. 40 hours.
Canada Preston Mines 80% minus 65 mesh Acid leach in air agitation

South
Africa

South
Africa

-Stanleigh (50% minus 200 mesh)
Anglo-Vaal 7% plus 150 gz, 28Y%
Reefs minus 150 plus 754,

65X minus 75 g

Apgro-President 6.1% plus 150 g,

Brand 22, 3% minus 150
plus 7H . 71.6%
minus 75 p

pachucas. Only oxygen from air,
80 °C. 40 hours. (Pre-aeration
after grinding).

Acid leach in air agitated
pachucas. Mn0,. 60 °C.

Acid leaching in air agitated
pachucas. MnQ.. 60-865°C.

Most sulphuric acid leaching plants which treat ordinary uranium ore operate

generally under the leaching conditions in lower levels,

M- 2

The ores containing brannerite require fine degrees of comminutions, high acid

431‘-



concentraction. long retention time, high temperature and oxidizing conditions
to effect high extractions, as shown in Table I.

The comminuting degrees of branmerite ores are the 80% minus 65 mesh (50%
minus 200 mesh) in Canada, and the 93-94X minus 150 gz in South Africa(Note: 65
mesh = 208, 200 mesh = 74 u). The degrees of the communitions at usual
plants are approximately minus 48 mesh(295x) in acid leach, and approximately
migus 250 mesh(6l z) in alkaline leach. In the case of the brannerite ore, the
degree of communition lies between those in acid and alkaline leachs.

The acid concentration is high. The concentrations are in the levels of 75
g/, at Denison and approximately 70 g/L at Stanleigh, although 20-50 g/L at
usdal plant.

The retention time is as long as approximately 40 hours compared with 4-24
hours at usual plant.

The temperatures of 60-80 °C are higher than that at usual plant in which the
temperatures of the leach is approximately from ambient temperature to 60 °C.

Air is used entirely as oxidant in Canada with one exception using sodium
chlorate along with air in Denison. It is inferred that supplying air into
pachuca is effeclive to oxidize uranium minerals and gangue minerals such as
pyrrohotite.

For dissolving of uranium from uranium ore, particularly from bramnerite ore,
it is very important to contact an oxidant and vranium minerals. In pachuca, it
is the important factor improving the wranium extarction that the ore and air
are mixed to contact sufficiently numerous and fine air bubbles on the surfaces
of the ore grains.

Manganese oxide is used as an oxidant in South Africa.

Autoclave has not been used the dissolution of uranium from branneriie ore,
however pachuca has been used widely. It is inferred that pachuca is economical

in gperation and extracts uranium effectively.



Typical Plants

Denison plant and Stanleigh plant are described as the typical plants treating

the ore containing brannerite.
1) Denison plant

Uranium minerals are bramnerite, vraninite and monazite. Gangue minerals are
quartz, chlorite, sericite, pyrite, pyrrhotite and rutile. The content of
pyrite and pyrrohotite is about 7X. The silica content is greater than 75%.

The uranium content in the ore is 0.10-0.15% Us0s in average.

The ore (-18 cm) from underground is crushed and ground to 45-50% -200 mesh.
The ground ore is dewatered to 79% solid, and the dewatered slurry is fed to the
leaching section. |

The leaching section (Fig.1) consists of two parallel lines of eleven pachacas
each. The size of the pachuca is as follows:

Diameter: 22-1/2 £t (6.86 m)

Hight: 50 £t (15.24 m)
Bottom: 60° cone
Inside: Lined with rubber

Agitation: By injection of air at 50 psig (3.5 kg/cn®) through three 1-
in. pipes located at 27-in. centres in the comical bottom
section.

Reteation time in the leaching section is usually 36 to 48 hours.

Concentrated sulphuric acid (93%) is added to the first pachuca in each
circuit to maintain a free acid level of 75 g/L.

The target of uranium concentration in the solid tail is 0.08 1b/t (36.3 g/t).

Temperature is held automatically at 75 °C by the injection of live steam to
the first{ and third pachucas.

Oxidation-reduction potential is comtrolled indirectly by air injection and
directly by sodium chlorate addition. Air at 450 cfm (12.74 m*/min) and 50 psig

(3.9 kg/cm®) is added to the first two pachucas in each circuit to oxidize any



reducing materials. A redox prove in the first pachuca shows wild fluctuation

_between 100 and 450 mV. Rubber—covered and -lined steam injectors are used in

Crushed ore
(45-50% -200 mesh)

Classifier
~Cyclones
Neutrai thickening ——  pulp
Neutral'disc fi lers solution
Repulper T ?

|
Acid leach

pH adjustment

————— {yclones
overflow .
- >Acid thickeners------- e -
bt P ;unclarified
Lo : s0lution
Primary filtration--- - v
; Clarification
Primary repulper ;
; : : clarified solution
- Secondary filtration : ¥

—eooosoees lon excahage --—------
Secondary repulper : i

v ..
Barren neutralizing
Tails neutralizing :

: zelnate
Tailings pond w=-------ommmoemommoommmmeanaes J :
¥
To precipitation
stage

Fig. 1 Leaching section at Demison plant

the first pachuca, because stainless-steel injectors disintegrate in several
days under these conditions. The redox potential levels out in the feed to the
second pachuca at about 350 mV. Sodium chlorate is added automatically as a 15%
solution and the redox is controlled at 450 mV in the second pachuca. Air flow

to the last part of the leaching section is controlled at 300 to 350 cfm (8.50
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to 9.91 m®/min).

The density control of the pulp is important. High pulp densities result in
lower stesm and reagent consumptions. However, as the pulp density increases,
the air flow decreases, and the redox potential becomes lower. The lower redox
potential results in lower extraction. Therefore, densities are controlled at
1.90 (75X solid).

The pH of the leached pulp flow is raised to 2.0 by adding of lime slurry.

The pulp is fed to cyclons and thickners, and is separated to tailings and
unclarified solution. The clarity of this solution is generally between 300 and
500 ppm. The solution is clarified by means of filters, and the clarity becomes
generally less than 5 ppm

Clarification is necessary for operating an ion excahage section without
channeling of pregnant solution and drop of high pressure across the resin beds.

