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TREATtJ];rrT 01" RUM JUNGLE UR..AI:TIUM ORE 

By 

11.B. Alhnan*, J.A. Harris** and M.G. Bayly*** 

ABSTRACT 

The current operational practice at the Territory Enterprises Pty. 
Limited uranium oxide plant, and some aspects of research and 
development work at Rum Jungle are outlined with pertinent comments on 
some overseas practices. 

PJL"ItT A 

niT TRODUCTION 

The Rum Jungle Mining Field is located approximately 40 miles south of 
Dar....in in the Northern Terri tory. 

Uranium oxide production commenced late in 1954. Operations are at 
present confined to the treatment of ore from the Rum Jungle Creek 
South orebody, the open cut mining and stockpiling of which was comp­
leted in August, 1963. 

The overall control of ura~ium operations is vested in the Australian 
Atomic Energy Commission, and the management responsibilities are 
carried out by Territory Rnterprises Pty. Ltd;, a member company of the 
Conzinc Riotinto of Australia Group (C.R.A.). 

CRUSHllIG SECTION 

The feed to the treatment plant contains uraninite disseminated in the 
cleavage pla'l1es of the chlorite schist host rock. Average uranium 
value is 7.0 lb U 0eper ton.

3

The ore, hauled from stockpile by diesel truck, is tipped into a 30 ton 
coarse ore bin through a 12 inc x 18 in. grizzly. Larger rocks are 
hand spalled. Feed from the coarse ore bin is via a 30 in. apron feeder 
to a 24 in. x 14 in. jaw crusher. A 2 in. fixed bar grizzly was 
positioned between the apron feeder and the jaw crusher. The ore from 
the crusher and the ll.'l1dersize from the fixed bar grizzly fall onto 
a 24 in. conveyor belt, designated No.1, and thence via a 22 in. belt 
(No.2) to a'l1 8 ft x 4 ft double deck vibrating screen (i in. x i in.). 

The +i in. fraction passes through a 3 ft short head crusher and is 
returned to the vibrating screen via No. 1 belt. The i in. and finer 
fractions from the screen are conveyed to the fine ore bins. 

* Txeatment Plant Superintendent, Territory Enterprises Pty. Ltd. 

** Leader, R.& D. Group, Territory Enterprises Pty. Ltd. 

*** Manager, Territory Enterprises Pty. Ltd. 
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Grinding Section Statistics 

Average grinding rate 17.0 t.p.h. 
shell liner life 4,750 hours 

" feed-end liner life 9,500 II 

fl " discharge end liner life 21,280 
Feed end trunnion liner life 11,500 " 
3" dia. rods consumption 0.5 Ib/ton ore 
Pyrolusite !! 7.0 " " " 

IIII It*Lime 1.3II 

*Lime is used to neutralize mill feed water, owing to its corrosive 
nature. 

L3ACHllW AND LI'Q,DID SOLID SEPARATION 

Pulp from the rod mill is pumped via a 6 in./4 in. pump to seven 15 ft 
dia. x 39 ft high rubber lined pachucas. One pachuca is used as a 
leach vessel, one as surge, leaving five for pulp storage. Pulp 
transfer between pachucas is via a 4 in./3 in. pump. 

Sul~huric acid is added into the leaching vessel and the pulp, diluted 
to -1120 density, is fed into the counter current decantation (C.C.D.) 
circuit. Batch leaching is carried out, retention time being hours. 

The C.C.D. circuit employs four thickeners, one 100 ft dia., designated 
T1, into which leached pulp is fed via a 4 in. O.D.S. pump, and three 
J5 ft dia., designated T2, T3 and T4. Wash water at a specified rate, 
-150 g.p.m. at pH 3.5, is fed into T4, and the overflow wash water is 
channelled, counter current to the solids, to Tl. The underflow is 
fed from Tl to T3 via 3 in./2 PU@ps, while the underflow from T4 at 
1460 density is pumped via a 4 in./3 in. pum; to a sump, where it is 
automatically sample$' and then via a 6 in./4 in. pump to the residue 
dam. Residue pH is -2.5 -3.0. 

Flocculant used is gum guar. 

The overall extraction efficiency of the leaching and C.C.D. circuit 
is 96.5 per cent and it is considered that secondary leaching takes 
place in the C.C.D. section. Sulphuric acid is added to to main­
tain correct leaching conditions. 

The overflow, pregnant liquor from Tl is clarified in sand clarifiers, 
four in nU'!lber, 7 ft dia. by 12 ft high. Clarifiers are backwashed in 
sequence, one per day. 

Leaching and liquid solid separation statistics: 

Initial sulphuric acid (leaching) - 125 Ib/ton ore 
Secondary II II (T2) _ ~lb/ton ore 

Total 150 Ib/ton ore 
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Typical sizing of the !lfine ore" is: 
TABLE 1 

Screen size %by Cum. %by 
(B.S.S.) weight weight 

:L •+2" In. Nil Nil 
:L :3-2"+8 6.8 6.8 

+10 57.8 64.6 
-10 35.4 100.0 

Dust is collected at selected points in the crushing section and is 
cycled to the thickening circuit. 

Some operating statistics for the crushing section are as follows 

(a) Nominal capaci ty 50 t.p.h. 

(b) Jaw crusher 
Swing liners 
Fixed liner 

- average life 
- average life 

6,000 hours 
12,200 hours 

(c) Symons cone crusher 
I\~ tIe liner - average life 
Bowl liner - average life 

4,300 hours 
2,150 hours 

A flowsheet for the crushing section is given in Fig. 1. 

GRllTDllW SECTION 

Ore from the fine are bins (2 x 500 tons nominal capacity) is conveyed 
over a weightometer to a 5 ft x 10 ft rod mill. Pyrolusite, as an 
oxidant, is added at this point from a bin of nominal 100 ton capacity 
~~d blended with the are in the rod mill, which is in open circuit. 

The discharge pulp is kept at +-58 per cent solids, and a typical sizing 
analysis of the pulp is as follows: 

TABLE 2 

Rod mill discharge nulp 

Screen size %by Cum. %by 
(B.S.S.) weight weight 

+ 10 mesh 
+ 18 II 2.5 2.5 

18/+ 25 II 4.5 7.0 
25/+ 36 II 6.2 13.2 
36/+ 60 II 13.5 26.7 

- 60/+100 1I 11.2 37.9 
-100/+200 II 11.8 49.7 
-200 " 50.3 100.0 
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Gum Guar (flocculant) 0.27 lb/ton ore leached. 

TABLE 3 

Pregnant liquor analysis 

+- 0.8 g.p.I. 

Irone found 
1.3 g.p.I. 
1.3 g.p.l. 
0.4 g.p.l. 

