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C-ENERAL 311:11ARY

Investigations have been carried out into the life
of various Anion Exchange Resins employed on the Rand for
the extraction of uranium from the uranium Leach Liquors.

It was found that in the case of the leach liquors
p’oduce'd at the Restern Reefs ! ilot Vliant, and ot the
Rest Rrnd Consolidated Uranium plant, the major factor
causing a decre-se in the efficiency of the lon exchange
resins res the presence of certain chemical poisons in
these pregnant solutions. These poisons sere identified
as the Cobalticyanide Anion Co(CM)g‘ll and the Tetra-
thionate anion $S40Qe1. Doth these compounds are derived,
from cyanidatlon of the ore for gold extraction prior to
the uranium leach. The cobaltlcyanide is formed during
the cyaniclatlon, and also in certain cases during the
addition of a recycled Manganese Dioxide slurry containing
cobalt to the slightly alkaline cyanide residue, contain-
ing traces of cyrnlde anions. The tetrathionate is formed
by the oxidation of thiocyanate onions, formed, during
cyanidatlon, by the acid oxidizing conditions obtained in
the uranium leach. The amount of these compounds appearing
in the pregnant solutions can be considerably reduced by
the thorough washing of the cyanide residue prior to the
uranium leach.

Of these two chemical poisons, the cobalt!cyanide
anion is the most serious. Although generally present In
smaller concentrations than the tetrathionate anions, it

is strongly adsorbed by the resin, and once adsorbed Is

extrenely



extremely difficult to remove. It therefore constitutes
a serious cumulative poison. The tetrathioncte anion on
the other hand, although strongly adsorbed, is partially
removed, by the acid nitrate eluting solution, and can
also be completely removed by regeneration procedures
such as treating the poisoned resin vith 30% NaOH or 5%
haoS, A method van developed for the removal of cobalt!-
cyanide from the poisoned resins by means of hot 50%
but this was not economic on a large scale.

Therefore several alternative methods mere discussed vith
a viev to the elimination of the cabalticyanide anions
before coming into contact vith the lon exchange columns.

Experiments mere also conducted on the life of
various resins operating on pregnant solutions produced
at the Blyvooruitzicht .Vilot Vlant.

In these solutions the amounts of the poisons mere
very small and did not constitute a major consideration
in the life of the resins. In this case a detailed study
t-as made of the resin losses likely to occur due to the
disintegration and subsequent removal of the fine resin
particles during the backwashing operations. It was
found that by taking certain precautions, these losses
could be reduced to a minimum, so that no special consideration
need be devoted to the production of a resin -vith an exception-

ally high abrasion resistance.

INTRODUCTION



I NTRODUCTION

The uce of synthetic organic anion exchange resins
provided an efficient and economic method of isolating uranium
from the land leach liquors. This particular application of
ion exchange was unusual in that these resins mere used not
only to obtain a uranium concentrate from fairly dilute
solutions but also to separate the uranium from a relatively
large concentrablion of impurities arising from the acid
leaching of the Rond Cyanide residues.

Because of this vide variety of compounds occurring in
the leach liquors, it was initially appreciated that a strong
possibility existed that these ion exchange resins mould
eventually become poisoned and unsuitable for further use.

One of the major expenses involved in the separation
of uranium by means of anion exchange was the high initial
cost of the exchange resins. It mas therefore apparent that
the longer the useful life of these resins, the lower mould
he the production costs per Ib. of uranium.

An investigation mas thus considered necessary into
the ways whereby the life of these resins might be decreased,
either by poisoning, physical disintegration or any other
means, and also mhat provision should be made to ensure as
long a resin life as possible.

At t'~e same tine a comparative study of the different
anion exchange resins then available mould be of great value
in ensuring that the most suitable resin as regards stability,
capacity and resistance to poisoning should be chosen for
the full scale operation of the uranium extraction plants.

The large scale use of the ion exchange process intro-

duced into South Africa a new technique about which only the

fundanentols,.. ..o



fundamentals were understood, It was important, therefore,
to correlate the vast amount of work that had been done in
other countries on other applications with the specific
problem of extracting uranium from the Rand, leach liquors,
To this end. a system of standard tests was necessary for the
evaluation of the suitability of the various onion exchange

resins for the extraction of uranium.



SCOPE OF T-TE INVESTIGATION

SECTION~A. A Study of the Poisoning Occurring on the
Western Reefs Pilot Plant an3 the Nest Rand Consolidated.
Anion Exchange Reslsn, Anberllte | RA.4QO0.

Investigations were carried out on samples of poisoned
Anberlite IRA.400 resin from the Western Reefs Pilot Plant,
These resins had become poisoned almost immediately after
being put into operation. Later it was found that the resin
from the West Rand Consolidated Uranium Plant suffered, from
the same type of poisoning and the techniques developed for
Western Reefs were applied in the case of the latter resins,

The investigations covered the following field;-

(a) Il'ethods of regenerating the poisoned resin,
(b) A fundamental study of the nature of the poisons,
(c) The methods whereby the poisons are introduced into

the pregnant solutions,

(d) A detailed study of the factors influencing the formation
of the poisons at the 'West Rand Consolidated. Plant,

(e) Preliminary tests on the elimination of the poisons, and
the discussion on the various methods being studied by

other investigators.

SECTION B. Investigations into the Life of Various Resins
Operating on Blyvoorultzicht Pregnant aolutlons.

Investigations were carried out on the life of, initially,
Anberlite IRA.400 and Dowex | resins, and. later also lonac SE
and Permut.it SE resins on Blyvooruitzicht Pregnant Solutions.

The investigations were commenced on solutions obtained
from the Pilot Plant, but later it was found necessary to

produce these solutions at the Government Metallurgical

Laboratory



Laboratory under standard conditions to provide comparable

results.
The investigations covered the following fields -

(a) A study of the mechanical losses of resin occurring
during Uranium extraction operations.

(b) A study of the factors influencing the disintegration
of the various resins during column operation.

(c) A study of the chemical poisoning occurring on resins
operating on Blyvoorultzlcht Pregnant Solutions.

(d) A brief comparison of the suitability of the various

resins under life test.

SECTION C. Standard Tests and Analytical Methods.

During the course of the investigation,, it was necessary
to develop certain standard tests and analytical methods
whereby the properties of the various fresh and poisoned
resins could be assessed.

The standard tests and analytical methods developed
were as follows:-

(a) Uranium capacity and chloride capacity tests.

A standard test was developed whereby the actual capacity
of the resins for extracting uranium could be measured. “his
test was necessary to replace the capacity tests using preg-
nant solutions used by earlier investigators, since the capa-
city of the resins using these solutions was subject to too
many variables, the significance of which was not fully understood
understood.

(b) Analyses of the resins for total nitrogen, ash, silica,
total sulphur, cobalt, iron, uranium, and certain other
non-volatile elements.

These methods were merely adapted from standard analytical

procedures to apply to resin analyses.



(c) A method of analysis for tetrathionates on anion exchange
resins,
ho method wan previously available for determining the
amount of this poison on the resins. A new method was developed
during the course of the investigation into the nature of the
poisons and adapted for analytical use.
(d) A colourinetrlc method of analysis for tetrathionate In
pregnant and eluting solutions.
ho method was available for the determination of trace
amounts of tetrathionate in the presence of large amounts of
S04 ' > ¥e+'* other impurities. A colourinetrlc method was
developed, and the effect of certain variables in the experi-
mental .procedure studied.
(e) Analysis of plant solutions for traces of cobalticyanide
anion.
A sensitive colourinetrlc method for the determination
ox cobalt was available and was adapted to the determination
of cobalticyanide anions from cationic cobalt and other interferin’

elements.

i.he standard tests and analytical methods were investi-
gated only as far as was necessary to ensure that adequate
and reproducible results were obtained of sufficient accuracy

to satisfy the requirements of the investigations on hand.



HISTORICAL REVIEW

The literature contains a vast amount of reported work
on lon exchange, and only that directly connected with tLib
thesis will be included in this review. The reported work
is considered In two sections. The first includes experiments
undertaken at the Massachusetts Institute 03. technology In
America, and the Chemical Research Laboratory, Teddington,
England, which were directed specifically towards the extrac-

tion of Uranium from Rand. Leach Licuors, and described in a

series of secret reports.

The second Includes a Review of Articles appearing in
the oerlodical literature -hich contains information pertainin
to the work carried out in this investigation.

| REV.EOUS WORK CARRIED OUT AT ITS LASSACHUEETTo CMSTITUTS OF
TECHAOLORY AVD TITE Cm FTOAl RESEARCH LABORATORY. TEDhIYITOY

,119
In a re'oort issued in August 1949, N.1. Ochifl

describes attempts to isolate Uranium from Rand Leach Liquors
using the Cation exchange resin Naleite HCR. These attempts
were unsuccessful, a concentration of all trie cations except
silica being obtained.

Later both the Dow Chemical Laboratory and the Eatelle
Memorial Institute showed that Urenyl Uranium is capable of
being adsorbed on onion exchange resins from solutions con-
taining either sulphates or phosphates as complex uranyl
sulphate or phosphate anions.

Mtri4a Schiffacting on these suggestions, undertook,
exoerimentn on the sulphuric acid leach liquors obtained on
the Rand, using the anion exchange resins Dowex |, Dovex 11,

and Amberlite IRA.400. Schlff showed that by using a single

3/ column,.,..



column of Dowex I, as much as 97>? of the Uranium present in
the leach liguors could be Isolated in a reasonably pure form,
Te also found that the capacities for Uranium of the three

resins studied were os follows

Capacity la Mgms. UMO™N/g resin

28 mesh - 20 mesh
.Amberllte IRA,400 45 46 !
Dowex | 43 45
Dowex H 41 42

Amberllte IRA,400 was observed to have the highest reaction
rate,

The use of an acid eluting solution (namely 0.9M MaCl
and O0.1N HOI) was reported to be effective in removing the
adsorbed uranium from the anion exchange resin,

A marked difference was observed in the effleiency of
this lon exchange process operating on the two types of preg-
nant solutions produced at that time. In the case of the "X"
leach liquor (at a pTT of approximately 1.5) about five times
as much resin is required as in the case of the LYI leach
liquor (where a large portion of the excess acid was neutral-
ized with lime, bringing the solution to a pH of 3,0)®

An approximate cost estimate was given, based on a single
column operating on a Blyvooruitzlcht pregnant solution; treating

4,00 tons of ore a day and assuming a resin life of 1,000 cycles.

Cost in])/lb. U?0On

(1) Hesin 375 ft.3 @j70/ft,3

26,250 0.05

(2) HacCl 5,75 Ibs/ton ore®%Il.1/cwt, 0.16
(3) HCI 0.04

(4) NHo 0,04
Total cost of resin andreagents 0.29

3/ This*...
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This represented a maximum cost and it was realised
that there were many means vhereby the above figure could be
substantially reduced. Nevertheless this process provided
the most economic means of Isolating the uranium found to
date. The author based, his estimate of the resin's life on
the experience of the manufacturers, who claimed that the
Domex | resin, after tenting with 27°Be phosphoric acid for
1,000 cycles shored no serious decrease in capacity.

In a later report by O. Bailey,'1Ql and in a third report
by N.". Schiff,i05 methods thereby the above process might
be improved by the use of three columns of resin in series,
and the possibility of re-cycling the eluting solution reagents,
v:ere investigated. It was shoxvn that much less resin was
required in the three column system and that no difficulty
was immediately apparent In re-cycling the eluting reagents,
thus substantially reducing the cost of this process.
N.L. Barnard,122 and later (J.v;. Lower,lon In reports
dealing with the fundamental reactions taxing place, showed
that the adsorbtion of uranium on Amberlite IRA.4X) could be
represented by the following reaction; —

X - 0) + p N 2X Xj
( 1) %S04 + VOpS O "%/ 2x_2 )U02(S04)Xj

Where R~ represents the active group on the anion e xchange
resin. By measuring the amount of sulphate and uranium in

the eluates, the following ratios w're obtained:-

raols SO- ! - 29
mols U ’
and molar capacity of resin for CI

molar capacity of resinToFTT"

suggesting that the formula of 'the uranyl complex was

K '"sV sL " -
In these excellent reports a considerable amount of

work was described on the measurement of the Chloride capacity

4/ and 0 o



and the Uranium capacity of the resin (Amber'llte IRA,400) which

formed the basis of the standard tests given in this Thesis.
Obergl24 Investigated the feasibility of introducing

the resin into the acid pulp before filtration. The conclusion
reached was that there existed n distinct possibility of elimina-
ting filtration by this procedure. Towever the most innortent
part of this report is the comparison between the different types
of resin and the effect of certain variables on the adsorbtion of
Uranium. The resins studied were Dowex |, Dowex |1, Amberlite
IRA.400, Amberlite XS.98, lermutlt XAX, Amberlite IR4B, Oeacidite
E (British), Deacidlte (U.S.A.), lermutlt S, Amberlite 410 and
Xonac 300. It was found that as regards rate of reaction o,nd
capacity, the Amberlite IRA.400 resin surpassed any of the others.

In addition Oberg studied the following variables
Influencing the adsorbtion of uranium,
(02 TJlg effect of mparticle size. where it was found that the
smaller the particles, the higher the rate of adsorbtion,
(b) Xbg_effect of the percentagelcro'Sslinking of the resin, where
it was found that the higher the crosslinking, the greater the
amount of uranium adsorbed and the faster the reaction rate.
( Hhg..effect of the o" and ferric ion concentration I-n the
Leach liquors on the adsorbtion of Uraniurn.

Oberg claimed that it was the higher pIT of the «Y« process
leach liquor and not the lower ferric ion concentration t”at
was responsible for its superior adsorbtion properties compared
with t% "X" process leach liquor.

Purser studies by Pah Schiffl127 on the three column
adsorbtion procedure, enabled, him to arrive at a more accurate
estimate of the cost of extracting uranium from the Rand

cyanide residues.

The reagent consumptions -iven below are based on a plant

5/ treating,,.....



treating 4,000 tons of ore a day and a recovery of 0.4 lbs UgOvVv

ton ore. The assumed reagents costs are;-

Resin - © 63/cu.
HC1 - ) 24/ ton
NH, - | 80/ ton
H2504 - $ 10/ ton
I'nOQ - | 80/ ton
CaCo03 - I? 6/ ton

Complete resin replacement is assumed, at one year’s
operation of 1,000 cycles in the case of the "Y" leach liquor,

and half a year or .1,000 cycles in the case of the "X" leach

liquor.
8y" Leach Liquor "X" Leach Liquor
Ibs/ton ore 1$/1bUg,0n Ibs/ ton ore IL/J-b u3”6

-2s04 55 0069 48 Op 60
I'nOo 10 1.00 &, 5 0.85

C&C g 25 0.19 0 o
TIC1 0.55 0.05 2,5 0.23
= 0.30 0.03 1.3 0.13
Rebin. 400 cu ft. 0c05 800 0.18
2.01 Ip 99

From these figures it rns apparent that there mas
essentially no difference between the two processes from an
economic point of view.

in a further report, F.H. Schiff*” investigated the
possibility of using anion exchange resins subsequent to counter-
current decantation and shored that this method was just as
effective in extracting the uranium from these solutions.

Further studies-*-~ on the “Xbprocess leach liquor
indicated that the optimum pH of the pregnant solution to be
1.4, rhich is contrary to F. Oberg’'e assertion that it i.s this
lor pH rhich is responsible for the Inferior loading properties
of these solutions.

During these latter investigations it ran found that the

0/ efficiency oo



efficlency of the resin had rapidly deteriorated. The adsorp-
tion of Uranium from the solutions had. drowned from 97/ to 35/.
In 24 cycles. A 6N PCl wA?sh Increased the adsorbtlon to only
84/” which raoldly dropped amain to 70%, Mo attempt v;ae made
to determine the reason for this drop In capacity, and analyses
of the poisoned resin failed to show the presence of any
particular impurity.

In an Tngl 1sh report by T.T). Parbutt and. 8.L. B'Ilward,'129
a similar series of tests to those reviewed above, are described,
A synthetic pregnant solution was used for these tests and very
similar results were obtained.

The most comprehensive series of reports on the une of
ion exchange resins on the Rand leach liquors are those discribing
work done by T.V. Arden, R.3. Olsen, J.J. Brunner and H.D. McDonald
133,140.141 on the design and operation of ion exchange columns
at the V/estern Reefs and Blyvoorult?icht Pilot Plants.

The last of these reports by R.5. OlsenloS goes into full
detail of the operational procedure, reagent requirements, design
calculations and the effect of recycling eluting solutions at
the V.'estern Reefs Pilot Plant. In addition a short series of
tests on a simulated best Raid Consolidated pregnant solution
was carried out. This report, which is used, as a standard ref-
erence on the operation of the ion exchange columns, can be con-
sidered to represent a detailed description of the manner In
which ion exchange will be used on the large scale uranium plants.

An excellent summary of all the work carried out at the
Massachusetts Institute of Technology up to the 1st August 1950
is given in a resort by R,R. McDonald, J.J. Brunner, J. Dasher
rnd D. Kaufmanl*3* This summary includes an analysis of the cost,

of producing uranium by means of anion exchange which in probably

the most reliable obtained at this stage.

7/ ltem



| ten £/month
Labor 1,654
Sun -lies 1,044
Reagents Resin 1,100
NH* 2,250
HGi! 1,500

Overhead Amortl Zation of Plant
Total Capital Cost (including interest)

£201,240 1,675

However, the work of Olsenl1”3 has shown that the

reagent costs (Excluding the resin) can be cut down still

shillings/Ib.
0,09
0.49
0.52

1.07
Q72

0.80

4.4

Uo-0

further, as In the case of the '.:estern Reefs riant to 0,74

shillings/Ib. UjQq



REVIEU OF THE rERIODICAL LITERATURE ON ION EXCHANGE

before 1955 all the reported work on lon exchange referred
to the vine of nrtural or synthetic Inorganic exchange materials
'»o'lth particular reference to the softening or water.

However, after 1955, when Adams and Holmes”™ first observed
that certain synthetic organic resins exhibited ion exchange
properties, tremendous interest nro established in these resins

m i oh resulted in tse publication of a vast number of articles

on the use of these resins as ion exchange materials,,
s before, interest van initially centered on the use of

these materials for rater softenlng6>9>29*4a»52*e9,100,?.G,G£s

later much work mo done on other an lications such as

pharmaceutical preparationsl>>7>1"'275"'101,115,116 ne”

recovery4*2t5»38»45»53,105»102» auger refining,16'72' food pro-
censing, 22124»20,30,0b,68, si,72,83,116, ca”a] ysi 54,316 anfi

various andytical aoollcacions« .6)'521,54,19,58, 55,49,51,93,
112,80,95,98,96"

The syntheses of these organic anion exchange resins are
described and explained largely in patents32/?4s26,87,0fb m q
reviews on ion exchange.94,81,62,20.

Of particular Interest are the resins in use on the Rand, Il.e.
the strong base quarternary ammonium compounds. A typical
example is the Amberllte IRA.400 resin74*94 which ic synthesised
in the foil,otcing way: ,

Aji insoluble polystyrene ebpdlynef id pffepdred fepfedrilhg,
to the veil known principals of emulsion or suspensibn' copoly*--
merlzatl'on/ ih'Avhich' vinjFli benz-erre and dlYffiyi benzene are mixed
and emulsified pm an /aqueous salt solution,,containing a catalyst
such as Benzoyl peroxide and heated to approximately 90°C. In-
soluble spheroids of the copolymer are formed, The proportion of

divinyl benzene, which acts as a crossliniclng agent, determines the

9/ porosity . &
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porosity, density end mechanical strength of the product. These
beads .of the copolymer are then swelled in an organic solvent,
such as petroleum ether, and halo-alkyl groups are introduced by-
adding an alkyl chloride ouch as methyl chloride, and a Friedel
Graft3s catalyst such as Anhyd. AIClg, the whole mixture being
stirred at 0°G. for approximately two hours. The resulting
chiormethylated beads, after drying, are refluxed with benzene,
during which time the beads swell* The mixture is cooled to
25°G. and saturated with trimethylamine gas which forms the
Quaternary ammonium ion exchange group.

The amount of methyl chloride that can be introduced in
the halo-alkylating step depends to a large extent on the percen-
tage crosslinking in the original copolymer. The higher the
oeroentage crosslinking, the more difficult It is to introduce
the chiormethyl group, and thus the lower the exchange capacity.

The result of such a synthesis is hard spherical insoluble
particles ranging in size from 5 to 550 mesh. These are separated
to a -80*60 mesh fraction, which is the range most suitable for
commercial ion exchange requirements.

Variations in the above procedure include the replacement
of the methyl chloride by some other alkyl halide, the use of
catalysts other than AICI® for the introduction of this alkyl
halide group, and the use of verlous organic solvents during the
preparation, which render the final product more porous.

The question of the relation between the percentage cross-
linking and the ion exchange properties has been fairly extensively
studied,t",43",0f the general conclusion being that the
higher the percentage crosslinking, the lower is the rate of
diffusion into the centre of the particle, the lower is the total
possible exchange capacity (arising from the difficulty in intro-

ducing the ion exchange groups,) but the greater is the specificity

for any one particular ion.

10/ The
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The properties of Amberlite IRA.400 are described by
Qunln and ?!cG-arvey”™ and also In a technical bulletin Issued by
the manufacturersThe resin is said to be as strongly basic
as sodium hydroxide, and for this reason exhibits a remarkable
affinity for anionic complexes and weakly acidic anions. It Is
effective over a pH range of 1 - 10,

It is stated to be stable In the presence of strong
mineral acids and bases and insoluble In inorganic and organic
solvents. The chloride salt form of Amberlite IRA.400 Is stable
at high temperatures, e.g. after boiling In water for eight hours.
In the hydroxide form, however, It loses exchange cap:city at
elevated temperatures. It is recommended that when used to
adsorb nitrates, the resin should be rinsed with 6/ sodium chloride
to restore full exchange capacity, but no reasons are given for
this pi*ocedure.

Physical properties such as density, effective size,
swelling, head loss characteristics and backwashing data are also
provided in the above references.

The affinity of this resin for various ions has been
studied by Kunln and f'darvey”'l who obtained the following series
of adsorbtion affinities.

Citrate > sulphate ">oxalate "> lodide "> nitrate ~

chromate bromide y thiocyanate y chloride y>formate y

hydroxylacetate.

The properties of the Dowex | and Dowex Il resins have
been studied by l.'heaton and Bauman*-'-0 and F.K. Lindsay and J,S<
DhAmicoO'\ Properties very similar to those of the Amberlite

IRA.400 are described together with the effect of crocsiinking

on the exchange capacity and the swelling of the resin.
Although the chemical and ion exchange properties are

discussed in much detail, little information is available

11/ regarding.O. ...
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regarding the attrition resistant properties of the various
resins. These are generally stated to toe excellent tout no figures
are given to support this assertion. Several investigators have
found that the replacement costs of the .resins, both cationic and
anionic, are higher than can be anticipated from the Information
of the manufacturers. Newkirk and lI'andelman” found that when
using anion exchange resins for the production of dextrose toy
hydrolysis of starch, the capacity losses after 70, 105, 152, 209
cycles were 55,7, 34,4;;', 45,8,.' and 56.56,." respectively. Various
regenerative procedures were tried bi.it without great success.
It must toe noted t'-:at the drop in capacity cited above Is most
likely due to poisoning of the resin rather than disintegration.
H.B. lustafson” states that the replacement costs when
using anion exchange resins for water treatment make up a con-
siderable proportion of the total chemical costs. The following

capacity losses of various resins (make not coeclfled) are given,

Resins Capacity Vol. tao water treated/cu. ft, resin
A, B, C 50 1,000,000
D 50 400,000
E 50 150,000

A few investigators have studied the operating costs
of lon exchange Installations with particular reference to
water treatment. Xunin and llyers®~ describe various attrition
tests and methods of determining the solubility losses of the resin
Theoretical Asoects of lon Exchange.

-he theoretical aspect of the nature of anion exchange
has been extensively studied.

It has been shown toy Xunin and T'yers6<!, O-rlessbach46 and
V/iblanderl13° that the adsorbtlon of anions by the organic anion
exchange resins follow similar laws to those applicable for

cation exchange resins, Post of the theoretical considerations

12/ have
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have been developed for the cation exchange resins but apply in
the case of the strong base anion exchange resins.

Many mathematical equations to represent the exchange
equilibrium have be-n proposed. As yet none of these has been
found to apply under all conditions encountered In ion exchange
applications,

Early attempts to correlate ion exchange data with

Freundlich9 adsorbtion isotherm led to the relation;

(c A
h k (a ~ c ; » Wlegner and Jenny,
Where a initial concentration of cations

quantity adsorbed

m = mass of the exchanger

¢ « final concentration of cations
k,p are constants,

X

By formal analogy with the Langmuir adsorbtlon isotherm

Boyd, Schubert and Adamson™® have pronosed the equation;

kb\] ib s T 1 * * V
W . 1+b + bE(CbY
Where /x\ Amount of A’ ion adsorbed per unit
Vin wt, of exchanger.
(Ca)&(Chb) Activities of ions in equilibrium solution

Constant identified as the total
exchange capacity

VvV, V' are the valence states of the ions involved

b3. b* are the constants related to the energy of
adsorbtlon of the cations.

Jenny(® has applied a statistical approach to derive an
.equation relating the exchange of two ions of equal valency and

derived the following equation;

rw 3+ Ve« (s + N)g - 43N (1 )
2 g1- Vo)
Where w » No, of cations exchanged at equilibrium
N » No, of cations added initially
S a Saturation capacity

vw, vb « Constants for each ion

13/ Tore. ,
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More recently Boyd end co-worker 8"~ hove applied a
rigorous interpretation of .the lav of mass action to the phenomena
of lon exchange.

For the exchange, represented by the equation

A4 + fjrg) DR = AR + (1)

He obtained the relation?

K - (y ") va/ZYb- xfIR
where

K Thermodynamic equilibrium constant -
% > at activities of ions A & B
Vas VD valence of lons A & B

> xtm mol fractions of A & B in the exchange

This latter equation probably provides the nearest
approach to the correct mathematical interpretation of ion
exchange data, but tremendous difficulty ie encountered in
rigorously applying such relations, particularly when the degree
of swelling of the exchanger is taken into account,

Gregorys.approaching the problem from a thermodynamic

point of view arrives at the equation?

ht Ln (Ja); (JAL » o(% - \)
where p - Swelling pressure

m ~ Thermodynamic activity

1 3 Resin chase

o ”~ Solution phase

% a Specific ionic volume

lonic Exchange Affinity

The differences in the ion exchange behaviour of various
anions and cations has been attributed by Jenny'-': and Nachod and
Woodqo to the relative charges and ionic-.radii of the- two lons
entering into the exchange, Boydl”™ and. Wlklander™”™ suggest that
the exchange affinities reflect merely the activity of the ion-s,
Boyd has found that the exchange affinity is Inversely propor-
tional to & the Pebye-Huckel parameter.

The affinity of the resin for OH or H* depends on the

14/ basic.
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basic, or acid strength of the lon exchange resin. 64

Anion Exchange Kinetlca.

Kunln and Myers~*~° have shown that the rgvte of reac/cior
is controlled by the diffusion of the ions into the resin
particles and therefore dependant on such factors as particle
size, concentration, temperature and degree of saturation of the
exchange capacity. For example, in the case of particles of the
same diameter it has been found thati

Yt
fe©

Kijt

where Yt and Mrsfare the number of miH i equivalents adsorbed at
time t. and equilibrium respectively. K is a constant that varies
linearly with the reciprocal of the particle diameter. This is
in agreement with Barrels Parabolic diffusion Law”o Similar
results have been obtained by Boyd and his co-workers.l’Q*‘g» The
relation between the rate of exchange and concentration depends

65 L . .
on the extent of exchange The initial rate relationship can

be expressed aei
|| KG

The more general equation depends on the ion species.
For example in the ce.se of Amberlite IR4B* the rates of exchange

can be expressed as follows65

<gs S KG(Y» - Yt) = for HCl & GHgCOOH

8 KchY® - Yt) - for H2SM4

S* K Ln C(Yis®- Yt) - for H3PO4
Kinetics of Fixed Bed lon Exchange:

Attempts have been made to predict the performance of
ion exchange columns operating under non equilibrium conditions.
Thomas HGMNOO0* has derived a fully mathematical treatment,
but in order to enable solution of the complex differential

equation obtained many simplifying assumptions have had to be

15/ made...
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mode, His derivation time only applies to certain isolated eases,
which oo not include the performance of anion exchange resin
columns.as encountered on the Rand, Considerable attention has
been devoted by G-luelcauf and Duncan,'L"\:n-Boydi,'0 Mayer and Torapé&ins, '
and Sillen, Ekedahl and Hogfeldtcp to the theoretical interpre-
tation of fixed bed ion exchange data, but in spite of these
contributions the investigation has not yet reached the stage
where anything but the simplest ion exchange processes can be
dealt with on a theoretical basis,

For this reason any immediate possibility of a mathematl. .
interpretation of the behaviour of ion exchange resins operating
on the Bend Leach liquors (where a complex anion is being adsorb?.
from a large number of competing anions) can be abandoned,,

A more practical approach has recently been provided by
Michaels , where the problem has been studied on a semi-empirical
basis. His interpretstion of the exchange mechanism depends on
the assumption of an exchange zone being established in the resin
column, and from empirical data concerning the exchange zone
height and its rate of movement down the column, column perfor-
mance can be predicted,, Although this method has only been
tested for the simple Hydrogen sodium exchange on cation resins,
this treatment offers the most.promising basis for the design
and interpretation of column performance on the Rand ion exchange
applications.

For a comprehensive treatment of lon Exchange in all

its applications the reader is referred to two books, by Kunin

and Myers,,64 and HachodSl c.nd a review by Boyd,20
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THE PROPERTIES, OF ION EXCHANGE RESIMS

JE PARTICULAR INTEREST T1I,!.JRAHIUM_
EXTRACTION.

The literature contains descriptions of many standard
tests whereby the value of ion exchange resins for any particular
application can be assessed * ’ J ? - m one
particular application of the extraction of uranium, these
standard tests have had to he modified and enlarged to include
those properties of the resins which are of specific interest
in this anplication, It is considered necessary to define,
rather carefully, certain terras which have previously been rathei
loosely applied to other exchange applications but which have
special significance in the extraction of uranium from Rand leec:
Xlquors, It has also been necessary to define new terras for
particular properties of these resins which are of Interest only
in the extraction of uranium

The following are definitions and brief descriptions of
the various terms used in this investigation,

{1) Total Exchange Capocity.