The ion exchange secticn comsist of moving—bed type columns containing
Amberlite IRA 400, a strong base anion exchange resin. Elusion is carried out
by using 1 N nitarte solution as an elvate. The uranium concentration in the
eluate is 20 g/L.

Uranium precipitation is carried as follows:

The pH of the first-stage tank is automatically controlled with lime slurry to
regulate the suiphate levels at 35 g/L. The gypsum in the pregnant solution
reduces by the pH-control.

Phosphoric acid is added to the second-stage tank to complex thorium, rare
earth and titanium

In the third-stage tank, ammonia is added to control at a pH of 3.5 to
precipitate the complexed impurities and iron. The slurry from the third-stage
tank is fed to a thickener. The overflow is fed to the fourth-stage tank, and
a mixture of ammonia and air is added to a pH of 7. The ammonium di-uranate ¢
ADU) precipitated is washed and dryed.

A typical analysis of the yellowcake is given in Table 2.
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Table 2. Typical yellowcake analysis(¥X)

Us0s 82.34 ThO; 0.80 K 0.25
Ca Q0. 37 Fe 0.41 Pg, 0.23
S0, 3.92 Ti 0. 04 Moisture 1.00

2) Stanleigh plant

The uranium minerals are uraninite, brannerite and monazite. The gangue
minerals are principally quartz, sericite, chlorite and pyrite. The uranium
content is 0.09-0. 10% Us0s.

The ore is crushed and ground by a jow crusher and a semi-autogenecus mill.
The degree of comminution is 45% -200 mesh.

The ground ore is dewatered to 75% solid, and the dewatered ore pulp is fed
the leach section.

The leach section is consist of two parallel lines of eight pachucas.

The leaching conditions are much the same with those in Denison plant, as
follows:

Rentention time, temperature and sulphuric acid concentration are 30-48 hours,
80°C and 36 kg/t-ore(72 g/L) respectively.

The uranium extraction ratio is 94X.

The leaching conditions at Stanleigh and Denison planits are shown in Table 3.
The pH of leached pulp is adjusted to 2.0 by adding of lime slurry, and the
pulp is filtered. The clarity of the clarified solution is 5 ppm. The uranium

consentration is 0.5-1.0 g/L.

The solution is fed the Himsly C!X system in which strong base ion exchange
resin is loaded. Uranium adosorbed on the resin is eluted by using 10%
sulphuric acid as an eluate. The uranium concentration in the eluate is 15-20
g/L.

The eluate is adjasted at pH of 3.0 by adding lime slurry, and the precipitant

is removed.

Magnesium oxide is added in the solution to produce magnesium uranate.



Table 3. Comparison between leach conditions at Stanleigh and Denison plants

Denison Stanleigh

Apparatus Two parallel lines of Two parallel lines of

eleven pachucas eight pachucas
Degree of 40-50% -200 mesh 45% -200 mesh
comminution
Pulp density 75% solid 75% solid
Retention time 36-48 hours 48 hours
H250, concentration 75 g/L 72 g/L
Temperature 75°C 80 °C
Oxidant Air and sodium chlorate Air
Density 1.90 (75% solid) -

Summary

The ores containing brannerite have and had been treated economically at
several mills, particurally in Canada.

However, the leach conditions are more severe than those at the plants
treating usual ores. As mentioned above, for recovering uranium from the ores
containing brannerite it may be necessary to leach for about 50 hours at 75%
solid with 75 g/L of free sulphuric acid using air or air along with sodium
chlorate as oxidant at about 80 °C. 11 may be required that the grain sizes of
the ores are as Tine as 45-50% -200 mesh (-74 u). Furthermore, 2 important
factor for extracting effectively uranium is to keep the redox potential at or
above 450 mV.

In PNC laboratory, the two tests are carried out to leach uranium from the ore
containing urzninite and brannerite under the same conditions except for the
pulp agitation. At the one test, the pulp was agitated vigorously to be
dispersed oxygen injected as ar oxidant in a state of fine froth. At the other

test, the pulp was agitated with the one third of the former revglution-speed.



The redox potential and uranium extraction ratio of the former were 480 mV and
98%, respectively. Those of the latter were 307 mY and 20X, respectively.

Pachuca is used generally the leach of uranium from the ore containing
braonerite. The ore in a pachuca is agitated and oxidized indirectly by ‘air
injection. Adequate agitation and oxidation by air is important for the
effective extraction of uranium. When the oxidation by air is not
unsatisfactory, an oxidation feagent as sodium chlorate or manganese oxide would
be added to obtain the oxidizing level of 450 mV.

The density of leach pulp affects the dissolution of uranium; the density is

controlled at 1.90 (75% solid) at the leach section in Denison plant.

(S.Hirono)
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Abstract

It was carried out by the joint research of PNC and Unitika Lid. to develop
the chelate resins which adsorb selectively the impurities in the hydro-
chloric acid solution dissolving yellow cake.

Unicellex UR~50 (Unitika), one of the chelate resins, fits for the PNC
process as the result of these experiments.

A medium-scale facilities which purify uranium solution by using UR-50 was

built and it was operated smoothly.
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1. Introduction
PNC has made the researches to purify a uranium solution prepared by
dissolving yellow cake followed by producing uranium tetra-fluoride.

In this paper, the joint research of PNC and Unitika Ltd. on the purifi-
cation of uranium solution by using chelate resin are described,

The basic researches and the continuous operation of a medium scale
facilities had been carried out during 1984 to 1986.

Solvent extraction cannot be applied to the purification of uranium
solution produced by dissolving yellow cake in hydrochloric acid.The jon
exchange resin which removes minor impurities until the purity required
for producing uranium hexa-fluoride is necessary for the purification of
the uranium sotution made by dissolving yellow cake.

It was found by the basic researches that some specific chelate resins are
suitable for the object mentioned above. The medium scale facilities was
installed to purify successively the uranium solution by using the chelate

resin and was operated smoothly.



2. Medium Scale Facilities
2.1 Outline of Facilities
Figure 1 shows the flow sheet of the chelate refining test facilities.
These facilities are composed of a Ehe]ate refining tower(T-201) which was
packed by 1m? of Unicellex "UR-50", a cartridge filter(F-209) [see photo 1,
and several vessels and pumps as incidencial equipments.

The main equipments are shown in Table 1.