Hi 0.018 g.p.l. 
Fo 0 0 20 g. p.I. 
Mo 0.001 g.p.l. 
Cu 0.13 g.p.I. 
S03 15.2 g.p.l. 
V 0 0 015 g.p.l. 

acid 7.10 g.p.l. 
0.42 g.p.I. 
1.5 

PU1'IlPS - averas:e impellor life 

6/4 Pump (Rod mill discharge) 350 hours 
3/2 II (T1 underflow) 5,000 hours 
3/2 II ~T2 underflow~ 1,600 hours 
3/2 II T3 underflow 1,600 hours 
4/3 It ~ T4 underflow) 2,720 hours 
6/4 II Residue disposal) 530 hours 

If4/3 ( transfer pachucas) 800 hours 

nOTE: Each unit of equipment has two pumps, one in use and one on 
standby. 

A flowsheet for the grinding, leaching and L.S.S. separation sections 
is given in Fig. 2. 

SOLVENT EXTRACTICN (S.X.) SECTION 

Clarified pregn&lt liquor is processed in the solvent extraction 
section consisting of four extraction stages and four stipping 
stages. 

The extraction vessels are 12 ft dia. by 10 ft high and are epoxy 
resin lined. 

The stripping vessels are 6 ft dia~ by 6 ft and are also epoxy 
resin lined. Pipe work in the S.X. section is fabricated from 
polyvinyl chloride (P.V.C.). 
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96 


Pregnant liCluor is pumped to the S.X. via a 4 in./3 in. pump. Pump 
impellors are made of 316 stainless steel, and appear to have an indefi­
ni te life. 

Figure 3 shows the arrangement of the extraction and stripping circuits, 
and Figure 4 gives details of the extractor mixer-contactor baskets. 

The flow of pregnant liCluor and solvent through the extraction stage is 
counter current. 

The solvent consists of 5 per cent tertiary amine, 3 per cent nonanol, 
and 92 per cent kerosene. Solvent is fed to the extractors via a 2 in. 
pump and is contacted ,nth the aClueous phase in P.V.C. contactor baskets. 
This constitutes the mixer part of the extractors, the remaining volume 
being for s~ttling. Phase disengagement time is approximately 30 secs. 
(primary) and total (secondary) disengagement time :::90 secs. iilien this 
plant was designed, total disengagement time was taken into account. 
Raffinate a t pH 1.5 is pumped to waste. Present thinking on S. X. plant 
design is that primary disengagement time only should form the basis 
for calculations, therefore the Rum Jungle S.X. extraction circuit is 
probably overdesigned for settler volume. This has allowed the plant to 
be run at greater than design volume flows without excessive solvent 
losses or increase in raffinate grade because of loaded solvent carry­
through. 

Pregnant liCluor retention time per extraction stage is in the region of 
30 minutes. 

Loaded solvent from the extractors, containing :::5.0 gep.l. U 0Sis pumped
3to the stripping section via a 2 in. pump (see Figure 3). 

Strip solutions consisting of 6000 g.p.l~ NaCI and at pH 5.S is pumped 
to the stripping vessels t~~ough a 1 in./~ in. pump, and flows counter­
current to the loaded solvent. AClueous transfer in the strippers is 
by means of air-lift. The solvent after stripping contains (0.1 g.p.l. 
U 0 and is recycled to the extractors.

3 S 

Typical "high-grade s.trip" analysis is as follows: 

Solvent extraction section statistics: 

Flow ratio, extraction AClueous/organic 5 1 
II n stripping Organic/aClueous 5 

Recycle solvent <. 0.1 g.p.I. U
3

0S 
Raffinate < OQ001 g.p.l. U

3
0S 

Reagent consumption ­

A,"Iline 
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Nonanol 0.071 lb/lb U
3

08 
Kerosene 0.017 gal/lb U 0

3 a 
NaCI 1.5 lb/lb U

3
08 

TABLE 4 

high grade strip 

U
3

0
8 -+ 23.0 g.p.I. 

Fe·++ None found 

Fe3+ 0.02 g.p.l. 

Mg 0.60 g.p.l. 

Hn 0.005 g.p.l. 

Hi 0.003 g.p.I. 

Pb 0.01 g.p.I. 

Mo 0.004 g.p.I. 

Cu 0.0035 g.p.l. 

s03 109.5 g.p.l. 

V 0.002 g.p.I. 

Free acid 2.8 g.p.l. 

Si0 0.14 g.p.I.2 

pH 2.1 


PP~CIPITATION S~CTION 

In the precipitation section, uranium is preCipitated from high grade 
strip with 5 per cent NaOH solution on a batchwise basis. Earlier 
plant practice used MgO slurry as preCipitant. Precipitations are 

ocarried out in a rubber .lined conical vessel at a temperature of 60 C. 
The caustic soda solution flow is automatically controlled by a pH 
recorder/controller. After the precipitate has settled, it is then 
transferred to a second conical vessel where it is given a five hour 
"hot wash" at 900 C. 

Filtering ­

After settling,the washed precipitate is transferred to a first stage 
drum filter, 4 ft x 3 ft dia., 18 panels, 1/3rd submerged. This filter 
is fitted with a terylene polyester cloth and roller discharge, and 
after filtering the precipitate is repulped and transferred to a 25 ft 
dia. thickener via a 3 ~!2 in. pump. 
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From the thickener the pulp is transferred to a second stage drum 
filter, 4 ft x 3 ft dia., 12 panels, 1/3rd submerged, also fitted with 
terylene polyester cloth and a string discharge. 

Dryer ­

The precipitate falls into a repulp tank where it is agitated and pumped 
via a 1i in. pump to a 12 ft x 5ft dia. ~ultiple hearth calciner. The 
calciner feed has a specific gravity of !1.85. Total residence time 
in the calciner i8 ~30 minutes and operating temperatures here are 
approximately 800 C. 

The calcined precipitate passes through a roll crusher 8 in. dia. by 
6 in. ~dde for size reduction and then via a 14 ft long water-cooled 
screw conveyor, where the precipitate is cooled before packing in 
polythene lined 44 gallon drums. Packed moisture content is 0.5 per 
cent H 0.2

Drumming ­

During drum filling, the drums are automatically vibrated, and present 
packed weight of drums is :!:.s00 Ib/drum. After sampling and weighing, 
the drums are sealed and removed for storage. 

A description of the possible structure and composition of the 'yellow 
cake" and some observations on precipitation are given in Part J3 of 
this paper. 

Table 5 compares the analysis of the HaOH "yellow cake" with that obtained 
when MgO slurry was used as a precipitanto It should be noted that the 
analysis of the MgO "yellow cake" reflects the best grade of product 
obtained using this precipitant at the Rum Jungle plant. 

A flowsheet from the solvent extraction through to the drumming section 
is given in Fig. 5. 