This term is defined as the total number of exchange
groups, measured In nilllequivalents per gram of dry resin,
oresent on the resin»

The commonly accepted, method of measuring the total
exchange capacity of these anion exchange resins is to convert
them to the hydroxide form, which is then eluted with a known
excess of standard acid, the excess acid in the effluent after
complete elution being determined by titration,, This method has
not been found to be suitable for the measurement of the total
exchange capacity of resins used on the Rand, since on these
resins ooisons are present which either react with, or are not
displaced by, the OH ion™ and consequently prevent the total number

of ion exchange groups being determined. It has been found

17/ orefersble.
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preferable to determine the total exchange capacity by means of
an analysis of the resin for total nitrogen. It has been show'55
that in the case of the strong base anion exchange resins used

on the Wandt the total nitrogen can be taken to represent the
total number of exchange groups. In other words, all the amino
groups on the resin are capable of undergoing exchange reactions
Even this method is not without complications, since one particuta
poison occurring ort the resins was found to contain nitrogen, but
this, as will be shown later™ can be allowed for by Calculation
of the nitrogen associated With this poison.

{2i Chior-ide Capacity.

This term is defined as the number of chloride equivalen
adsorbed by one gram of resin in apparent equilibrium with a
IcCfl hydrochloric solution.

In the case of a fresh strong based anion exchange resin
the chloride capacity Is virtually equal to the total exchange
capacity. However it has been found that certain poisons are
not readily displaced by the chloride ion and thus in the case or
resins containing these poisonsa the chloride capacity Is less
than the total exchange capacity.

It must be noted that, theoretically, according to the
laws relating the exchange of ions on exchange resins, any on°
ion is capable of eluting or removing any other ion under condi
tio.ns encountered in column elution”™, e,g, In passing a 1.0ON
solution of hydrochloric aci--' through a column of resin contain!
say, a poison, the chloride adsorbed is continually being replar
by more chloride ions, whereas the poison exchanged is being

continually removed, from the renin column. Thus, although the

exchange coefficient be exceedingly small, the passage of a
large excess of the hyd,roohlo'riogselution will theoretically
i "> f 'j

bring about the complete elution of the poison. However, it Xx

been observed that in the case of the poisons encountered in
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this Investigation, the exchange taking place between these

poisons end the chloride lon is so minute, even under these

conditions, that for practical purposes apparent equilibrium is

attained before an appreciable quantity of poison has been remove

(3) Uranium Oanacl ty,

This term is defined as the weight of uranium fas U30B)

adsoroed by 1 gram of dry resin when in apparent equilibrium

vi>h a solution containing uranyl and sulphate ions under

certain specified conditions.
The amount of uranium adsorbed by a resin depends not

only on the capacity of the resin but also on the nature of the

solution from which adsorbtion takes place. It is necessary,

therefore, to standardise certain conditions such as the pH of

ixie solution, the temperature, and the concentration of uranium

and sulphate in order to obtain true comparative values of the

uranium capacity. These conditions are given in the detailed

experimental method on page 127,
In most instances the uranium capacity of a resin is

equivalent, to the chloride capacity. In certain important cases,

however, She uranium capacity of a poisoned resin is less than

the corresponding equivalent chloride capacity. An explanation

lor this phenomenon will be discussed later,

1ne uranium capacity test was designed, to represent the

usefulness of the anion exchange resin for this, particular

application of isolating uranium from the Rand leach liquors.

It has been found convenient to express the uranium and

chloride capacities of poisoned resins in terms of a percentage

of the corresponding fresh resin‘s capacity, in which case they

can be referred to as the "percentage uranium capacity" or

"percen tage chloride canacl ty 80

For the purposes of this Investigation, it is necessary

19/ to, ..
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to distinguish between the various ways In which an anion

exchange resin column nay decrease In Its ability to remove

uranium from the land leach Honors as fo lows:

(1) Pessaaatjon of the ?unclAonalJd>r~"B.Sc This term

implies in the case of anion exchange resin the lose of some of

Its active amino exchange groups; t.e. the resin exhibits a

decrease In the total exchange capacity.

(2) Chemical Poisoning A chemical poison Is .aefined a-

a substance, which, by virtue of Its strong chemical affinity

for the anion exchan-e groups of the resin, Is Incompletely elm-

from the resin after complete uranium elution by the ,t.ndar

nitrate eluting solution, and thus causes a decrease In the

uranium capacity of the resin in subsequent adsorbtlon cycles.

This definition excludes substances suen as |lh_ i-rrlo

anionic complex, which are adsorbed together with the uranium

from B pregnant solution, but are completely eluted by the

nitrate eluting solution*

The presence of a chemical poisoning Is indicated by a

decrease In both the chloride and uranium capacity of the resin,

strictly speaking, the extent of chemical poisoning on the resin

should, most accurately, be measured by an analysis of the resin

after elution of uranium, for nitrate. The -presence of a che tc-f

poisoning would decrease the amount of nitrate capable of being
adsorbed by the unpoisoned resin during elution, and this decreas

would thus represent the amount of chemical poison on the resin

however in practice it Is far more convenient to elute tne

resin with 1.0? nci until free of uranium and tnen ae .ermine the

. . t hlorj ityoye
chloride remaining on the resin, ino(g* up 8ni8|rj'de cao&oity»

view of the very similar lon exchange Properties of the chloride

and nitrate anions,this method can be expected to give a mood

measurement of the extent of poisoning*

TIMC Tn AT



(3) Physical PolsonIln?. A physical poison is defined ae
an insoluble substance which is precipitated or deposited on or
inside the resin particles, resulting in a mechanical blocking
of the ion exchange groups,

It can be appreciated that such a poison would affect
the large uranyl sulphate complex anion to a greater extent than
the small mobile chloride ion. In such cases the percentage
uranium capacity would be lover than the percentage chloride
capacity and the presence of a physical poison thus indicated.

In this inyestigrtlon such a discrepancy between the
uranium and chloride capacity has been found to correspond with
the presence of insoluble material on the resin, find has in fact
been used to indicate the presence of a physical poison.

(4) Resin Disintegration Losses. By this term is meant
the resin losses due to the disintegration of the resin into
very fine particles and their consequent removal from the column
during the backwashing operation. It would also include resin
losses due to actual solubility of the resin in the various

soluti$ons used in the ion exchange process.
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A STUDY OF TTE P.OI'SONIMCL C M IKEmMIiGLiM
TFS WESTERN REEFS P ILOT PLANT AMION
EXCHANGE RESINS. A?.BEHLITE IRA.400.

?ART X.

THE OCCURRENCE OF THE POISONING AND
FETHODS OF 'REGENERATION.

{1) OCCURRENCE OF THE rOISPNINS;

In Hay, 1951, the Western Reefs Pilot Plant experienced
a sudden deterioration in the Uranium adsorbtion properties of
their anion exchange resins. This deterioration occurred
after approximately 10 cycles operation. Up to this time, the
resin, besides shoring an initial slight drop in capacity, (which
appears to be a usual occurrence rlth fresh resins) had worked
uniformly, adsorbing uranium from approximately 5,000 gallons
of pregnant solution before breakthrough occurred. The flew
rate in use at this time was 25 Ibs. of solution per minute.

At the 11th cycle the adsorbtion proceeded normally while
the first two columns, A and B, were in series and also during
the period when B and C were bein'* loaded. On changing to
adsorbtion on columns C and A, (which had In the meanwhile been
eluted) breakthrough occurred at a lower throughput of pregnant
solution.

Thereafter, the capacity of the resins deteriorated still
further when a breakthrough value of 0,065 gme U-Op/l1l. (compared
with the wusual 0.005 gns U~”Og/l,) occurred after only 1,020
gallons of pregnant solution had passed through each column,

In an attempt to regenerate the poisoned resin, the users
subjected them to a 2N HC1 wash, which resulted In only a very'
slight improvement. It was observed during this treatment that
after two hours in contact with the resin, nitrous fumes were

evolved, from the TtCl solution.

Samples of these poisoned resins were then sent to the
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Government Metallurgical Laboratory for investigation.
(2) EXPSRIIENTAL INVESTIGATION ON THE V/ESTSRN REEFS POISONED

The poisoned resins received were subjected to analysis
In order to determine the impurities present. In addition the
capacities of the resins were measured by means of a uranium
capacity test using a pure synthetic Uranium sulphate solution.
It was necessary at this early sta"*e to develop analytical
methods applicable to ion exchange resins. It vies also considered,
that the Uranium capacity test using a pure solution was to be
preferred to a similar test using s pregnant solution, for the
provision of Information regarding the capacity of the resin.
In the case of the latter solution, it was felt that the capacity
would be affected by too many variables, the significance of
which was not fully appreciated.

The results of these analyses are given in Table Mo, 1.

TABLE NO, 1.

ANALYSIS OF POISONED AUBERLITE IRA.400
RESIN RECEIVED FROM EESTERN REEFS,

Poisoned Resin

Before 2N MCI wash Fresh Resin

1, Uranium capacity 0.114 gms. UrjOo/gra’- 0.249 gms UgOg/gram
i.'e, 46# _ !

2. Sulphur as S 3047/j o.le;,

Ba 3 Xl,cd as 0.21# nil

4, Cobalt at Co 0.75M nil

5, FeoOg and A1003 trace trace

6. Uranium as UgOg [ ~nil

7. Total Nitrogen 3.69 millleoulv/gram 3,83 milliecuiv/ gram

These analyses refer to a sample of resin in the nitrate

form dried on receipt at 110°C. for 24 hours,
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It.wso noted that the water in which the resins were
received contained Insoluble siliceous material, colloidal
sulphur and tracer, of cobalt.

The ooisoned resin possessed a slightly dar.ter colour

than the fresh resin.

(3) RSTISNERATI ON,0? TTih PIVSIM.

The immediate requirement was for some method whereby
the resin could be restored to its normal capacity go that the
ion exchange columns at the Western Reefs Pilot Plant could
resume oneration as soon as possible, lor this reason It wrs
considered, advisable to carry out regeneration tests before a
fundamental study into the nature of the poison was made.

The poisoned resins were subjected, to a number ox chemical
treatments which are summarised in Table :\o. 2. ihe Uranium
capacity of the resin was measured after each treatment to
obtain an idea of the effectiveness of that particular regen-
eration.

Initially the accented methods of regeneration surgestec
by hr. Olsen (Dow Chemical Company) were attempted. These consis-
ted of a 6N Hydrochloric acid wash and a wash with water satu-
rated with 30g. neither of these solutions produced any narked
regeneration of the resin. The HCl wash gave an effluent
coloured bright yellow. This colour of t'-e solution, which
contained no metallic ions, disappeared on fuming with sulphuric-
perchloric acid mixture, which suggested that it was due to
organic natter This phenomenon Is fairly common with cation
exchange resins where it is known as "Colour throw*.

-As a guide to further regeneration tests, various ways

in which the capacity of the resins night be reduced were

considered.

24/ The
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(n The mechanical disintegration of the resin. This would
be clearly visible and had obviously not taken place.
(1) The mechanical blocking of the resin. This would be caused
by the deposition of insoluble material on, or inside, the resin,
and would prevent diffusion of the uranyl sulphate complex to
the Innermost ion exchange centres. l-ossible insoluble compounds
which night produce this effect are:
(a) Insoluble silica, precipitated from the high concen-
trations of silicates in the pregnant solution.
(b) Insoluble decomposition products of the glue added to
improve filtration of the acid leach pulp. It has on
many occasions been observed that certain pregnant
solutions, on standing, deposit insoluble organic
material, presumably a decomposition product of the
glue.
(c) Insoluble calcium sulphate. A recycled eluting solution
has been found to deposit calcium sulphate on standing.
This Is due to tue build-up of Cai'f and 50™" 1 in the
eluting solution.
(ill) The presence of an anion on the resin more strongly
adsorbed than the-uranyl sulphate complex, which Is consequently
not fully eluted by the nitrate eluting solution.
(iv) Inactivation of the amino exchange groups, either by
their destruction, or by the formation of a non-ionic complex.
The analysis of the resin showed no marked decrease in total
nitrogen so tKat the former possibility can be excluded, but
the presence of cobalt on the resin suggested the possibility
of the formation of a non-ionic cobaltamine complex.

Pith tve above possibilities in mind the following
regenerations were attempted. The capacities of the poisoned

resins after these treatments are shown in Table To. 2.

25/ TABLE TO. 2.
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() Repeated washes of the resin In water near the boiling
temperature. This treatment would remove any slightly soluble
material such as calcium sulphate and, possibly, the glue dis-
integration products. The water effluents, however, contained
no calcium sulphate nor organic natter and only a slight Increase
in capacity of the resin was observed. l'ore severe conditions,

such as boiling the resin in water, were not attempted since une
61,94.

stability of the resins at high temperatures was suspect.

(i) The poisoned resin was allowed to stand in cold 46,-
hydrofluoric acid for 16 hours. This treatment was designed to
remove the silica present. The capacity of the resins increases,
to 69;" and the TF7 solution, when neutralized, gave a voluminous
eorecipitate of silica. Thus although this treatment was effective
in removing the silica, the major source of poisoning had not
been eliminated.

(ill} The poisoned resin was treated with 30/: HOIT in the cold
for two hours, washed with water, followed by nitric acid
(30;/ v/v) to convert it to the nitrate form.

It was hoped that this treatment would have a two-fold
effect, namely to provide a more practical method of silica
removal, and secondly to break up any metal inorganic complexes
such as cobalt thiocyanate and cobaltocyanidec«

Although the capacity of the resins was increased to
only 60/, the following observations suggested that regenerations
of this nature should be investigated further,

(a) The PaOH effluent was found to contain a considerable
amount of silica and sulphur present as a sulphide.

(b) On commencing the wash with nitric acid, buobles of -.gO
were liberated from the resin, and as the nitric acid
solution reached the bottom of the column where alkaline

conditions still orevailed, a black precipitate ol cabal :
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sulphide mss formed. This precipitate redlssolved on the

passage of a further ouantlty of nitric acid.

Thus, part at any rate of all three of the Impurities
oresent on the resin mere removed by this treatment;, and it was
considered possible that more severe conditions night bring
about better regenerations.

The use of concentrations of the NoCH above 30/. mas
not considered practicable since difficulty mould be experienced
in handling these extremely viscous and corrosive solutions on
a plant scale. Heating the resin with 30" NaOg man to be avoided
since preliminary tests showed that a considerable quantity of
vh5 mas evolved, indicating the destruction of the amino groups
on the resin.

The following further regenerations mere therefore
attempted

(iv) The poisoned resin mas allowed to stand in 30, Nc.OK
at room temperature for 20 hours, followed by cold water washing
followed by a 3¥.. HNOg wash.

(v) The poisoned resin mas allowed, to stand in 30/ NaO!T at
room tempersture for 20 hours followed by a hot water mash
(200 nl/gn, resin) followed by a 3. T!INOg wash.

The capacities of the poisoned resins after these
treatments increased to 78/2 and 90,; respectively, the latter
figure mas considered to represent a satisfactory regeneration,

further regenerations with lower concentrations of
NaOH, or replacing the NaOH with did not provide satis-
factory regenerations. It appeared that the minimum requirements
for efficient regeneration were as follows

The resin should be agitated with cold 30,. NaOH for
not less than 20 hours. After washing with hot water (above 70°C.}

for two hours, the resin should be converted to the nitrate form
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vith 30£ HMO3. By this method regenerations of above 90, couia
be obtained.

The experimental results from the above series of
regeneration tests are given in Table No. 2.

(4) LITE TE3TS ON RTTEEERATKT) RB3IM.

Before the regeneration procedure could be recommended
for use on the poisoned ion exchange resins at the Ivestern Beefs
Pilot Flant, it was considered advisable to carry out further
tests on this regenerated resin. The possibility existed that;
(a) This somewhat severe regeneration procedure had in some way

attached the resin, which would result in its rapid deter-

loration when put into use.
(b) Only a superficial regeneration had been obtained which would
disappear after only a few cycles of operation.

To ascertain whether either of these possibilities had
occurred, it was decided to subject the resins to a number of
cycles in the life tester under conditions resembling those
practised at the Filot Flant.

Accordingly, a number of poisoned and regenerated resins
were subjected to loading and elution cycles similar to those
used at '..'estern Beefs as follows ;

4 1" diameter columns were set up on the life tester con-
taining approximately equal volumes of the following resins:

(a) Tresh Amberlite IRA.400 from Western Reefs.
(b) Poisoned Amberllte IRA.400 from Western Reefs.
(c) Poisoned Amberllite IRA.400 treated with 6N KC1.

(d) Poisoned Amberlite IR .400 regenerated by the 30,
RaO'T treatment described above.

Each column contained approximately 40 gns. resin.
The columns were subjected to a Uranium capacity test
using a pure Uranium sulphate solution similar to that described

in the analytical methods of page 127.
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After elution fallowing the Uranium capacity test, the
loading curves on a hestem Reefs pregnant solution were deter-
mined. This pregnant solution was claimed to represent a typical
sample of the solution used on the IHot ilont columns,

".he resins were then eluted and subjected to 11 adsorbtioi
and elution cycles consisting of the following operations!

Adsorbtion 33 ml/min flow rate ~ 8 hrs,

G mins.

Down-wash " " i i

Elution with the standard nitrate eluting
solution 8 ml/min flow rate

6 hrs.

Down-wash 33 ml/min flow rate - 12 mins.

In addition the columns were bach-washed manually every

day to remove accumulated slime.m

After 11 cycles the Uranium capacity and loading tests

were repeated.

’he results from these tests are ~iven in Table Mo. 3,

and Figures Mas. 1 and 2.
TABLE NO. 3,

CABACITIES OF IQIOONED AMD BSTMMERAT' D
RESIMo UMBER LIFE TEST

COLUMM A coLu'M D COLUMN C go: um® P
I

1
% r
Cap Cegp Cap Cap Gap C%Ij) Cap Cap

Uranium Capacity 0.238 100 0.123 32 0,118 50 0.202 87
0 cycles

I.'rani un Capaol ty 0.193 82 0,155 66 0,165- 70 0.197 84

11 cycles
l-reg. Coin, Cap. 0.059 " 0.043; 0.045 0.056
11 cycles
Mt, of resin 42.8 grams 45,7 grans| 47,92 rramsj 36,5 grE

Capacity in terms of gms. UgOg/gm. RMOg dried at 110°C.

‘‘eight in terms of gms, RNO3 dried at 110 °C.
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Column A - Fresh Anberllte IRA,400

Column B - Poisoned Amb~rlite IRA.400

Column C - Poisoner Anberllte IRA.400 Regenerated 6 N HCl1l
Column D - Poisoned Anberllte IRA.400 Regenerated 30/ MaOH

The Initial Uranium capacities confirmed the results
obtained In the small scale tests that 30/ MaOH is an effective
regenerant and that 6N HC1 has little regenerative effect for
this type of poisoning.

The initial loading curves show that in the case of the
NaOH regenerated resin even better adsorbtlon characteristics
than the fresh resin are evident. This is indicative of a
faster adsorbtlon rate which suggests that the resin has been
activated, possibly as a result of the swelling produced by the
regeneration.

The loading curves after 11 cycles show that these improved
adsorbtlon characteristics of the regenerated resin have dis-
armeared, the curves obtained in each of the four columns being
very sinllar.

The capacities after 11 cycles show that ?

(a) The capacity of the fresh resin has dropped by 10/. This
drop in capacity during the first few cycles operation
had also been observed in tests on Blyvoorultzicht
pregnant solutions. (See page 107)

(b) The MaOH regenerated resin has maintained its capacity
at approximately 85/ of the fresh resin's capacity.

(c) The capacities of the poisoned resins in Columns B and C
have increased to 66/ and 70/ respectively, l.e. a

certain amount of self regeneration had taken place.

As a result of t”ese tests it was apparent that the 30/

MaOH regeneration had not adversely affected the resin and that

30/ its
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its use on the Pilot Plant could be safely recommended.
This regeneration was carried out at' the Western Reefs
Pilot Plant and the poisoned columns were successfully restored

1¥)7
to their normal working capacity.’

(5 FURTHER REGENERATION TESTS.

while attempting to artificially poison samples of fresh

resin, a different regeneration technique was developed.
The evolution of HgS on acid washing the 30}v MaOIl regen-
erated resin, suggested that a sulphide could in part be res-

oonslble for the poisoning of the resins. An attempt was made

to artificially poison resins by passing solutions of sulphides
through columns of fresh and regenerated resins, No success was

obtained in poisoning the resins, in fact it was found that the

passage of Nao3 had actually increased the capacity of the
regenerated resin.
Accordingly, experiments were carried out on the poisoned
resins using Na”S and water saturated with HgS as regenerants,
in Table No. 4) show

The results of these experiments (given

that both NapS and TIgS were effective regenerants.
The Wa0S gave effective regenerations at much lower con-
centrations than those required when NaOH alone was used,
Adequate regeneration was obtained with a solution of 5™ NagsS.

The water saturated with HgS regeneration when followed ,bt
an NaOH wash gave capacities as high as 94} of that of the fresh

resin.

These tests were carried,
poisoned resin from Western Reefs
distilled water for approximately
tests on the resin after standing

of self regeneration had occurred

out on samples of the original
which had been standing in

two weeks. Uranium capacity
showed, that a certain amount

during this period. The

capacity after forty days standing rose to 58}

TABLE MO« 4



TABLE no. 4.
R\Vions tests on westerh hv

MB .BLYVOORIilITZ IGHT POISONED RESINS

NO. TEST CONDITION nr WIIJ.
gm.n~0j
1. Freeh Resin from .Vostorn Roofs OR
tc pPoisoned Resin from Vostorn Reefs HC:
washed, stored under HgO for 14 days 0.1
3 - Poisoned Rosin from Western Reefs HC: il
washed, stored under HgO for so*days 0.r-
t
4 i Hcsin (2 ) treated -with % NaOH for 4S '
hours, followed by hot h20 wash p n.
5 j Resin (2 ) treated with 10. Na©H for 4S
| hours, followed by hot HpQ wash 0*]",
6~ Rosin (2 ) treated with 20, NaOH for 4s
hours, followed by hot R2q wash. h vr
7. Rosin (2 ) treated with 30,5 NaOH for 24
hours, followed by hot KoO wash 0,21
S. Resin (2 ) treated with saturated H?S
wai'er, followed by 10,, KNO.j wash 0.20
I
9o . Resin {2} treated with 20r Nap8 for 24 :
1 hours, washed and eluted with 10b HNO-, 0,21
3
10. Rosin (2 ) treated with saturated Hes
water, followed by 3(4, NaOH, washed
and eluted. | 0 .23
1
i Resin (2 ) treated with cold %, NaPS for |
i 24 hrs, washed, eluted' with 1 0O frHNO-? ! O 1(
J1‘_D~e %Rosin (2) treated with hot % NaPS§s,
washed, eluted with ICXj HNO 0,19
3
13 Resin (2 ) treated with cold 10,, Na-S
for 24 hours, washed and eluted 4ith
lev; HNO-,. 0.20:
14 Resin (2 ) treated with cold J', N.v,S for
24 hours, washed, eluted with 1bf, HNO. 0,12C
15. Blyvoorultzicht poisoned resins washed
free of slime and sulphur. 0,1b:
160 | Resin (15) treated with 3C4, NaOll for
24 hours, washed, eluted with 10-,, KNO- 0w

1

SIN cap

100

50

62

b3

S+

67

72

74
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The presence of cobalt was detected In the water under
which the resins had been stored, rrn analysis of this resin
after standing showed that it contained only Q5% Cof conpax*ed
with 0.75% when it; was initially received,, Analysis of the
original 30% NaOH regenerated resin showed that it contained
0,56% Co. and further regenerations failed to produce any
further removal of Co, The results of the above regenerations
are summarised In Table Mo, 4, This Table includes regeneration
tests on a sample of resin from the Blyvoorultzicht Pilot
Plant, which was suspected of being poisoned. Capacity tests
showed, however, that the poisoning was not serious, the
capacity being 74%, 50% NaOH regeneration Increased the capa-

city to 88$%,

(6) SUMMARY amp DISCUSSION 0? TTIS REGENERATION TESTS.

Having satisfied the Immediate requirements of obtaining
a suitable regeneration procedure It was decided that a
fundamental Investigation Into the nature of the poisons
occurring on the 'deetern Reefs resin would be of value In
devising further regeneration methods and means of eliminating
the causes of the poisoning, Tor this reason further regen-
eration tests were not continued and the results obtained at
this stage are summarised briefly below:
(1) The poisoned resin can be effectively regenerated with
30% NaOH or 5% NaZ2sS.
(2) The 30% NaOH treatment did not remove all the Impurities
on the resin. An analysis of the poisoned resin before and

after NaOH regeneration is given below In Table ?lo. 5,

TABLE MOc 5



TABLE NO. 5

ANALYSIS OF POISONED RESINS BEFORE; AND
AFTER REGENERATION UITH 30%$ NaOH

. BEFORE AFTER
I
IWPURITIES PRESENT REGENERATION REGENERATION
Cobalt as Co. 0.76% 0,56%
Silica as Si09 3.29% 0«50%
3.47% 2.30%

Sulphur as S

The analysis was carried out immediately after the 30/’
NaOH treatment.
(3) The lon exchange properties of the resin are in no way
adversely affected by the 30% NaOH treatment.
(4) After a certain number of Uranium extraction cycles, the
poisoned resin undergoes a small amount of self-regeneration,
the capacity increasing from 32% to 66$%. A similar self-
regeneration occurs when the resin.is atored under xvater for
a period of 40 days,, the capacity increasing to 568$.
(5) The capacity of a fresh resin operating on V.'estern Reefs
pregnant solution drops to 85% over a period of 11 cycles.
These results indicate that the poisoning is partly of
a reversible nature. In other words, when the conditions
favouring the poisoning of the resin (such as the presence of
a strongly adsorbed ion in the pregnant solution) are eliminated,
the particular compound causing the poisoning tends to be
removed from the resin. However, only a portion of the

impurities present apt)ear to be readily removable in this way.
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PART I1I.

THE INVESTIGATION INTO THE NATURE 0? THE POISONS
PRESENT ON THE WESTERN REEFS RESIN.

The tests described below were carried, out on samples
of V.'estern Reefs anion exchange resins recieved periodically
from the Pilot Plant, Some of these samples exhibited greater
degrees of poisoning than others, but all of then contained the
elements cobalt, sulphur and silica as impurities, A descrip-
tion of the samples together with the amount of impurities
present and their Uranium and Chloride capacities are given

In Table No. 6.

(1) IHIETHODS 1J3SD IN MNTE INVESTIGATION

The standard methods of qualitative analysis for unknown
compounds could not be applied directly to the compounds
occurring on the anion exchange resins. The lon exchange proper-
ties of these resins Introduce too many complicating factors. In
addition it is virtually impossible to observe the formation of
precipitates upon which such a scheme of analysis depends.

Certain non-volatile elements such as cobalt and silica
had already been determined by ashing the resin, but of course
this had destroyed the particular compound causing the poisoning.
Also by modifications of standard methods of analysis other
elements such as sulphur and nitrogen could be determined, but
here again, these methods involved the destruction of the poison.

Initially there appeared to be three methods whereby the
compounds on the resin could be identified;
(1) By eluting the poisons from the resins by means of some
eluting agent, which if possible would not bring about their
decomposition, followed by a qualitative analysis of the

eluate, Even if the particular eluant brought about an altera

ion of the poison, analysis of the eluate would provide

TABLE NO. 6
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valuable data regarding the poisoning.

(2) By a quantitative analysis of the resins themselves for

the elements present in the poisons and attempting to correlate

the molecular proportions of these elements vith known chemical

compoundsn

(3) By a trial and error method in which attempts would 'be

made to produce an artificially poisoned resin with the same

properties as that from Western Rpefs,,

(2) TT5 NATURE OF TtIE COBALT CONFOUND OCCURRING- ON TriE
VEGTERM REEFS RESI™h

(a) Preliminary Tests;

It appeared highly improbable that the cobaltic or cobal~
tous cation could, as such, b” adsorbed on an anion exchange!
resin. For example, when a typical Western Reefs pregnant
solution containing 20°l ngms of Co"i+, was passed through an
Amber'llte IRA,400 column, no cobalt was adsorbed by the resin,
Adsorbtlon only occurred, as a complexes anionic form of cobalt.
The three most common cobalt complexes are the cobalt!- and
cobaltocyanid.es, the cobaltlinltrites and the cobalt thiocyanate

Preliminary qualitative tests on the 30, NaOH effluent,
which had been found to remove a small fraction of the cobalt,
failed to show the presence of any of these compounds, or any
thiocyanate, nitrite or cyanide. Nevertheless, 'the possibility
existed that the NaOH had brought about the decomposition of
these compounds and their presence on the resin could not

therefore be excluded,,

In view of the facts t-~at (a) the two impurities incom-
pletely removed by the NaOH regeneration were cobalt and
sulphur, in the mol. ratio of Co/S - 1/8.3, and that (to)
traces of thiocyanate anions had been detected in Western
Reefs pregnant solutions,it seemed likely that the cobalt!”

thiocyanate complex would offer the most promising line of
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investigation. The presence of Co(CNS)~11, as the possible
complex, would require a mol ratio of Co/b =*1/6, but the
observed ratio could, be readily explained, by the presence of
other forms of sulphur. Experiments were therefore undertaken

to determine if additions of thiocyanate to a pregnant solution
containing cobalt would produce cobalt adsorbtion on the

passage of such a solution through an anion exchange resin column
(b) Additions of Connlexlnor Agents to the }remant Solution.

Ammonium thiocyanate was added to 1 litre of Western
Beefs pregnant solution containing 20*1 ra™ms. of Go. This
solution was stirred with 1 gm of fresh resin and in repeat
experiments passed through a column containing 2 gns, of
resin. In every case the solutions and the resin were analysed
for cobalt.

Under these conditions no cobalt adsorbtion was observed
to have taken place, In each case the bright red colour of a
ferric thiocyanate anionic complex was formed and strongly
adsorbed by the resin. Other tests under slightly different
experimental conditions produced the same result. These results
ar-e shown in detail in Table To, 16 Tests To. ClI - G5 which,
for the sake of clarity, are included together with all other
experimental details in an appendix at the end of this chapter.

It was therefore concluded, that the cobalt thiocyanate
complex would not be adsorbed by the anion exchange resins in
the presence of large amounts of Fe+*+,

The possibility existed that the cobalt would be adsorbed
as a complex with some other sulphur compound which would not
form a similar complex with Fe***« However, additions to a
pregnant solution of thiosulphates, persulphates, sulphites,
sulphides, bisulphites, hydrosulphites and the various poly-
thionates failed to produce any cobalt adsorbtion on the resin.