2.2 Particular Features of The Chelate Resin Refining
Particular features of the chelate resin refining are compared with the
solvent extraction process as follows:
The chelate resin refining process
~- is available for the uranium dissolved in hydrochloric acid solution,
— can treat high-concentrated uranium solution,
— can produce the refined solution which does not contain organic solvent
although the uranium solution refined by solvent extraction process contains
small amount of solvent to remove as a contamination material, and
— has a smaller installation area and a short residence time of supplied

solution.

2.3 Operation
A summary of operation of the chelate resin refining test facilites are
as below:
(@ adjustment of the pH value of the yellow cake dissolving solution con-
taining impurities by the addition of 10% Mg0 slurry(the pH value is 1);
@ removal of a precipitate formed by the pH value control by the cartridge
filter;
® adsorption of metal ions as impurities on the chelate resin to refine
supplied solution;

@ recycle of a few amount of uranium adsorbing on the resin eluted



selectively by 0.3N HC1 to the dissolution step;

® elution of impurities on the chelate resin 6N HC1 and treatment of the

impurities as a waste;
® when Mo is contained in the eluate abundantly, the eluate is treated

after removing Mo by ferric cohesion precipitation method.

3. Experiments
3.1 The items of experiments
(D the dissolving tests of the different yellow cakes (Miger,Australia,
Canada and W.Germany) with hydrochloric acid;
@ the filtration test of the yellow cake dissolving solution by hydro-
chloric acid;
® the running test of the different yellow cake dissolving solutions
{Niger,Australia,Canada and W.Germany) through the chelate resin;
@ the elution test of adsorbed metal;
® the cohesion precipitation and filtration tests of the eluate;
® the feeding test of the refined solution tc the milling pilot plant;
@ the superior limit test of the joad elements from the electlytic

reduction step to the conversion step.

3.2 Test Run
{1) Procedures
The test run procedures were described as below:
(D dissolving Niger yellow cake containing the greatest amounts of im-
purities among the yellow cakes which PNC stores by HC1;
@ filtration of the dissolving solution by a conventional filter;
@ the pH value control of the dissolving solution;
@ the refining by the chelate resin;
® the addition of HC1 to the refining solution followed by the steps

from the uranyl solution reduction test to UFs conversion;



® preparation of reagents using the regeneration of the resin reclamation
and the regeneration of the resin by using the reagent;

@ removal of Mo from eluate by the ferric cohesion precipitation.

(2) Results
Several results described beiow were obtained as the result of the test
run. A prescribed refining effect could be obtained and the facilities and
sequence had been operated normally.
Small amount of uranium precipitated during adjusting pH value. It was
presumed to be caused by an excess of hydrogen peroxide solution added at
the dissolving step.

U0: crystalized at the first batch in the electlytic reduction step be-
cause of the lacking of HC1. HC1 was, therefore, added and the operation
was continued. At the second batch, as HC1 was added beforehand before
operation satisfactory current effeciency was obtained.

This current efficiency and the treatment amount was slightly lower than
those of Australia yellow cake treatment. It can be improved by raising
the uranyl concentration in the solution.

The molecules of water of crystallization in hydrated UF. produced by
the fluorination precipitation are 1.1.

Its fluidity index was 90 and the average of the particle diameter was

93 #m. Those values may be suitable for UF,.

The UFy from the dehydration step was dehydrated completely. Almost same
operation results as the conventional operation could be obtained at the
conversion, trapping and filling steps. However, the fluidized medium had
to be changed because the sign of partial sintering appeared as rapidly
depression of a differential pressure.

Reactivity of dehydrated UF, was not much different from the conventional
UFs. A specification of elements showed in Table 2 was satisfied.

Good rates of precipitation and filtration were obtained by adjusting the



pH value at the waste eruate treatment step, and the diatomaceous earth was

used as a filter aid. There was no problem throughout the whoie process.

3.3 Continuous operation

The chelate refining technique is introduced for the purposes of

@ the removal of sulfur;

@ the development of substitute method of the solvent extraction method;

® the removal of Fe,Cu and Mo from yellow cake dissolving solution.

The block flow is described in Figure 2. The yellow cake from Niger and
W.Germany were treated by the chelate refining.

After treating Niger yellow cake, W.Germany yellow cake was refined by
slightly different condition because its quantity of impurities was different
from the former one. Different points are described as below:

@ The pH value of the solution which W.Germany yellow cake was dissolved
was adjusted at 1.3~1.7 prior to refine while the pH value of Niger
one is adjusted at 0.8 ~1.0. Because W.Germany yellow cake contained
more Cu so the pH value was adjusted to the suitable condition to
remove Cu.

@ The waste treatment of the chelate eluate of Niger yellow cake carried
out after removing Mo by the ferric cohesion precipitation but W.Germany
yellow cake was treated directly without removing Mo because it contained
less Mo amount.

The refining efficiency by the chelate resin is shown in Table 3.

Cu, Fe, Mo, V, etc. can be removed by the chelate refining as impurities.
These elements have bad effects on the next step such as a lowering of the
current efficiency by Cu or Fe at the electlytic reduction step or a
formation of volatile fluorides associating with UFs at the conversion step.
On the other hand, removal of other impurities by the chelate refining is not
anticipated but they can be removed efficiently at the fluorination step.

Uranium of 107.8 tons was treated during the operation of 399.5 hours.



Uranium adsorbed on the chelate rasin was a small amount and the uranium was
eluted selectively by 0.3N HC1 and supplied in the dissolving tank. And im-
purities adsorbed on the chelate resin was eluted by 6N HC1 and the eluate
was treated at the waste treatmwent step. Niger yellow cake containing more
Mo was treated after removal of Mo by the ferric cohesion precipitation
because only Mo was adsorbed on the waste treatment resin(UR-3100) and the
effects on resin become worse.

Some Mo which could not be eluted by HC1 and remained on the resin should

be eluted by NaOH. The resin was rinsed every time 20t-U treatment of Niger

yellow cake were treated and only one eluation was needed after whole W.
Germany yellow cake were treated. NaOH solution was treated after the ferric

cohesion precipitation.

Conclusion
The results of the basic experiment and the operation of the medium-scale
facilities are mentioned below:

@ The chelate refining using UR-50 under hydrochloric acid condition is
available for any district yellow cake the same as sulfuric acid condition.
The chelate resin is useful for such impurities as Mo,V,Fe and Cu.