SULPHURIC ACID PL.ANT 

This is a nominal 30 ton/day plant; 2.8 tons acid are produced per ton 
of sulphur consumed. 

CONTROL LABOR.4.TORY 

This laboratory carries out plant control and research analysis using, 
amongst other, Atomic Absorption Spectroscopic techniques. 

SERVICES 

Workshop 

Adequate engineering workshop facilities are available for maintenance 
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TABLE 5 

"Yellow cake" 
_Consti tuent 

NaOH product MgO product 

U 0 92.8 % 89.25 % 3 8 
Boron (5 ppm (4ppn 
Cadmium cd <5 ppm (5 ppn 

Thorium oxide Th02 <10 ppn <12 ppm 

Rare earth oxides 0.002% 0.006% 

Vanadium V (10 ppm (10 ppm 

Ferric oxide Fe20 0.25 % 0.26 % 

Phosphorous Pentoxide P 0
3 

0.02 % 0.029 %2 5 
Silica Si02 0.16 % 0.49 % 
Molybdenum Mo (10 ppn < 10 ppm 

Aluminium oxide A120
3 0.04 % 0.41 % 

Arsenous oxide As20 1 ppm 3.95 ppm3 
Calcium oxide CaO 0.06 % 0.70 % 
Cobal t Co 0.002 % 0.0022 % 
Mercury Hg <0.15 ppm <,0.15 ppm 

Nickel Ni 0.002 % 0.019 % 
Sulphur trioxide S03 0.74 % 0.70 % 
Magnesium oxide MgO 0.05 % 0.61 % 
Sodium oxide Na 0 3.10 % 2.26 %2 
Chloride q 0.004 % 0.007 % 
Potassium oxide K 0 0.14 % 0.11 %2
Titanium oxide Ti02 0.002 % 0.004 % 
Copper eu 0.012 % 0.175 % 
Manganese Mn 0.006, % 0.070 % 
Si02 and insols. 0.18 % 0.54 % 

Reagent consumption - ~recipitation section: 

NaOH 0.45 lb/lb U 08 produced
3

http:Fe200.25
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and general work in the treatment plant, and also for the barrication 
of experimental required in the research and development secti9n. 

Power House 

Power is company generated at 415V by four diesels driving alternators ­
Installed b.h.p. 2670 

II kVA 2350 

Compressed air 

iur supply is provided by four diesel driven compressors located in 
the pOV'/er house. 

SOlm OVERSEAS PRACTICES C01TI?ARISQNS AND C01TI':.!lENTS 

Crushing and grinding 

These sections essentially incorporate jaw ~nd cone crushers with vib­
rating screens in close circuit. 

Preconcentration of ore by radiometric detectors or sorters is not 
extensively adopted. The treatment plant of the Commissariat a ItEnerg1e 
Atomique, llessines, France, obtains a rejection efficiency of 83% (with 
the waste containing approximately 0.4 lb U308/ton by radiometric 
detection) of their washed granitic ore prior to final crushing and 
grinding. 

Rod and ball mills either individually or conjointly comprise the 
grinding circuit, to~ether vdth classifiers (rake or spiral cyclones 
or separator screens), dependent on the characteristics of the ore and 
the sands/slimes ration. 

In some Wyo~ing (U.S.A.) plants and in llessines (France), the uranium 
values are contained in the sands necessitating their separation from 
the slimes by drag classifiers or hydro classifiers. 

At Rum Jungle, single stage grinding only is necessary because a one 
pa.ss rod mill grind s adequate liberation of uranium minerals. 
(O.5mm - 190 mm). 

The ore grindability is shown by the oomparison ­

Rod consumption 

lb. ton ore 

Rum Jungle 0.5 

Wyoming area (U.S.A.) 1.0 

Elliot Lake area (Canada) 3.5 
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Leaching and liquid solid separation 

The use of either acid or alkaline carbonate leachant is depentlent on 
the ore type, which essentially decides the relative economics. 

The greater proportion of operating plants carry out leaching with 
sulphuric acid, and the acid consumption ranges from ­

Rum Jungle 150 lb/ton of ore 
Wyoming 60-100 II " II II 

Canada 60 -70 " " 11 " 
France 80-120 fI II II " 

Dissolution is carried out either in air-agitated pachuca tanks, rotary 
drum trorr~els, or turbine agitation t~~ks. 

Oxidants used include pyrolusite and sodium chlorate. 

The liquid solid separation (L.S.S.) phase and the items of equipment 
used is dependent on the routes the subsequent uranium recovery methods 
follow, i.e. ion exchange, resin-in-pulp (R.I.P.) solvent extraction or 
Eluex. All require a clear pregnant solution except the R.I.P., which 
will tolerate considerable fines. 

Most L.S.S. equipment uses the counter current system in which solids 
are moved against the solution flow. These include thickeners, 
agitators ahd filters. Flocculants are sometimes used. 

Uranium recovery methods 

Early commercial methods of recovering uranium from solutions (pre 
1950) had the disadvantages of high reagent costs, incomplete precip­
itation and loss of product in barren solutions. Subsequent develop­
ments arising from chemical research and application to the industry 
gave the chemical engineer and hydro metallurgist greater flexibility 
in the choice of recovery methods. 

Ion exchange process (I.X.} ­

The first major improvement came with the introduction of ion exchange 
in South Africa during 1950. 

In this process, sulphuric acid leach solutions are passed through a 
bed of anion exchange resin. The uranium is adsorbed (preferentially) 
on the resin and the barren solution discarded. Under ideal conditions, 
high recoveries are possible. The uranium may be removed from the resin 
by passing through it a strong electrolyte containing nitrate, chloride 
or sulphate and thus achieving a high concentration factor. 

The uranium may then be precipitated from the eluate by the use of an 



alkali. Ammonia, magnesia and caustic soda are commonly used. 

Of the plants observed in the U.S.A., only two use LX. exclusively 
for concentration. One in Wyoming - Utah Coy. - utilizes moving resin 
bed techniques, whilst in Union Carbide's plant in Colorade, fixed 
resin bed techniques are used. 

In Canada, the Nordic Mill uses fixed bed column ion exchange, and 
when the column becomes loaded, uranium is eluted from the resin with 
Sodium nitrate. 

Resin-in-pulp process (R-I-P) ­

This is an adaptation of the I.X. process and designed to handle 
slimes which defy normal liquid solid separation methods. 

The chemistry is similar to column I.X. but the uranium is loaded on 
resins which are contained in wire screen baskets from a desanded 
pulp. No filtration or thickening step is necessary. 

The R-I-P was first used in earlier uranium production plants before 
the advent of efficient flocculents. It is debatable whether modern 
designed plants would incorporate R-I-P unless the slimes problem was. 
a difficult one to overcome. 

To offset its apparent advantages, its capital cost is high, and water 
consumption is up to four times that needed for column I.X. The 
consumption of eluting chemicals and resin is high, as is the maintenance. 