(See Tests Cl2 to C20). Attempts to produce these compounds
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lin situ8 by bubbling HOS and. S09 throughtthe pregnant solution
under various conditions also failed to result in any cobalt
adsorbtion on the resin, "Test C6 ~ Gil, Table No 16)

The other common complexJLng agents present are the cyanide
and nitrite anions. Their presence in a pregnant solution can
be readily explained. The cyanide iorr is derived from the
previous cyanidation of the ore; and the nitrite may be intro-
duced when the first portion of the eluate is returned to the
pregnant solution. Any reducing agents, such as sulphur
compounds, .on the resin might form nitric oxides and nitrites
with the nitric acid in the eluting solution, However, the
addition of NaCN and NaNO™ to the pregnant solution failed to
result in any cobalt adsorbtion on the resin, (Tests C21 and
C22 - Table go. 16) ,

Additions of other complexing agents such as ortho-,
raeta- and pyrophosphates, fluorides, silicates and eilico-
fluorides also failed to result in any cobalt adsorbtion on
the resin. (Tests C23 - C28, T:ble No. 16).

In view of the failure of these tests, this method of
approach was abandoned and a means of removing the cobalt from
the poisoned resins was sought.

(c) Attempts to Remove the Cobalt Adsorbed on the Poisoned
Resina.

The accepted eluting reagents such as HC1, IINOs, HOSO4,
NaOH and KCIO4 both in dilute and concentrated solutions were
found to be ineffective, only about 10,1 to 20, of the cobalt
on the resin being removed. The perchlorate anion is a strong
eluting ament and is capable of displacing, most other anions.
Its failure to do so in the case of the cobalt complex anion
su"Nested that its removal depended on reactions other than
a straightforward electrovalent exchange,

Tost promising of these methods involved the destruction
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of the complex on the resin when the solution could he analysed
for th- products of the decomposition™ e,g. if the cobalt were
present as the cobalt thiocyanate complex it could be removed,
by oxidation of the thiocyanate (with, say, hro) to sulphate,
thus breaking the complex into a cation Co+++ and. an anion

S04 *1. The presence of cobalt and sulphate in the solution
would show that such a decomposition had occurred*

In order to examine this possibility the poisoned resin
was boiled with 10# Br? In NaOH, when, although all the sulphur
present on the resin was removed as a sulphate, only about 10#
of the cobalt was removed. This showed conclusively that the
cobalt was not present on the resin as a cobalt thiocyanate
complex, nor as any other complex containing sulphur, ‘'either
was it present as a cobaltin!trite since the latter would also
be decomposed by this treatment, (Test C30),

Similarly, fuming the resin with hydrofluoric acid showed
that all the silica could be removed without removing the
major portion of the cobalt. This behaviour eliminated the
possibility of complex cobalt silicates being the main cobalt
complex on the resin. (Test C31ty)

It is interesting to note that under these severe experi-
mental conditions, the resin underwent no apparent decomposition
as shown by the weights of the resin before and after these
treatments*

Another technique has been found useful in removing ions
from exchange resins, namely to elute the resins with an eluting
agent which forms a complex with the ion. Although this
technique is genera’'ly applied to the removal of cations from
a cation exchange resin, it was considered that It might

provide a possible means of removing the cobalt complex on

the resin*
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The resin was treated with cold. NaCN and cold NF/.CNS,
the former being unsuccessful while the latter was found to
remove 25/ of the cobalt on the resin, (Test C32 and C35) a
This latter method showed promise since this was the greatest
amount yet removed. On hoiliny the resin with SO, , an
interesting result was observed in that the resin gradually
assumed a ~reen colour similar to that of a resin loaded with
cobalt thiocyanate complex anions, and. even more important,
that about 80/ of the cobalt present on the resin was removed
in the thiocyanate solution (Test G34), The green colour was,
in fact, identified to be due to a cobalt thiocyanate complex
and, on destroying this complex by boiling the resin with BrP
in KC1, a further 19/ of cobalt was removed, making an overall
removal of 99/.

The qualitative analysis of the NH"CNS extract was rendered
extremely difficult by the high concentration of CHS*, and also
by the presence of a considerable amount of colloidal sulphur
and organic matter. The colour of the extract was a deep
orange-yellow. however, certain opialitative tests on this
solution (Test 035} indicated that the cobalt was present as
a .cobalticyanicl'e complex.

Confirmation of this indication was provided from an
analysis of the poisoned resin for cobalt and total nitrogen.
It had been noticed in the analyses of the various poisoned
resin samples that an increase in the cobalt content was
accompanied by an increase in the total nitrogen content of the
resin. Analysis for total nitrogen was carried out by the
Kjeldahl digestion method in which the resin was heated with
cone, !IHSO™ to convert the amino groups to ammonium saltse
which were then estimated by carrying out an ammonia'distillatioo,

This treatment decomposed the cobalticyanide anion according to
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the reactlont

2 H3~CO(CN)6j + B HpS04 + 15 HgO - 2 CoS04 + 6(NH47S04 + 11 CO +

from which it can be seen that each equivalent of cyanide in
the ~Go(CN)gj complex forms one equivalent of an ammonium
salt. A sample of the poisoned resin containing cobalt was
analysed for total nitrogen by the Kjeldahl method. A sample
of the same resin was then subjected to the NHACNS and Brg
treatment described above to remove the cobalt, and, after
thorough washing, again analysed for total nitrogen. As expected,
the poisoned resin contained more nitrogen than the regenerated
resin, the excess being present in an amount equivalent to
approximately 6 equivalents of nitrogen to every one nol of
cobalt present on the resin, (Test C36),
(d) Properties and Occurrence of the Gobaltlcyanide Anion.
The conclusion that the cobaltlcyanide anion was present
on the poisoned resin explained many previously observed
phenomena. The 'cobalt!icyanide anion110 is remarkable for its
great stability. It is far more stable than either the ferro-
or ferricyanides, being unaffected by boiling with cone. HCl ,
Cone. HNOo chlorine, bromine and cone. NaOH. It forms in-
soluble salts with most of the divalent metals, but unlike the
ferro“ and ferricyanides, the ferric, and most of the other tri~
valent metal salts are soluble. . It is formed by the action of
ON8 on a cobalt salt to give, initially, insoluble Co(CN)P
which redl6solves in excess- CMl to form a cobaltocyanide. The
latter anion is extremely unstable and is readily oxidised to
form the stable cobalticyanide
Co++ * 2CN' a Co(CM)?2
Co(CM)g + 4CN' a Co(CN)6‘*"1
4[co(CN)gj " *1 + 0Og + 2#20 » 4~Co(CN)6) 's" + 40H*

The latter oxidation occurs very readily and can be
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brought about by merely alloying the solution to stand with
free access to the atmospheric oxygen,, It is reasonably certain
that such a sequence of reactions would take place during the
cyanl!datlon of the ore, and that any cobaltlcyanide thus formed
remaining In the cyanide residue prior to leaching, would appear
unchanged In the uranium pregnant solution, and consequently
cause poisoning of the anion exchange columns-

It is apparent from cobalt analyses carried out at the
Western Reefs Pilot Plant that only a small portion of the
total cobalt in the ore undergoes this series of reactions-
The major portion is dissolved under the acid conditions of
the uranium leach and appears in the pregnant solution as a
cobalt cation, which has no effect on the anion exchange resins-
This explains the failure in the earlier tests to obtain any
cobalt adsorbtion, since In the particular batch of pregnant
solution used no cobalt!cyanide was present although a consider-
able amount of the cobaltous cation was found-

The failure to detect CN® on the poisoned resins in the
preliminary tests was due to the remarkable stability of the
cobalt!cyanide anion -

{3) THE nature 0? THE SULPHUR COMPOUNDS OCCURRING- ON THE
WESTERN REEFS POISONED RESIN,
Preliminary Tests;

The presence of colloidal sulphur in the water under
which the resins had been stored led to the suspicion that at
least a part of the total sulphur on this resin was in this
form- A thoroughly washed sample of the resin was extracted
with CS9 in a Soxhlet apparatus and found to contain 1*20> S
soluble in CSP- The tots! sulphur on this particular resin
was 3*21%. No sulphate, sulphides, thiocyanates or thiosulphates
were found to be present by simple qualitative tests- The
tests on the nature of the cobalt poison on the resin showed

that the sulphur was in no way complexed with the cobalt-
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Identification of the Sulphur Compound on the Resin,

A .means of removing the sulphur compound on the resin was
sought. The 30/ NaOH used for regeneration, although removing
part of the sulphur, must, In so doing, have altered the form
of the sulphur compounds since both sulphides and thiosulphates
vrere detected in the NaOH wash, whereas neither of these com*
pounds was detectable on the original poisoned resin.. Neither
dilute nor cone. KGl1 was found to be .effective in removing the
sulphur.

Towever, | *ON HNOg was found to remove at least part of
the sulphur present without any visible signs of decomposition,
qualitative tests pn this t/MNOg eluate indicated the presence of
polythionates. (Test C3B),

This Indication was confirmed by elution of the resin

with NaCN which undergoes the following reactions with poly-

thionates.

s6°6M + OCNS ™ Hq0 - gpe31* + 8 + 3SCNi + 2HCN ro(1)
S50e3s + 4CN3 * HgO « s2a8sd * SO4*e + 2SCN? + 2HCN - (2)
S406!s + 3CN8 * h20 » 50333 F gpoam '+ SCM3 3 2HCN - (5)

The presence of CMSe end gocy 3 in the NaCN eluate was
detected and taken to confirm the presence of polythionateeO

It was considered of some importance to determine which
of the polythionates was present, so that the extent of poison-
ing due to these compounds could be calculated from an analysis
of the resin. This was thought possible by means of the re-
actions (1), (2) and. (5) and reactions of the polythionates
with S03 *».

In just alkaline solutions the following reactions take place

2 _ L] ‘
bgOe?1v- 3303 ! - S306°'3 « 3509393 - (4)
s506 ** = 2305»3 _ S306 M + 2S2031* - (5)
W 1 mm so03r« - s3°g*8 + 5203 <« - (6)
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The thiosulphate formed according to these reactions
could be determined by titration with iodine, after removing
the. excess sulphlte with formaldehyde.42 ,.

A sample of freshly poisoned resin was treated with
solutions of just alkaline NaCN and Na2S03 tinder a variety of
conditions,-and the thiosulphate thus formed determined... It
was, however, found impossible to obtain dupllication of results®
Moreover rough estimates from these figures showed that in
order to- account for the total sulphur on the resin, the presence
of a hex&thiom te would have to be assumed. This was surprising
since the hexathionates are generally assumed to be unstable®
The most stable of the polythlonates is the tetrathlonate,

S406® (Test C38)o

However, it was realised that errors might, have been

introduced by the use of alkaline solutions on a strong base

anion exchange resin. In strong alkaline solutions the poly-

thionatea decompose as foil owe;

S606 » s506«* * S - (?)
S506!3 + SO7+ « 5S203s* + 3H20 - (8)
45406,j + 60H4 » 55203 *« + 2S53065' + 3H20 - (9)
25306ta + B60H5 » 4S03* + So039? + 3HgO - (10)

During the passage of the slightly alkaline cyanide and
sulphite solutions, the OH5 would be adsorbed by the anion
exchange resin with the result that inside the beads of the
resin a high concentration of OH8 ions would exist, and this
would bring about the decomposition of the polythlonates as above

Assuming the above theory to be correct, elution of the
poisoned resin with NaOH should bring about the complete
decomposition of the polythionate according to reactions (7),

(8), (9) and (10)c
Such an experiment was carried out in which the poisoned

resin was eluted with 10% NaOH, and the thiosulphate thus formed,
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determined, The results on duplicate determination,? v?ere

in excellent agreement and it was found that the sulphur on
the resin could be satisfactorily accounted for by the presence
of a tetrathlonate, S™0g98. The experimental details are
given in Test C39

Occurrence of the Polythlonates:

The presence of polythlonates in the pregnant solutions
could not be as readily accounted for as in the case of the
cobaltlcyanides,, These compounds are generally formed as a
result of a reaction between HoS and mild oxidizing agents
such as Fe*++, SOg or an MnOg suspension,

kith the majority of the Hand ores HoS is evolved on the
addition of acid, and it was originally considered that the
formation of polythlonates was the result of the reaction of
this gas with either the Fe+++ or the MnOo present during the
uranium leech* Judging from the experience at the Western
Reefs Pilot Plant where only specific batches of pregnant
solution exhibited particularly bad loading properties and sub-
sequently caused, a sudden deterioration of the ion exchange
columns, it seemed likely that certain conditions favoured the
formation of polythionates, these conditions being absent from
the majority of the leaching procedures.

Accordingly an investigation was undertaken to study the
effect of certain variables on the formation of polythlonates
during the uranium leach. Factors such as the concentra-
tion, the acid concentration, the amount ana the nature of the
FNOo addition and the effect of air agitation were studied.
Mane of these factors were found to have any marked effect on
cne polythionate formation. Samples of the cyanide residue
from Western ~e-fs and West Rand Consolidated (which had. also
experienced poisoning) and the uncyanlded ore from Luipaards-

viei (which in other tests had been observed to evolve much HoS
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on the addition of acid) were used for these tests.

It was observed that in the case of the West Rand Con-
solidated and Western Reefs residues, traces of thiocyanate and
cyanide ions, which were ori-inally present in the cyanide
residue, etill remained in the pregnant solution after leaching.
These ions Interfered in the method of analysis for polythlonate
and steps were taken to remove them by thorough washing of the
cyanide residue prior to leaching.

As a result of this treatment the polythlonate formation
was practically eliminated. This implied that the compound
causing the formation of the polythionates was present in the
original cyanide residue and could be removed by washing. In
the case of the Lulpaardsvlel ore, which had not yet been
cyanlded, virtually no polythionates were found in the pregnant
solution. Detailed analysis of the recycled cyanide liquor
showed that the only other sulphur compound present,apart from
sulphate, was the thiocyanate anion.

It was at first considered possible that the thiocyanate
acted merely as a catalyst for the formation of polythionates.
However, the addition of known amounts of thiocyanate to a
thoroughly washed cyanide residue prior to leaching, resulted in
the formation of polythionates, the amounts of which were approx-
imately proportional to the amount of CNS originally added.

It was, therefore, concluded that the formation of poly-
thionates was the result of the destruction and oxidation of
the thiocyanate ions present in the unwashed cyanide residue.
The results of the tests described above are summarised in
Table Mo. 7.

Properties of the Tetrathlonate lon.

Of all the polythionates, the tetrathionate is the most

stable. Nevertheless pure solutions of the sodium salt of

this anion decompose slowly in the cold with the deposition of

TABLE NO. 7
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7Q Fe+++
g/1 g/l
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n.il 5._*
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$ 14.0
1.4 004

3 4.2
0.6
1.4 0.5
trace 1.6
0.2 6.4
0.2 9.6
il 0.9
6
" 92
¢ 1.9
0.9 0eb6
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Remarks .and Observations

mUncyanlded ore used

[Unwashed Cyanide Residue used
Agitated In bottles on rolls
Odour of HCN after leaching

[I.luch CNS in pregnant solution

'‘Unwashed Cyanide Residue
/Air agitated in pachucae
INo odour of HCN

1

|[Unwashed cyanide residue
(Air agitated in pachucas
[No odour of HCN

[Only traces of CNS5 in preg. soln.
[Unwashed Cyanide residue

(Air agitated in paohuca

‘No odour of GN5

[Only traces of CNS5

[Cyanide residue washed and dried
Agitated in bottles on roble
mNo odour of HCN
[No CNS5 present in preg. soln
Agitated in bottles on rolls
i.,uch CNS5 and HCN in preg. soln.

[Cyanide residue washed by repulping
[twUie with water.Agitation in pachucas
[Odour of HCN in preg. soln.

[after leaching.



colloidal sulphur, The decomposition is accelerated in alkaline
solutionsAi9 and In the presence of certain impurities, notably,
in this instance, sulphuric acid*76 The tetratbionate is
moderately stable in cold dilute nitric acid, but on heating
is rapidly oxidised to sulphate,, On standing in the presence
of nitric acid in the cold, for some length of time, colloidal
sulphur is formed, 76

The tetrathionate reacts rapidly and guantitatively in
alkaline solution vith sulphites and cyanides as shown in
reactions 3 and 6. A similar reaction occurs with alkaline
sulphides according to the equation

S406” + S»' * 28203*" + S ~ (11)

Its reaction with strong alkalies has already been given
(reactions 9 and 10)

With strong reducing agents such as nascent hydrogen, a
sulphide is formed,

With strong oxidizing agents in hot solution, poly-
thionates are quantitatively oxidised to sulphates, 76

When a resin In the nitrate form containing tetrathionates
is allowed to stand in the cold, the tetrathionate decomposes,
liberating colloidal sulphur, some of which remains inside the
resin particles. Analyses of the various samples of poisoned
resin from Western Reefs show that although they all contain
tetrathionates, only those that have stood for some length of
time contain colloidal sulphur. It can thus be assumed, that
the presence of this substance can be accounted for by the
decomposition of the tetratbionate. The effect of this <\ecom

position will be discussed in more detail later.
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(4) THE NATURE 0? THE SILICEOUS COMPOUNDS ON..-IHE-MES1S3I£
HLfiFS POISONED REEIN.

The adsorbtlon of silicate ions present In the pregnant
solutions by the strong base ion exchange resins was only to
be expected* In fact these resins are employed in water-
softening installations to remove this ion from high silica
content waters.

, However in this particular instance,the major amount of
the sili&a determined in the analyses of the poisoned resins
was present as an insoluble form adhering to' the resin particles*
This insoluble silica could only be removed, with difficulty,
by washing of the resin or by elution with strong alkalies*

It-is possible that part of the silica determined'-was
present as a silicate anion adsorbed on the resin, but It was
found to be impossible to distinguish between these silicates
and the insoluble silica by analytical methods*

However, when the nature of the cobalt and sulphur com-
pounds on the resin had been extablished, it was then'possible
to calculate the amount of the poisoning caused by these elements
from an analysis of the resin, In all cases the calculated
capacity agreed well with the experimentally determined chloride
capacity disregarding any effect of the silica* It can be con-
cluded therefore that the silica on the resin does not play an
important role in the poisoning of the resin and that the major
portion is present in an inactive form attached to or inside
the resin particles.

A typical analysis of a clarified pregnant solution shows
that about 2/3 of the total silica is present as colloidal
silica and will not give the colourlmetric. reaction of silicates
with ammonium molybdate* The presence of this colloidal silica
in the pregnant solution provides a ready explanation for the

accumulation of the siliceous slime In the anion exchange
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columns, operating on an apparently clear pregnant solution.

It has been found in water treatment installations that
the silicates, although Initially adsorbed, by the strong base
anion exchange resins, are readily displaced by other anions
such as SO4 03 and CO51*, and for this reason it is considered
that although the land leach liquors will unavoidably contain
comparatively high concentrations of silicates, these will not
give rise to any serious poisoning of the columnSo
(5) ainvRAT fimismmatiqvs of t¥e poisoning-o fh _ M

EXCHANGE RESINS AT WESTERN REEFS,

Having established the identity of the compounds present
as Impurities, on the western Reefs resin, it was necessary to
discover whether the removal of the three major impurities -
Go, S, Si0Q, resulted in the complete regeneration of the
resin.

Accordingly a sample of resin was (a) fumed with HF to
remove all the silica, (b) boiled with 50/ NH4CNS to remove the
major oortion of the cobalt, (c) boiled with 10;! Bri_q in HG1
to remove the sulphur compounds and. the remaining cobalt» The
capacity vas then determined and found to be 5.75 milllequivalents”
gm dry RCL, which, when compared with the value of 3.6 milli-
equivalents/gm RCL for a fresh resin, showed that complete
regeneration had been obtained, (Test Ho, C4.0,)

It may be concluded, therefore, that the poisoning of the
resin is due to the presence of the following impurities
1. Cobalticyanide anions,

2, Tetrathionate anions,

3. ,Colloidal sulphur. Dop
"1 Cofte : .

4, Insoluble silica, 1 « 1 1

The regenerative effect of the SO/ NaOH can be considered
to be due to the following reactions;

(a) It readily removes the silica from the resin,
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(b) It reacts with the tetrathionate ion as in equations (9)
and (10)t bringing about their decomposition and.
subsequent removal«

(c) It reacts with colloidal, sulphur .to form Nzpst thus
removing it from the resinc

An explanation why the concentrations of MaOH below 50,1
are not as effective is possibly gb fallowst

Although, the reaction with polythipnat.ee in solution
normally requires a high. CH concentration, it has been shown
that this decomposition occurs in weakly alkaline solutions in
the presence of the anion exchange resins:, However it can be
appreciated that the solution of colloidal sulphur in alkalies
requires high concentrations: of HaQH because In this case it is
the concentration of the Na+ which is the important factor and
this will not be influenced, by the anion exchange resin,

The regenerative effect of the 55 Nag3 is similarly
explained by the fact that 5
(a)' It is sufficiently alkaline to remove the silica.,

(0) It reacts with the tetrathionate, bringing about its
decomposition according to equation |I1)0

(c) It react-®@ with the colloidal sulphur to form a polybulphide,

None ol these reactions requires a high concentration end
hence a relatively low concentration of NaoS- is an efficient
regeneran to

It has already been observed that the above regenerants
have little of no effect on the cobaltlcyanide anion. In the
original sample of poisoned resin from Western Reefs, the amount
of cobalt present did not contribute appreciably to the oolson-
ing of the resin. In subsequent samples, in which the cobalt

content of the resin had built up sufficiently to be responsible

ror a large percentage or the poisoning, trie cup naun ana trie up
HatS did not provide as efficient regeneration. This was the
case in samples of Western Reefs resin after approximately 80

cycles operation (See Table No» 6), in which the cobalt content
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of the resin was I1872/f which accounted, for 24;? of the total
exchange capacity® Thus In this case, neither the 30/ NaOH
nor the 5/ NagS regenerants could be expected to increase the
capacity to a value above 76/0

A detailed calculation is given below to illustrate how
the actual capacity can he calculated from a chemical analysis
of the poisoned resin® For this calculation the last two
samples of poisoned resin received from Western Reefs are con-
sidered® When these typical poisoned resin samples were examined
the analytical methods for polythionates and cobalt estimations,
and the determinations of chloride and uranium capacities had.
been perfected® These analyses were carried out immediately
on receipt of the samples.
Resin Aa» Amberlite IRA®400» Ex Column A - Western Reefs.
Fully eluted with nitrate eluting solution® 80 cycles operation.
Washed with water before analysis.
Resin, B; Amberlite IRA,400, Ex Column B - Western Reef's.
Fully eluted with Nitrate eluting solution® 15 cycles operation.

Washed with water before analysis®

ANALYSIS RESIN A RESIN B
Total Sulphur as S 7.23/ 7.50/
Tetrathionic Sulphur as S 7.23/ 7.32/
Colloidal Sulphur as S nil Trace
Silica as S109 5.9/ 4.0/

Cobalt as Co® 1.72/ 1.17/
Total Ash 8.0/ 4,8/

Actual capacity gms®@ UgOg/gm.

RTQS .118 114

% UgOg capacity® (Fresh resin .262
gras U3 08/gmo) 45/ 55/

Actual CIl capacity raillleaulv./gm
RNOS 1.57 2001

/ Cl capacity (Fresh resin 306
milllequlv./gm RNOM) 44/ 55/

50/ Assuming...®.
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Assuming that the polythionate is present as the tetra-
thionate 406 *\ then for every 32 gms. sulphur present on the
resin 0.5 1gm-equivalents of the resin’s capacity are required
to combine with this compound. Similarly for every 59 gms of
Co present on the resin as jfco(CN)g|] 818, 3 gm-equivalents of

the resins capacity ar« poisoned.

RESIN A. RESIN B.

Thus; . 7.23 7.32
Equivalents poisoned by S*"Og* 8 2 , , 35 4 100 2 x 32 x 100

present on 1 gm.

as milll equivalents capacity . .23 7.32
6.4 6.4
1.13 1.14
% poisoning due to S4C655 1.13 x 100 1.14 X100
3.60 3.60
3 31.4/ 31.1/
TR R AL
P y gm- 59 59
» 0.874 0.595
% poisoning due to cobalt I 87.4 59.5
3 S 3.6
24.5/ 16.2/
Total poisonin'* due to cobalt
and S40g I8 s 55.7/ 48.9/
Calculated % capacity 44.3/ 51.1/
It will be noted that these figures are in agreement with

the experimentally determined capacities* the latter values
being very slightly higher. This slight discrepancy is con-
sidered to be due to the small amount of the poison (particularly
tetrathionate) removed by the solutions used in the capacity
tests.

From these and other calculations it is apparent that
silica plays no important part in the chemical poisoning of the
resins,,

Calculations on the results obtained for the original

“ m by
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samples of poisoned resin from bestern Reefs do not,, however, shai
similar agreement in respect to the calculated and experimentally

determined canacl ties. It must toe remembered that the analytical

methods at that stage of the investigation had not been perfected
and the figures obtained and quoted are subject to considerable
error* Nevertheless the difference between the uranium capacity
of 46#, the chloride capacity of 59# and the calculated capacity
of 75,6# indicate differences beyond the range of experimental
error* A possible explanation of these differences may be
related to the presence of colloidal sulphur on the resin*
Another sample of resin received at a later date (No, 1! -H
Table No* 6) which had been allowed to stand in the nitrate
form for approximately two weeks before analysis, was found to
contain 2,11# of free sulphur and also exhibited a similar
difference between chloride, uranium and calculated capacities*
A deposition of sulphur arising from the decomposition of the
tetrathionrtes will occur inside the resin particle and it
apeears likely that this substance will mechanically hinder or
prevent the diffusion of the chloride and uranyl sulphate anions
to the innermost exchange groups* It can be appreciated that
this effect will be more pronounced in the case of the large,
probably highly hydrated uranyl sulphate complex, than in the
case of the small relatively mobile chloride ion. Thus a
possible explanation for the difference in uranium, chloride
end the calculated capacities is provided. In support of this
theory, is the fact that the operators at the Western Reefs
Pilot Plant observed a sudden deterioration of the resin after
the ion exchange columns had been shut down for a period of

two weeks, during which period the tetrathlonate would have
undergone decomposition accompanied by the precipitation of
sulphur and the consequent decrease in capacity*

A study of Table No, 6 shows a slow but steady accumulation

m ;f,, &« O»
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of cobalt!cyanide by the resins» During the work carried out
on the identification of the cobo.lticyanide, it was apparent
that this ion was strongly adsorbed, by the resin, and. once
adsorbed proved exceedingly difficult to remove. For this
reason it must be considered to be the most serious of the
poisons. In 80 cycles operation at the Western Reefs iilot
Plant, the ion exchange resins hod accumulated 1.72/ of cobalt.
If this rate of adsorbtion is maintained the resin can be ex-
pected to be completely poisoned after 300-350 cycles. In
actual practice the columns would be inadequate to extract the
uranium from the amount of pregnant solution to be treated
long before this number of cycles had been completed. It was
essential, therefore, to obtain methods for either easily
removing the cobalt from the resin or, alternatively, eliminating
the cobalt!cyanide from the pregnant solution to be treated in
the exchange columns,

holythionate poisoning may be considered as a less serious
matter. It has been shown that the tetrathionate is partially
removed by nitric acid solutions, and that partial elution of
this anion will thus occur .during the normal uranium elution.
This undoubtedly explains the self-regen®©ration effects observed
with the first samples of the poisoned Western Reefs resin,

In this instance the poisoning was almost entirely due to the
presence of the tetrathionate anion and colloidal sulphur. On
subjecting this resin to a further 11 extraction cycles, an
increase in capacity from 32/. to re,1 was observed.

It was considered, therefore, that the.presence of small
amounts of polythionate in the pregnant solution would not have
the same disastrous cumulative effect as the cobalt!cyanide.
Moreover the regeneration of resins poisoned with polythionate

presents no great difficulty, both NaPS and NaOH being cheap

and effective regenerants.
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(6) A STUDY OP TYE POISONING 0? THE ION EXCHANGE RESINS
AT~ITEST:RAT?I) CONSOL I 6ATED URANIUM FUHI,

Introduction.

In January, 1953, a sample of Jest Rand Consolidated
cyanide residue was received for experiments regarding the effect
of temperature on leaching extraction. This sample was found
to contain an appreciable amount of impurities such as thio-
cyanates, resulting from the previous cyanl!flat!on treatment.

This indicated an incomplete washing of the cyanide residue
and, In view of the results of the experiments on the poisoning
of the resins at the Western Reefs Pilot Plant, it was considered

advisable to analyse this cyanide residue for cobaltlcyanide

anions.

This analysis showed 'an excessive amount of cobalt!cyanide
to be present and indicated that the ion exchange resins at
the West Rand Consolidated Plant were In all probability
seriously poisoned.

Accordingly, samples of these resins were analysed accord-
ing to. the methods developed during thews tudy of the Western
Reefs poisoning. As anticipated these samples contained high
percentages, of cobalt and polythlonates, and exhibited a con-
siderable degree of poisoning.

Experimental I-rocedures and. nultsj

(a) Analysis of Solutions.

Samples were taken of the gold pregnant cyanide solution,
the uranium pregnant solution and the recycled barren eluting
solution. These were analysed for cobaltlcyanide with the

following results:

hold Pregnant cyanide solution - 3.8 mgms. Co/litre oresent
as jc6(CN)6J!*8

Uranium Pregnant solution - 3.1/mgms. Co/litre Present
as jCo(CM)6j 1le*

Recylced eluting solution - 10 mgms. Co/ litre present
as Cqg(CN)g(1l!e

54/ (b) Analysis...



(b) Analysis of Resin.

Samples of resin were received from each of the four sets
of columns at the West Rand Consolidated. Plant, The resin from
set (1) was lonac and from the other three sets, Amberllte
IRA.4000

The resins were thoroughly washed with water, their
uranium and chloride capacities determined, and analysed for
Impurities with the following results:

Analysls of Resln3;

TABLE No, B

Impurities Present

Cobalticyanide Tetrathlonate Siog Fe'{++ AsGA

as Co as 8§
| Set (1) 1,59/ 0,35/ 7,49/ Trace Trace
| Set (2) 2,40/ 3.65/ 3,43/ n ¢
Set (3) 066/ 1.01 5,23 5 v
Set (4) 2.08/ 2.30/ 5.83/ #
TABLE NO, J |

Uranium and Chloride Capaclties

r~- — -  — ... — ~r-
1 Uranium Capacity Chloride Capacity
| Set (1) 71.4/ _ 62,5/
}
Set (8) 47.0V' i 46,5/
Set (3) 83,0/ j 80.0/
Set (4) 54,0/ ] 53,5/ ]
. - L

Capacities expressed as a Percentage of the corresponding fresh
resins capacity,

‘lhe resins In sets (2) and (4) had. been in use from tbs
time Plant operation had commenced, while the resins from sets
(1) and (3) had only recently been put Into operation. It is

estimated that sets (2) and (4) had undergone 35 extraction cycles
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Discussion of Results®
As in the case of the Western Reefs poisoning the
theoretical capacity can be calculated from the analysis of

the resin.