@ Similar results as the basic experiment could be obtained from the ex-
periment by the engineering scale facilities.

@ The satisfactory UFs agreeing with the UFs specification was obtained by

using Niger yellow cake solution dissolved in hydrochloric acid.

The full-scale operation of the chelate refining was carried out from March

'87 because of the good results obtained in eariier experiments.
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Table 1

The list of the main equipments of

the chelate resin refining test facilities

N A ME

ITEM

SPECIFICATION

Cartridge Filter
(F-209)

MODEL

vertical cylinder

CAPACITY

0, 04m®

MATERTAL

S§541/HRL

SIZE

¢ 300 XH550 (excluded corn)

ELEMENT

10 & —¢ 65X 500L

Chelate Refining Tower
(T-201)

MODEL

vertical cylinder

CAPACITY

3.0m?*

MATERTAL

§S41/HRL

SIZE

$ 1200 XH240 (excluded corn)

RESINS

UR-50:1000 £

Mgl Vessel

MODEL

vertical cylinder

CAPACITY

0. 1n®

MATERIAL

PveC

SIZE

448 X448 XH610




Table 2

The behaviors of impurities on the chelate resin refining test run

Y.C. Filtrate of Chelate Resins | Chelate
element Y.C.Dessolving | Refining Sol. | Refining D.F.

(pem/U) | solution(ppm/U) (ppm/U) (DF)
Ag <3 <l <L.3 —
Al 1510 1210 1310 1
Ba 341 19.7 21 1
Bi <58 <9 <13 —
Ca 2410 3670 3910 1
Cd <L5 <0.5 <0.6 —
Co <5H <5 <l1.3 —
Cr 6.6 4.9 4.6 1
Cu 2.6 3.6 <2.6 6.8
Fe 3170 3620 0358 360~ 500
K 2930 2440 - 2670 1
Li <4 <2 <l.4 1
Mg 9550 24700 30100 1
Mn 308 283 276 |
Mo 1260 1630 62.6 26
Na 3410 15800 14200 1
Ni 3.5 3.9 3.8 1
Pb 11 11 12 1
Sb <186 <2 <3 1
Sr 7.1 97.7 66. 7 1
Ti 73 67 <13 > 5
\' 737 737 331 2.2
In 25.7 29.6 31 t
U 674 2llg/ ¢ 1478/ & 1148/ ¢




Table 3

The effect of chelate resin refining

Y.C.Dissolving

Chelate

Chelate Resins

element | solution Refining D,F. | Refining Sol.
(ppm/T) (DF) (ppm/T)

Al 1200~1600 1 1300~1600
Ca 2000~3700 t 2200~3900
Cu 3.5~ 88 1.5~27 <38.5
Fe 1300~3600 3,5~ 17 360~ 500
K 1300~2500 l 2000~2700
Mo 1630 26 63
Na 3500~15800 1 9400~14200
Ti 70~ 330 > 1.5 <220
\' 20~ 740 I~ 2.8 20~ 330
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Structure of Unicellex

Unicellex manufactured by Unitika Ltd. is a iminodiacetic acid form resin which

structure is phenol-formalin co-polymerization as shown below:

CH: —COONa . CH. -- COONa
CHz * N < CHz + N <
CH, — COONa CH: — COONa

CH. — COONa
CHz + N <
CH. — COONa

Fig. Structure on Chelate Form Group of Unicellex



UNITIKA UNICELLEX "UR-10"
1. Applications:
1) Reclamation of valuable metals 1ike Zinc from waste water and its re-use for
the plant.

2) Elimination of impure metals from the organic or inorganic substances.

2. Form Supplied:

Loaded with sodium ions

3. Characteristics:

a) "UR-10" has higher selectivity for regeneration is less than that required for
conventional cation exchangers:
* Selectivity order:

Cu**>A1** >Fe® > N1*">Pb*" >1In**>Cd** >Mn** > Ca*" >Mg*" > Na"

b) It is capable of refining metals and inorganic salts:

¢) Regeneration efficiency is high:
* The volume of eluent needed for regeneration is les than required for conventional

cation exchange resin.

d) It is reusable for long period:

4, Example of Application:
Reclamation of Zinc from waste water at PVA fiber plant:
Metal content in the water before treatment:
Zn: 10-25 (mg/ £ )
Ca: 100-150 (mg/ £ )
Metal content in the water after treatment:
In: less than 0.05 (mg/2 )
Ca: 100-160 (mg/ 2 )
Amount of water to be treated: 2400 (m®/Day)
Flow rate: 2.5 (gpm/ft3)
Zinc content in reclaimed ZnSQ. solutfon: 8,000 (mg/¢ )

Operating Facilities:



Sagoshi pliant of Unitika Ltd.

2. Physical and Chemical Properties of "UR-10"

Appearance

Brown, Spherical

Form Supplied

Na * Form

Apparent Density

750 —780q/ ¢ (47-49 1b/ft3)

Moisture Content 55— 00%
Particle Size 20— 50 mesh
Applicable pH 2 - 10

Applicable Temperature

70°C (158 ° F) MAX

Total Capacity

0.5 mo? Cd?*/ £ -resin

(2.0 1b Cd®* /ft3-resin)

Flow Rate.

3 —30¢ /hr-£ -resin

{0.4— 1 gpm /Tt3-resin)

Recommended Bed Depth

700 —1500mm (3060 inch)

Backwash Flow Rate

4 —5m/hr (1.6 — 2 gpm/ft?)




UNITIKA UNICELLEX "UR-20"
Appiications:

Treatment of waste water containing harmful heavy metals at Schools, Institutes, Piants.

Form Supplied:

Loaded with calcium ions

Characteristics:

a) Change of acidity of the water is negligible before and after treatment.e
* The pH values indicate 6.0 to 8.5 in the after treatment.

b) Exchange capacity is larger than that of the conventional chelating resins:
* For example, 0.6 mol Cu?* / £.R (2.4 1b/ft?)