At the Split Rock Mill of Western Nuclear in Wyoming, the origLnal 
basket R-I-P circuit(in which baskets of resin were oscillated in pulp) 
has been altered to a moving bed circuit, and the resin is removed by 
vibrating screens. However, this plant, along with the Federal Tl1ill 
(Wyoming), have added a solvent extraction stage which is knovm as 

The Bluex process ­

This is a two-stage process of R-I-P and S.X. and despite the additional 
steps, it saves the cost of a nitrate strip by using cheaper ammonium 
sulphate. The grade of final product is improved. 

Solvent extraction process (S.X.) ­

In this process, as applied at Rum Jungle, the solvents are liquid ion 
exchange materials which are diluted in kerosene. 

Intimate contacting of solvent and acid leach liquors result in the 
rapid transfer of uranium from the aqueous phase to the organic phase. 
The mixture is allowed to settle for phase disengagement and, after 
separation of the two immiscible phases, the uranium may be stripped 
from the organic phase by reagents similar to those used for I.X. resins. 
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Rum Jungle uses sodium chloride as a stripping agent. 
. 

There are both anionic and cationic solvents which exhibit high selec­
tivity for uranium, giving greater flexibility than any of the foregoing 
processes. 

The main problems with S.X. are, 

1. 	 solvents can become poisoned \rlth elements which must be removed 

by regeneration treatment, 


2. 	 there is, in addition, a need for make up of the solvent, because 
of slight losses in the aqueous phase, and 

3. 	 a third phase is formed. 

At Rum Jungle, a tertiary amine in a kerosene dilutent is used, with 
nonanol as a carrier added for emulsion control. This is the usual 
overseas practice, though trideconol may replace nonanol, which is 
cheaper when available. 

Precipitation processes 

Overseas tratement plants use NH ... , NaOH or HgO as precipitants, depend­
ing on the economics of procurrement. 

All use the batch system of precipitation and there are no continuous 
precipitation methods adopted. 

Quality of product 

There 	is a growing awareness amongst currently active overseas pro­
ducers of "yellow cake" of the importance of producing a higher grade 
low impurity product in order to meet buyers' requirements. The 
supplier is called upon - in these times of over-supply of product ­
to tailor his product to the market needs during the so-called "stretch 
outll programme. 

One buyer in particular - Allied Chemicals, Illinios, - in their process 
to convert tlyellow cake" _to uranium tetrafluoride (UF ) requires a low6impurity product, with penalties for product above a specified content 
of V20S, P0 and Na.

4 

In appreciation of this fact, many suppliers have modified their 
uranium recovery section, this being the main reason why Utah Coy. are 
planning to supplement their LX. with S.X., and Western Nuclear have 
extended their circuit to Eluex. In addition, the swing is towards 
NH3 as precipitant to minimise impurity content, because of its relative 
cheapness and availability. 

Table 7 compares the "yellow cake ll requirement of Allied Chemicals, 
and the product of Rum Jungle. 
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TABLE 7 

Uranium concentrates for UF6 conversion ­

Specifications by Allied Chemicals, U.S.A. 

"Standard ll 1!1.1a.ximumII 
Rum Jungle Conc. 

Cone. Limit NaOH IdgO 

% 
Conc. 
% 

ppn. 
% 

ppn. 
% 

Uranium as U 15.0 65.0 min 18.6 15.1 

Vanadium V205 0.10 1 0 80 max 0.001 0.001 

Phosphorous P04 0.10 0.10 II 0.027 0.039 

Chloride Cl 0.05 0.10 II 0.004 0.001 

Molybdenum Mo 0.10 0.30 II 0.001 0.001 

Sulphur S04 3.00 8.00 " 0.890 0.840 

Iron Fe 0.15 1.00 II 0.180 0.180 

Axsenic As 0.05 0.15 11 0.0001 0.0003 

Calcium Ca 0.05 0.15 II 0.040 0.050 

Sodium Na 0.50 7.50 Il 2.300 1.700 

Boron B 0.005 0.10 II 0.0005 0.0005 

Potassium K 0.10 3.00 " 0.120 0.090 

Water H
2
O 2.00 4.00 II 0.400 0.400 

Drying and packing of lIyellow cake ll 

1I1ulti-hearth rabble operated dryers are commonly used for drying Ilyellow 
cake". Either ore or gas firing is employed. Two plants, one in U.S.A. 
and the other in France, employ steam heated belt dryers. 

Packing is univerally done in drums of 40 to 44 gal capacity where 
transport over long distances is necessary. 

PART B RESEllRCH Jl1'ID DEVELOPI,ilINT 

PRECIPITATICN OF UR.llNIUM FROM HIGH GRADE STRIP 

The initial Rum Jungle plant design incorporated ion exchange (I.X.). 
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At the time of the commissioning of the solvent extraction section (S.X.) 
at Rum Jungle in October, 1962, the general principles by which a 
desired uranium precipitate could be obtained from the high grade strip 
were not fully appreciated. Research has since been carried out in this 
field at Rum Jungle by Stockley (1963, 1965), 1mther (1966-67) and 
Harris (1966-67). The better appreciation of the variables involved has 
led to significant advances in plant precipitation techniques for the 
batch process. 

The effect on product grade and impurity levels is illustrated in 
Table 5. As stated earlier, the uranium product prior to September, 
1966, was precipitated with a slurry of grade magnesium oxide. 
From September, 1966, onwards, the precipitant has been a caustic soda 
solution. 

During the commissioning period of the solvent extraction section, low 
grades of uranium precipitate were obtained with SUlphate as the main 
impurity. The average grade product on the dry basis (110oe) for the 
first four weeks was 81.01 per cent U~08 compared with an average 
value of 93.19 per cent U 08 (on a dry-basis) for the four weeks in

3January, 1968. 

Treatment plant practice at the co~~issioning of the solvent extrac­

tion section was as follows:­

The uranium contained in the high grade liquor from the solvent 
extraction section was precipitated approximately every 24 hours. 
The technique was to add the magnesium oxide slowly over a period of 
about 6 hours, in the form of a slurry containing about 30 per cent 
solids. 

In order to minimise the consumption of magnesium oxide I!double 
charginel! was employed. This entailed pumping the product slurry from 
one precipitation into the next tank of grade strip to be 
precipitated. All precipitations were conducted at ambient temperatures. 

Stockley (1963) showed that the slow rate of magnesium oxide addition 
and "double charging" led directly to the formation of a SUlphate 
impurity in the precipitate. 