TABLE NO 10.

Calculated Capacities of .West Rand Consolidated Resina

Calculated*Poisoning due to Gaoact ty
j-Co(CN)6j 841 s406 B TOTAL Calc, Potmd
Set (1) 25/ 1c7/ 27/ 73/ 71/
Set (2) 35/ 15,8/ 51/ 49/ 47/
Set (3} 9/ 4.4/ 14/ 86/ 83/
Set (4) 29/ 12,6/ 41/ 59/ 54/

-J

The extent of any poisoning due to SI10P cannot be
accurately calculated since the major portion of the silica is
present as insoluble SiOg adhering to the resin.

It may be observed that the calculated capacities agree
reasonable well with the experimentally determined capacities.

It may, therefore, be accepted that the cause of the poison-
ing occurring at the West Rand Consolidated Plant is exactly
similar to that occurring at the Western Reefs Pilot Plant and
i-S cue? to the adsorbtion of cabalticyanide and polythionate
anions by the resin.

It was later learned, that at the West Rand Consolidated
Plant no washing step had been provided after cyanl!datioh
and prior to the acid uranium leach. The cyanide residues were
merely riven a barren cyanide liquor wash prior* to leaching.
This was undoubtedly the main contributing factor to the excep-
tional degree of poisoning occurring on the West Rand Consoli-
dated ion exchange resins, since as a result of this procedure*

both cobalt!cyanide and thiocyanate (which are both formed-. ,
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during the cyanidatlon) are Introduced into the acid uranium
leach, the latter ion forming polythlon&teg during the

leaching procedure,,
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METHODS OF ELIMINATING- THE OOBALTICYANIDE
AND POLYTHIOMATE T-QISONINO OF THE ION
EXCHANGE RESINS. ~ *

An investigation was undertaken with the object of
evolving a method whereby the poisoning of the ion exchange
columns could be eliminated. The investigation was originally
commenced on the Viestern Reefs lon exchange resins, but the
appreciation of the serious nature of the poisoning at the west
Rand Consolidated Riant immediately focussed the attention of
many other investigators on the problem of eliminating the
poisons at this plant.

There appeared to be two different methods of approaching
the problem. The first was to develop cheap and efficient
methods for removing the poisons (particularly the cobalt!-
cyanide anion) from the ion exchange resins. This would
enable the resins to be regenerated,, say every ten cycles, and
restored to their normal working capacity, so that the accumu-
lation of the poisons would never reach the stage where it
would seriously interfere with uranium extraction,,

The second was to provide efficient means of eliminating
the poison before It came into contact with the ion exchange
resins,

The latter alternative appeared to offer the most pro-
mising line of investigation, but the prospect of having to
discard a large quantity of the already poisoned resin at; the
Vest Rand Consolidated Plant, stimulated research into the

regeneration methods,

1o METHODS OF REGENERATING THE_POISONED RESINS.
Although the methods of regeneration already developed,

consisting of a 30,1 N&OH wash or a 5/ N&QgS wash, were suitable
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for removing the polythionates, silica and sulphur, these
solutions had hut little effect on the cobaltlcyanide poisoning.

Attention was therefore directed to the removal of this
anion» Experience obtained, in earlier work showed that the
only promising lines of Investigation were variations in the
thiocyanate treatment previously established.

The use of >ot 50;" NHACNS was considered neither practic-
able nor economico Figure Wo. 3 shows the effect ox the
NHACNS concentration on the elimination of cobalt!cyanide
under boiling conditions and 16 hours contact time. (Test C41]
This graph shows that if removals of Go exceeding 90, are to
be obtained, the minimum concentration of NH4CNS should be 20,*.
If .nore than 95/ removal is to be obtained, a concentration of
35/ is required. As observed previously, about 10-20/ oi the
cobalt present remained on the resin as a cobalt thiocyanate
complex, after the NHACNS treatment. In the small scale tests
this was removed by oxidation of the CMS8 with bromine. This
procedure was obviously not practicable on a large scale, but
it was shown that efficient oxidation could be achieved by allowing
the resin to stand in 50/ nitric acid in the cold.

The elution of the poisoned resin in a column with cold
NHACNS only produced a 22/ removal of the cooal cyanide pr~i-o.it.
The elution curve is Illustrated in Figure No, 4. It was hoped
that this procedure would bring about better removals since
the used NHACNS is continuously being replaced. The elution
curve however, shows that although fairly high concentrations
of cobalt are encountered in the Initial fractions of the elua”,
this concentration rapidly drops. By measuring the areas under
this elution curve at definite volunes, a sraph of the cumulative
percentage cobalt eluted against the volume of eluting solution,
can be obtained. This curve flattens out rapidly and indicates

that the maximum amount of cobalticyanide that can be eluted by
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reasonable amounts of NHACNS 1b approximately 25/*

Elution of the resin in column form with 35/ NH"CNS at
60°G* gave slightly higher extractions, but as shown in
Figure ho. 5, a maximum removal of approximately 45/ was all
that could be expected. This temperature is recommended by the
manufacturers as being.the maximum safe temperature limit.

It was noteworthy that in the latter two experiments no
mreen colour of the cobalt thiocyanate complex was observed
on the resin, as would be the case with boiling solutions.

Other variations of the thiocyanate regeneration were
attempted, such as thiocyanate in organic solvents and thio-
cyanate in. alkaline solutions. These showed little promise
as regenerants. The highest removal obtained without the use
of boiling temperatures was elution with 50/ KCN5 on the hydro-
xide form of the resin, when 61/ of the cobalt was removed*
(Table No. 11),

Investigations into a large number of other eluting
agents such as

10/ MaKQg in acetic acid,

5/ NaOClI, followed by 10/ HgSO®

NaCN', followed by MagS to form CMS on the resin *

Nr4°6 *

Zn dust in NaOH.

DIl * HCl and Zn,

yaOH and Al.

KMnO4 in dil. HgS04,

KKnO4 in alkaline solution.

Aqua T?egia,

iCpCrgO»j, in PS04,

Cupranmoni um TIydroxi de,

Cuprammonium Cyanide.

Cone o NH4 OH.

TABLE NO
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DESCRIPTION OK RESIN USED,

.Vestern Re3fs Poisoned Resin
Containing 1.3&P Go.

&

western Roofs Poisoned Rosin
Containing 1.72;, Co.

“Vestorn Roofs Poisoned Rosin
Containing 1.72<; Co.

"Aest Rand Cone. Rosin from
Sot 2c 2.40;* Co.

vest Rand Cons. Resin from
Set 2. 2.40/,, Co.

West Rand Cons. Rosin from
Set 2. 2,40, Co.

Vest Rand Cons, Rosin from
Sot 20 2.40p Co.

Mest Rand Cons. Resin from
Sot,2. 2,bo,, Co,

m/est Rand Cons. Rosin from
Set 2. 2.kop Co,

"".est Rand Cons. Reefn from
Set 2,, 2.40;, Co.

TABLE A,

REMOVAL OF COB JLINGY.,NIUE i'L
V ITIATIONU OK TH.. 1

J ,TE ...ETHD,
DETAILS Or RwG :-NiR .fION -- RE

Resin Boiled with 5., w/v NHicA"or 1 hour.
Allowed to stand overnight for hrs. at $0°C
Boiled with Brg iIn HGL.

Eluted with 35VJ NHRCIVS 1n the L
- 200 mls/gram resin.

Eluted with 35:j NHjiCNS at 6C\:

-20 0 mls/gram resin.

Resin Eluted with 50, KCNS at
200 ml/gram rosin Followed

1 temperature-
0 , HNOj .

R.csin converted to (OH)1 form.Jutod with

50;, KCNS* 100 ml/gram rosin, ilowed by
20, HNO_

i
Resin eluted with 50, KCNS in >NaOH

100ml/gr.ara rosin. Followed by, HNOA

Resin eluted with Acotonc saturl with
NKigCNs> 100 mbl/gram resin, Fr.vod by
20, H(Lé

Resin eluted with Amyl Alcoholaturatod with
NHIJCNS. 100 ml/gram resin.

Resin eluted 1ith Acetone cent vg yp NaOH,
G,, Hgo , saturated 1th IHK.CNS. 1 ml/gram resin
resin. Followed by 20;, HLO-

Resin eluted with EtOH. Saturl 1th NH/MCNS
rd 5V, NaOH. 100 ml/gram reel Followed by
2a, HNOj

1I0HRD R-.EXN BY 1;K->M5 OF”

TOTAL Co REMOVED

963

22F£

423

2%

615,

395.

51GL

1Y)

IFH»

130

RE. .. RS

After NHtyCNb treatment, resin turned
bright green, colour removed by Br?
in HCIc

No green colour on resin after
NHEyCNS treatment

No green colour on resin after
NHJJCNS treatment

No green colour on resin after
HHACNS treatment

No green colour on resin after
NHACNS treatment

No green colour on rosin after
NHACNS treatment

Eluate coloured deep orange.
Much organise matter present.

Eluate coloured deep orange.
Much organic matter present.
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were carried out both at the Government Metallurgical Laboratory
and Calcined Products (Fty) Ltd., but none of these shoved'any
promise as an efficient means of eliminating the cobalt.

A search for a cheaper regenerant; than the 50% NHACNS
is still in progress, but it must be admitted that there is
very little, likelihood of one being found, It is significant
to note that in a report issued by the Chemical Research Lab-
oratory Great Britain,lTL the adsorbtion of cobaltlcyanide on
Amberlite IRA*400 is described in connection with the recovery
of gold using anion exchange resins. It was found that cobaltl-
cyanide could be removed from the resin completely and efficient!:
by means of 2M KCNS in the cold. This elution, however, was
carried out almost Immediately, after adsorbtion had taken place.
It appeared probable that the longer the cobaltlcyanide was
allowed to remain on the resin, the more difficult would be
its removal.

This was confirmed in an experiment in which Amberlite
IRA.400 resin was loaded with a synthetic solution of cobaltl-
cyanide. Immediately after adsorbtion all the cobaltlcyanide
on the resin could be removed with 3vm KCNS, but after standing
for three months, only 86% of the cobalt present could be removed
with the same reagent. In this experiment, it was also observed
that no green colour of the cobalt thiocyanate complex appeared
on the resin in the former elution, whereas in the latter the
resin assumed a brilliant green colour on the passage of the
KCNS.

It appears possible, therefore, that the cobaltlcyanide
anion undergoes some slow reaction whereby it becomes firmly
attached to the resin and this fact suggests that a solution
to the problem of removing the cobalt!cyanide will only be
obtained after a fundamental study into the reactions of the
cobaltlcyanide anion with the exchange groups on the resin has

been.undertaken.
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In order to. make provision for the immediate future it
was apparent that the. elimination of the cobalticyanide subse-
quent; to its adsorbti'on on the resin was not a practicable
proposition and that every attempt should be made to eliminate
the cobalticyanide from the solutions to be treated®
2. METHODS OF ELIMINATING- THE POISONS BEFORE COMING | NTO

CONTAOT V.'ITH THE ION EXCHANGE. HESJnsT"

In view of the difficulty encountered in removing the
cobalticyanide anion from, the hmberlite IRA.400 resin, experi-
ments were undertaken to determine if it were possible to
eliminate this anion before coming into contact with the anion
exchange colurans.

Most promising of the possibilities appeared to be the
thorough washing of the cyanide residue prior to leaching.

Preliminary tests on the uncyanlded western Reefs ore
'showed that the cobalticyanide was definitely formed during the
cyanidation and that the amount appearing in the uranium preg-~
nant solution could be substantially reduced by thorough
washing prior to leaching.

In these tests 500 gnu samples of the uncyanided ore were
subjected to the normal cyanidation treatment, which was
followed by various washing treatments. The washed ore was
then leached with sulphuric acid and KnOp, and the uranium
pregnant solution passed, through a small column of resin® The
resin was- then ashed and analysed for cobalt. The results of

these experiments are shown in Table No, 12.
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TABLE NO, 12

EFFECT OF WASHI?" ~ C 1 b m
RESIN.
DESCRIPTION OF WASHING TREATISENT Co, adsorbed
on the resin
No wash after cyanide filtration,, 0071 mgm,
Cyanide residue washed once with water. 0.05? "

Cyanide residue washed once with water,

repulped to so»x solids with water, filtered 0*032
and washed, with water.

Cyanide residue washed with water, reouloed )
to so%w solids with 0.11 HgSQi, filtered and 0-0il
washed with 0.1,2 FpS04,

Cyanide residue washed with water, repulped

to 50/2 solj,ds with barren solution, contain- 0.027?

irig o,1% free H2SQ4, filtered and washed
with water.

Although these results showed that the cabalticyanide
poisoning could be substantially reduced by washing of the
cyanide residue, it was appreciated that these tests which were
conducted on a laboratory scale were of little use In assessing
the practicability of washing as a method to eliminate the
cobalticyanide on the full scale plants. It was obvious that
the amount of cobalticyanide produced during a single cyan!dation
treatment was only a fraction of the total amount circulating
in thes recycled cyanide solutions used in plant practice. 'Also
the washing efficiency obtained using a Buchner suction filter
(as was the case in the tost described above| could be expected
to bevconsiderably higher than that obtainable on an Oliver
filter. It was recommended, therefore, that in order to obtain
more representative results, washing tests similar to those
described, above should be undertaken at the Western Reefs Pilot

Plant, where conditions closely resembling those to be encount-
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ered on the full scale plants could he obtained.,

Before these tests were undertaken, the ion exchange
resins on the full scale uranium plant, at west Rand. Consoli-
dated had been in operation for approximately four months
without any precautions to eliminate cobalt!cyanide poisoning
being taken. The sudden realisation of the serious nature of
this type of poison brought about immediate concern regarding
the removal of the cobalt!cyanide anion. At the Western Rand
Consolidated Plant no provision had. been made for washing the
cyanide residue prior to leaching, and the installation of
another bank of Oliver filters necessary to carry out this
step would have necessitated major alterations of the existing
Plant layouts Thus attention was immediately focused on other
methods of eliminating the cobalticyanide anion. To this end
the operational procedure at West Rand Consolidated was considered
in more detail, as a result of which another source of cobal ti-
cyanide formation was encountered,,

Formati on of Cobal tl cyanide During the Leaching Procedures®6

Analyses of the various Plant solutions at West Rand
Consolidated showed that more cobalticyanide was appearing in
the uranium pregnant solution than could be accounted for by
the amount remaining in the cyanide residue prior to leaching,.
Typical analyses showed that;

(a) The pregnant solution contained 20 mgms/litre total Co,

(b) The barren solution after passage through the columns
contained 10 mgms/litre total Co, The difference
between these two figures can be taken to represent the

amount of cobalt present as the cobalticyanide, l«e«

10 mgms/litre,

(c) The recycled gold barren cyanide solution, witch was
used as a final wash on the residue prior to leaching, con-

tained only 4 mgms/litre .as cobal ticyanide.
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It was thus apparent that cobalt!cyanide was being formed
during the leaching procedure. On consideration of the
operational procedure practised at this plant, a possible
source of cobaltlcyanide formation was considered, to be as

fol lows:

After the final wash with barren cyanide solutions before
ICachlng, the alkaline residue (containing a considerable
amount of cyanide) was repulped with secondary filtrate. This
latter solution contained only a small amount of free acid,
certainly not sufficient to neutralise the alkalinity. The
resulting slurry was pumped into the leaching pachucas, whilst

at the same time an addition of manganese dioxide was made.
The major portion of the manganese dioxide was obtained

ii‘om uifc precipitation and oxidation of the manganese sulohate

in the barren solution from the previous leach.. This solution

contained considerable amounts of cationic cobalt which wee

pi ecipi caued as a hydroxide during the manganese recovery Drew*

cess and thus appeared, in the manganese dioxide slurry added

to the pachucas. Thus, during the filling of the pachucas,

ideal conditions existed for the formation of cobaltlcyanide

by the reaction of the cobalt hydroxide present in the manganese

slurry with the residual cyanide remaining in the residue,.
Previous tests had indicated that the formation of cobalt!—

cyanide did not occur in acid solutions and it a;:peared likely

fnat there existed a certain pH value above which cobaltlcyanide

formation took place and below which no such formation occurred.
In order to confirm these suppositions, the following

tests were carried out :~

(a) A sample of the V/est Rand Consolidated cyanide residue

was thoroughly washed with water to remove all traces of cobal-'

ticyanide already present. This residue was then made into a

pulp with water and a small amount of NaCN (1- Ib/ton) added.

To a portion of this pulp a manganese dioxide slurry containing
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Co (obtained from the west hand Consolidated Plant) was added,
To the remaining portion fresh ?Ql MnQg containing no Cobalt
was added and the two mixtures agitated for 15 minutes before
the requisite acid addition was made and the normal uranium ;
leach carried out.

Analysis of the-pregnant solutions obtained, from these
leaches showed that the -former contained. 2.92 npgnss Co/ll tre
as cobalt!cyanide while the latter contained no cobalticyan!deO
This test showed conclusively that cobaltlcyanide can be formed
from the cobalt contained in -the manganese dioxide slurry used
on the plants.
(b) In order to investigate the pH conditions necessary for
the formation of cobalt!cyanide, a similar .series of leaches
was carried out in which different amounts of the leaching
acid were added to the cyanide residue to provide a slurry at
different pH values-. .An excess of sodium cyanide (4 Ib/ ton)
was added -to the washed cyanide residue -in order to accentuate
the cobaltl cyanide formation. The manganese dioxide, containing
cobalt, was obtained from- the best Hand Consolidated "plant. The
detailed, experimental conditions are shown in Table No*. 13. -

It was found to be impossible to obtain constant pH
values over the range 2-6, large variations being observed
during agitation. The results show that cote.l'tlcyanide formation
reaches a maximum at a pH of 6. Above this value the cobalt!--
cyanide formation drops -steadily until, at a pH of 10, it is
practically negligible. At a pH value of 2, a small amount, of
cobaltlcyanide was formed, but this formation can be readily
explained, since in these experiments the washed cyanide, residue
was agitated with the comparatively concentrated cyanide
solution -for a period of 1 hour before the addition of the MnQg
slurry and adjustment of the pH. Under these conditions it. is

almost certain- that a small amount of cobaltlcyanide would be

TABLE MO, 15.
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FIG No.6.

FORMATION OF COBALTICYANIDE FROM COBALT
IN THE MOp_ SLURRY & CYANIDE RESIDUE AT
DIFFERENTpH VALUES.

FIG No.7

FORMATION orF COBALTICYANIDE IN MIXTURES OF
COBALT SULPHATE & SODIUM CYANIDE AT DIFFERENT



formed due to the action of the cyanide on the cobalt in the
ore. The results are shown in TablelO and Figure No. 6.

(e) In order to obtain information over the pH range of 2-6
it was necessary to carry out experiments on pure solutions of
cobalt sulphate. These solutions were adjusted to various pH
values by the additions of MgOF and HpSO”. Sodium cyanide,
which had previously been adjusted to the same pH value, was
then added. The combined -pH was then measured, the solutions
agitated by means of air blowing end analysed for dobalticyanide.
The results are shown in Table No. 14 and graphically in Figure
No. ~.

These results show conclusively that cobalt!lcyanide will
not form below a pH value of AeO

Thus the formation of cobalt!cyanide could be readily
eliminated by the addition of the major portion of the leaching
acid to the cyanide residue before any manganese dioxide slurry
was added and recommendations to this effect were made to the
West Hand Consolidated Plant.

This procedure was then adopted and resulted in a large
decrease in the amount of cabaltlcyanide appearing in the
pregnant solution.

Nevertheless the cobalt!cyanide formed during the actual
cyanl!dation of the ore still presented a major problem and
further tests were carried out in an attempt to remove this
onion from the pregnant solution.

CS) METHODS FOR ELIMINATING THE C(BALTICYANIDE FORMED

DimiHO THE CYAMI DAT GON phonETOimr'- ~ e

Several alternatives to the washing of the cyanide residue
as a means of eliminating the cobalticyanide were suggested}
Investigations were undertaken to study the practicability of
these methods at the best Rand Consolidated Plant and Calcined

Products (Pty) limited. Although all these investigations have
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not yet been completed, it is possible to give a brief comparison
of the relative advantages of these methods from the results of
preliminary tests carried out at the Government Metallurgical
Laboratory,

Essentially however, the final choice of the method used
will depend on economic considerations and the practical
difficulties encountered at the different plants. These are
variables which are difficult to study on a laboratory scale
and it became apparent that further investigation would result
in duplicating work that could be more effectively carried out
on the Plants.
lo F-reclpitatlon of the Cobaltlcyanide as an Insolnble Ketal

Salt by the addition of certain Hetal3 during the Teaching
Precodure.

The cobalt!cyanide anion forms insoluble salts with most
of the divalent metals and certain monovalent metals, A des-
criptive review of the solubilities of the various metallic
salts is given by B.S. Evans and D,G, Higgs.®? These investi-
gators state that the? manganese cobaltlcyanide is insoluble in
strong sulphuric acid solutions. In leach solutions, however,
it has been found that as much as 10 mgme. of cobalt as CoCN6' M
can be tolerated without precioi tation, although approximately
2 gms, Mm++/litre are present, A rough calculation of the
solubility product of manganese cobaltlicyanide shows that under
these conditions an exceedingly small solubility product is
obtained.

Assuming the above figures of 2.0 gms, Kn/litre and 10
mgrrts. Co/litre, the following'calculation of the solubility
product can be mades
Mn3 Jco(CN)6J2~Z==% 3lln++ + 2Co{CN)g38*

Then S = (Mn++)5 x (Co(CN)®6)2 -
There (Mn'*) and (Go(CM)g) represent the molal- concentration.

s « (fg)3 x(%21f12
- 718 x 10 "14

TABLE NO, 15
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This result is by no means inconsistent with Evans4 and
Higgs * assertion. Moreover it shows that in order to reduce
the concentration of cobalticyanlde to a point where poisoning
can be neglected, a metal whose cobalticyanlde has a solubility
product far below the above value, will have to be found,

The two most promising metals appear to be either silver
or cocoer,~ The former can be excluded for economicereasons®

Table No* 15 shows the effect of adding copper ions to
the acid uranium leach on the amount of cobalticyanlde appearing
in the oregnant solution. The ore used for these tests was the
unwashed cyanide residue from the West Rand Consolidated Plant,
and an attempt was made to reproduce plant conditions in respect
of temperature, agitation and filtration.

The results show that the cobalticyanlde concentration can
be reduced to a value of approximately 0*1 m.gms/litre by reason-
able additions of copper* This value corresponds to an accumu-
lation of 0,051' of Co on the resin every cycle, or complete
poisoning of an Amberlite resin in 144 cycles. Thus, this
method cannot be considered to provide a complete solution to
the problem and suffers from the additional disadvantage of the
expense of the copper added, or alternatively the expense and
trouble incurred in its recovery, presuming this is possible.

2. The Installatlon of a G-uard Column to Remove the Cobalth-
eysnide Before Reaching the Main Uranium EX'irTctTon”™ olunns.

This alternative is being investigated at Calcined
Products (Pty) Limited.

It has been found that a weak base anion exchange resin
Is capable of adsorbing cobalticyanlde from synthetic solutions
of this anion, and its subsequent removal from the resin can
be readily achieved by elution with the solution of ammonium
hydroxide and ammonium nitrate,

Provided a similar adsorbtion of cobalticyanlde will take
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place from the pregnant solution, this method appears to oii.er

a possible solution to the problem,

3, The Removal ofCobaltlcyanide Anions From the Recycled
Barren Cyanide Solutions.

This alternative is under investigation at the V.'est Rand
Consolidated Plant

A report Issued by the Chemical Research Laboratory,
Teddington, has shown that the cobalt!cyanide anion can be
effectively removed from the recycled barren cyanide solution
by means of Amberlite IRA.dOO150*15! It is apparent that the
amount of cobaltlcyanide formed during each cye.nldot!on proce-
dure Is small compared with the total amount of cobr.lticyanide
circulating in the barren cyanide solutions® Thus, if the
cobalticyanide formed can be removed before the barren cyanide
solution is recycled and used for subsequent cyanidations,,
or for washing the cyanide residue prior to leaching, the
cobalticyanide appearing in the pregnant solution from this
source can be virtually eliminated® This method will., of course,
only provide o solution if used in conjunction with the recom-
mendations given previously regarding the addition of the
manganese dioxide slurry during the leaching procedure,

mhe method appears to suffer from the following dis-
advan tagest
1, The removal of the cobalti cyanide from the resin will present
a major difficulty. It is possible, that, provided, the thio-
cyanate elution is carried out before the cobalticyanide has
aged'on the resin, it will not be necessary to use hot con-
centrated solutions of this reagent,
2. T7e strong base .onion exchange resin will remove virtually
all the excess cyanide ions in the barren solution which
partially obviates the advantages obtained in recycling this

solution,
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4*  The Thorough Washing of the Cyanide Residue_prior to the
Uranium Leach,

The washing of the cyanide residue as a means of elimin-
ating the cobalt!cyanide anion, although not immediately prac-
tical at the West Hand Consolidated I-lant, offers the following
advan fcages;

1, Water for repulping and washing is the cheapest reagent
available. It is admitted that such a process would
require the disposal by the Nines concerned, of a large
volume of water containing traces of cyanide.- It is
considered, however, that the removal of this, cyanide
would not cause undue trouble, in which case the water
could then be used -for other purposes.

2. The washing of the ore not only removes cobaltlcyanide but
also thiocyanate, which has been shown to form polythlo-
nates, a troublesome, but not serious type of poisoning.

5> During the washing residual cyanide ions will also be
removed thus greatly reducing the possibility of the
formation of the cobalt!icyanide during thelfilling of
the oachucas and the addition of the NnOo slurry for
the uranlum leach.

4. The aditional installations for filtration would not be.
excessive. Acid proof filters would not be required and
the filtration rates would be as high as with the un-

washed cyanide residue.
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m&>FE?:DIX - SECTION Ac

DETAILED EXPERIMENTAL CQNPITtONS
AND RESULTS«

Tests Cl ~ C38
Attempts to Obtain Cobalt Adsortition on Anion Exchr-nge
Resins by the Addition of Coirvoiexlng Agents to the -
1l rego?.nt Lolullon,

The pregnant solution used for these tests was obtained

from the Testern Beefs I-llot riant and was produced by their
normal uranium leach. It contained 30,1 mgms/litre total
cobalt«

The various completing compounds were added to this
pregnant solution which was then either stirred with aporox™
inctely 2 gms of resin or passed through a small column of
resin. After approximately 1G hours contact time the'resin
and the solution were separated and. each analysed for cobalt*

The compounds added and the results obtained are given

in Table Go. 16.

Test C50*
Removal of Cobalt m th NaOBr*

Approximately 3 gms of bestern Beefs poisoned resin
rere boiled in 100 mis, NaODr { made by dissolving 10 nls., Br0O
in loo nls. 15/ MeOl and adding HCLl..until the deeo red. colour
of free bromine .lust appeared.) The resin was filtered off,.
'“.ashed and analysed for cobalt. The filtrate, together with
the washes was also analysed for cobalt.

Original height of Besln = 1.91 gms dry RI\/Q(’)\
Original / cobalt 1.26
Original / sulphur « 9.0

After Tre.; tment:

Final weight of resin =1.92 gms, dry RMO,
Final / cobalt "» 1%27
% |nal / sulphur “ Mil, (Egchlta's method)
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Total veirht of Co in washed * 1=3 ngns

0=9  x 100
.tC o removed 1376"

Test C31=
Removal of Cobalt with HF

A-oproximately 2 gras of poisoned resin were fumed with
25 ml 40/u HF for two hours. The residue was washed with water
and eluted with 100 mis, 2 N HGI1.
Original' V/t. of resin = 1.91 gms dry RNOg
Original a Cobalt = 1.36
Original 7 0iOo - 2198
After Treatments

Final V:t. of resin 1,81 gms dry RMO3

&

Final p Cobalt 1.17

Final A S102 Nil

,*= Co removed .9 x 100 - 14,97
13 >6

Test C32.
Removal of Cobalt with NaCN
Aworoxima'tely 2 gns of poisoned resin were stirred with
200 mis 10$% NaCM solution. The resin was filtered, washed and

analysed for Cobalt;

Original a Co = 1.36
Final 7 Co =1, 14
,*, Co removed 6r*i x 100 » 14,56

Test C35=
Removal of Cobalg with cold 50;" NHM"GNS

Approximately 2 gnvs of poisoned resin vtebe Stirred/with

200 miso 506 NIMCNS solution for eight hours. The resin was
filtered, washed and analysed for cobalt.
Original % Co - 1,36

Final % Co =1=02
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Co removed ”15'[’4 x 100 « 25,1

il

&

Test C54 .