¢} Exchange rate between calcium and Metals are high:

d) The volume changes are negligible:
* In the stage of after treatment, resin volume is much the same as before

treatment.

e) It can be used repeatedly:

Example of Application:
Treatment of waste water at a Taboratory
Harmful metal content in thé'water after treatment:
Cd: 10 (mg/2)
Amount of water to be treated: 20 (m®/Day)
Flow rate: 2.5 (qpm/ft?)
Cadmium content in the water after treatment:

Cd: less than 0.01 (mg/£ )

Operating Facilities:

Government Industrial Research Institute, Nagoya



2. Physical and Chemical Properties of '"UR-20"

Appearance

Brown, Spherical

Form Supplied

Ca * Form

Apparent Density

800 —850g/ £ (50— 53 1b/ft*)

Moisture Content 37—-42%
Particle Size 20— 60 mesh
Applicable pH 3-10

Applicable Temperature

100 °C (212 ° F) MAX

Total Capacity

0.6 mol ZIn**/ £ ~resin

(2.5 1b Zn** /ft3-resin)

Flow Rate

3 —30£ /hr-£ -resin

{0.4— 4 gpm /ft3~-resin)

Recommended Bed Depth

700 - 1500mm (30-60 inch)

Backwash Fiow Rate

4 —sm/br (1.6 — 2 gpm/f12)




UNITIKA UNICELLEX "UR-30"
1. Applications:
Reclamation of valuable metals 1ike Nickel and copper from waste water and its re-use

for the plant.

2. Form Supplied:

Loaded with hydrogen ions

3. Characteristics:
a) "UR-30" has higher selectivity to Nickel Copper etc.,compared with conventional
cation exchange resin:
* Selectivity order:
Cu*>Fe* > A1 > Ni** >Pb* > In*">Ca*" > Mg’ > Na’
b) RTesin volume change is neqligible before and after treatment.
¢) Operation cost is economicatl:
* Operation cycle of Unicellex "“UR-30" 1is:
"UR-30" — water treatment— Elution with acid — Renewed "UR-30"

d) It can be used repeatedly:

4, Example of Application:
Reclamation of Nickel from'washing water in Nickel plating process:

Nickel content in the water before treatment:
Ni: 100 {mg/¢)
Nigkel content in the water after treatment:
Ni: 0.1 (mg/ £ )
Amount of water to be treated: 10 (m?®/Day)
Flow rate: 2.5 (gpm/ft3) -

Nickel content in reclaimed NiS0, solution: 2 — 5 %

Operating Facilities:

Brother Industry Ltd.



5. Physical and Chemical Properties of "UR-30" |

Appearance Brown, Spherical

Form Supplied H* Form

Apparent Density 770 —820q/ ¢ (4B-51 1b/ft?)
Moisture Content 45— 50%

Particle Size 32— 70 mesh

Applicable pH 2 —10

Applicable Temperature | 100 C (212 ° F} MAX

0.8 mel Cu®*/ £ -resin

Total Capacity
(3.2 1b Cu** /fti-resin)

3 ~30¢ /hr=¢ -resin
Flow Rate
(0.4— 4 gpm /ft3*-resin)

Recommended Bed Depth | 700 - 1500mm (30860 dinch)

Backwash Flow Rate 4 —-5m/hr (1.6 — 2 gpm/Tt?)




UNICELLEX-50

1. Introduction

Unicellex, a phenoric chelating resin, developed by Unitika Ltd., exhibits selective
adsorption of the heavy metal ions such as lead, cadmium, nickel, zinc, etc.
Supplied form of Uniceilex "UR-10" is in sodium form, Unicellex "UR-20" is in calcium
form, Unicellex "UR-30" is in hydrogen form, Unicellex "UR-40" is in sodium form, and

Unicellex ™UR-50" is in hydrogen form.

CH2COONa CHzCDONa
R-CHg-N<: { Ca] + Me** — R-CH.-N <i :> Me+2Na * (2H * ,Ca?* )
CH.COONa *~ H, CHzCOONa

Unicellex "UR-10", Unicellex “UR-20", Unicellex "UR-30" and Unicellex "UR-40" have the
following selectivity order for metal ion.

Hg?*>Cu** >Fe** > A1**>Fe*' > Ni** >Pb* " >Cr®*>1In*">Cd*' > Ag' >Mn’">Ca’>Mg**>>Na"
and Unicellex "UR-50" has the following selectivity order,

Fe* > Cu?*>>Pb** > Ni** > A1**>1ZIn**>>Ca*", Mg?" >>Na*

Utilizing this characteristic, it is possible to remove harmful metals or to reclaim

valuable metals in the presence of miltiple-metal-ion in a solution.

Characteristics of Unicellex

1) Making chelate with heavy metals, it is capable of removing them even in a solution
containing many different cations such as Ma * and Ca’", without being affected by
such cations.

2) It removes heavy metal ions by making chelate with them even in a dilute aqﬁeous
solution, thus making the treatment more complete.

3) Utilizing outstanding selectivity for metal ions, it is possible to remove

commercially a specific metal ion in the presence of multiple-metal-ion in a solution.

For instance, Ca?* and ZIn®* can be separated each other from a solution which dissolve

both of them.



4) The metal saturated in the resin can be easily removed from the resin by applying
a mineral acid and thereafter it can be used again. The votume of mineral acid
solution needed for this elution is less than that required for elution of conventic-
nal strong cation exchange resins.

5) Production method of Unicellex is quite different from that of conventional chelating
resins. A complex-forming group is introduced at the stage of menomer, and a patented

' process produces a perfect spherical resin directly.

6) Since the resin is spherical and very rigid, operation of a resin column is trouble-

free and it can be used repeatedly without suffering damage from mineral acid and

alkali.

Unicellex series consist of Unicellex "UR-10", Unicellex "UR-20", Unicellex "UR-30" ,

Unicellex "UR-4D" and Unicellex "UR-50".

2. Physical and Chemical Praperties of "UR-50"

Appearance Brown, Spherical

Form Supplied H* Form

Apparent Density 750 —850g/ £ (49-51 1b/ft?)
Moisture Content 48— 58%

Particie Size 20— 60 mesh

Applicable pH 0.5 -10

Applicable Temperature | 100 C (212 ° F) MAX

0.5 mol Fe'*/ £ —resin®
Total Capacity
(1.7 1b Fe®** /fti-resin)*

2 —302 /hr=£ -resin
Flow Rate
: {0.2— 4 gpm /fti-resin)

Recommended Bed Depth | 700 — 1500mm {30— 60 inch)

Backwash Flow Rate 5 —10m/hr {2 — 4 gpm/ft?)