Investigations into the chemical processes involved in the precipitation 
on the nature of the sulphate containment showed that at Rum Jungle 
during a precipitation at ambient temperature, the most basic sulphate 
compound stable in solution had the empirical formula 

f02( OH) 2J 3 • U02 SO4 

This did not agree with the results obtained by Arden, Humphreys and 
Lewis (1948, p.17), who found the most basic sulphate stable L~ 
solution at ambient temperature had the empirical formula 
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[ U02( OR) 2] 4· u02 SO4 

No sulphate was reported by these workers in their products. The 
difference between their results and those found at Rum Jungle is 
thougbt to be due to the use by Arden (op. cit.) of pure solutions 
low in sulphate, compared with the high sulphate content solutions 
which are an integral part of the amine solvent extraction process. 

An understanding of the nature of the sulphate contamin~~t in the 
solids was an essential step in the improvement of precipitation 
techniQues. 

Following isolation of the sulphatic contaminant , work at Rum Jungle 
strongly suggested that it was a mixture of sodium sulphate and a com­
plex compound of the empirical formula 

Na.S0 .(U0 ) (OH)3
4 2

2 

The chemical behaviour of this complex compound was such as to suggest 
it to be 

This compound was shown to Quantitatively decompose in boiling water 
according to the following overall reaction 

[ U02(OR)2J3·U02s04·Nas04 --.....;;'>~ 3U02( OH)2 + U02S0
4 

+ Na2S0
4 

The follo\ring steps were postulated to explain the observed release of 
some hydrogen ions during the decomposition 

[U02(OR)2]3&U02s04·Na2s04 + 2H20 >- 4U0
2(OH)2 + H2S0

4 
+ Nal04 

4U0
2(OH)2 + H S0 '> 3U0 (OH)2 + U0 S0 + 2H202 4 2 2 4 

Knowledge of this reaction was instrumental in the adoption of a "hot 
wash" for the precipitate as standard pJ."ant practice. For a hot wash 
to be effective, when significant Quantities of the basic uranium 
sulphate are present, a further addition of precipitant is essential 
during the hot wash stage. Such a step was found necessary on some 
occasions in the past. 

The formation of the basic sulphate was a fairly slow process. It 
formed predominantly in the pH range of 4.8 to 5.1. By raising the pH 
as rapidly as possible to 5.1, the formation of all but small amounts 
of sulphate impurity was avoided. The terminal pH could then be 
approached slowly to avoid "overshooting" it. An "overshot" precipi­
tate resulted in the formation of excess diuranate, which was shown to 
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occur as a direct function of increase in pH. 

The temperature of precipitation had a substantial effect on"the settling 
characteristics of the resultant precipitate. Table 8 indicates the 
results of a series of tests carried out. 

TABLE 8 

The effect of temperature on settling characteristics 

Tl1m 0 %Solids A %Solids B 

26 
38 
49 
58 
69 
80 
92 

10.0 
11.0 
13.6 
16.5 
22.0 
27.4 
37.1 

11.4 
13.1 
14.7 
19.0 
26.4 
34.0 
46.1 

45 
45 
40 
30 
20 
5 
5 

40 
30 
20 
10 
5 
5 
5 

A. 	 %solids wI in settled pulp after 2 hours with and without 
flocculant waddi tion. 

B. 	 %solids wI in settled pulp after 2 hours with and without 
flocculant waddition. 

O. 	 time taken in minutes for pulp to settle to 9~S of that achieved 
in 3 hours ­

(i) no flocculant; 
(ii) 	 with flocculant. 

The precipitate formed at the higher temperatures was not only of 
superior settling characteristics but of vastly superior filtering 
characteristics. 

As a result of these findings it became standard practice to precipitate 
the uranium product at approximately 8500. 

The overall effect of the work was to raise the grade of product from 
the initial 81.1 per cent U308 at the end of 1962 to 87.7 per cent U308at the end of 1963. However, the continued use of magnesium oxide as 
a precipitant was considered undersirable for the following reasons. 

1. 	 The precipitant was a solid which was not fully consumed till 
about two hours after it had been added. 

2. 	 The reactivity of the solid precipitant was not constant but 
varied from shipment to shipment, thus introducing considerable 
margins for error in precipitant addition and conse~uently prod­
uct grade. 
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3. 	 The precipitant itself was approximately 93 per cent MgO and 
carried with it undersirable impurities such as silica ~d 
carbonate. 

Because of these objections to the use of as a precipitant, pilot 
scale work was carried out to evaluate the use of NH OH and NaOH. The 
use of NH40H as a precipitant was discounted because40f its cost and 
RaOH was tested extensively. These studies indicated that a higher 
grade precipitate could be obtained the use of caustic soda, 
but that this would occur to the detriment of the settling, filtering 
ru1d drying characteristics of the product. 

Preliminary tests on a plant scale in 1963/64 indicated that the fil ­
tration rate of the product could be inadequate. The available capacity 
of the plant dryer was inadequate. 

The installation of a new rotary oil-fired multi-dryer in August, 1966, 
removed the major restriction of dryer capacity and an extended plant 
run on caustic soda was initiated. 

By heating the slurry to be filtered to about 90°C, filtration rate was 
barely adequate for budgeted production at 120 - 150 lb per operating 
hour. At lower temperatures the filters imposed a limitation on produc­
tion. Steam consumption at a filter feed temperature of 90°C was 
excessive. Mather (1967) by diluting the precipitant strength from 
14 per cent NaOh w/w to 9 per cent NaOH w/w, was able to increase 
filtration rate to 150 - 1S0 lb/hour. 

Prior to the changeover to NaOH precipitant, a feed slurry of 45 per 
cent solids had been pumped to the multi-hearth dryer. 

With the advent of NaOh precipitant, the slurry became too viscous to 
pump even at 25 per cent solids w/w. As a temporary expedient, steam 
was used to heat the feed but this proved to be expensive. p~ evalu­
ation of the fundamental cause of the trouble suggested that certain 
organic surface active agents might have a beneficial effect by 
particle to particle contacting. 

Enquiries on this line brought forward a dispersant which, when used 
at about 0.008 lb/lb of U30S, had a particularly beneficial effect on 
the viscosity and its use virtually eliminated the need for steam. 
Later developments in precipitation technique ultimately overcame the 
need even for this reagent. 

The grade of product obtained with caustic soda at this stage was not 
as high as had been indicated by early pilot scale testwork and a 
disturbing trend had been noticed, viz. the product grade and handling 
characteristics were both showing indications of having undergone a 
steady deterioration from the time the caustic had been initially 
introduced. The decrease in product grade was due to increases in the 
level of sodium as an impurity. 
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The deterioration appeared to correlate with the gradual depletion of 
Ca++and Mg++ from the circulating solutions. It was postul~ted that 
the reason for the deterioration in both grade and handling character­
istics was attributable to a lesser degree of flocculation of the 
precipitate formed. On these grounds, after several trials, a partic­
ular flocculant was added to the high grade strip prior to precipitation 
of uranium. This produced significant improvements in product handling 
characteristics without having any apparent effect on product grade. 