Removal of Cobalt withhot
Approximately 1 gm of poisoned resin was boiled for one

hour with 50/. NHM"CNS, then allowed to stand on a hot plate
for 16 hours» The resin which had assumed a green colour, was
then filtered off and washed4 The combined filtrate and wash-
ings were analysed for cobalt. The resin was then boiled with
10/ Brg in MCI for one hour, filtered and washed,, The filtrate
and washings were analysed for cobalt. The resin was ashed and
analysed for cobalt.
Original V/t. of Co present on resin ~ 13.0 ingms.

it. Co In MHCNS solution & washes ~ 10.5 mgms«. (81;")

*

of. Co in Mrg solution end washes 2.3 mgns. (ia;,")

Total Co removed 12@ rmwrs. (9m
Co remaining on resin. = ?race
Test C35

qualitative. Testa on the MH,iCNS Extract Obtained
Uurcm::1l.— .. —_ -

ia) The NfACNS extract was boiled with NagCO™ while bubbling
GOg through the solution. The masses evolved were oassefi
through a solution of AgN-QOjj» (A test for OMR in the presence
of CMS3)

A slight, but Inconclusive, cloudiness was observed in
the AgNOQOjj solution,
(b) On carefully destroying the by the addition of small
amounts of cone. HMOg, followed by repeated evaporations to
dryness, a pink precipitate was observed to remain in the
solution. On filtering off this precipitate, washing and
shaking it with water containing a small amount of NH.OH
and bubbling HgS through the suspension, the pink precipitate

was replaced byablack precipitate of CoS,, After filtration
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and fuming vith HgSO both the filtrate and the precipitate
pave positive teste for Co in approximately equal amounts.
These .results indicate that the pinlc precipitate is a cobalt
cobalt!cyanide. On the passage of TIOS the cobalt is precipita-
ted as a sulphide liberating cabalticyenic acid, vhich is
decomposed on fuming vith
Co3 |Co(CM)6]£ fr 33"s > 3 CoS + 2 jco(CN)6J"',J
and
6U+ + 2 [co(GN)6j + BTgSO4 m 13 KoO

« 2Co304 + 6(MH4)2.904+ 11CO + GOo
(c) On adding excess AgNG™ to a portion of the thiocyanate
extract, a copious vhite precipitate (mainly AgCNS) is obtained.
This precipitate was filtered and vanned and the AgCNS destroyed
by boiling HNOg. After repeated additions of HXU a small
amount, of the vhite precipitate remained undissolved. This
precipitate was found to be soluble in cone. NH4oH. On fuming
this precipitate vith HoSO/ it dissolved and on dilution gave
a positive test for Co. These observations indicate the
formation of Co (CN) , a vhite precipitate soluble in

MH™OH but insoluble in -"03,

Test C36e
Increased Nitrogen Content of the .lotsoned hesins.
3ix 1 gram samples of finely crushed poisoned, resin
vere velghed out and on three of these the total nitrogen
determined by KJeldahl's method. The remaining nannies vere
treated vith NHACNS as described in Test 034 and again analysed
for* total nitrogen. The folloving results in triplicate

analysis vere obtained:
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A B C

Original Total Nitrogen in

milliepulval ents/gram 4.26 4,25 4,37
Final Total Nitrogen In

m illi equivalents/gram 2.88 2.91 2.88
Co removed In NHACNS ngms/gm 10.2 10.3 10.4
Co removed In Br0O washes ngms/gm 2,4 2.1 23
Total Co removed mgms/gn 12.6 12,4 13.5
ANMllinois Co removed 0,214 0.210 0. 225
Drop in Total Nitromen in

m llli eouivalen ts 1.38 1.35 1.49

Millleauivalents M decrease

Ratio milllmols Co removed m 6.44 6,42 6.60

Test C37

gualitative Tests on the IN TNO.i Eluates from
Eastern Reefs iolsoned Resin,

A portion of the eluate was neutralised with NagCQg

(neutral solution)

(a) Neutral Soln. + KOH No precipitate.

(b) Neutral Coin. + DIl HC1 No precipitate.

(c) Acid Coin. + AgNOs Yellow precipitate rapidly
turning black

(a) Neutral Soln. + Ammonlacal - No colour in cold but black

AgNO3 colouration on warming.

(e) Neutral Soln, + HgNOg Yellow precipitate .

(f) Neutral Soln, + H™CI10 Yellow precipitate on warming.

(g) Neutral Soln, + K!'nO4 Immediate decolouration in
cold,

The above reactions are those -lven by polythionatcs.

Test CB58.

Analysis of Poisoned Resins for lolythlonates
by Reaction wl th~Na”sol

The sample of poisoned resin was reacted with 50 mis, of
a 4 N NagSOg solution made Just alkaline to phenolphthaleln

with MaOH and saturated with Na2S04. The object of the NaoSOj
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added is to obtain a solution of high anionic strength to
displace the reaction products from the resin. After removing
the resin the excess SQg!i was rendered inactive by the
addition of 5 mis of 40, formaldehyde solution and the solution
made acid with 20 mis. 10,' acetic acid and titrated immediately
with J2\’l*Q~IodIne solution to the starch end point.

The resin used contained 7.5,." sulphur.

The results are shown in Table No. 1? below.-

.TABLE MO, 17.
ANALYSIS FOB POLYTHIONATES WITH SO03 99 SOLUTIONS

. . Titre in mis. 0,1 N Ip
Reaction Conditions Soln/gm. of resin.

A Resin stirred with 50 mis S03Sl
Soln, in cold for 1 hour 8,65 mis.

B Resin stirred with 50 mis S0319
Sain, in cold for 16 hours. 9,8 mis.

C Resin in column eluted with 50 mis

cold SOg'soln. 11.2 mis.
D Resin boiled with 50 mis SO,,*8 10.8) mean
Sain, for 1 hour. 0 11.7) 11.2 mis.
E Resin boiled with 50 mis SO.,"'8 10.9) mean
Soln. for 2 hours. 11.3) 11,1 mis.

The general equations for the reactions of polythionates
with sulphites is as follows:-
SnOg" * (n - '3) SO03!la= S306«* + (n - 5) S20sjs
(n - 3) S203»9 + i2 s s4068 + (n - 3}1 e
'e/hence the sulphur on the resin is given by

2 S =0,52 n .t
win -"157

Where n - No of sulphur atoms in polythionate SnQr
t s Titre in mis. of 0,1 N Ig Solution,
w» V/t. of resin.

Assuming all the sulphur to be present as a polythionate,
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the value of n can he calculated from

7.5 x 1
n* 3 N 0,32 x t

For the 5. values given above the following values of n
are obtained j-

A- n s 4,8

B- n=5.2

c n=>56

D- ns 5.6

E - n— 5.6

Test C39c

Analysis of Poisoned Resins for Polythlonates
by Reaction "with NaOH

Approximately 2 gms, of poisoned resin containing 7.5/
sulphur were eluted with 10/ NaOH until no further So03 was
detected in the eluate. This eluete was acidified with 10/
KNG > N 40/ formaldehyde added and the solution titrated
with N/10 lodin e.

"he reactions tamclng place are :-

S6°6 5 M s * S - A
23506 *5 + 60H'= 55203 1e * 3Ho00 - B

45406 1! 4 B0H)- 5gop3*8 + 25306° 8 + 3H20 - G

23306 5J + 60H *= 4503 8 + SgOg88 + 3" g0 - D

and combining equations C and D

23406!! B 6GH8 » 3S20398 + 2S034* + 3H20 - E

Thus in the case of the ;

Hexa thlonate se°g* 12 gn. atons S give 5 gm. mols. 0
Fentathlonate ¢-..,10 * @ 1 4 5 « i
Tetrathlonate g4, 8 » t O 3 it i 5

Thus the % S can be calculated from

% 3 =JL x 0,767 For Hexathlonates
% 3 =-L x 0,64 For i-entathlonates
0, - ™

% 3 x 00853 For Tetrathlonates
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Of these formulae only the latter provided agreement
between the total sulphur present on the resin and the poly-

thionate as shown in the following table.

TABUS MO. 160

ANALYSTS OF BASIN FOB i-OLYT'V OMATSS
lit:s MOIT SOLUTION

~—~ * '

Weight of Total mis. N/19 10 AL 3 on rosin Total 3
Resin solution reoulre&~ as 0406 on resin
2.45 21.1 7.32 7.50
2.90 24.8 7.29 7.50
1.63 14.1 7.35 7,50

Test C40

Total Regeneration Obtainable on V/estern Reefs
Poisoned Resine

Approximately 2 grits of poisoned resin were }-
Ca) Fumed with HF to remove all the 310p
(b) Boiled with 3&/J NHMCNS to remove most of the Co

(c) Boiled with Brg in KC1 to remove the remaining Co and
all the sulphur.

(d) Boiled in water to remove all the excess Bromine.
The chloride capacity of the resin was then determined.
Original Poisoned Resin.

Wt. of resin « 2.66 gms.

% Co =1.72
% QI0o «5,9
% S «7,23
Cl capacity =2.02 milllequlvalents/gm (56/"

Original Co present » 45,6 mgms.

Co in 'NHACNS n29.8 ¥
Co in ”~vo wash «14.5 1
Total Co removed a44.3 " (97,.h

All S and 31Qg removed.

final Cl capacity ~ 3.75 mlllequlvalents/gm. (104,?)
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Test C41

Effect of NH*CNS Concentretlon on the Removal
of Cobalt from Il-olsoned Resins

Six 1 gram samples of Western Reefs poisoned -resin
containing 1 .3;: of cobalt were boiled with different concen”
tratlons of NHACN3 for 1 hour, and then allowed to stand on a
hot plate for 16 hours. The NH"CNS solution was then filtered,
off, the resin washed and the solution and the washes analysed
for cobalt. The resins were then boiled with Br£ and. NCI and
the cobalt removed by this treatment determined by analysis of
the Br9 filtrate.

The results are shown in Table No 19 and graphically in

Fi'rure No. 3.
TABLE NO. 19.
S'EECT OF NHACNS CONCENTRATION ON

COBALT RENOVAL

COBALT REI'OVED IN

Cone Vol , NH4 CNS BrO wash Total
of of Vit Tt/
— v:t. fv Vt, Y,

nhdcms  NHACN3 g removed ra’Nms removed mgms removec

10/ 100 ml  8.88 68,4 0,98 7.5 9.86 75

20,: n « 10.12 78 1.80 13.8 11.92 91.6
S0,; 1 B 40.48 80.5 1.76 13.5 12.24 94.1
40,: a 1 410956 81.2 2.12 16.3 12.68 97,4
so;' I it 4052 81.1 2.32 17.8 12.84 98.8
50:: 5 f 7.44 57.8 2.52 19.4 9.96 70,7
Test C42,

Elution of Poisoned Resin in a Column VI th 55,:
NHMCNS at Room Temperature

P.25 grams of poisoned western Reefs resin containing
1.36>Co were placed in a column and eluted with 35;;' NHMCNS

at room temperature s-
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Cross sectional area of Column * 0.89 sq6 cms.

4

Resin valuing 19i2 nls.

Resin height 21-6 cns.

Flow rate 0,75 nls/minute.

TABLE NO 20.

ELUTION OF RESIN 1l'ITH 65/ NHMCNS

VoI_Thro_ughput Vol. of Sample Co in sample
in mis. In nls. gms/ 11 tre
24.5 24,5 0.223
49,0 24 e5 0.157
72.0 23.0 0,086
145.9 23,9 0,041
229.4 23,5 0.028
322.0 24.1 0.020
413,0 30,0 0,015
813.0 400 0.012
836.0 23,0 0.004

These results are shown graphically in ilgure Mo. 4.

By measuring the area under the elution curve plotted from
these figures, the weight of cobalt eluted at given volumes
war. calculated as shown below: -

TABLE NO. 21.

ELUTION OF COBALT UITH 55/ NH"CNS

VOLUME WT. Co. ELUTED / Co ELUTED
24.5 5,47 mgms e
49 9.31 f 8,3
72 11*29 " 10,5
200 17.09 « 16.0
400 21,39 ¢ 19,1
700 24.74 « 22.0
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Test C4o,

Elution of Tolsoned Resin with 55,/ jffI"CNS.
at 6CFC7

Approximately 3 grams of V.'estern Reefs poisoned resin
containing 1.72/ Cobalt were placed In a column surrounded by
a hot water Jacket (S”e Figure 7lb,5B). The resin was eluted
ti th 351 vu4CMS the temperature just above the resin bed being
maintained between 50°C and 60°Ca

Resin Height * 5.1 cns,

Cross sectional area 1.0 sq. cms.

v;eight of resin 3.12 gms.

Flow rate = 0.75 mis/minute.

By measuring the area under the elution curve plotted
from an analysis of the eluate (Figure Mo. 5}, the weight of

cobalt removed from the resin at given volumes was calculated

as shown below in Tables Nos. 22 and 25.

TABLE NOc 22.

ELUTION OF 1-Ql SONEb RESIN WITH 55;
MHLCM3 AT 60QC.

Throughput Vol. of Sample ] Co cone, in sa
mls. mis. gms/li tre
13.8 13.8 0,382
24.8. 11.0 00371
3703 12,5 0.188
66.8 29.5 -
96.0 00 O 0.06
118.5 22.5 0,063
151.5 33¢0 -
185.5 34.9 0.019
241.1 56.0 -
277.9 36,8 0,015

0< -#HalM, Nija Ao



TABLS NO. 25,

ELUTION 0?7 "O1BONED BESIN VJITH 35#
NHACNS AT 60°C

Vol. of Eluate e v;t, Co Eluted % Co Eluted

50 mis 13,9 normis 26,0
100 " . 1804 fi 34 4
150 " 20,0 37,5
200 « 20.8 1 39,1
300 " 22.3 " 41.7
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SUMTARY AMD CONCLUSI ONS

The results obtained in the investigation into the
nature of the poisons on the resins can be summarised as

follows, end the following conclusions drawn t

Xo The resins suffer a decrease in capacity due to the
chemical poisoning by tetrathionate and cobalt!cyanide anions*
Of these two compounds the former can be readily removed by
regeneration with 30t MaO-7 or 51 Ma , whereas the latter is
exceedingly difficult to remove and as yet no economic method
of regeneration has been found* Thus the tetrathionate poison-
ing cannot be considered to be a limiting factor in the life of
the resins, but the cobaltlcyanide poisoning, being difficult
to remove, must be considered as o major limiting factor in the
life of these resins* The presence of 1 ragn. Co/1. as cobalt!-
cyanide will bring about complete poisoning in approximately
3-0 cycles.* (This figure refers to Arberlite resin operating

on a solution containing 0*5 gms UaOa/lltre with 0.10 gms'U»Og
0

being adsorbed on Ig® resin per cycle.) Thus the life of the

resins at hentern heefs and best hand Consolidated Uranium
Plants depends on the extent to which the cabalticyanide concen-

tration in the pregnant solution can be reduced.

2e Physical poisoning of the resin occurs when a resin containing

tetrathlonates is allowed to stand. The tetrathionates decompose

and precipitate sulphur inside the resin, thus bringing about a
mechanical blocking of the ion exchange centers. Care should,
therefore, be taken to ensure that a resin containing tetra-

thionate anions should not be allowed to stand in this condition.

Za The presence of both the tetrathionate and the cobaltlcyanide

anions in -he pregnant solution is derived, from compounds formed

during the cyanid.ation of t~e ore for gold extraction. Cobaltl-

cyanide «0o%



cyanide anions are also formed during the leaching procedure
when a recycled manganese dioxide slurry containing cobalt is
added to an alTealine cyanide residue containing free cyanide,

prior to the addition of acid.

4. Several methods of eliminating these poisons from the
pregnant solution have been suggested. The final choice rill
depend on economic considerations and the results of experiments
being carried out at other research centres and on the Plants
themselves. The most promising method appears to be the
thorough washing of the cyanide residue prior to leaching,

which removeb simultaneously the cobaltlcyanide, the thio-

cyanate (which forms polythionates) and the free cyanide.
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INVESTIGATIONS-iilTO THE LIFE OF VARIOUS

AI-TXO-: LXCKAN'rE ol ERA?IMG- ON THE

"I"LWmo'mpzICHT 1 regnant 50LUTIQVB, *
iART |I.

UHSt _LiyE TESJLOX.AIAMLIT33 IRA. 400 AVD
DOW/gX | RESINS.

1. INTRODUCTION:

At the end of 1050 sufficient experimental worh had been
carried out In the United States and South Africa to Indicate
that efficient extraction of uranium from the Rand 'Leach
liguors could be obtained by the use of anion exchange resins.
These early tests indicated that these resins were liable to
suffer a decrease in their exchange capacity after only a few
cycles operation.127 in addition, the physical stability of
the resins waa subject to some doubt, particularly since they
were operating on solutions with high ionic strength.

It was therefore considered essential to subject the two
anion exchange resins then available, namely the Amberllte
IRA.400 ( manufactured by Rohm & Haas Co.) and Dowex | (manu-
factured by the Dow Chemical Co.) to a life test whereby a
complete study of the poisoning and disintegration liable to
occur could be nc.de. It was considered that conclusive data,
could only be obtained, by subjecting these resins to loading
end elution operations closely resembling the procedure to be
used in the full scale plants.

A5 instrument had been designed and made in the United States
which would permit automatic control of such a sequence of
operations. This "life Tester" was installed at the Govern-
nenl etallurgical Laboratory and put into use to test the
life of the two resins mentioned above.

ull cieEcription of this instrument and its method of
operation is given in an appendix at the end of this chanter.

At this early stage it was decided to transport the con-
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paratlvely large amount of pregnant solution required for this

investigation from one of the two Pilot plants in operation.
There appeared to be little to choose between the Western

Reefs and KLyvoorultzicht Pilot Hants. The preliminary
tests had shown that the pregnant solution produced at Bly~
voorultzicht showed the worst loading characteristlcs®»™®""N"

.2.hich sum' ested that the poisoning of the resin would be more

severe on this solution. On this account it was decided to

operate the Life tester on the pregnant solution produced at

the BlyVooruitzlicht Pilot Plant,

2° RIMENTAL .COWRIT! NS A7D Rlol'l TS AFTER 100 CVCIFS
OPERATION a S B

The two resins under test were wet screened, the minus 20
plus 60 mesh fraction being used In these tests*
150 mis, of the resin were introduced jnto 1" diameter

"lass columns, the heights and volumes of the resin beds being

as follows j

Amberllte IRA,400 Dowex |
Diameter of Column 2¢c54 cmS8 2,54 cms
Height of column 29,6 29.6 1
Volume of resin 150 ml s 150 mls
Height of resin 46.5 gns 45,4 gms

3rellninary Tests:

The |n|t|a| Chlorlde CapaCItIeS Of the Columns were as

follows 5“
Amoerlite IRA ,400 Dowex |

Chloride capacity of whole
column in mill! eoulvalents 158
of Chloride ion

115

Chloride capacity of resins
in milllequivalents Cl/gm. 5,35 o 55
dry RC1
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FIG No 8

EFFECT OF TEMPERATURE ON THE ADSORPTION
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A preliminary test was carried out to determine the effect
of temperature on the loading characteristics of the resin.
Figure Mo. 8 shows the loading curve obtained at 20°C and 39°C
From the small difference between these two curves it can be
concluded that minor variations in temperature can be neglected
in future work.

Operation of the Life Tester over the 1st 100 cycles.

During this period one complete cycle consisted of

Adsorblion <€ 60 ml/min 2 hrSo
Downwash € 60 " 6 mins.
Elution G 15 " 4 hrs,
Downwash 6 60 b 12 mins3

In addition to these operations the columns were backwashed
manually each day to eliminate insoluble material consisting
mainly of silica which had accumulated in the column.

The pregnant solution used during this period, was produced
at tue Blyvoorultzicht Pilot Plant by their standard leach, no
magnetic separation of iron from the cyanide residue prior to
leaching being included.

The average analysis of this solution during this period

was as follows

Iron as Fe+*" 5,0 gms/X
Uranium as U"MOq 0.25 >
Free HOSQ4 4.0 )
Total sulphate 40 f

oH 0,9

This pregnant solution was clarified in a sand clarifier
before b®Ing pumped into the Life Tester storage drum. It was
noticed, however, that on standing a fine colloidal precipitate

occurred in this solution consisting of silica and a small

proportion of sulphur.,

No attempt was made to obtain maximum uranium recovery.
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FIG. No 9

INITIAL & 100 CYCLE LOADING CURVES
ON AMBERLITE COLUMN .

100

6O

40§

20

+
: |
H
]
} !
:
: )
H
i
1
;
{ i
: :
¢ |
i { .
] . :
e etiata 5 st AR b e iy NS S
. ; .
: £ ‘
. 5 ;
-® ’ ‘
- 5 j
) 2
J ST SV R, ISPIVRSPR PR |
: ¢
H
i
;
. i
' »
: ;
. :
: ‘ S
; H P
; \ : : g —r———
1 ; 3
i \ i :
: h :
{ . : $
o 4 t 5
3 i i
5 - o H [ ] .
i ) — = l
: ! : S
\ i :
§ ‘ § I
i~ i § i _]

~20

oS5 1o 5 20 5.

Gms U30Og. THROUGHPUT.

A. INITIAL LOADING CURVE

UgQy CONC. —  0-264 GMs / LITRE

B FINAL LOADING CURVE,

UgOg CONC  — 0242 GMs/LITRE

FLOW RATE 66 mls/m




FIG.No.lO

INITIAL & 100 CYCLE LOADING CURVES

DOWE X COLUMN.
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Each column wa3 loaded to saturation at each cycle, and this
meant that a large proportion of- uranium in the pregnant solu-
tion ras discarded in the barren solution.

The eluate containing uranium and Iron was jjrecipitated
with Ammonium Hydroxide to a p'T of 6,8, filtered, and the
barren eluate acidified r.nd returned to the eluting solution
storage drum, This operation was carried out approximately
every 20 cycles, i.e. when 25 gals, of eluate and rashes had
been collected.

Results after 100 cycles;

The chloride capacities of the two columns after 100
cycles operation are riven below s-

Amberli'te IRA.400 Dovex |
Chloride canacity of column
after loo cycles, in milli- 136 106

equivalents CI!

Percentage of fresh resins 87?.; 02/i
ccpaclty

The loading curves after 100 cycles together with the
initial loading curves are shorn in Figures Nos. 9 and 10.
By estimating the areas under these curves £ the follow-
ing amounts of uranium adsorbed were determined.
Amberlite 1RA0400 HDorex__lh

Uranium adsorbed on column
0 cycles, in gms, UgOg 0.78 ° 5 8

Uranium adsorbed on column
100 cycles, in gms tI"Og 0.44 0a24

Decrease In uranium capacity
> fresh resins capacity 44 50

It can be seen that although the chloride capacities
had shown only a slight decrease, the amount of'uranium ad-
sorbed from a pregnant solution had dropped to about half its

original value,,

It was noted that these loading curves exhibited the

89/ phenomena,. . *o



phenomena of what may be termed "self elution”. By this is

meant that the uranium concentration in the effluent from the
column reaches a value higher than that in the pregnant in-
fluent, Consideration of this phenomena led to the conclusion
that the uranium already adsorbed was being displaced, by some
other anion with a stronger affinity for the resin.

At this stage of investigationf however, insufficient
experience of the ion exchange aclsorbtion characteristics of
the various pregnant solutions had been obtained to decide
whether these loading curves exhibited exceptionally poor

loading characteristics. For comparison purposes a loading

curve test was carried out on the Anberlite column using.a

solution containing only uranium and sulphate ions at the same

concentrations encountered in the pregnant solutions, A similar

curve wts obtained on a fresh resin column of the same dimen-

sions, These two curves are shown in Figure ho, 12, and show
that only a small fraction of the total uranium capable of
being adsorbed under ideal conditions was being extracted from

whe pregnant solutions, T'oreover, the uranium adsorbed from

the pure solution by the fresh and 100 cycle Anberlite columns
was in approximately the s:me ratio as the chloride capacities.
Uranium adsorbed by fresh Anberlite column * = 6,28 gras IL0,08

Uranium adsorbed by loo cycles Anberlite column » 5,65 gms Uy

e o M capacity of 100 cycles column B qq
It was therefore apparent that the pregnant solutions

used for these tests contained some anion which was being

adsorbed preferentially to the uranium, A brief qualitative

analysis of the eluate obtained from such a pregnant solution
failed to show the presence of any impurity other than Fe*++,
30/j" and silica,

Regeneration Tests:

In view of the decreased capacity of the columns, they

90/ were
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FIG No i

LOADING CURVES AFTER 6N.HCI. REGENERATION
AMBERLITE & DOWEX COLUMNS (Ol CYCLES.
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FIG. No. 2.

LOADING CURVES ON AMBERLITE COLUMNS

PURE SYNTHETIC URANIUM SOLUTION.
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were subject .to a 6N TGl wash. This procedure was suggested
by hr., Olsen (of the Dow Chemical Go. USA) as a usually
effective regeneration procedure. The loading curves obtained
after this regeneration shown in Figure No 11 were however
virtually Identical with the previous curves and showed, that
no appreciable regeneration had taken place. Other methods
of regeneration were not attempted as it w, s considered that
(a) the resins were not seriously poisoned; the uranium
capacities calculated from the pregnant solution loading curves
giving a false impression of the extent of poisoning due to
the exceptionally poor loading characteristics of these
solutions, (b) It would be advisable to subject the columns
to a further number of cycles in order to obtain a greater
accumulation of poisons on the resins so that their identi-
fication could be more readily achieved.

For these reasons it was decided to continue with the

Life Test,

RESULTS QF THE LIFE TEST 0? AMREFUTE IRA, 400 AVMD BOV/EX |
RESIVS U- TO 6b) — . —

During the period from 100 to 600 cycles a wide variety
of pregnant solutions was obtained from the Blyvooruitzicht
lilot Plant. The nature of the work carried out at this Pilot
Plant where different leaching procedures were being invest!*"
gated, resulted in the production of pregnant solutions of widely
differing composition, It was impracticable and also inad-
visable to store sufficient quantities of pregnant solution to
operate the Life Tester for even 100 cycles, so that the loading-
curves obtained after these periods had. to be determined on the
pregnant solution being produced at Blyvooruitzlcht at that
time. This procedure; made a comparison, of the.performance of
the resins obtained from data from the loading curves on preg-

nant solutions almost impossible. During the normal operation

Q-’i-'{ fp ®» ®» ¢



FIG No I3

LOADING CURVES ON AMBERLITE & DOWEX COLUMNS
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8. DOWEX,
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the adsorbtion time cycle for each particular batch of preg-
nant solution was adjusted so that the effluent at the end of
the adsorbtion period contained 60, of the uranium concentration
In the influent. Lower values than this required excessively
large amounts of solution due to the flattening out of the
loadin'? curve at approximately this 40% extraction level.

The loading- curves obtained during the 100-600 cycles
period are shown in Figures 'Tos» 15 - 17, and a brief descrip-
tion of the pregnant solution from which they were obtained is
Tven below: '

Loading Curves Obtained at 200 Cycles,

ehe loading curves obtained at 200 cycles on the Amber-
lite and Dowex columns are shown in.Fiwure Mo. 13. These
curves show a very narked improvement in the adsorbtion charac-
teristics of the pregnant solution used, for this test compared
with that used for the 100 cycle test (Cf. Figure Mo 11). The
self elution effect so prominent in the initial and 100 cycle
tests was absent, and this points to elimination of- the partic-
ular* ion which was preferentially adsorbed in this latter
solution. A comparison of the analyses of these solutions for
?e+++ fn'E SO4 ‘* (which were originally believed to provide the
major competition to uranium for adsorbtion on the resin) showed
only minor differences in the concentration of these lons. It
is thus improbable that the marked improvement in the loading
characteristics of this new premnant solution can be attributed,

to changes in the Fe+++ or 30™ concentration»

Compositi on of. Pregnant Solution

(a) 0 cycles (b) 200 cycles.
u308 gras/ | 0,264 0.270
Fel5 ] 504 408
S°4 « 25 40

pH 0.9 1.0



FIG No i4
LOADING CURVES ON AMBERLITE & DOWEX COLUMNS

308 CYCLES.

A. AMBERLITE. COLUMN.

B. DOWEX. COLUMN.

FLOW RATE = 35 Mis| Min.

U3Og.CONC = 0-297 ¢fL.

v+ )

S-S SN S P MDA SRR e |

e A
- et M

100

O — 4 it = ok

‘NotLovHA X3 %

Y

GMS U30p THROUGHPUT.




92 *

The Improvement '‘became evident when a new batch of
oregnant solution was received r.t 185 cycles,, ovoseouent
enquiries at the ’llyvooruitricht I-Hot Plant provided no
reesenable explanation, it being stated that no fundamental
change had been made In the leaching procedure, the only modi-
fication introduced being an improvement in the magnetic
separation of metallic iron from the cyanide residue prior
to leaching,

A possible explanation for the poor adsorbtion proper-”
ties of the solutions used for the 0 and 100 cycle tests was
only apparent at a much later stage in the investigation, when
a more thorough understanding of the nature of the poisons
occurring in the pre-mant solution had been obtained and this
will b° discussed in more detail at a later stage.

As will be seen none of the pregnant solutions sub™
sequently received from the Blyvooruitslicht Pilot Plant showed
similarly poor loading properties.

Loading Curves Obtained at 508 Cycles,

The loading curves obtained after 308 cycles are shown
Ln Figure vo 14. These were observed to be very similar to
those obtained in the 200 cycle test. The composition of the
pregnant solution used for these tests is as follows:

U50g concentration 0,292 gns U"NOg/I.

pe+++ conceRtration - 5,0gms/!.
SO4 8* concentration - 40,6 "
pH - 1.6

The increase in the breakthrough volume and the steeper
gradient of the graph, after breakthrough shown in .these curves,
as compared with the previous curves, can be explained as

being due to the slower flow rate of 30 mls/minute, which for

practical reasons had to be employed.
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FIG No I5

LOADING CURVES ON AMBERLITE & DOWEX COLUMNS 400 CYCLES

FERRIC & FERROUS LEACHES
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Loading; Curves Obtained at 400 Cycles;

At 400 cycles the Blyvoorultzicht Pilot Plant ms
experimenting with the two stage leaching procedure,

In this process the cyanide residue is given a pre-
liminary sulphuric acid leach which removes about 1/3 of the
uranium present, together with most of the acid consuming
constituents and a portion of the reducing agentspresent in
the ore. The residue from this preliminary leach was then
leached with manganese dioxide and sulphuric acid which
effects the extraction of the remaining uranium. This procedure
results in the saving of manganese dioxide, but produces two
solutions, both of which have to be passed through the ion
exchange columns. The first solution, known as the ferrous
pregnant solution, contains a small amount of uranium and a
comparatively large amount of Fe++0 The second solution, the
ferric pregnant solution, is very similar to that obtained, in
the normal uranium leach, and contains the major portion of
the uranium with Fe+++ as the major impurity.

The loading curves of the ferric pregnant solution on
the Amberlite and Dowex columns, and the ferrous pregnant
solution on the Amberlite column are shown in Figure To 14.

The ferric pregnant solution shows exceptionally good
loading characteristics approaching those of a pure uranium
solution of the same concentration (Cf Figure No. 12). The
ferrous pregnant solution does not exhibit such good loading
characteristics, although comparisons are difficult due to the
lower concentration of uranium in this solution.

An analysis of the calcined precipitate from the
eluate from a column loaded with the ferrous pregnant solution

was found to be as follows :-

U308 81 06/
sio2 ~ 19.0#
- Qa4 3#

94/ These... ..
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FI1G. No. 16.

LOADING CURVES OF AMBERLITE

& DOWEX COLUMNS 500 CYCLES
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FIG.N®° |7

LOADING CURVES ON AMBERLITE & DOWEX COLUMNS 600 CYCLES.
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These results showed that only a very small amount of
iron is adsorbed by the resin from such a solution.

Loading Curves Obtained at 500 Cycles*

During this period a mixture of the ferric and ferrous
pregnant solutions was obtained from the Blyvooruitzi cht Pilot
Plant and the loading curves on this solution are shown In
Figure Mo,16.

Here again remarkably good adsorbtlon Characteristics
were observed but again comparisons were rendered difficult by
variations In the composition of this solution compared with
those used in previous tests.