* at pH 2



3. Votume Change of Unicellex "UR-50"

Ionic Form | Resin Volume
H* 1.00
in?* 1.03
Niz* 1.04
Cuz* 1.07
Fed* 1.10

4. Relationship between Chelating Ability and pH

When a chelating resin makes a chelate with metal jons, the chelate forming ability

is affected by pH of the solution. The figure below shows percentage of cation picked

up by Unicellex "UR-50" (based on resin total capacity) at various pH levels.

% Removal by resin

100

80

60

40

20

o Resin : 0.05g of UR-50 __|
’,/ Solution : 50ml
Vi - 250 [mg/Q] ——
d | |
1 2 3 49 5
pH-

24 hours contact time

Percentage Cation Removal vs pH (in batch contact)



5. Examples of Break-through Curve

Concentration of Zinc {mgs/liter]

Concentration of Nicket [mgs/liter]

100,000
80,000

1

60,000

T

Concentration of tron [mgs/liter]

40,000

20,000

T

90,000

60,000

I

Cancentration of Copper [mas/liter]

30,000

100

50

-

[

T

Zine

*The teem VedVh in this and

secceeding  figures  indicates
volume of column effluent
(Vellvolume of H* farm resin
in the bed (VbI),

Resin

Column
Diameter

"Feed

: 50ml of UR-50

: 13mm

Flow rate : 2{2/hr-Lresin]

: ZnS04, 81800 [mg/e] Zn2*
Fe;lSOql;, 100 Imgﬂ']

1

Fed*

/

ﬂon

50 100

150

Ve/Vb

200

250

Break-through Curves for Iron in Zinc Solution

a0 L Cotumn

20

L] L T

Nicke!

m esin

: S0mi of UR-50

t13mm

A;_)er

Diameter
Feed

Flow rate : 3 [£/he Roresin]

1 Ni50y., 73500 [mo/l NiZ¥
CuS0y4, 45 Img/?) Cul*

J 1 1

1 1

L
100 200 300 400 500 600 700 800 900 1000

Ve/Vb

Break-through Curves for Copper in Nickel Sciution
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6. Elution of "UR-50"

"UR-50" saturated with metal fons is easily eluted by contacting it with either HCI or
H2S0s solution, the volume of which 1s about 1-2 times of the resin and after elution

similar amount of fresh water is flown through the resin at flow rate of 1-2 {¢ /hr-2 -

resin).

As a result of elution process, the resin is regenerated into H form.

Operation cycle of "UR-50" 1s:

H form resin

— water treatment

— elution with acid

— regenerated "“UR-50"

40

g Resi E0ml of UR-50
= esin : B0ml o -50,
':"é, 20 N H* form placed ___|
R in Fedt form _
< Column 13

X \ Diameter -~ 'oMM

s 20 Eluent  : 4N HCl

g Flow rate : 2 {¥/hr-¥-resin]
&

£ 10

o y

§ 4N-HCI H,0 \ .
o

. 0 . -

1 2 3 4
VelVo
Elution of "UR-50" Saturated with Iron
60 |

= 50 Resin  : 50ml of UR-50, Ht

P form placed in

E - o Fe3* form

= 40 G 1

c / Column 13

2 4 Diameter = "¥M™M

< 30 {' Eluent  : 8N H; SO,

€ Flow rate : 2 [¥/hr-R-resin]

g 20 \

<

8  qolenm

< ;5 2504 4 H, 0~ 5

o //ﬂf

. 0 ~ i

Ve/vb

Elution of "UR-50" Saturated with Iron



7. Pressure Drop and Bed Expansion

—_
[+3]

\

/

Pressure drop
(m water/m of bed]

5 i
//
1]
10 20 30 40 50 60 70
Flow rate [m/hr]
Pressure Drop through "UR-50"

225
200 v

e

L

Percent expansion
—r
-J
[ %3]

—
4]
(]

100 5 10 15 20 25

o Flow rate [mihr]

Bed Expansion of "UR-50"

8. Applications of Unicellex "UR-50"
1)} Elimination of Iron from Zinc Sulfate plating bath.
2) Elimination of Copper from Nickel Sulfate plating bath.
3) Elimination of Iron from Aluminum Sulfate

4) Elimination of metal ion chelated with regand, such as Pyrophosphoric Acid, Amino
Acid, ect.

5) Others.

~170-



9. Operation Procedufe
Untcellex resin 1s placed in a column at a hight between 30-60 inches.
The effectiveness of metal adsorption depends primarily on contact time between the resin
and the solution to be treated.
Therefore, 1t 1s important to feed the solution at a contact flow rate. Water treatment
plant with Unicellex 1s similar to that with convensional ion exchange resins.
As shown in the example flow scheme, there are two ways to feed the solution into

chelating resin bed, and either downflow or upflow is chosen depending on the conditions

of the solution.

1— H;50,
H.50, ot NaOH | 1
Setthing tank

Waste warer

Filiee Chelating resin

Column

—
i d

Filter pyess — Sew
I = 3g¢

Water storaye MeSO4 sofunion

Warter storage

10. Supplement

Using Unicellex in water treatment, attention 1s requested to the following point:

1) Concentration of metal {ons to be removed:
When a solution has highly concentrated metal {ons to be removed, regeneration cycle
of the resin becomes uncomfortably shorter.
In such case, it is advatagecus to dilute the metal ion concentration beforehand by
appropriate pre-treatment and then to proceed treatment by the resin afterward so
that regeneration cycle becomes longer.

2) It is recommended to store the resin without opening shipping package.



Procedure of Unicellex "UR-50" in a laboratory

Form supplied:

Loaded with hydrogen ions

Preparation on the treatment of water
1) Soak "UR-50" in the fon exchang water suffciently before using.
2) Pack "UR-50" with the fon exchange water in a column and the resin should be in

the ion exchange water to prevent from generating the air bubbie in the resin.

Adsorption and Elution

An adsorption step and an elution step in the laboratory are shown as below.