In order to further evaluate this variable, a series of pilot scale 
tests 	were carried out. 

During the standardisation of this pilot scale testwork, some inter­
esting anomalies were observed. 

a. 	 The product handling characteristics and, to some extent, the 
grade were directly a function of the rate of addition of 
precipitant. 

b. 	 The rate of addition of precipitant at a time when no precip­
itate was visible still had a significant effect on product hand­
ling characteristics. 

By slowing down the rate of addition of precipitant, a hundredfold 
~lcrease in the standard pilot scale filtration test was achieved. 
The slew precipitation resulted in significant quantities of sulphate 
forming in the product, but this was easily removed by the normal hot­
washing step, together with caustic addition to the hot-wash. 

ffuen this technique of slow preCipitation was applied to the plant, it 
led to appreciable increases in filtering rate, even without the prior 
addition of flocculant to the high grade strip. 

The dilution of the precipitant to 5 per cent NaOH w/w and the use of a 
spray nozzle manifold instead of a plug flow discharge from a pipe, 
contributed substantially to the benefits !lOW obtained. Filtering rate 
is now approximately ten times the initial rate. These techniques 
resulted in considerable reductions in dryer operating time, with sub­
sequent savings in fuer oil costs. 

The slower preCipitation rate was simplified by automation of the 
caustic addition based on pH measurement. Final pH is now approximately 
6.0 and precipitation temperature has been reduced to 600 C. 

The real parameter that had affected precipitate grade and handling 
characteristics in the above case was not rate of addition of precipit ­
ant, but the change in degree of local inhomogeneity caused by changes 
in rate of addition of precipitant. The effect on precipitate handling 
characteristics caused by differing degrees of local inhomogeneity 
occurring before precipitates became visible is tentatively attributed 
to variations in the number of seed crystals formed. 
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The observations made on this aspect have suggested a method of con­
tinuous precipitation vrl~ich is currently being examined. 

the investigation into the high viscosity slurries produced 
with NaOH precipitant, and later when the deterioration in product graae 
from that initially obtained with NaOH posed a problem, p~pothetical 
structures of the chemical compounds involved in the precipitate were 
investigated. 

Mather, (1967B) has outlined current thoughts on these hypothetical 
structures. These are given below. 

In the precipitation section of the Rum J~gle Plant, uranium is 
present in solution as the uranyl ion U02+T 

• Also present in the 
uranium solution are sulphate, sodium and chloride ions (traces of 
others are also uresent). 

Caustic soda is at present used to precipitate uranium from solution as 
"yellow cake", or what is looselY termed sodium diuranate. In fact, the 
precipitate composition is somewhat indefinite, being between uranyl 
hydroxide, U0

3
, and sodium diuranate Na U 0 •2 2 7

It has been variously postulated that in fact a range of compounds of 
complex but definite formulae are precipitated (for example, by P~den 
and Harbutt (1949)) but it is suggested that application of co-ordina­
tion chemioal theory leads to a much simplified pioture of the reac­
tions involved. In this picture the precipitate consists basically of 
a hydrated U0 structure with an indefinite amount converted to a

3diuranate structure in a manner postulated below. 

The most basic entity present in uranyl solutions is U02++ which is 
stated by Emeleus and 1ll1derson (1960) to have a linear structure 
(0 = U = 0)++. In addition to the two oxygen atoms, it is proposed 
that four other positions are available around the uranium atom so 
that, in all, six entities may be grouped or co-ordinated around it. 
The uranium atom is thus said to be octahedrally co-ordinated, and this 
is the usual state for transition metal ions (of which uranium is one) 
in solution. 

This structure and its attendant reactions are described by Emeleus 
and Anderson (1960, p.246-251) and it is the basic concepts so outlined 
which have been herein adopted. 

In a strongly acid solution, the uranyl ion should persist as 

which may be shown diagrammatically as: 
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++
° 

The water molecules are arranged in a square with the uranium atom 
at the centre. The oxygen atoms are above and below the plane cont­
aining the water molecules. Note that the water molecules are not 
attac~ed to the uranium atom by normal chemical bonds - they are said 
to be "co-ordinated!l. 

During a precipitation in the plant, as the solution becomes progress­
ively less acid, by addition of caustic soda, the co-ordinated water 
molecules are replaced by hydroxyl groups. 

e.g. U0 (H 0)4++ + OH- ~ U0 (H 0)3 OH+2 2 2 2
or in simpler form 

U0 ++ + OH­
2 ) 

This step is typical of heavy metal ions in general. 

There is a strong tendency for two U0 (H20) (OH)+ ions to combine by2elimination of two water molecules. 3 

+++ o o o 

I 
o 

H20 H20 

"'U/ 
H 0/ "'-OH 

2

o oo 

or in simpler terms 

U ° ++ H 0 ----~> 25 + 2 

The resultant is known as a diol complex and this reaction is thought 
to be typical of many metals other than uranium (Etneleus and Anderson, 
1960). The ion owes its stability to the ability to delocalise or 
spread the charge associated with it. 

The process of "condensation" (so-called because water is produced) may 
hypothetically continue to any degree by steps similar to the above, as 
the pH is raised further, doubly charged polycations always being formed. 
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It ~ be n~led tha~the simplified formulae of these polycations are 
,U 0 ,U~08 and so on. These correspond to the formulaeU02 2 5derived ~n work ~y p~den, Humphreys and Lewis (1948). 

The limit of condensation is reached after a few such steps, however, 
when the cation associates with an anion or anions and precipitates 
from solution. At Rum Jungle it appears that the only anions directly 
involved are OH- and S04=' 

Tentatively, the very mechanism that stabilises the polycation in 
solution can also cause the formation of a diur~Date structure. Early 
thinking at Rum Jungle held that diuranate was formed only after a 
precipitate had formed, since it was known to occur with the solid 
material. Present thinJ<:ing is that the diuranate structure can be 
formed in solution prior to precipitation as well as in the solid after 
preCipitation. 

It is suggested that the H on each OH bridge has a slight excess of 
positive charge and is more readily removed by excess OH- to form the 
diuranate structure and water. 

o H 0 

'-.. 11 /0.............. 11., fairly 
 very 

U U fast 
fast;../11'9:/ 1/' .) 

o H 0 

o 0 2­

II ............0,,11 

::" ............0 ............ II':: 
o 0 

attaot by OH-

The postulated mechanism suggests that the uranyl hydroxide precipi­
tate may have any degree of saturation with diuranate structure from 
zero to 100 per cent depending upon the local severity of hydroxide 
attack. The cation for the structure will be determined mainly by 
the relative concentration of various cations in the region of the 
diuranatestructure's formation. 

This provides further incentive to minimise the extent of local pH 
inhomogeneities. 