Analysis of Solution.

us08 - 0.198 gms/1 ,
Fe+* - 0.6 u
Fe+++ - 1.5 it
Sulphate - 15,81 il

pH - 2.1

Loading Curves Obtained at 600 Cycles;

Before the 600 cycle Test the Blyvooruitzicht Pilot
Plant reverted to the normal single uranium leach. The oreg-
nant solution used for the 690 cycle test was similar in cont
position to that used at 200 cycles;

0.270 gms/lo

V a

Fe*++ 3.85 «
S04 '« 3303 "
oH 1.6

The loading curves obtained on this solution are shown
in llgure.No. 17 which, when compared with the 200 cycle curvee
shows a slight improvement In the loading characteristics.

This may possibly be due to the slightly higher pH value of

the solution.

95/ Chloride, ,, ,.



FIG. No I8

CHLORIDE CAPACITIES OF AMBERLITE & DOWEX

600 CYCLES
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SILIQIILfle..Capacities.Measured During the 600 Cycle Test,.

In addition to the loading curves described above, the
chloride capacities of the two columns x”ere measured every 100
cycles and are given in Table No. 24 and represented Graphically
in Figure No. IB.

It was observed that the capacity of the Amberlite
column drops over the first 200 cycles to approximately 80,1
of its original capacity end thereafter more slowly to 75,1
after 400 cycles. From 400 to 600 cycles the drop is more
rapid to 5/.' of its original capacity.

In the ease of the Dowex Column there Is a slow
steady drop over 600 cycles to 781 of its original capacity.

These figures represent the total loss in capacity of
the columns, in which is included both chemical poisoning of
the resin and also the mechanical loss of the resin from the
column.

ihe actual chloride capacity of the resins exoressed
in milllequivalents of chloride/gm of resin, which can be taken
to represent the amount of poisoning taking place is shown in
Table Mo. 24. These figures illustrate that the resins have not
become seriously chemically poisoned during the 600 cycles,
their capacities being 88.4;! and 92.4,! of the fresh resins
capaci by in the case of the Amberlite and Dowex respectively.
,."MJISgs.J, nj,:elg]its and Volumes of the Resins over 600 Cycles;

-he changes in the weights, volumes and densities of
the resins over the 600 cycle period are shown in Table Mo. 25.
During this period che volume of the columns had. droaoed to
Bl;. (Amberlite) and 90, (Dowex) of the criminal volume.

The weights of the resins (as calculated from the
chloride capacity, since it was desirable to avoid drying of
the resin) were only 66.5/ and 82.5;! of the original weights

in the case of Amberlite and Dowex resins respecitvely.

TABLE NO. 24



TvBLE NOc ?4

MNNHIN and chloride capacities of ERLi:E AND
DOWEX RESINS DURING 600 CYCI 6T -
A DOWEX
CAPACITY capacity M OF FRESH

1. Chloride Capacity of whole column
. INn milliequiv.alents of Chloride.

a) 0 cycles 155 ‘m 115 100
by 100 " 136 106 92
c) 200 " 120 105 8%
d) 300 I . 101
e) 400 " ﬁ% 94 02
f) 300 102 92 SO
.g) &°° a1 90 7S
>»
O, Chloride Capacity in milll-
equlvalonts Chloride per 'gnu
of Dry RCl *
a) Fresh Resin 0 cycles . 3*35 2,53 100
b) 600 cycle Resin 2 =96 2»y4 92,4
3* omnium Capacity of -.vhole column
in Gmsx T|3°g 1 *
a) 300 cycles 13, 11.4
b) Iro M N« 7.C5
c 300 S*35 8.05 1
a) 6oo

4. 'Tranium Capacity in gms UxO™/gm
Dry HC1 '

Fresh Resin O cycles 00266 ,139 100
%j 600 cycles 0,221 .146 77*5



EIGHTS AND VOLUMES OF THE A;JiERLIIE AND DOWSX GULDENS
AFTER 600 CYCLES

Af-IBERLITE DOWEX
i» OF FRESH p OF FRESH
VALUE RESIN VALUE RESIN

1, Original Column Volume 150 ccs 100 150 ccs 100

Volume .after 600 cycles 122 " Sl 135 90
2. Original v.t. of Resin 46c5s®s ICO 4-5.4-gras 100

Weight after 600 cycles 30.8 " 6602 38 04 " S2,5
3* Actual Density in gms ary RCIl/cc

™a") Fresh Resin 1,19 - 1-12 —

b) Used Resin 600 cycles 1025 « 1,17
4-, Column Density in eras rosin

per cco column space

a) Fresh Resin 0*310 0*302

b) Rosin after 600 cycles 07*254. 0.254-

Weights calculated from chloride capacity data



FIG:NoJ9.

PHOTO MICROGRAPHS SHOWING DISINTEGRATION OF

RESIN DURING THE 600 CYCLE LIFE*- TEST

Fresh Amberiite IRA.4Q0 Amberlite IrRA 400, After
600 <cyefes



The column densities. In grns reslin/cc. column space
had. changed from 0.310 to 00254 (Amberlite) and iron 0.30."
to 0.2P-4 (Dowex).

These figures shoved that although 33.5,,. by weight of
the Anberlite and 17.5/." by weight of the Dowex hod been lost
during the 600 cycles, the decrease in the volume was not
proportional to the amount of resin lost.

Appearance of the hesin;

Figure y.0. 19 shows four photomicrographs of the fresh
and 600 cycle resins. These photographs were all taken at the
same magnification and with special precautions to ensure that
the samoles photographed are representative of the whole mass
of the resin.

They show that, particularly in the case of the /.mbgr-
ille resin, a considerable amount of disintegration had taken
place. It appears that during the 600 cycles the large
Irregularly shaped particles of this resin hove disintegrated,
the sharp angular corners of the particles having been oroxen
off. This results in more spherically shaped particles and In
a narrower range of ~article size. In the case of the Dowex
resin, the disintegration has taken the form of a fracturing
of the originally spherical particles. Some of the fragments
of these spheres can be seen in the photograph. Hov/ever, the
disintegration is very much less t'-cn in the case cjf the
Anberlite resin.

general Observations on the Operation of the. life Tester
Durln? the 600 Cycles.

The main source of trouble encountered in t™e operation
of the life tester driring the 600 cycle period was the accumu-
lation of insoluble material in the column. It was observed
that a fine, almost colloidal, precipitate separated from the

pregnant solution during storage. This precipitate passed

37/ through....



through c sand clarifier end settled from the solution only
after long periods of standing. On the passage of the
solution through the resin columns a large proportion of this
insoluble material coagulated and separated as an Insoluble
slime on the resin. This occurred on the passage of even an
apparently clear pregnant solution through the column.

A qualitative analysis of the slime in tTe column
shoved it to consist mainly of silica but also on occasions to
contain a fairly large proportion of sulphur.

The presence of this insoluble material necessitated
the use of frequent and thorough backwashing of the column.
The accumulation of the slime was particularly pronounced
during the first 185 cycles of operation. It v/es noticeably
absent when the ferric pregnant solution from the double
leaching procedure vas employed for the adsorbtlon cycles.

On frequent occasions a solid plug, consisting of the
finer resin particles cemented together by the slime, formed
on the top of the Amberllte resin bed. This in many cases
completely stopped the flow of solution through the column.
This occurrence became a regular feature during the last 100

cycles of the 600 cycle test.

4« DISCUSSION OF RESULTS AND CJINCLUSIONS REGARDIMO THE
FIRST 600 CTCLS LIFE TEST OF THE RESINS.

Conclusions regarding the performance of the resin from
the loading curve data were rendered extremely difficult by
the varying composition of the pregnant solutions received
from the Flyvooruitricht Pilot Zlant. It vas considered that
the only safe conclusion that could be drawn was that the
adsorbtlon properties of the Dowex resin, although Initially much
inferior to those of the Amberllte, gradually Improved In com-
parison to the Amberllte until after 600 cycles the adsorbtlon

characteristics of the two resins were very similar.

98/ The..,..



The most Significant result obtained. was the rather
high disintegration loss of the resin which, in the case of
the Amberlite, v;as found to be much greater than had. been
anticipated in the preliminary experiments, and exceeded the
generally accepted loss of 10, over 1000 cycles,, However, it
was admitted that the operational conditions employed in this
Life Test were more severe than those encountered in most
other ion exchange applications,

It mas considered that the actual mechanical loss of
the resin could be considerably reduced by taking certain
precautions. It was obvious that a certain resin loss occurred
due to the coagulation of slime around the individual resin
particles which resulted in them being carried over with the
slime during backwashing. This loss might be considerably
reduced, by recovering these particles in the backwash effluent
and returning them to the column.

At the sane time it seemed likely that an inevitable
loss due to disintegration of the resin would also occur. It
was observed that the decrease in volume of the column was
less than the proportional amount of resin lost, or in other
words, the apparent column density had decreased. There was
virtually no change in the actual density of the resin particles
themselves and the only logical explanation for this observation
was that the very small particles which had previously filled
in the spaces formed between the larger particles had been
removed during the backwashing operation. As can be seen
when comparing the two photographs of the fresh and 600 cycle
Amberlite resins, there is a much narrower range of particle
si2e in the used resin, which would mean a smaller column
density. Thus any disintegration of the resin which resulted
in the formation of exceedingly small resin fragments must be

considered to Involve an inevitable loss of resin.

99/ ;ct.,....,
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It is impossible from the results obtained to decide
what proportion of the total loss observed represents an
inevitable loss and what proportion can be recovered end returned
to the column. 'eThis natter in of some Importance since the
choice of the resin to b® used in the full scale plants will
depend to a certain extent on the mechanical strength of the
resin and the amount of.unavoidable resin loss that is Illhely
to occur.

It is significant to note that the losses occurring
on the Dowex column were much less than in the case of the
Amberiite column. Thus, although the bowex resin has initially
only 2/5 of the capacity of an e-ucl volume of the Amberiite
resin, the capacities of the two columns after 600 cycles
operation are equal. Thus if the unavoidable resin losses
are high, it is possible that it would be more economic to
employ the resin with the low capacity but higher mechanical
streno:th.

It wes for this reason considered advisable to carry
out a further Life Test so that the nature of the resin losses
could be studied in more detail.

Although the results obtained indicated that the
resins after 6.)0 cycles had not suffered any severe chemical
poisoning, this possibility could not be excluded in the opera-
tion of the full scale plants. In fact the results obtained
during the first 100 cycles suggested that exceptional poison-
ing was indeed taking place but due to certain changes, the
significance of which was not understood, this poisoning was
not continued.

It was considered, therefore, that the second Life
Test should be run on a pregnant solution produced as required
under standard condition a resembling those to be used on the
full scale plants so that conclusive data regarding the chemi-

cal poisoning of the resin could be obtained.

100/ PART 11,
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PART IX

SECOND LIFE TEST ON ANBS5RLITS IRA,400,
DOMEX | , I-ERNUTIT SE AND IONAC SE. ION
EXCHANGE RESINS

1. INTRODUCTION:

In view of the results obtained in the previous life
test, It wms decided to carry out a repeat test with the object
of obtaining nore representative data as regards the poisoning
of the resin and to determine what fraction of the total loss
of resin observed in the previous test represented an unavoid-
able loss.

It was arranged that the pregnant solution used for
these tests was to be produced, as required, at the Government
Metallurgical Laboratory from Blyvoorultzlcht Cyanide residue
under standard leaching conditions resembling those to be used
on the full scale plant,

In addition it was decided to include two new resins
which had since been received at the Government Metallurgical

Laboratory, namely, fermutit SE and lonac SE resins*

2* LEAGUING PROCEDURE A"P LIFE TESTER OPERATION.

During the first 300 cycles of operation the cyanide
residue received from Blyvoorultzlicht was made into a 40%6
solids slurry and oassed over a magnetic separator to remove
the metallic iron* After filtration the residue was charged
into the pachuca and leached with the desired quantity of
sulo,huric acid and Nno)gv. The !"'nOo used was crushed l-yrolusite,
containing 70,;) available MnOg, the addition being made one
hour after the addition of the acid*

After 16 hours leaching time the pulp was filtered,
repulped with water and filtered again, the primary and

secondary filtrate being combined to provide the pregnant

101/ solution® a.
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solution for the Life Teeter, This solution v?as passed
through a sand clarifier and then pumped into the Life Tester
pregnant solution storage drunu Sufficient solution was
obtained in one leach to permit operation of the Life fester
for approximately four to five days.

A tyolcal exarrole of the acid and the : nOg additions
and the analysis of the solutions produced are as follows?

HPS04 added * 30 Ibs/ton

LnQg added = 6 *

3lue (® hr, prior to
filtration,) = i; “

Analysis of Pregnant Solution?

2.0 gtns/1 .
Fe++ trace
Free t;0S04 2.0 gras/!l .
u3°s 0.25
Total sulphate 20 S
pH = 1-8

During the period 300 - 400 cycles the magnetic
separation step was eliminated, the cyanide residue being
charged directly into the pachuca for leaching. It was found
necessary to increase the acid and .MnOo additions to 50 Ibs/ton
and 10 Ibs/ton respectively.

The operation of the Life Tester was similar to that
described in the previous Life Tests, One Important difference
was that small glass wool filters as shown in figure "0. 26
were included in the glass columns Immediately below the
backwash water outlet. By suitably packing these filters
with glass wool it war. found possible to permit the passage of
the fine insoluble material but.prevent the removal of the

farmer resin particles during backwashing.

As previously, the accumulation of Insoluble material

102/ was
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was a major source of trouble* particularly In the Amberlite
column toward the end of the 400 cycles. One interesting
observation in this connection was that the accumulation of
insoluble material was particularly severe when no glue

additions were made before filtration.

30 EXIERr'SNTAL RESULTS]
Changes In heights and Volumes of the Resins.

Table No. 26 shows the weights and volumes of the
resins measured initially and after 400 cycles operation.
These figures show that there have been no significant changes
in the weights and volumes of the resins originally present,
and that the Installation of the filters to prevent resin
losses during bacl.washing has been effective in eliminating
this source of loss.

Nevertheless this does rtot imply that no resin dis-
integration had taken place. In the Amberlite column particu-
larly and to a lesser extent in the lonac column, the percentage
of fine particles had increased, and these fine particles
would undoubtedly have been backwashed from the column had
the special filters not been included. The resin disinte-

gration will be discussed in more detail later.

TABLE NO, 26

CHANGES IN HEIGHTS AND VOLUKES OF THE
RESINS DURING 400 CYCLES

IONAC AUBE"LITE DOMEX PERUUTIT

Initial wt. of resin
in gms dry RNOM 38,5 40,0 46,8 4206

Final wt. of resin
after 400 cycles in 38,0 38.5 46,0 4103

gms dry RNOg

/ Loss in weight 1.3 3.8 1,7 3,0!
Initial volume in mis
.wet settled RNO™ s 105 11© 100 99

n

Final vol, after 400
cycles in mis. wet 115 116 100 99

settled RNOj

103/ Chloride... ,



Chloride Capacities;

Table No.

105 -

27 shows the column chloride capacities

measured at various

be seen that minor variations
have occurred during the 400 cycle tests.

no definite cumulative decrease

intervals during the 400 cycles.

in the total

There Is,

It can

chloride capacity

however,

in capacity as was encountered

during the previous 600 cycle test where a steady resin loss

was occurring.

The variations

in the capacity can be readily

accounted for by the presence of varying amounts of poly™

thionates on the resin as will

Amberlite

Initial column capacity
in milllequivalents 134
Capaclty after 7 cycles 131

i " 50 134

i « 158 i 119

i < 216 " 127

it i 276 128

i i 500 " 130

" " 357 135

1 " 354 " 129

i s 400 " 119
Capacity and

After the completion of 400 cycles,

TABLE NO. 27

be discussed

CHLORIDE CAPACITIES OF THE COLUMNS
PURINT 400 CYCLES.

lonac

129
123
116
117
121
118
113
116
1X3
118 |

112 I

later.

Dowex

114
102
108
100
100
106
105
115
106
113

102

I-ermuti t

119
119
108
117
106
110

109
113
105

111

Regeneration Tests and Analyses of the Resin

samples of each of the

four resins were removed from the columns and subjected to

uranium and chloride capacity tests as described

Analyses for tetrathionate and total

sulphur,

were also carried out on these resins.

104/

in Section C.

cobalt and silica

TABLE NO, 28
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TABLE NO. 28

ANALYSIS OF RESEVS FO™ TETBATHIOVATE
TOTAL'SULPHUR, SILICA AND GOP-ALT

IONAC | AHBCRLITE DOMEX I-EKTTIT
/ S present as tetra-
thionate 5.41 2,95 3,55 3060
/ Total O present 3,60 3,99 3,60 3080
/ Co on resin 0,061 0,076 0,015 0,014
/ Silica on resin 8,0 0,4 trace 3,2

NOTE; The analysis for Go and silica was carried out after
the completion of all other tests, since It involves
the destruction of the resin,,

TABLE HQ. 29

URANIUM ANT? CHLORIDE CAPACITIES OF
THE RESINSH

Uranium cap, Chloride cap,
% of Fresh / of Fresh
Resin .Resin
lonac after 400 cycles 64 65
Amberlite after 400 cycles 70 77
Dowex after 400 cycles 81 82
r-ermut.lt after 400 cycles 81 79
lonac after 10/ NaOK elution 86 92
| Amberlite after 10/ NaOH elution 78 89
j Dowex after 10/ NaOH elution 86 98
i 1e.rnlutit after }O/ l\!a.OH e_Iution 83 100

From the analyses of the resins the extent of
poisoning due to the polythionate present can be calculated

(as shown on Page 49 ) with the following ;results;»

lonac Amberlite Dowex Pernutit
/ Poisoning due to
Tetrathionate 14,6 12,9 21.5 20,5
Calculated capacity r.5,: 87/ 79/ 80/

105/ From.
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From the above figures It can be seen that (a) In
the case of the Dowex and Permutit resins the drop In the
capacities is fully accounted for by the oolythionate present
on the resins; (b) In the case of the Amberlite the uranium
capacity is lover than the chloride capacity. This has been
found to indicate the presence of colloidal sulphur which is
confirmed by the difference in the total sulphur and the
tetrathlonlc sulphur present on the resin. This also explains
the capacity being lower tuan that calculated from the analysis
for tetrathionate. It will be noted that the 10," NaOH elution,
although increasing the chloride capacity of this resin, does
not increase the uranium capacity to the same extent, (c)

The capacity of the lonac resin is lower than can be expected
from the analysis. There is little evidence of the presence
of colloidal sulphur. A similar anomaly was encountered with
the lonac resin from the West Rand Consolidated Plant (Cf
page 54) where the measured capacity was found to be lower
than the calculated capacity. In both these Instances the
lonac resin was observed to contain an abnormally high amount
of silica,, and it is possible that the presence of this com-
pound is responsible for the anomolous results.

Regeneration Tests.

It wecs decided to determine whether satisfactory
removal of tetrathionates could be obtained by prolonged
elution of the resins with the standard O.IN HNOg, 0.9N IIH*NOg
eluting solution. It had previously been observed that the
polythionates were removed from the resin by the nitrate
elutinm solution but at a much slower rate than the uranium,
and it was hoped that prolonged elution would provide a very
convenient method of regenerating the resin. The resins remain-
ing in the Life Tester were eluted at 5 mis/minute with 5.0

litres of the standard eluting solution. Samples of the resin
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v/ere then removed and their capacities determined. The
effluent from the elution roe collected and analysed for

tetrathionate.

TABLE MO. 30

CALACITIES 0? T-E RESITS AFTER PROLONGED
NITRATE ELUTION

/ 3 removed Uranium capaclty Chloride capacity

from resin of fresh resin of fresh resin.
lonac 0,94 69 05 73
Amberlite 0074 82 90
Dowex 0,48 94 90
Permutit Q081 85 84

Although an Increase in capacity was observed, this
method was not considered to provide adequate regeneration of
the Amberlite, lonac and l-ermutlt resins.

In view of the presence of insoluble forms of sulphur
on some of the resins a sodium sulphide regeneration was
attempted. Further samples of the resins were eluted with a
51 sodium sulphide solution, foil owed by dilute nitric acid

wash. The capacities of the resins were determined.

TABLE NOo 51

CAPACITIES OF THE RESINS AFTER
SODIUL SULPHIDE REGENERATION

Uranium capacity ' Chloride capacity
=) of fresh resin | 7/ of fresh resin
lonac 79 74
Amberlite 94 91
; Dowex 95
92
i Fermutlt 97 (88)

Except in the case of the lonac resin satisfactory
regenerations T-ere obtained, However it was noticed that in

this treatment much sulphur was precipitated and on allowing
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FIG. N° 21.
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FIG. N° 23.
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the resins to stand in 50/i nitric acid after the sulphide

regeneration for two days, even higher capacities were

obtained.
TABLS MO» 32
CAIACITISS 0? TNE RESINS AFT-r SODIUM
SUU-HIPS REGENERATION FOLLOWED BY 30£
NITRIC ACID.
Uranium capacity Chloride capacity
of fresh resin % of fresh resin.
lonac 79 81
Amberlite 97 96
Dowex 97 98
rermutit 98 96

The remainder of the resins in the Life Tester were
then given a 5> sodium sulphide regeneration followed by
allowing them to stand in 30;i nitric acid for three days.
Loading curves obtained after these treatments confirmed that
satisfactory regenerations had been achieved.

Loading Curves on Pregnant Solutions,,

During the 400 cycles Iloading curve tests were
carried out on the fresh resin at 89,300 and 400 cycles, after
sodium sulphide regeneration, and after 30 nitric acid treat-
ment. The curves obtained from these tests are shown in
Figures Nos. 20 to 23,

In these curves the percentage of uranium extracted
at any particular Instant by the column is plotted against the

total amount of uranium that has passed through the column.

These two variables were calculated as follows;

extraction = loo - . .
% ! J( Concentration of UMOg In influent)
Gnu UgOg Throughput * Vol. throughput x cone, of UMOg in influent

In this way it was hoped to allow for small variations

1 5h « « s . e
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In the composition of the pregnant solutions, so that comparable
curves could be obtained. It was appreciated, however, that
only an approximate comparison could be made since other factors
such as the Fe*** cone,, the pH and the 504"eanc. in the preg-
nant solutions had a marked effect on the shape of the loading
curve. In addition, due to variations in the different batches
of cyanide residue received, it was impossible to oroduee
pregnant solutions of constant composition for these loading
curve tests.

Nevertheless it was considered that the following
facts were evident from a consideration of the loading curves
shown in Figures Nos. 20 to 23.

(a) The initial loading curves in all cases indicate
superior adsorbtion characteristics to those obtained after
the resin had been in use for a number of cycles. The phenomena
has been observed in many other instances.(See pages 29, 89.)
The curves obtained at 89 and 300 cycles are essentially very
similar, and can be considered to be typical of the normal
operating characteristics of the resins on Blyvoorultaicht
pregnant solutions.

(b) In the case of the Amberlite resin, the loading
curve obtained after complete regeneration of the resin with
sodium sulphide and nitric acid is almost Identical with the
initial loading curve of the fresh resin. This shows that no
irreversible change has occurred in the resin itself (such as
a loss of exchange 'eeroups or permanent mechanical blocking of
the resin) during the 400 cycles. In the case of the Dowex
and Fermutit resins the loading curves after regeneration do
not exhibit adsorbtion properties equal to the fresh resin.
This cannot be attributed to a loss of exchange capacity, since
the chloride and uranium capacities after regeneration are

almost Identical with the fresh resin capacity. The decrease
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in the adsorbtion characteristics must therefore indicate a
decrease in the rate of reaction brought about by some change,
possibly a mechanical blocking of the resin particles. In the
case of the lonac resin, the very marked inferiority of the
loading curves afte?* regeneration compared rith those of the
fresh resin can be attributed to both a decrease in capacity
and in the rate of reaction.

(c) The decrease in the adsorption characteristics of
the lonac, Dorex and lernutlt resins after a fer cycles operation
is very much more pronounced than in the case of the Anberllte
resin.

(d) The loading curves .obtained at 400 cycles illustrate
a further drop in the adsorbtion characteristics of the resin
compared to those obtained at 89 and 300 cycles. It must be
remembered that during the period 300 - 400 cycles no magnetic
separation step ras used prior to leaching. In view- of the
experience obtained durinm the investigations on the formation
of polvthlonates in connection vith the Western p.e°fs poisoning*
it was apparent that the elimination of this additional reshing
step mould result in a greater amount of tetrathionate in the
pregnant solution and consequently a greater degree of poisoning

on the resin during the period 300 - 400 cycles.

(4) DISINTEGRATION TESTS

It Is obviously impracticable to subject all the various
resin samples received to a life test in order to determine
their attrition resistant properties. It was desirable, there-”
fore, to devise a more rapid test for determining this property.
As a result of the life test described above it was possible
to predict with some certainty in rhat ray resin disintegration
losses occurred, and thus to devise some simple test to

measure these losses.

There aoneared to be three sources of resin losses.

110/ (a) Sdiublllty,
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(a) Solubility losses, brought about by the very slight solu-
bility of the resin in the various aqueous solutions used on
the Rand. These losses cannot automatically be considered to be
negligible. The presence of a yellow colour In the recycled
barren eluting solution, which was identified to be due to
organic material, suggested that the solubility of the resins
in acid solutions over a large number of cycles might be
appreciable. However, in the life test described, tne sri&ll
resin losses observed can be adequately accounted for by back-
washing losses, and it is apparent that virtually no dissolution
of the resin had occurred.
(b) Disintegration losses brought about by "acid shock".

This source of disintegration was discussed with Dr.
Winters and Dr. kirk of the Rohm and Haas Go, U.S.A.

It appears that certain resins are sensitive to sudden
changes in ionic concentrations, which bring about their
sudden disintegration. This phenomenon is a fairly common
occurrence with the phenol-formaldehyde based resins, but only
occurs with the polystyrene based resins (which are the type in
use on the Rand) if insufficient cross-linking had been employed
in their nanufactxire. A complete understanding of this type of
disintegration has not yet been achieved, but there appears to be
a critical degree of cross-linking, above which the resins are
stable, and below which sudden disintegration occurs suddenly,
usually accompanied by marked changes in appearance and densities
of the resins. Mo such effects have been observed in the operation
of the resins in the life tester, and It is considered improbable
that any such disintegration occurred,
(c) The slow disintegration of the resin into very small particles
brought about by the constant pressure and frictional abrasion
occurring in column operation. This results in the production

of exceedingly fine particles which are readily removed during

the back-washing operation. Although some of the coarser resin

111/ particles
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particles removed can be screened off from the backwash effluent
and returned to the column, this Is not advisable with the very
small particles since their presence gives rise to a mechanical
blocking of the column requiring high solution pressures to
maintain normal flow rates. In the operation of the life tester
these fine ~articles were retcined in the columns by the glass
wool filters and resulted in a mreat deal of operational diffi-
culties, particularly in the Amberlite column towards the end
of the 400 cycle test. It is considered t~at this Is the major
source of resin loss likely to occur in the operation of the

ion exchange resins.

Any simple test which provides a measurement of the
mechanical strength and abrasion resistant properties of the
resin con be expected to measure the relative suitabilities
of the resins as regards their disintegration losses during
column performance. In addition an artificial test \vhlch
would bring about a slow steady type of disintegration, would be
more representative of the actual disintegration occurring in
column op-ration than any other more severe test resulting in a
large percentage of fine particles. It was, therefore, of advan-
tage to develop a method t-rhere'oy a very small increase in the
percentage "fines" of the resin could, be measured. This was
achieved as described in the followin'” disintegration test.
Artificial Disintegration Tests.

50 mis, of the wet settled nitrate form resin were
introduced into the backwashing apparatus shown in -figure To. 24,
The height of the resin bed was noted and the resin backwashed
at a flow rate adjusted to give 100# bed expansion. Back-ashing
was continued until no more fines were observed to be removed
from the resin bed. The resin was then transferred quantitatively
into a 250 ml. glass otoopered cylindrical bottle into

which were introduced ten -y' diameter glass beads, each weighing

112/ 0.25 gms.



TABLE NOO 3.

DiBInttfgratlon Tests

r
INITIAL SETTLED TOTAL WEIGHT 1 TOTAL backwash expanded . f CHLORIDE P DISINTE-
RESIN SETTLED HEIGHT. CHLORIDE OF 1AGITATION FLOW VOLUME ; expansion CAPACITY GRATION
VOLUME, CAPACITY BEADS ! TIME, RATE ] OF SLIMES LOSS»

i
Amberllte IRA 40 ) ; 50 ml 6.95" 6lo Om,eq 2,5C I 30 Days i46 ml/min 14.5=15,0 100 2,15 >1
Received March 1951) |
Subjected to Life ) 6,95B g57.3 - 2.50 60 * 1y : n 100 2,30 7.7
Test at the GLM.L, ) i

)

j

n 7000¢ 533 5 2,50 % " b . . 100 2020 11,3
Amberllte IRA. 4qq ) : q 5
Ex West Reefs pilot) 7.'00" 6o.0 » 2,52 50 b - : 100 0031 0,5
Plant 5 . u
Amberllite IRA 400 ) .
Ex West Rand Cons, ) 5 6,95 63,0 I 253 30 S 46 n 100 0c25 0,4
Plant )
Permutit SE it 7coo» 43,6 ! 2 149 90  « 66 I 6 100 0.23 0,5

_ : 1
Compound A - !
{Rohm & Haas) IS 695" 4506 H 2,50 90 i 30 S | 1415 100 0,11 0,24
WL. 1602 |
{Rohm & Haas) I 695" 76,0 " 2,51 90 7 60 U | 5 } 100 0.46 0.60
lonac L 7.10% 64*0 | 2051 90 66. ) 100 <0.10 < 0-1
|
| . f | b | |

Dowex | I . 1 7 000k 61,5 " j 2-53 | po I [ 66 » J 100 <.0,10 <co* 1
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O, 25 gms. The total volume of the resin, beads and water was
adjusted to 100 ml. The bottle was agitated on rolls at a
rate of 60 r.p.m. for a specified, tine, usually one month.

After this period the resin-was returned to the back-
washing apparatus and backwashed under exactly the same condi-
tions os before. The fines were collected quantitatively by
filtration of the backwash effluent through a sinter glass
G-ooch crucible. Backwashing was continued until no more
Narticles were observed to be removed, which in many cases took
as long as two or three hours.

The total chloride capacities of the resin remaining
and of the fines collected were then determined. The latter
determination was carried out without removing the finer, from
the crucible by repeated washings with a 1.0N NCI solution
followed by a water wash and then complete removal of the
chloride adsorbed with 0.9N NHANO3 and 0.1N ?INO5f this effluent
being analysed for chloride.