Keep more than 50cm of the resin height in the column.

running of

flow rate S V= 0.5~20(1/hr)*
the waste wate

Adsorption Step k
1~3 times of the resin capacity
flow rate S V= 0.5~ 2 (1/hr)
1 CYCLE l
acid 2~ 6 N-H50, or
Elution Step 2~ 6 N-HC
‘ elution SV= 0.5~2(1l/hr)

1~2 times of the resin capacity

replacement aci 2 ~5 times of the resin capacity

with water flow rate Sv=1~5(1l/hr)

¥ SV=0.5~ 5 1is suitable for the elimination of iron or copper from high concentrated
metal solution and SV=5~20 is suitable for the other cases.



ek - 4

COLOURIMETRIC DETERMINATION OF URANIUM

Date:r1982-12-17
Revision Date: 1985-09-03

Scdie

This method is applicable for the detﬂf“”‘"“ Ve o7 dranium at the
§ to 100 ug U level in the sample ali?uof Jﬁe relatLVe standard
deviation at the 100 ug U level is 4%/ .

Outliqe O Method.-

This is a modification of Johnson’s and Florence’s methed. ,
Uranium is oxidized to the +6 state with hydrogen perdxide and is ,
then concentrated and removed from the-major interfering elements
by solvent extraction using TOPO/cyclochexane. A 1 ml aliquot of
the extract is reacted with 0.05 ¥ Bromo-PADAP/ethanol solution
and the absorbance of the coloured complex is read by a
spectrophotometer at 578 nm. The uranium content of the samples
is calculated by regressjion analysis of the uranium standards .
absorption .

" Apparatus .

1. Bausch & Lomb Spectronic 710 spectrophotometer with the B & L
micro flow-thru ¢ell system or eguivalent.

'Shaker}

L7 B

Vo;ﬁex:mixer.

50 mL screw cap culture tubes.
. 16 x 125 mm test tubes.
Dispeﬂsérs.

Microliter pipettes.

@ -2 ;O

Separatory funnels.

Eppendorf Repeater Pipette and Combitips 2.5 mL, 12.5 mL, 50 nlL.

w0

-T3-



Reagents. N

1. Stock Complexing soclution - suspend 25 g CDTA (
Trans-1, 2-Diaminocyclohexane-N N N’ N’-tetraacetic acid ), 85
£ sulphosalicylic acid and 5 g sodium fluoride in 800 nlL of
deionized water, neutralize the solution with 40% sodium
hydroxide until everything is in solution then adjust pH to
7.85 with, 40X NaOH.

2. Dilute Complexing solution - dilute the Stock Cémplexing
solution to 50% strength (by volume) with deionized water,
. then adjust the pH to 7.85 with 40% NaOH. '

3. Buffer solution - dissoclve 149 g of triethanolamine in 800 mL
of water. Adjust the PH to 6.0 with 70% Perchloric acid and
allow to stand overnight. Readjust pH if necessary to 6.0
with perchloric acid then make up to 1 liter with delonized

water.
4. 30X Bydrogen Peroxide . _ .
5. Anhydrous Ethanol (S.D.A.G.-1G 90% Ethancl/10% Methanol) .

6. 5% Ascorbic acid --dissolve 25 g of ascorbic acid in 500 mL
‘ of deionized water. : . .

}

?:, Matrix adjustment solution - dissolve 20 g of sodium
fluoride in 500 mL of delonized water, add 300 pL 85%
orthophosphoric acid and dilute to 1 Liter with deionized

water. -

8. 2-(5~Bromo—2~pyridy1azo)-5r6diethy1amino)phenol { BROMOPADAP)
0.05% in Ethanol - dissolve 1 g of BROMOPADAP in 2 [ of

anhydrous Ethanol.

9. 5 M Nitric acid - mix 1.25 [ of 70% Nitric acid in 2.5 L of
deionized water. Make to 4 litres.

10, 0.1 M Tri-n-dctvlpho;ghine oxide (TOPO) in eyelohexane -
dissolve 154 g of TO in 4 L of c¢yclohexane.

11, Stock Uranium standard solution ( 1.00Q00 g€/L U ) ~ ignite

black oxide.standard at 850°¢c for 2 hours. Cool in ‘
desiccator, weight out correct amount to give 1.0000 g/L U,
and digest with 30 ml 70X nitric acid until solution is
complete, then cool. Quantitatively transfer to a 100 ml
volumetric flask and dilute to the mark With deionized watar.

12, Working‘Ufanium standard solutjon ( 100 ug/mL U ) - Pipet 10
nL the stock standard into a 100 mlL volumetric flask. Ada 5
mL 70X nitric acid then make to the mark with deionized
water. .



Procedure -

1 .

10.
11.

120

13.

14.

Pipet'aliquots of standards and samples containing 10 to 100
ug U into 50 mL culture tubes also run a blank.

Add 2 drops 30% hydrogen peroxide to the culture tubes.

Add 2 nL of matrix adjustment solution to the standards and
blank only B

-Dispense 10 mL of 5 M nitric acid into each culture tube.

Add 2 mL of 5% Ascorbic acid to each culture tube.

Adjust the volume in each culture tube to 25 mlL with
deicnized water. .

Dispense 3.0 mL of 0.1 M TOPO solution into each culture tube
then cap with the screw caps. Shake all the tubes on the
mechanical shaker for 4 minutes.

Allow the phases to separate. Pipet 1 mL of the organic
rhase into a clean 16 x 125 mnm disposable glass test tube.

Pipet 0.5 mL of dilute complexing soclution into the test tube
and mix.

Dispense 2.0 mL of 0.05 ¥ BROMOPADAP =oclution into the test
tube and mix _

Pipet 0.5 mL of buffer solution into the_@est tube and mix.

Allow to stand for 5 minutes for colour development. Then
dispense 4.0 mL of anhydrous alcohol into the test tube .and

mix until there is a homcgeneous solution.

Set the spectrometer wavelength to 578 nm. Set 0 absorbance
with the blank and read the absorbance of all the sample and

standards. (Refer to the manufacturer’s suggested operation
procedure for operating the spectrometer) !

Perform a Beer’'s Law plot either graphically or
mathematically and calculate the concentration of uranium in

the sample.
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ORGANIC SAMPLE PREPARATION FOR COLOURIMETRIC URANIUM ANALYSIS

'

Reagent

Stripping ‘Solution - Dissolve 20 g of ferrous sulphate in 500
mL of deionized water, add 400 mL of 85% orthophosphoric
acid, add 30 mIL of 48% hydrofluoric acid. Dilute to 1 L with
delonized water. ' .