SOLVENT EXTRACTION ll~VESTIGATIQNS 

Research on solvent extraction is currently directed towards the prod­
uction of a nuclear grade product via the amine/sulphate and tributyl­
phosphate (T.E.P.)/ nitrate routes. Current work is by no means comp­
lete and it is the intention of this paper to indicate the direction 
in which work is proceeding. 

To date, solvent extraction in the uranium industry h&s been carried 
out as a simple counter-current operation. More recent trends are 
towards the adoption of a system in many ways similar to distillation 
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wi th reflux. By tbis tecbnique, extraction and what is lmovm as a 
"scrub" are carried out as a single unit operation. NJ.arked be:r;efits 
are obtained by the use of this tecbnique compared with the more 
conventional process. The contacting pattern of liquors is shown 
diagrammatically below. The number of theoretical stages required 
varies from system to system, so no attempt has been made to indicate 
numerical values. 

Feed 

Scrub liquor in Raffinate out-=:!' I t 
Loaded solvent out<____ Fresh solvent in 

~--------------

In the crude aqueous feed to the extractors, conditions are maintained 
such that uranium loading of the organic solvent reaches a high level, 
thus minimising extraction of impurities. Those impurities that are 
extracted pass with the loaded solvent into the scrubbing section 
which follows immediately after the extraction system. The spent scrub 
liquor is fed directly into the extraction system with the crude 
aqueous feed. 

In the scrub system, the scrub flow rate and composition are adjusted 
to strongly favour removal of the impurities back into the aqueous 
phase, whereas uranium losses are prevented by careful placement of 
the operating line with respect to the equilibrium line, so forming a 
Ilpinch point". 

The net result is that an accumulation of bath uranium and impurities 
occurs in the centre of the extraction-scrub unit. The impurities, 
by virtue of the strong scrubbing action, are forced out in the 
aqueous raffinate, whereas scrubbing of uranium is limited by the 
pinch effect so that uranium leaves in the slightly underloaded solvent. 

Work has begun at Rum Jungle on the pilot scale production of high 
grade uranyl nitrate and sulphate solutions, using a Belgian design 
mixer-settler. 

For such work, some lmowledge is needed of the allowable impurity 
levels in the product. Specifications for a material probably designed 
for conversion to ceramic uranium dioxide fuel elements are stringent, 
as the following Canadian specification shows. (~able 9). 

The Canadian specification is used as a preliminary guide for the work 
at Rum Jungle on solvent extraction. 
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T.ABLE ~ 

Specification for Ceramic grade U02 

Element Specification, ppm based on U 

Aluminium 
Eoron 
Cadmium 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Silicon 
Vanadium 
Molybdenum 

30 
0.2 
0.2 

10 
10 
35 
40 
5 

15 
20 
30 

1 

A general outline of how solvent extraction experiments were carried 
out at Rum Jungle is as follows: 

PRINCIPLE FOR NUCLEAR GRADE PRODUCT VIA T.B.P. EXTRACTION 

In the crude aqueous feed to the extractors, nitrate content is kept 
high and this by mass action effect greatly enhances the extraction of 
uranium and impurities into the organic solvent. 

(The metals form a neutral complex with T.B.P., viz: 

U0 (N0 ) + 2 T.E.P. org. > 2 T.E.P. U0 (N0 ) org.2 3 2 32 0::::: 2 

the effect of excess N0 can r~adi1y be seen )
3 

In the case of 20 per cent tri-n-buty1 phosphate (T.E.P.) the theoret­
ical loading is close to 90 g.p.1. U. It was preferred that loaded 
solvent left the mixer-settler unit at about 85 per cent of maximum 
loading or ~75 g.p.1. U, which for an aqueous feed of 300 g.p.1 o U 
gives an organic to aqueous flow ratio of 

~~O = 4: 1, or for 240 g.p.1. U a ratio somewhat over 3 : 1. 

For the T.E.p./nitrate system in general aqueous feed should be 300 
g.p.1. U, and acid strength ~~. However, for this test feed was 
slightly less than 240 g.p.1. U after adjusting acid concentration to 
411. 
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From the foregoing a picture of the set-up was. 

Feed (1 vol, 240 gpl U) 

Solvent (3 vol, 0 gpl ~~i'-------}"---_rE:<_scrub (0.5 vol) 

Raffinate (1.5 vol) 4[,-~""'-_______....II~:>Ex:tract (3 vol, 80 gpl U) 

(N.B. Scrub feed rate is typically about half feed rate.) 

~ne next step 	was to examine scrub conditions to ensure that they did 
have a "pinch point" for uranium that limits back-extraction and 
prevents overloading of the extraction section with resultant reffinate 
losses. 1M ENO was chosen for scrub acidity (Wood and William, 1956).

3 

DNow, in the scrub section calculations were ­

3 vol. organic phase __~ 0.5 vol. scrub (1M) 0 gpl U 
y 

0.5 vol > <~ 
x 	 ( ) 3 vol. loaded solvent 

<E-- 80 gpl U 

equation for 	operating line 

3y + 0 O,5x + 3 x 80 

y = 0.11x + 80 

giving 	 x 00 1 1 10 100 

y 80,0 80.2 80,1 97 


In order to determine whether this operating line was acceptable, it 
was necessary to know the equilibrium data, which were available but 
not very accurate. Both uranium and nitric acid are extractable and 
their extractions are interdependent. Assuming that the nitric acid 
concentrations in the aqueous phase remain constant, calculations 
become simple (when based on nitric acid concentration). For the scrub 
section, the solvent was near loaded throughout, which meant that little 
acid was extracted to or from the organic. 

On constructing the above operating line on a McCabe-Theile diagram, it 
was found that it did not intersect the equilibrium line for 1M acid 
in the aqueous phase and hence the chosen conditions were unsatisfac­
tory, and it was necessary to lower the scrub operating line by low­
ering the loading of the extract (N.B. the final flowsheet can only be 
tested by experiment). 

For a 4 : 1 piA ratio, the scrub operating line became: 

4y + 0 c: 	 0.5x + 4.60' 

y = 0.125x + 60 
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This line intersected the 1M equilibrium line with about 4 - 5 g.p.l. 
safety factor which sufficed for the test. 

Final conditions for the test were: 

Feed 1 vol. (240 g.p.l. 1M) 

So1vent 4 voL (0 g~ p.1. U) "",'!Ir--_L.:...-_.,.c<,r scrub.o. 5 vol. (0 g.p.l. U 1M) 

Raffinate 1.5 vol. Extract 4 vol. (60 g.p.I. U) 
(0 g.p.I. U) 

As the ratio of feed : organic : scrub chosen were 1 : 4 : 0.5 and the 
maximum throughput through the mixer-settler unit was 40 ml/min total 
phase flow, all flow rates were thus fixed. 