This procedure enabled, the percentage loss of the resin
to be calculated on the basis of the chloride capacities.

P. esults:

Table Bo, 53 shows the results obtained from these tests
on the various resin samples received at the government Metal-
lurgical Laboratory. It Is shown that the particular sample
of Amberlite IHA.400 resin used In the Life Tester, experienced
a far greater disintegration loss than any of the other resins
tested. This sanvole was the first batch of this resin to be
received at the Government Metallurgical Laboratory, and, as
pointed out by the manufacturers, was produced at a tine when
the technigue of manufacture was still In the experimental stage.
Samples of the Amberlite IRA.400 resin received at a later date,
namely those swelled to the bestem Beefs Pilot Plant and the

best Rond Consolidated Plant, experienced only i of the disinte-

ke 1 o> >r

TABLE NO. 33



FIG. No. 2 5.

PHOTOMICROCIRAPH S OF VARIOUS RESINS.
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FIG No 25

PHOTOMICROGRAPHS OF VA RIOUS RESINS
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gration lorr of thin original sample of Amberllte.

A ready explanation for the difference in the disin-
tegration values is provided when photomicrographs (shown In
Figure Mo. 25) are compared. The original sample of Amberllte
IHA.400 can he clearly seen to consist entirely of Irregularly
shaped particles with an extremely fractured appearance. The
other two samples of the Amberllte resin, although containing
a proportion of ouch particles,, consists mainly of truly
spherical particles, which can be expected to be very much
more resistant to abrasion and disintegration. The other resins
such as Do'vex |, lonac, Compound A and Femrutit SE, which have
very small disintegration losses, are shown to consist almost
entirely of truly spherical particles, only a fewlof which
show signs of fracturing. The resin 'v.L. 1602 is intermediate
in appearance between the Amberllte resins and the truly
spherical resins and is found to 'eve a disintegration loss
intermediate between these two.

It is significant to note that in the case of the resins
manufacturer] by r,ohm and Haas, the order of increasing percen-
tage cross-linking is Compound A< Amberllte IRA.400 <
Comoound u.L. 1602. The disintegration losses, however, are
0.9Af¢, .5.7% and 0.6$ which do not follow; the some sequence, and
suggest that the percentage cross-linking is but a minor consid-
eration as regards resistance to abrasion, when compared with
the shape and nature of the individual particles.

A rough estimate of the expected loss of resin o«yer a
given number of c ycles can be obtained by a correlation, of the
data obtained from the above tests with the actual loss ex-
perienced during the operation of the life tester. This latter
value was obtained by backwashing the Amberllte column in the

life tester after 5 cycles, collecting the fines removed.
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In the effluent and measuring their chloride capacity.

The chloride capacity of tsese fines was found to be
6.23 raillleoulvalents, l.e. 4.6 loss over 300 cycles or,
assuming a constant rate of disintegration, a 15# loss over
1,000 cycles. This loss is considerably less than that ex-
perienced in the first life test of the Amberlite resin over
600 cycles, but it must be remembered that in this test no
filters had been Installed to prevent the loss during backwashing
of the larger resin particles occluded in the coagulated slime,
"he figure given in the second life test represents an unavoid-
able loss and does not Include the larger resin particles which
are removed during backwashing but can, by suitable screening
of the effluent, be returned to the columns.

Thus calculating the expected loss of t'-e other resins,
assuming this to be proportional to the disintegration figures
shown in Table ho. 33, the following figures were obtained:

TABLE MO. 34

ELECTED DI3IRTETRATIOT LOSSES Qa1
VARIOUS AIMOP EXCi-A"gB RESITS

Loss In
disi_nte- Calculated
gration expected loss
| Test, fo over 1000 cycles
1l loss per %
] 90 days.
Amberlite IRA.400 Ex Life Tester li.a 15.0
Amberlite IRA.400 Ex "eet. Reefs 1.5 1*9
Amberlite Phi.400 Ex V0 Rand Cons. 1.2 1.5
Compound U,L, 1602 0.0 0.76
l-ermutlt 3E 0.5 0.64
Compound A 0.24 a=8o
lonac < 0.1 O0.i
Bowex | < 0.1 <0.1
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It must be emphc.sl.sed however, that these figures are
not Intended to represent an accurate estimation of the
expected loss of tue resin, but merely to obtain some idea
as to whether disintegration losses mill prove to be a major

consideration In the life of the resin.

116/ CONCLUSIONS.
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CONGL IJSXON3 DETARDiy'D 7*E LIFE OF T"Z
1 of F:CTAr™S resits OrERfA’'th'f OM TTE™
:-LYVOORUVI?. IGMT :REjr;TA?TI DOLU;'ION3

The following conclusions can be drawn regarding the
life of the anion exchange resins operating on Dlyvoorultsicht
pregnant solutions, from the results of these life tests.

only serious type of chemical poisoning encountered
In the life test of the resins on the Elyvoourltzicht pregnant
solutions was the adsorbtion of tetrathionate anions. This had
the effect of decreasing the ndsorbtion characteristics of the

resins after only a few cycles, but only to the extent of approx-

imately 20% of the original capacity. This poison, however, did
not accumulate on the resin, since It is martially removed
is estab-

during the nitrate elution and a type of equilibrium

lished whereby excessive amounts of tetrathionate are removed

in the eluting solution, “he overall effect is that the resins

operate at only approximately 80% of their fresh capacity.
On standing, the tetrathlonates decompose and sulphur

is precipitated inside the resin. This has a serious effect on

the adsorbtion properties of the resin, and precautions should,

be tahen on the full scale plants to ensure that resin contain-
ing toe tetrathionate should not be allowed to stand in this

condition.

During the first 100 cycles in the first life test

exceptionally severe poisoning occurred on the resin. Although

at the time the nature of the poisons was unhnowa it is now

apparent, after the completion of the tests on the 'estern Peers

resins and the life tests on the hlyvooruitsicht pregnant
solution, that tMs poisoning was due to an excessive amount of
polythionate in the nlyvooruitzicht pregnant solution produced

at that time. It is difficult to explain the reason for this

exceptional concentration of oolythlonate. Inouiries at the

Illot riant have failed to reveal any significant chan-es in
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the leaching or cyan!daidon procedure. It is possible that
the ore treated at trat particular tine contained an exceptional
amount of sulphur* compounds which mould form tfetre.thlona.tec.
during the leach. At no other time during the life test of the
resins mas such serious -poisoning encountered. Seventheless
the possibility of very severe tetrathlonate chemical poisoning
taking place under exceptional conditions must be anticipated.
however, even In such cases, the tetrathlonate anion
and precipitated sulphur can be efficiently removed with 5/
MaoS followed by soaking the resin in 30/ T?;0,.
2. The amount of cobaltlcyanide poison adsorbed on the
resin ws negligible and it is 'apparent that the Rlyvoorultzicht
riant rill not expertence trouble in this respect. The possi-
bility of the formation of eobslticyanide during the addition
of a manganese dioxide slurry containing cobalt, to a pulp
containing cyanide prior to the addition of leaching acid, must
be borne in mind. In the life test described, the KnOo was
introduced ofter the addition of all the leaching acid, and it
is understood that this is the procedure adopted at the Bly~
voouritzicht Plant, in which case the possibility of cobalt!”
cyanide formation Is eliminated.
3. The resin losses encountered during backwashing can be
considerably reduced by the installation of some form of trap to
catch the larger resin particles removed so that they can be
returned to the column. An unavoidable loss does occur due to
the disintegration of the resin. This disintegration apeears
to be due to the mechanical abrasion occurring in the column
and resulting in the production of exceedingly fine particles
of resin, which have to be removed to permit trouble free
operation of the columns. Except in the case of the first

sample of Amberlite received at the Government Metallurgical

Laboratory, this unavoidable loss is negligibly small and does
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not warrant consideration as a major criterion in the choice
of the most suitable resin to be used for Uranium extraction
at the Blyvoorui.tzlcht Plant, It would be of advantage,
however, to ensure that the resin used possesses a stable,

spherical end. tinfractured particle form.

4. Of the four resins tested, the Amberlite IPA.400 appears
to be superior to the others. It has the highest capacity and
reaction rate and is less susceptable to the'polythionate
poisoning than the others. After regeneration with Mags and
«NGg it exhibits almost identical adsorbtion properties as the
fresh resin.

The lonac resin, although initially having as high a
capacity and reaction rate as the Amberlite, deteriorates to
a greater extent during operation. It was found to be im-
possible to restore the used lonac to the same canaclty os
the fresh resin with the N&oS regeneration.

The Dowex | and Permutlt resins have a lower initial
capacity and inferior adsorbtion characteristics compared with

the Amberlite, although possessing greater mechanical .strength.
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FIG. N° 26.

DETAILS OF LIFE TESTER COMPONENTS.
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APPENDIX

SECTION B

m sstxmm M &»ss& -asS-Sesas

DESCRIPTION OF THE LIFE TESTER
AND"rSTHOD 0? QPERATlonT_._ "

The reelns under test were contained In 1“ diameter
glass columns. The height of the resin bed was approximately
10", the total height of the column being approximately 30",
thus allowing adequate space for backwashing.

The various solutions were pumped from the rubber lined
storage drums through 8" Tygon tubing to the top of the column.
Initially a glass tube inside the column carried the solution
down the length of the free space above the resin to a distance
1" above the level of the resin bed, where it was evenly dis-
tributed over the whole column area. This internal delivery
tube was later dispensed with, when It became apparent that,
in the quantitative chloride capacity tests, errors were being
Introduced by the diffusion of chloride ions into the water in
the free space above the resin bed. The various solutions were
then distributed at the top of the column, which resulted in
the complete displacement of any solution previously in the
column, ‘-hen it became apparent that resin losses during back-
washing played an important part in the life of the resins,
glass wool filters were fitted at the top of the column to act
as a trap for the resin particles removed in the backwash effluent
These filters are illustrated in Figure No. 26, and by suitably
packing the glass wool, it was found possible to prevent the
coarser particles of resin being removed from the column, while
at the same time permitting the passage of the very fine slime.
The glass wool packing was replaced every 100 cycles and the
entranced resin replaced in the columns.

The solutions were pumped by a "Duplex heavy Duty Chem-

o-feeder"” Diaphragm pump. This pump had two separate diaphragm

120/ mechanisms. . .«



FIG. No. 27
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mechanisms, each with inlet and outlet connections, when two
resins were under test in the life tester, each outlet from

the pump fed one column, and when four resins were under test,

one pair of columns in parallel. The flow rate of the solutions

could be‘'controlled by adjusting the stroke length which
permitted flow rates from O - BO mls/min.

The correct flow of the various solutions was controlled
by solenoid operated valves, the design of which is shown in
ii "ure Mo. 36. These valves were made to operate in the correct
sequence, corresponding to adsorbtion, washing and elution

operations by a "Robotron" automatic timer. This instrument

was designed to operate any six valves in any desired combin-

ation for a given period of time and then switching automatically
to the next; operation.

xhe elution operation reouired a flow rate very much
smaller than that used in the adsorbtion or washing operations.
10 a°frTeve t-hls without altering the pump setting, a by-pass
valve (V.5) from the pump outlet leading back to the eluting
solution drum was included in the circuit. This valve was
operated in conjunction with the valve (¥.4) controlling the
flow of solution to the columns, so that the eluting solution
was alternatively pumped to the column and then back to the
eluting solution storage drum. The timing of the opening and
closing of these two valves was controlled by a "Flexipulse"
switch which cane into operation during the elution cycles,
e.g. valve ¥.5 was open with valve V.4 closed for 50 seconds,
followed by valve V.4 being open with V.5 closed for 10 seconds.
In this way the eluting solution was pumped to the resin columns
for only 10 seconds in 40, thus effectively reducing the flow
rate to the columns to £ of that of the pump flow rate.

A study of Figures Mos. 27 and 28, which show the flow

diagram and electrical circuit diagram employed on the life
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tester will give a clear lIdea of the automatic operation of
this instrument to simulate plant operating conditions.

It was not possible to include a backwashing operation
in the automatic cycle since this required very careful adjust-
ment of the flow rate to avoid resin losses. A manually operated,
backwashing system was included, and this operation was carried
out almost every clay,, In most cases the flow rate during back-
washing was adjusted to give 100% bed expansion, and the washing
continued until the effluent was reasonably free of slime. How-
ever on certain occasions a solid plug of material formed on top
of the resin bed and this had to be broken up with a length of
thin wire foilowed by alternate backwashes and downwaihes in
order to remove the accumulated slime.

The pregnant solution was clarified through a sand
filter before being run into the 45 -al. pregnant solution
storage drum. It was observed that after a few days standing
In this drum a further amount of Insoluble material separated
from the solution and this caused a great deal, of trouble by
blocking the valves, the resin bed and. the "cracker-jack"
base supporting the resins in the columns.

During the normal operation the barren solution was
discarded after neutralisation with lime.

The eluting solution after precipitation of the Iron
and Uranium was reacldifled and returned, to the eluting solution
storage drum. In order to avoid either a decrease or increase
in the total nitrate content of the solution, the following
procedure -regarding the recycling of the eluting solution was
adopted, v.'hen approximately 20 gals, of the eluate had been
collected, sufficient ammonia was added to bring the pH of the
solution to a value of 7.0. The addition was made slowly and
whilst stirring with the result that an easily settling precipi-

tate was obtained. The solution was allowed to stand over-night
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and the clear supernatant liquor decanted off, filtered;, and
the volume measured. The requisite amount of nitric acid was
then added to provide a 0.1IN acid solution. The following cal”
culatlon shows that this procedure provides an approximately
constant composition of the eluting solution.’

Consider a column of Anberlite IRA.400 containing 50
gms, of resin. In each elution cycle (50 x 3.6) milllequivalents
of nitrate are adsorbed by this column, and consequently lost in
the next adsorbtion operation. It has been found t~at for the
complete elution of this column approximately 4 litres of a 0.1N
KNOg, 0.9N !TPMOg solution are required, and approximately 200
mis. of water for washing after elution. Under these conditions
the volume and concentration changes are as follows:

Total Equivalents present

Nature of Eluting Solution Vol. 03 nhi o 504 3«

Initial eluting solution # oo 4,00 3.6 0.4 nil
Solution after passage
through columns and In- 4.20 3.02 3.6 0.4 *.16
cluding washings.
Solution after neutral-
isatlon of acid & ootn. 4, 20 3,02 4.0 nil *.16
of ve*** and UQ9++7
Solution after reacidi- 4.20 4.24 4.0 0.4s -.16
fication

Thus it can be seen that the nitrate concentrations of
the re-cycled eluting solution remains constant at 1.0N. The
""#d+> the 304 *8 concentration and the volume of the solution
increase. It has been shown that the S04 11 build up has no
deleterious effect on the elution and the N-4* and the volume
increases are largely counterbalanced by adsorbtion losses in
the ammonium uranate precipitate.

The re-cycling of the eluting solution was continued

until it became contaminated in some way during the automatic,

operation. This was occasionally due to the incomplete closing
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of the pregnant solution valve V.2, caused by the deposition

of insoluble material on the valve seat which resulted in a

leakage of the pregnant solution into the elution circuit. It

was, however, found possible to recycle the eluting solution

for as long as 200 cycles without any immediately aooarent

trouble. At one stage an attempt was made to use lime for the

precipitation of iron, but this resulted in the deposition of

calcium sulphate in various parts of the elution circuit causing

an excessive amount of operational difficulties.

Chloride Capacity Tests.

fhe total chloride capacity of the various resin columns

was measured as follows;

a -Cl solution was pumped through the columns at

a flow rate of approximately 10 nls/nin. This was continued

until a chloride titration on the effluent gave an identical

result to that on the influent. This usually occurred after

the passage of approximately 4 litres of solution. The columns

were then washed with water until the effluent contained no

chloride. This step required a fairly large volume of water

free from any anions such as SO/1' or 00~'1l, To orovilde this

condition, tap water was passed through a column of the chloride

form of Anberllte IRA.400 resin prior to its use In washing the

columns on the life tester.

After washing, the chloride ion on the column was initl~

ally eluted with Chloride-free nitrate eluting solution. It

was later suggested that this procedure might result in the

formation ot aqua-regia due to the high concentrations of o *
0

anc C18 inside the resin particles. Therefore, in later work,

a sulphate solution consisting of |.0?T (>’?’21,).2so4 and o 5v

ToSQ™ was used to remove the chloride,

The elution was continued until no chloride was detect-

able In the effluent when the total volume was collected,
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measured and assayed far chloride by means of Volhardls method.
The total amount of chloride in this effluent was taken to
represent the chloride capacity of the column.

Loading Curves:

~he loadin'? curves were obtained, by passing the parti”
cuxar pregnant solution through the column at a constant flow

rate. Because of the pulsating nature of the flow provided by

the diaphragm pump it was found necessary to introduce air into

the free space above t-e resin bed in order to maintain a

steady flow of solution through the resin bed.

mele barren effluent was collected in 2 litre measuring

cylinders. Samples of 50 mis, were taken for Uranium analysis

ev ry litre for the first three samples and thereafter every

two litres. The loading was continued until approximately 30,.

ad.sorbtlon had been reached.

‘“°r other tests a small sample of resin was removed
from the column and was obtained by inserting a thin-walled glass
tu.~ of b" inside diameter into the column, and slowly forcing
it through the resin bed when a small amount of the resin

entered the tube at the different levels in t-e column. The

top open end of the tube was then closed, the tube removed from

the column and the resin sample washed into a sample bottle.
V.hen it was necessary to destroy the resin sample removed from

the column an equal amount of fresh resin was substituted to

maintain a constant column volume.



SECT ION C

STANDARD TESTS AND ANALYTICAL METHODS.



- 125

STANDARD TESTS AND ANALYTICAL USTHOD3

During the course of this investigation it was found
necessary to develop methods for the measurement of various
properties of the anion exchange resins of special interest
to the extraction of Uranium The significance of the various
properties of the resins such as chloride and Uranium capacities
has been discussed in a previous section. Attention will now
be devoted to the experimental methods developed and used
during this investigation.

It must be stressed, however, that the various standard
tests and analytical methods described below were investigated
only as far as was found necessary to ensure t’-at they provided
adequate and reproducible measurements of the particular property
under investigation. N.any improvements and simplifications will
suggest themselves during the course of future resin worl:, but
it is hoped t'->at the methods described may form a basis of a
standard system of analysis whereby the properties of the various
new and used resins under investigation may be assessed.

rRSrARATION OF 5AN1-L55. DRYING- QT T-S
BS5IM3. AND T-3 HAS15 FOR EYI-RSSoINI
~ IxyuTIniSh? ™ results.

In most cases the resins as received were in a moist
condition and contained a considerable amount of Insoluble
material adhering to them. Approximately 200 gms, of the resin
were washed by agitation with distilled water and subsequent
decantation of the supernatant liquid. This was continued
until no further insoluble material armeared in the super-
natant liquid.

The resins were then filtered on a Buchner suction flash,
and spread out on a piece of blotting paper to remove as much
as possible of the adhering water and while still moist, placed

in an air tight bottle. Samples for analysis were taken by
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spreading out; the resin on a non-adsorbent surface and removing
small amounts.from different parts of the resin.

Particular care was taken to avoid drying the resin
prior to the measurement of capacities. Samples which had
been, dried before receipt were allowed to soak In distilled
water for approximately three- days before capacity measurements
were made. Such precautions were considered necessary since it
had been reported that a drop in capacity was observed after
complete drying of the resin, the capacity being restored, only
after long periods of soaking in distilled water. The capacity
tests described were designed so that the accurate dry weight
of the resin could be obtained after the capacity had been
measured.

Similar precautions were taken in the analysis of the
resins for unstable compounds such as polythlonetee which were
liable to decompose at high temperatures. In other cases,
however, where the analysis involved the destruction or martial
attack of the resin, samples were dried before weighing out
the amount required for the analysis.

In order to obtain complete drying it was necessary to
dry the resins in an air oven at 110°C. for 24 hours. This,
time could be considerably reduced by washing the resin with
alcohol prior to drying. On exposure to the atmosphere the
resins were found to readsorb moisture rapidly and for this
reason all samples were cooled In a dessleator and weighed
Immediately.

The fundamental basis chosen for expressing analytical
results was 1 gm. of chloride form resin dried at 110°C. for 24
hours. In many cases the conversion of the nitrate form resin
to the dhloride form resin prior to weighing introduced errors

in the analysis due to the.partial removal of the impurities
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to be determined. In such cases the resin was dried and weighed
in the form received and a conversion factor, derived below,

used to obtain the desired weight.

Consider 1 gn. of the renin as the free base'.

Then: wt. of chloride form = 1 ¢ gmo.
. i = + .
wt. of nitrate form 1 1000 gms

1 m. chloride form resin = gm. nitrate form

1000 + ¢ x 3505
There ¢ = capacity in milllequivalents/grn. of free base.

In the case of the Amberllte IRA.400 resin, where the
eaoccity is 3.6 milllequivalento/gn. of dry PCI.

1 vm. chloride form resin S 1.085 gm. UOp® form resin.

The error involved in considering the capacity in terns
of gns. dry PCIl Instead of '"ens. of the free base is negllgable.

Similar conversions can he applied for other forms, of
resin.

UPAVXU;? ANT) CTILOPIDS CAl.-dlITY DETSPHIPATIONS
HNAINNTC PS.JJIPTD
(a) PCI solution. A 1.0M solution is required
(b) lure Uranium sulphate solution. A solution of sufficient
purity for this purpose was made by dissolving a high grade
ammonium uranate precipitate in a slight excess of PpS04 and
neutralising with ammonia to a pH between 2 and 3. The con-
centration of Cranium is not critical but should be approxi-
mately 1.0 gm. Up--p/litre. There must be excess sulphate
present, at least 3 nolo, sulphate for every rod. of L'Oo +, i.e.
aooroxilmrtely 1.0 gm/litre of sulphate.

Another more satisfactory method of preparing this
solution was to boll an excess of the ammonium uranate precipitate
with sodium carbonate, followed by filtration and neutralisation
of the filtrate with sulphuric acid 1 A slight excess of
acid was then added and the solution boiled to expel COSJ/. The

free acid was t™en neutralised with ammonia and the pH of the

"T"08/7 nnliit1 nn
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solution r-djusted to a value between 2 ana 3. In this way a
concentrates stock solution was obtained which on dilution
rave the required concentration of appro:-irately 1*0 giylitre
U3 )0 and approximately 1*0 gn/litre S04'"'.

The ammonium uranate should be as free of silica as
possible, since large amounts of this element cause interference
in the test, due to the adsorbtion rs gijlicate anions on the
resin.

(c) titrate hinting Solution,, A 1,0?? Tr, .5 and a g 52 HNO&
solution was required. This reagent should be free gf chlorlde.
2THOT)

Approximately 2 gas. (4 nls.) of the resin are placed
in nall -lass columnThe Uranium solution is passed
through the resin bed at a flow rate of zpproximately two mis/
minute. The passage of the solution iS cgontinued until the
concentration of Uranium in the effluent js eoual to the con-
centrat.lon in the influent solution. A gnvenient method for
determining when the flow of solution should be stopped is to
car y out a visual comparison of the colour developed by t'~e
addition oj. thiocyanate to the solutions. | ml. of the effluent

and | ml. of the Uranium sulphate solution are placed in

easier comparison tubes. To each is added 5 mis. of 507" KHMCNS,

2 mis. of 20/, 'TC1 and 2 drops of fresh 10% SnClo in 10$% -ClI.
The two colour intensities are then compared and if no differ-
ence can be observed visually then the adsorption can be con-

sidered to be complete.

The resins are washed with distilled waterLF)' to remove

any of the Uranium sulphate solution entrapped in the column,
and then eluted with the 1.0N TIC! solution. The effluent is
collected quantitatively and the elution Is continued until no

more Uranium appears In the effluent”~! The column is then
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vcshed until no trace of chloride appears in the washing3.
The HC1 effluent and washings are made up toa suitable volume
in a standard flask and quantitatively analysed for Uranium'
end. the amount adsorbed on the column calculated.

The resin is then eluted with a nitrate eluting solution
until free of chloride,, The effluent is made up to a suitable
volume, analysed for chloride and the amount of chloride ad-
sorbed on the resin determined”f!

The resin is quantitatively removed from the column,
filtered on a tared sinter glass curcible, and, if desirable,
converted to the chloride form by washing with 20;J HOI. It is
then dried at 110°C. for 24 hours and weighed,

For comparison purposes a blank consisting of an approxi-
mately equal volume of the corresponding fresh resin can be run
simultaneously under identical conditions.

*he Uranium capacity is calculated in terms of gms U*Oqg/
gnu dry RC1l, or as a percentage of the fresh resins capacity.

The chloride capacity Is most conveniently expressed in terms of
milllequlvalents chloride/gm. of dry RC1, or again as a percen-

tage of the fresh resin4s capacity.

TJOTSS;
(a) The Uranium and carbonate present in the filtrate corres-
pond to the solubility of the complex Ma, ~U09(CO0g) . Addition

of acid brings about the formation of MaoSOA and UOZSC')A as follows
a4 (UOo( COg) 4 3Ir>S04 « 2 NaoS04 4 UOpS04 + 3GOo + 5 HcO

so that on neutralisation 5 mols. of sulphate are oresent for
every 1 nol. of bOo**.

"b) A convenient, column can be made from a 50 ml. burette.

The bottom of the burette Is plugged with p" of glass wool to

act as a support for the resin,,

(c) Prolonged washing of the resin should not be employed

since uranium is removed from the resin by excessive amounts
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of distilled water. This Is due In all probability to the

dissociation of the uranyl sulphate complex,

++
Uv S04}a . uo2 +xS04 °«
which tak.es place on the. resin. Two washes of 25 ml, have been
found to be satisfactory,
(d) A simple qualitative test for the detection of the

completeness of elution Is to place 1 drop of ly K.I, and 1 drop
of 1% Na23203 followed by 1 drop of 54 KgFe(CN)g, If Uranium
‘Ls present, a brownish-red colouration is obtained. It is
important that the elution should not be carried much beyond
the stage where Uranium Just cannot be detected by the above
spot test, frolonged elution with HC1 will bring about partial

removal of certain of the poisons encountered, on the ion exchange

resins,
te) AnF of the standard methods for the determination of
Uranium can be used. It has been found convenient,, however,, to

dilute the eluate to 1 litre and determine the Uranium concen-
tration by means of the thiocyanate method.
() The only method found to be suitable for the determinantor
of chlorides in this solution is the Volhard method. Post of
the adsorbtlon indicators for detecting the silver chloride
end point have been found, to be unsatisfactory. Titration with
mercurous oerchlorate has also been found to be unsuitable.
EXT-SRI! K"TAL. QSOIJLTS,
The effect on the Uranium capacity of the following
factors was studied.
(a) TM...Sffectj. of the Volvne of. Uranium Solution Used In Adsorbtlo
Approximately 2.5 gms. of Anberlite IRA.400 resin were
placed in a column approximately 1.0 cm. in diameter. A
solution containing 1,00 gms. UgO~/litre, 3.40 gras. SOVlitre

and at a pIT of 2.9, which was made as described above by dissol-

ving ammonium uranate oreclnitate in TIgSO® was passed through
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the Column at a flow rate of 2.mis/min. Samples for analysis
(5 mis.) were collected at 200 ml. volume intervals and analysed
for Uranium.

The results are shown in Tab].e No. 35, which provide
data for the loading curve shown in Figure No. 29. By graphical
integration, a graph of the amount of Uranium adsorbed against
the volume was obtained as shown.

It can be seen that initially the amount of Uranium
adsorbed increases rapidly, but after the passage of approximately
1.2 litres, the amount of Uranium adsorbed reaches an approxi-
mately constant value of 0.644 gins.. This corresponds to a
capacity of 0.262 gms UgOg/g® RC1, or 0.931 millimole of U/gm. RC1,
The total chloride capacity of the resin was 316 milllequivalents/
gm. PCI, so that the ratio

total exchange capacity _ N opr-
milllmols Uranium adsorbed.

This suggests that the Uranium is adsorbed as a tetravalent
anion, possible *JOP(S04)gj ' 113.
This confirmed the suggestions made by R.L. Barnard”~ during
the initial investigations on Uranium a&sorbtion at the llassa-
chusetts Institute of Technology.

However it was observed that the concentration of
Uranium in the effluent f2om the column did not quite attain
the value In the influent solution, but that a very slow adsorp-
tion of Uranium continued after this approximately constant
value of 0.262 gms. UgOg/gm. RC1 had been attained. Subsequent
tests showed that after the passage of a large excess of solution
for a period of 5 days, a constant capacity of 0.33 gms. UgOg/
gms PCl could be obtained. This corresponded to 1.2 nlllimole
Uranium per gm. RC1, which Indicates the presence of a trivalent
Uranium convolex anion.

It seems lllcely, therefore, that the Uranium is initially
adsorbed as a tetravalent anion, but that a slow reaction occurs

whereby more Uranium Is adsorbed and this anion changes to ,a
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trlvalent anlon.

It Is this Initial rapid adsorbtlon of the tetravalent
anion which Is of Interest In the applications encountered In
practice, and therefore the Uranium capacity test was designed,
to measure the capacity of the resin for thin anion. It was
concluded that large excesses of the Uranium solution should
not be used nor should the adsorbtlon be continued much beyond
the stage where the initial adsorbtlon is complete. At a flow
rate of approximately 2 mis/minute, the difference in concen-
tration between the effluent and the influent at this stage
could not be detected by visual comparison of the thiocyanate
colour ard this method was used to determine when sufficient
solution had been passed through the column,

(b) The Effect of the pH of the Uranium Solution.

The solutions containing 1.0 gns UgOg/llitre and 3.5 gms
sulphate/11tre were adjusted to a series of pH values shown in
Table Mo. 36 by the addition of ammonia or sulphuric acid. The
Uranium capacities of samples of Amberllte IRA.400 were determined
using these solutions as described in the method. The results
are shown In Table No. 36 and graphically in figure No. 30.