Store inh a plastic bottle.

Procedure

1. Fipet 10 mL of striping solution into a 125 ml teflon
Separatory funnel.

2. Pipet 10 nl of organic solution containing 5 - 300 ug/hL U
into the separatory funnel, 3

3. Cap and shake vigorously for 3 minutes.

4. Allow the phases to separate. Pipet an appropriate amount of
the agqueous phase into the 50 mL screw cap culture tube and
Proceed with the colourimetric uranium analysis. :



_78_
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Frocedure of the experiment of flotation
I. Preparation
(1) weigh a certain quantity of the ground ore
(2) weigh a certain quantity of water
{3) put a certain volume of promoter in 10 ml measuring cvlinder and bring the volume
to 10 ml with water
(4) set up the vessel aud the flotation machine and add the ore and water
(3) mix the ere and water uniformly
(6) measure the pH value and temperature of the pulp without bubbling

(7) adjust the pH value by addition of HC1/NaOH solution

2. Test
{1) adjust the revelution ratio and stir
{2) add a certain volume of diluted promoter and bubble with a certain velume air in
a vessel
(3} scrape the generating babbles completely hy a scraper and correct the scraped

bubbles in a vat

3. After-treatment
(1) stop the flotation machine and measure the pH value and temperature of the pulp

{2) dispose the pulp by the suitable way and clean up the flotation machine and so on

4. Analysis
(1) filter the bubbles through a filter paper and rinse the concentrate by spraying
pure water on it
{2) dry the concentrate thoroughly and weigh it

{3) analyze the concentrate by chemical method
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DETA SHEET OF FLOTATION EXPERIMENT (B)

No

E

(mim)

8 ~Ii2

composition of froth
[ solid ir froth (g)
liquid in froth (g)

ore content in floth (wi%)

composition of froth
{ selid in froth (g
liquid in froth (g

" ore content in floth (wi¥)

composition of froth
[ solid in froth (@)
liquid in froth (g)

ore content in floth (wt%)

composition of froth
{ solid in froth (g)
liquid in froth (g)

ore content in floth (wi¥)

composition of froth
{ solid in froth (g)
liquid in froth (@)

ore content in floth (wt¥}

composition of froth
{ solid in froth (g)
liquid in froth (g)

ore content in floth (wt%)
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1. 84k NEKY Pine oil No.10{ 7UE» 7hI-} Yarmor F,
Fiotol B
2. ThI-k NKY frother No.623 | Cs—C,a Aerofroth T1A
Montanol 300
RIS Y NKY frother No.18 | 7b/-4 +R4uh
NKY frother No. 183 [ %4/ +4-k
4, fha-k NKY frother No.400 | FYa=lh1-7i Aerofroth 65
Dowfloth 250
Aerofroth 635
HEH
1. EibgmA NKY promoter SN-B | ARATHSUYH7Y-4 | Aero 404
NKY promoter 120-T
NKY promoter 260
2. WAL e ¥ E | NKY promoter DT Duomeen T
NKY promoter DT-A Duomac T
NKY promoter SP-3 Aero 825

#0 A

Aero 825
Aero 840

Aero 830
Aero 845

NEY promoter F-2

NKY D-QC
Aero depresant 633

04 /B

pun B

NKY promoter SP-$§
RKY promoter SP-3S

Aero 723

Quebracho

e -7
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FACSIMILE MESSAGE
FM No. 033/!?[ . A Dste Nov6, 191  page 1 of
TO: Name Ippei Amamoto FROM: Name ¥ M Song
Location Power Reactor & Nuclear Fuel Location CY SIN
Dev Corp
ccC. Fax $81-33-5051552

RE: CYANAMID MINING CHEMICALS AND FLOCCULANTS

1 was Informed by K N Chen that you are working on a project in
Indénesia and are In need of some mining chemicals and flocculants.

Please kindly provide detalls (specifications, quantlty and required date,
etc, to me af:

Cyanam!d (Far East) Limited

190 Middle Road
$09-04/05 Fortune Centre

Singapore 0718

Tel : 337-0222
Fax : 337-3391

Regards

¥ M Song
Director-Chemicals
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OFFICE OF THE REPRESENTATIVE

MITSUI-CYANAMID, LTD. - SINGAPORE

65, CHULIA STREET #38-04 OCBC CENTRE,
SINGAPORE 0104 TEL NO: 534-2611
FAX: (65) 535-5161

1 OF NoV.o8X ‘
THAf\:iKS YOUR FAX.F PLEASE PROCEED TO WORK WITH MR SONG OF CFE FOR

CYANAMID'S MINING CHEM WHEN YOUR ANALYSIS DATA ARE AVAILABLE.

AS FDR FLOCCULANTS, WE NEED MORE INFO BEFORE RECOMMENDING
ACUQFLOC GRADES. INFO SUCH AS pH, S5(%), TYPE OF GLAY, FEED FLOW
TYPE OF THICKENER (& DIMENSIONS) ETC. ARE NECESSARY INFO.
YOUR TIME TO LOCATE THESE INFO AND WE DISCUSS FURTHER

ONCE{ AVAILABLE, ‘

FOR WOUR REF OUR ACCOQFLOC A125 PERFORMS VERY WELL IN MAMUT COPPER
MINE] UNDER MOST CONDITIONS BUT SOME SPECIAL ORES WOULD VERY MUCH
AFFECT FLOCCULANT PERFORMANCE. PLANT HYDRAULICS ARE ALSO
IMPORTANT -~ IF SHEARING TOO STRONG, FLOGCULANT PERFORMANCE POOR.
SOME| ADJUSTMENTS IN DOSING POINTS WOULD IMPROVE OPERATION. '

UNTIL WE MEET OR DISCUSS AGAIN. BEST REGARDS TO YOUR FAMILY AND'
COLLEAGUES.

FACSIMILE MESSAGE No- 07/11
To: %m IPPEI AMAMOTO Page: 1 of : —/
Comh}anvﬂ-ocaﬁonr NINGYO TOGE WORKS - OKAYAMA PREF| Date: i, NOV 1991
Ffom'f K N CHEN . ' C.C:MR Y YASUDA - MCY