Individual flows were:­

feed 40 x 1 7.27 ml/min 
5.5 

II IIsolvent 29.1 
II IIscrub = 3.63 

As mentioned earlier, the control of the run was by means of determin­
ing the acid concentration in the organic extract and aqueous raffinate 
phases. The analysis log was as follows: 

TABLE 10 

Time Organic extract Aqueous Raffinate 
U308 acid 

7.40 p.m. 53.6 g • .:p.l. U308 0.057M acid 2.94 g.p.l. 2.21 
II8.30 p.m. 60.3 " .035 " .07 3.53 II 

II9.30 p.m. 65.9 .030 .007 3.23 "" " 
II10.30 p.m. 51.7 .045 " 4.32 If 

II If II11.15 p.m. 58.8 .032 .25 3.34 " 

IIAqueous feed 263 3.8 " 
" scrub - 0.968 11 

" II9.20 a.m. 64.1 0.26 M acid 0.96 " 3.34 " 
II II10.30 a.m. 67.2 " 0.025 .15 2.98 " 

" II II 
If11.30 a.m. 66.9 .026 .029 3.02 

II 
II12.30 a.m. 74.1 .027 " .020 " 3.04 

II II1.30 a.m. 62.6 .026 " .004 3.35 " 
II II2.30 a.m. 62.8 " .028 .055 3.16 " 

II3.30 a.m. 62.1 " .032 " .003 3.04 " 
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Table 10 reflects the experimental difficulties associated with the 
first run using the mixer-settler, which were mainly concerned with 
obtaining correct flow settings, in that the pumps and tubing ~ed 
developed leaks. These difficulties were overcome to some extent and 
for the last four hours of the run conditions were fairly steady with 
a solvent loading of 62 g.p.l. U30S (52.5 g.p.l. U), a raffinate of 
0.004 g.p.l. U30S, free acid in solvent 0.03M and in the raffinate 
3.1M. A mass balance of U30S in gives 2.0 gram/min and 1.9 gram/min 
out, therefore the error was a bit high. Subsequent runs gave better 
balance. 

Table 11 lists the levels of certain impurities in the feed, raffinate 
and extract. 

TABLE 11 

Impurity Feed Raffinate Extract 

Na 
Cu 

9.5 g.p.l. 
0.05 II 

6.5 g.p.l. 
0.03 II 

(expected 6.34 g.p.l.) 
( II 0.03 II ) 

2.S 
0.4 

p.p.m. 
p.p.m. 

Fe 
Ca 

0.44 
0.16 

II 

II 
0.35 
0.23 

" 
II 

( 
( 

II 

II 

0.29 
0.11 

II 

" 
) 

~ 
7.5 p.p.m. 
0.15 p.p.m. 

Cd 0.5 p.p.m. not detected ( II 0.2 p.p.m. 0.2 p.p.m. 
Si 0.0$ gpl. 0.011 g.p.l. not detected 

1 p.p.m. 

Further extraction runs were carried out on the above lines, the idea 
being to obtain enough extract to conduct a stripping run, for the pur­
pose of obtaining some fairly high grade strip for precipitation and 
ignition tests. 

For the stripping run loaded solvent of about 53 g.p.l. U was stripped 
with acidified de-ionized water (.005M). Flow ratios were calculated 
to be: Organic = 1 vol; Aqueous == 0.663; and for a total phase flow 
of 40 ml/min. became 

40Organic == = 24 ml/min.1.663 
40Aqueous = .663 = 16 ml/min.1 .663 x 

Loaded solvent 1 vol. 53 g.p.l. U:~~________r~~ Recycle solvent 

H.G.S. SO g.p.l. __I ~ Strip 0.663 Vol. .005M 

Table 12 gives the analysis log on hourly samples during the stripping 
run. 
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TABLE 12 

Organic 	(recycle solvent) Aqueous (high grade strip) 

U 0 U 0
Sample 3 8 Acid Sample 3 8 Acid 

01 .03 g.p.l. .001M A1 89.9 g.pel. .061M 
II 11 	 f!2 	 .018 2 93.1 .057 
11 II3 	 .051 3 99.2 II .041 
\I II II4 	 .037 4 97.9 .037 
f! II 	 II5 	 .065 5 99.2 .°42 
II II 	 II6 	 .051 6 101.6 .046 
II II 	 II7 	 .048 7 100.5 .039 
II II 	 II8 	 .047 8 99.2 .032 

PRINCIPLE FOR 	 NUCLEAR GRADE PRODUCT VIA AMINE EXTRACTION 

The reaction involved in the amine-solvent extraction process is 
generally ~~derstood to be:­

.... 


and an amine-sulphate extraction run was carried out using treatment 
plant recycle solvent and pregnant liquor. The same general principles 
for calculations as for the T.E.p./nitrate runs hold. 

Scrub (water) 0.2 Vol Feed (pregoliq. ±100 
5.3 Vol. 

rL------------------~--~~- Solvent 1 Vol • ....... 


Scrubbed loaded solvent Raffinate 

(5 extraction 	stages, the rest scrub stages.) 

Ey inspection the ~ in the extraction circuit was chosen to give an 
intersection with ~he scrub line at about 505 g.pal. U{08 in the 
organic for 1 g.p.l. U308 in the aqueous. ~ 

.A 
:: 5·5 1 (extraction circuit )

0 

A 
:= 0.2 (scrub circuit)

° 
for Vol. solvent, have 5~3 Vol. feed 

0.2 Vol. scrub 
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I 	 II O.5rn Hz 504 SCRUB 
I' a2tn Hz 504 SCRUB 


O.Om Hz. 504 SCRUB 


Fig 6. 	 Scrub equilibria, on plant liquor and 
solvent. 
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and total flow in the extraction circuit = 6.5 Vol. 

Individual flows were: 

...A.Q...Feed x 5·3 = 32.62 ml/min.605 

..AQSolvent x = 6015 " 6.5 	 " 
40 	 IIScrub 

6·5 
x 002 .. 1023 " 

During this run, which served as a preliminary tryout for obtaining 
high grade uranyl SUlphate solution, it was observed that the mixer­
settler unit could be made to start off with organic-continuous mixing 
either by prefilling with solvent or by raising the impellors high 
after about 50/50 SOlvent/aqueous was present, then slowly lowering 
them to the correct position. In either case the system soon reverted 
to aqueous-continuous, with its attendant solvent losses in the 
raffinateo (To date no analysis results are available for the amine/ 
sulphate run and although this is disappointing, this paper's main 
aim is to make known the type of work being carried out at Rum Jungleo) 

Figure 6 shows the typical operating line for a water scrub, and a 
pregnant liqhor of 1 g.p.l. U~OR. It can be seen from the diagram that 
if a 1M H2S~4 scrub was used,jtne solvent loading would have to be 
reduced to -4.5 gop.l. U308' 
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