It was found that In order to obtain a maximum Uranium
adsorbtlon, the pH of the solution should be greater than 2.5
when a capacity of 0.259 gms UgO”™/gm. RC1l was obtained. At lower
pH values, lower Uranium capacities were found. This was
assumed to be due to the preferential adsorbtlon of the bisulphate
anion as illustrated in previous work by Barnard and Lower

At pH value above 3.5, the Uranium solution was found to
contain traces of a gelatinous precipitate which caused blocking
of the resin column. It was concluded, therefore, that the pH

of the solution should lie between 2.5 and 3.5.
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TABLE NO 33

ADSORBTION OF tfoOa PROM SYNTHETIC
SOLUTIONS OF URANIUM SULPHATE""

Head Solution con: 1.00 g/1
_ H 3,40 g/1
_ pir 2.9
Wt. of resin (dry RC1) 2.46 gras.
Flow rate 2 mis/min.
Volume of U30p cone, in From graph,, v/t.
Effluent Effluent Extraction U3Qq adsorbed
0.2 li tres olo2 g/1. 98 0.200 gms.
0.4 1 0.24 « 76 0,360 I
0.6 a 0.48 « 52 0.485 |
0.0 u .C.70 f 30 0.565 It
10 6 : - 0.605 i
1.2 B 0.94 & 6 0.624 S
1.6 B 0.97 « 3 0.636 «
2.0 0.98 2 0.644 It
TABLE NO 36
EFFECT OF pH ON THE ADSORBTION OF
URANIUM FROM SYNTHEITIC SOLUTIONS?
Head_Solution; 1.0 gm UsOo/1. * 3.5 g/1 SOA<«
Flow rats 2 ml/min 4
pH Uranium capacity of resin
gms, UjjOg/Zgm.
1;0 0.169
X*5 0,207
2,G 0.243
2,6 , 0.258
3,0 0,259

TABLE NO 37

MEQgCT™|L_SOA» CONCENTRATION ON THE URANIUM CAPACITY

Head solution; 1.0 gra U30g/1£

pH 2,9

Flow rate 2 nl/min
S04" Cone, Capocl ty
1.0 g/1 0,262 gms U-Oo/gm
2.0 1 0,260 '
4.0 { 0.259 s
8.0 1 0.257 <
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TABLE UQ 38

EFFECT OF URANIUM CONCENTRATION
ON RESIN OPACITY ~

Uranium Cone. Capacity
0.5 gras U-iOo/lc 0,259 gras U-xOp/gm.
1.0 ° " 0.259
2.0 t 0.260 I
5.0 ( 0.265 "

(c) Effect of the Sulphate Coneentratlon

A series of solutions containing 1.0 grae UgOg/litre
anfl varying amounts of sulphate at a pH of 2.9 were prepared.
The higher sulphate concentratlona were obtained, by addition of
HagSO/i. The Uranium capacity of samples of Amberlite IRA.400
was determined using these solutions. The results are shown
in Table No. 37.

It was found, that over the range of sulphate concen-
tration investigated, no significant change In capacity occurred
with change in sulphate concentration.

0-oU. Lower ™ found in his investigations that the
amount of Uranium adsorbed, decreased appreciably with increase
in sulphate concentration of the solution. However, the
synthetic solution used in his tests contained 0.5 millimole
of Uranium while the sulphate concentration varied from O to
300 nlllImols. Under these conditions of large excesses of
sulphate, this ion can be expected to compete successfully
wioh the Uranium and thus bring about a decrease in Uranium,
adsorbede The range covered in the experiments described above
is 3.5 minimals of Uranium and from 10.4 to 83.4 nilllmols
of sulphate per litre.

It can be concluded that over the range of sulphate
concentrations encountered in the preparation of the Uranium
solution, no significant change in the Uranium capacity of the

resins occurred.
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(d) Effect of the Uranium Concentration

Solutions containing 0.,5 to 5.0 gms UgOa/lltre and
3«5 gms S/ litre at a pH of 2.9 ware used to determine the
capacity of samples of Amber-11te IRA.400. The results are
shown In Table Mo. 38.

Mo significant change in capacity was observed to
occur with changes in Uranium concentration.

l.v;. Lowerl” found that at low pH values (1,3) and
high SO4 concentrations, an increase In capacity occurred with
increasing Uranium concentration. This is to be expected since
the uranyl sulphate anion will, at high concentrations, compete
more successfully with the blsulphate anion which is strongly
adsorbed under these conditions. None of the capacities found
by Lower wap as great as the capacity determined in the above
method,

Et can be concluded that at high pH values between
2,5 and 3.5 no significant change in Uranium capacity occurs
with changes in the Uranium concentration of the solutions.

(e) The Effect of Imourltle3;

It is convenient to prepare the Uranium solution from
on ammonium uranate precipitate. This invariably contains Fe+++
and SiOg as impurities,

n study of the effect of these impurities was confined
to an analysis of the UCl eluate after Uranium adsorbtlon to
determine to what extent these compounds were adsorbed. Although
the influent solution contained these impurities, their presence
could not oe detected in the eluate and it was assumed, that they
were not adsorbed by the resin under the conditions of the test.

At a later stage it was observed that a certain Uranium
solution deposited insoluble siliceous material on the resin and
gave lower capacities than were anticipated. This phenomena

was put down to be clue to an abnormally high amount of silica
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in the Uranium solution. Nevertheless ammonium uranate pre-
cipitates containing as much as 15% S100 have been extensively
used for the preparation of the solution without anomalous
results being obtained.

It is considered that the use of a reasonably pure
Uranium precipitate as obtained, on the plants nay be used for
the preparation of the Uranium solution without introducing

Serious errors.
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ANALYSES OF THE RESINS FOR MOISTURE.
ASR. SILICA, COBALT. IRON AND IJRANIUR.

RETROD;
(a) Mol stupe. Approximately 10-12 gns. of the moist resin
sample are weighed into a tared moisture dish and. dried at
I1()°Gc for 7?A hours, The sample is then cooled in a desslcator
and weighed. The difference in weight represents the amount
of mater present,
(b) Total Ash, 1 -2 >gms, of the dried sample from (a) are
weighed into a fared platinum crucible”™a! The crucible is
covered and slowly brought to a temperature of 400°C. over a
period of two hours, This temperature is maintained for a
period of one hour, afte~ which time the lid is removed and the
resin ignited at red heat with free access of air- until constant
weight is obtained”! The crucible is cooled in a desslcator
and weighed. The percentage ash can be calculated from the
formula:

% ash = “IG\C,)Va

Where a = wt. of ash remaining in crucible
w - Original wt.,, of dry resin taken.

(c) Silica, The residue from (b) is moistened with 1 ml. of
water followed by 1 ml. of hydrofluoric acid. After evaporation
to dryness on a sandbath, a further 1 ml. of hydrofluoric acid
is added and } ml. of 50 Ho50™ and the evaporation to dryness
repeated. The crucible is heated to red heat for 50 minutes,
cooled in a desslcator and weighed.

If b is the difference in weight of the crucible before
and after this treatment, then

% SiOqg a

(3) Ilron, U3?anlum and Cobalt. The residue from (c) is fused
with 1 gnu of potassium pyrosulphate until a clear melt is
obtained. After cooling, the cake is dissolved in hot wat'r

and the solution, after being made up to a definite volume in a
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standard flask, is analysed for Fe, U30g and Co.

If sufficient of these elements are present, standard
volumetric or gravimetric methods can be used. Since in most
cases only trace amounts of these elements are present, colourl-
metric methods are preferable, and have been found to give
adequately accurate results even when large amounts are present.

Suitable colourimetrlic methods for these analyses are ;

Fe - o-phenanthrollne method”’
U3°8 ~ TW-ocyanate colourimetrlic methodl139
Co - Nitroso - R - salt colourimetric method”9

(e) Other non-volatile elements. The solution from (a) can be
used, for a qualitative examination for the presence of other

suspected elements.

NOTES;

(a) If the resins are suspected to contain polythlonctes
and other unstable sulphur compounds, the use of a platinum

crucible is not recommended since bad staining and crystallisation

of the platinum occurs. In such cases It is advisable to carry

out the ignition in a glazed porcelain crucible, transferring

the ash gquantitatively to a tared platinum crucible for the
silica determination.
(b) This procedure is essential since it has been found

that a somewhat violent decomposition of the resin occurs on
rapid heating which results in a loss of ash.

Nox Tf che determinetion of Fe and U30g | s not required

the oyrosulphate fusion can be eliminated. The addition of 1 ml.
of 50% HgS04 followed by gentle heating brings about satis-
factory solution of, the Co304.

ANALYSES OF THE RESINS FOR SULPHUR CO1'POUNDS

.a) Total Sulohur

Originally this analysis was carried out according to

mschka#s method/'l but as the investigation into the nature of
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these compounds progressed, a more accurate and quicker method

was developed. This depends on the oxidation of these compounds

with NaOBr and their subsequent determination as sulphate.

NaOBtr: Dissolve sufficient liquid bromine in

?.a0Im until the deep red colour of the bromine persists.

BaClg solution: Dissolve 10 gns. of A.R. BaCl-, in

100 mis. distilled water.

ilethod: Approximately 1 - 2 gms. of resin are boiled with 20

mis. of NaOBr in 100 mis. distilled water for one hour. A

slight excess of HCl1 is added and the solution boiled until,

free of bromine.

The resin is filtered on a Mo. 541 Whatman3s filter

paper and washed twice with 5 ml. portions of 50% NCI, followed

by three washes with distilled water.

The filtrate and washes are collected and made Just

alkaline with ammonia, diluted to approximately 250 mis., and

made just acid with HC1l. The solution is boiled and the sulphate

precipitated with BaOlg in the usual manner. The resin ie washed

quantitatively into a tored sinter glass crucible, dried under

suction and then for 24 hours at 11C)°C, and weighed.

% Total Sulphur = 115 0fjteS04 x Q,1373 v
Wt. of resin .o

(b" Free of Colloidal Sulnhnr

Certain resin samples contain forms of sulphur soluble

in CS2. This has been assumed to be free or colloidal sulphur

resulting from the decomposition of the polythionates on the

resin. The following is the method used for determining this

form of sulphur.

b °f the air dried resin are weighed into a

Soxhlet extraction thlnble and extracted for 6 hours rith re-

distilled Carbon Disulphide in a Doxhlet extraction apparatus.

mhe Car'bon Disulphide extract is then evaporated to dryness on

a water bath, and the residue oxidized with 20 mis. of a 10jf nr,
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solution in 10fc HOI. The solution is boilsd until clear,,

diluted to 250 nl, and the sulphate determined by precipitatlion

mith BaClg in the usual manner.

The following method has been developed for the deter-
mination of the sulphur present on a fully eluted resin as the
tetrathionate 8405*1 anion”
descents: NaOH solutions Dissolve 50 gns. of NaOH pellets in
distilled mater, cool, and make up to 500 ml.

HQSO4 solution: 125 mis. of C.1. sulphuric acid
are diluted mith distilled water, cooled and made up to 500 mis.

Formaldehyde solution: A concentrated 4 0 solution
as obtained commercially is required.

lodine solution; An accurately standardised iodine
solxjtion in potassium iodide is required.
I'ethod; Approximately 5 gins. i.e. - 10 ml. of the moist
poisoned resin, are washed into a small column. The resin is
eluted milth the 10$% NaOH solution, the eluate being collected
quantltatimely in a 500 ml, I-hilip/s beaker. A flow rate of
approximrtely 1 drop/second has been found suitable. After
200 ml. of the eluate has been collected, a clean beaker is
placed to receive the eluate and the solution already collected
is acidified with the sulphuric acid solution, 5 nls. of 40%
formaldehyde added” and titrated mlth N/10 iodine to the
first starch end point.

A further 100 mis. of the eluate ar© collected and
treated as described above, This procedure is continued until
a 100 ml. fraction of the eluate gives no further titration
mi th iodine. Usually 300 nls. of eluate are sufficient.

The resin in the burette is then washed with water

followed by 100 mis, of a 3,0% solution of HG I~ and then mashed

Quantitatively into a fared sinter glass crucible, dried at

110°C. for 24 hours and weighed.
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The percentage sulphur present as tetrathlonate, 840g’

Is given by lal

. - -5.x 0.853
w
Where X = Total nls. of 0.100 N lodine required for the
titration of the eluate.
w = Wt. of the resin.
NOTTS:
(a) The reactions taking place on the resin In the case of

the tetrathlonate era as follows

43406" + 60H* - 53203" + 23306" < 3HOO - (A)

°$30g 1' + 60H!l = ~S03'» + S003'1 * 3H20 - (B)
and combining (A) and (B)

28406'a * 60H' * 33c03°'9 + 2s03‘'8 o 3H20 - (C)
Normally these resctlons only take place In solutions at high
OH' concentrations. However, when the tetrathlonate Is adsorbed
on the resin, these reactions take place due to the adsorbtion
of OH lons by the resin and the high concentration existing
Inside the pores of the resin. (See page 42.)

It can be seen that according to this reaction 8 gn.
atoms of sulphur present as the tetrathlonate give rise to the
formation of 3 gm. mole, of S30311.

Thus from this reaction the equivalent weight of the
DMOg ions Is 2/3 of its molecular weight.

1 equivalent X3 sol. 5 2/3 X 1 gn. mol. S406

- - - x >
mis. of N/10 iodine 10, 30 X ~§_ X fZ
X 8 .32 .100

-7» % Sulohur ”
W 10,000 ,, 3
» 0.853
(b) The formaldehyde Is added to remove the 800?11 formed
In reaction (G) by the formation of an aldehyde bisulphite. I f

colloidal sulphur is oresent on the resin, NcoS Is formed which
causes interference in the titration. This can be removed in

the alkaline solution by the addition of ZnC03 and filtration.
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(c) This operation Is to convert the hydroxide form to

the chloride form of the resin.

ANALYSIS OF THE RESIN FOR TOTAL NITROGEN

The KJeXdahl digestion method of analysis for total
nitrogen has "been successfully applied in the case of anion
exchange resin a " The term “total nitrogen" excludes the
nitrogen present on the resin as an adsorbed nitrate lon and,
since this anion causes Interference in the analysis, the
nitrate eluted resin should be converted to the chloride form
by washing with 100 mis. of 20% HGl prior to drying and weighing.
llethods

X gnu of the dry chloride form resin is weighed into
a KJeldahl digestion flask. 10 gms. of potassium sulphate, and
30 mis. of cone, sulphuric acid are added in this order. The
flask is covered with a loose fitting stopper andthe mixture
boiled until a clear solution is obtained. After cooling, this
solution is transferred to an ammonia distillation flask.
Sufficient NaOH is added to make the solution strongly alkaline
together with a few sine chips to prevent bumping. The flask
is heated and the liberated ammonia determined by distillation
into standard, acid In the usual manner.

A blank determination on the reagents used must be
carried out,

milll equivalents NItrogen/gm. dry resin « ~

Where x = ml, N acid neutralized by sample

b « mis, N acid neutralized by "blank"

w - wt« of resin.

143/ METHOD



- 143 -

METHOD OF ANALYSIS.FOR TETRATHIONATSS
IH F.RESHAVT AHD'ELUtY ml SQI.IITIQNSA

One of the major difficulties encountered in the work
on polythionates was the analysis of pregnant and eluting
solutions for these compounds. The accepted method of determining
the non-sulphate-sulphur by oxidation with bromine after sulphate
removal with barium chloride proved to be unsatisfactory for
trace amounts of polythionate in the presence of large amounts
of sulphate. The initial precipitation and filtration of the
barium sulphate from the large aliquots of solution required for
the determination presented the major difficulty; particularly
since the heating of these solutions had to be avoided, due to
the decomposition of the polythionates at high temperatures,
Moreover, since the polythionates decompose in alkaline solution
the removal of interfering ions such as Fe”+> and UOo** could
not be accomplished by precipitation as the hydroxide.

The following colourinetric method for the determination
of trace amounts of tetrathionates in pregnant and eluting
solutions was developed* The method depends on the formation
of thiocyanates with cyanide in just alkaline solutions
according to the reaction

S4°6M + 3CN3 + HgO = Sg0355 + S04 81 + SON* + 2HCM - (a)
and subsequent determination of the thiocyanate by means of
the ferric thiocyanate colcurlmetric method,
Reagents;
(1) .SodUt”™y~rox4_de Solution; Dissolve 20 gms, MaOH (chemically
pure pellets) in 100 ml. distilled water, filter and cool.
12) de i~>olullon; Dissolve 5 gms, of fresh chemically
pure sodium cyanide in 110 mis, of distilled water. The purity
of the cyanide is important; - the solution should give no
cloudiness when acidified with TICl, and if allowed to stand for

sore than a few days should be tested before use,

Hydrochloric Acl& Dilute 50 mis, of the C.k acid to
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100 mla, with distilled water,
(4) Ferric Chloride Solution? Dissolve 320 gras. FeClg, 6To0

in watel and dilute to 500 ml. Filter before use,

(5) Cation Exchange Resin; 5 to 10 nl, of a strong acid cation

exchange resin a,re required for each determination. Arcberllte

1R. 120 has been found to be suitable. The resin is converted

to the hydrogen form by repeated washes with 10;' HC1. 5 to 10

ml. are placed In a1l cm. diameter glass column fitted wi'.h a

«ap. The resin can be regenerated after use for future analyses

by washing with 10# HC1l until free of Fe+++.

Fethodj

a . . .
Two 25 ml.( ) aliguots of the solution (one aliquot as

a blank) are passed through approximately 10 ml, of the hydrogen

form cation exchange resin. The amount of r*sin required and

the flow rate depend essentially on the amount of iron and free

acid present In the solution. For a typical pregnant solution

containing, say, 2.5 gras, Fe***/litre and 2,0 gms. free R”ASO"/I,,

10 mis. of resin in al cm. column will remove all the inter-?

©ring cations at a flow rate of approximately 1 droo/ second.
ihe sample is run to a level Just above the resin bed

and the column washed four times with 5 ml. portions of distilled

water. The total volume collected should be kent to a minimum

since the final volume after the addition of reagents should

not exceed 100 ml.

After this treatment, the solution should be water

white and possess no- trace of cloudiness.

In the case of the one allouot, referred to as the

b
samplef( ) proceed as follows:

Add one drop of phenolphthalein Indicator and make

Just alkaline with sodium hydroxide solution. Add 5 ml. of £#

RaCM solution, swirl and allow to stand for 10 minutes. Then
a«M 5 ml. of 50# HCl1 solution and allow to stand after swirling

for a few minutes, Add accurately 5 ml. of ferric chloride

145/ solution



- 145 -

solution and make up the volume In a 100 ml. standard flask.

in the.case of the. second aliquot referred to as the

J - ] O
blank(r) proceed as follows;

ndd the same amount of sodium hydroxide as required in ti

the sample. Add 5 mla. of 50% HCI followed after a few minutes

by 5 ml. ot the 5% NaCN solution, followed after a few minutes

nore by 5 ml. of the ferric chloride solution, hake up to

100 miso in a standard flask,

bhould the solution be suspected to contain free cyanide,

the HCI should be added before the MaOH solution in the case of

the blank aliquot,

i'..titer the two solutions If necessary, and measure the

tronsnittancy of the sample compared against the blank at

5254y) wave length«”~0”

The standardisation curve relating the percentage trans-

mission to the amount of tetrathionate in solution can be

obtained by carrying out the above procedure (omitting the

pa~sa ,e of the solalion through the cation exchange resin) on

aliguots of a pure standardised solution of sodium tetrathionate”)

-me aliquots should be chosen so that they provide a range from

0 ~ 8 railllBrams of sulphur as tetrathionate, 'which is the

range that can be conveniently measured on 1 cm, and 2 cm. cells,

NOTES;
(a) The method as described permits sample aliquots of up
to 50 mis. Larger volumes are not recommended since large amounts

° * Cati°n exohan”e resin are then necessary to remove inter-

fering cations, with the result that the displacement volume and

the aching of the column necessitates making the final volume
up to 200 ml. with consequent loss in sensitivity,
Cb) This procedure of taking two aliquots and using one as

a blank is necessary to eliminate interference from traces of

thiocyanates often present in the pregnant solution. In effect
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this method compares the ferric thiocyanate colour formed from
both the tetrathlonate and the thiocyanate originally present
in the case of the sample, with only the thiocyanate originally
present in the case of the blank* In the majority of the preg-
nant solutions only a trace of thiocyanate is present and the
tetrathlonate can be readily determined. If, however 'much
thiocyanate is present, this method, although theoretically
still applicable, has not been found to be satisfactory. This
is because the instrument used (the model DU Beckman Soectro-
photometer) could only be adjusted to give 100£ transmission
with the blame in position if relatively wide slit adjustments
were used. This gave a very broad wave length band -which In
turn introduced errors,

However, only in very exceptional cases was more than
a trace of thiocyanate present in pregnant solutions.
(c) The percentage transmission should be measured within
30 minutes after the addition of the FeCl3 to eliminate errors
due to the fading of the ferric thiocyanate colour,
(d) The standardisation curve obtained for tetrathionates
is virtually identical with the curve obtained for equivalent
amounts of thiocyanate added to a ferric chloride solution
according to reaction (a)*
( A method for preparing pure sodium tetrathlonate is
given by HeIIor.75

An accurate volumetric method of standardising this
material Is given by M. Soehrlng.42
EXPSRIHSMTAL RESULTS;
(1) Preparation of Solutions of Known Polythlonate Content.

Pure potassium tetrathlonate was prepared by the method
given by Hellor' from potassium thiosulphate and iodine. This

salt was stored in a desnicator over cone, sulphuric acid.

Analysis of the prepared <3640g (by the sulphite reaction
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TRANSMISSION CURVES FOR TETRATHIONATE DETERMINATION.
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recommended by O-oehring) showed It to be 9Q,2% pure*.

For these taste 0.1 gm. of K2S405 were accurately
weighed and dissolved In 100 ml. of water. | ml. of this solutlor
contained 0.4128 mgms sulphur as tetrathlonate. This solution was
used immediately since the tetrathlonate is unstable in aqueous
solution and decomposes after a few days.

(2) Determination of the Standardisation Curve.

Volumes of the tetrathlonate solution were added to
the three different solutions as follows:
Solution (1) Tetrathlonate added to water.

(2) Tetrathlonate added to 10 ml. of pregnant solution

(3) Tetrathlonate added to 10 ml. of eluate.

Solutions (2) and (3) were passed through the cation
exchange column and treated as described, in the method.

The following results were obtained:

. / Transmission 2 cm. cell 525 mp.
ml. l'olythionate added Solution No.
(0.4128 mgms 5/ml,)
1. Mater 2a Pregnant 3. Eluate
——-— .

0 99.7 *99.5 90.0
1 (0.413 mgms) 72.0 72.6 64.5
2 (0.826 " ) 52.3 52.8 49.0
4 (1.651 s ) 28,0 28,5 26.0
7 (2.89 ) 11.2 1108 10,5

I-lottlng these results on semilogarithmic caper as shown in
Figure 31, It was found that solutions (1) and (2) gave virtually
identical straight lines passing through the 100/1 transmission
point. Solution (3) gave a line parallel to the others but
displaced through the 90/. transmission point. A plant eluate
was used in this solution and this discrepancy can be satisfac-
torily explained by assuming that a trace of tetrathlonate was
originally present in the plant eluate. In this case a line
drawn parallel to that obtained but passing through the Y axis

at 100/ transmission would give a true representatlon of the
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tetrathlonate - percentage transmission relation. Such a line

was found to be identical with that obtained in solutions (I)
and (2).
§3) £fL80JL-Qf  ~J!i.0lls Feetors on T.rancmlsslon Val ues.

Fhe eiieets of certain variations in the procedure
described were studied as follows;

(a) HEALAMLallp™M.n™ NMud:lo.ns to stand for various isn.o-ths
of time after SaCN nddi ti on_

To 50 ml, of distilled water were added 2 mis. of the
prepared tetrathlonate solution (0.7270 ngno S), 1 drop phenol-
nhthaleln and | drop 20# NaOH until just alkaline. 5 ml. of 5#

7RCN were then added and the solutions allowed to stand for

varying lengths of time,, After the elapse of the stated tine,

solutions were acidified with 5 ml. of 1:1 ITC1 solution, 5 ml.

40.2 Fe013 added and the volume made up to 100 ml. The percentage

transmission was measured against a blank made up as described

above, but omitting the addition of the tetrathlonate.

Time of standing after % Transmission
WaCN addition in mins. 1 cm. cell
5 58.0
15 59.0
30 58.5
60 60.0
135 58.0

It, may be concluded that the reaction between the

tetrathlonate and the cyanide is rapid, and that the time of

standing, provided it is more than 5 minutes, has but little
effect.
( Effect of solution alkalinity
Tetrathionates react as follows in solutions of high
alkalinity ;
43<°61 * 6(0OH) * « 5Ss03j« + 2Sg06'» + 3H20

The following results showed that the above reaction

does not occur if small excesses of NaQH are added to the
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solution prior to the NaCN addition.

% Transmission 1 cm. cell

ml. Tetrathlonate 2 ml, 20/
solution added Solution Just alkaline NaOH added
in excess

1 66, 6 66,7

2 49.1 48,8

4 25.8 25,9

7 10.3 10,5

The tetrathlonate solution contained 0.,8256 mgms 5/X.

(c) The effect of the acid added.

The effect of the addition of different amounts of HC1

to the solutions prior to the addition of FeClg is shown below.

% Transmission 1 cm, cell

ml. Tetrathlonate
solution added. 1 ml ;1 TG 3 ml. 1:1 HC1 5 ml. 1:1 HGL
1 66.6 67.7 68.5

34.4. 3602 37.5

% 19.0 m 19.7 20,2
. J 10.6 11.2 11.6
It will be seen that the greater additions of acid

resulted in a slightly higher percentage transmission. However,
with the smaller quantities of acid, a blue precipitate

(presumably ferric ferrocyanide) formed on the addition of FeOI’(;o
This necessitated, laborious filtration prior to the transmission

measurement. Thus the higher acid concentration was preferred,

*dJ on prior to colour

The formation under certain conditions, of a blue
precipitate on addition of HeC” to the solutions suggested that
the filtration of even an apparently clear solution would
2esult in different transmission values. The following results

showed that this was not the case.
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% Transmission 1 cm. cell
mis, Tetrathionate

solution added Solution filtered  Solution unfiltered j
0 98.0 98.1
1 70.8 70,9
Q 51.9 51.4
27.8 27.2
7 11.1 11.0
N .of adding varying anounte _of ?7aCN solution

la viev of the possible formation of ferric ferro™
cyanide It was thought desirable to omit the addition of NaON
to the blank aliquots. The results below, however, show that
the NaCN exhibits a slight adsorbtion at the wave length used.

Thus in accurate work the NaCN addition should be made to the

acidified blank.

% Transmission 1 cm. cell

| Solutions compared

mis. 5# NaON ) .

added M
fclmk containing no NaCN " |nhg same amts, MaCM
é 57.9 37.9
37,6
5 i
10 36.9 37.9

() The_e]|TecX.oflXading of the ferrlc thin
and other variablea. ~-mcyanate colour

Mo quantitative determinations were carried out but
It has observed during the course of many analyses that a slight
increase in the percentage transmission occurred after £ hour

standing. This was assumed to be the result of the fading of
the ferric thiocyanate colour as observed by other investigators.
lor father variables such as the wave length, the
recommendations of other Investigators Into the measurement of
tice ferric thiocyanate colour were adopted,
(4) Limitations of Methode
This method has been found to be satisfactory for

analyses of pregnant solutions and eluates containing only
small amounts of thiocyanates. Large amounts of thiocyanates
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and substances such as sulphides, which form thiocyanates with
NaCN, Interfere,
lolythlonates, other than the tetrathlonates, give

similar reactions with cyanide, but depending on the nature of

the polythlonate different amounts of thiocyanate are formed.

Thus complex mixtures of the various polythlonates cannot be

determined by this method alone, *orever, it appears reason-

ably certain that the oolythionate present in pregnant and

eluting solutions is the tetrathlonate in which case this

analysis is directly applicable.
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METHOD OF ANALYSIS TOR OCBALTI GYANIDE
IN PREPLANT A*b EI.UfIM'i" SOLTOfONS

A method of analysis for traces of cobaltlcyanide
anion in pregnant and eluting solutions was required.. These
solutions contain large amounts of Fel+%, DO-" and in the case
of the pregnant solutions, comparatively large amounts of Co++»
The amount of cobaltlcyanide present seldom exceeded 0.005
gms/lltre. Complete precipltation of these minute quantltl.ee
of cobaltlcyanide by means of insoluble metallic salts proved
to be impossible,

A sensitive colourimetric method for determining cobalt
vac available” and the problem of the analysis was the separa-
tion of the cobaltlcyanide from the cationic cobalt and other
impurities. This was achieved by the use of ion exchange
resins in two ways as described below
METHOD (A) For samples containing more than 1 mgn. Co/1,

An aliquot cf solution, not exceeding 50 mlsJa”™ was
passed through 10 mis, of Anberlite IR.X20 cation exchange
resin to remove all the impurities. The column of resin was
washed four times with 10 ml. portions of distilled water. The
effluent and washings which contained no interfering cations
were collected In a 500 ml, Philip's beaker.

i.0 ml, of -50™ H.gSO"™ were added and the solution
ated to dense white fumes of SO, to decompose the cobalt!cyanide.
After cooling, 1 ml. of cone, HNOg end. 1 ml, of sulohurlc~per~
chloric acid mixture were added and the solution evaporated to
complete dryness.

The cobo.lt in the residue was then determined by the
nitroso-H-salt method”'.

I"HQD (B) For samples containing less then 1 mgrn/1.

Two anion exchange columns each containing approximately

2 grns. Amberllte IRA,400 w-ere set up so that the effluent from

VAVAN

the first column (A) passed through the second column (B)
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A suitable aliquot of the solution was parsed through the two

columns in series at a flow rate not exceeding £ ml/nin/sq. cm.

The columns were then washed three times with 50 ml. portions

of distilled water.

The resin was removed quantitatively from each of the

two columns and filtered separately through a No, 541 Whatman 8s

filter paper. The resins were ashed. In porcelain crucibles

and the ash fumed to dryness with 10 mis. 50% Hg304 as described

in method (A). The cobalt in the residues was then determined

by the MItroso-R~salt method” In the majority of cases the

residue from the column A contained all the cobalt and when a

large, amount appeared in B the analysis was repeated with approx!

mately larger volumes of resin in column a.”

NOTTS:

rhe nitroso-R-salt colcurlmetrie method requires a

(a)

sample containing from 0.C5 to 0.30 mgme of cobalt. Larger

volumes than 50 ml. should not be taken since excessively large

columns of the cation exchange resin ore then required. For

method see ref. 90.

th) This procedure is essentially to ensure that all the

cobaltlcyanide anions are adsorbed from the pregnant, solution

by the anion exchange resins. In Method A if is safe to assume

that if no Iron appears in the effluent, all the other cations

h<:-ve also been removed. No such simple test is possible to

ensure that sufficient resin has been used in Method R.

CO?. AMISON OF MKTWnnfp

Of the two methods described, Method A was preferred

for the analysis of cobalticyanide in solutions containing more

Than 1 nmgm Co/1. This method possesses the important advantage

that all the cations such as Fe+++ and Mn++-which interfere in

the NIltroso-R-salt method are eliminated. Interfering anions
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Investigetions have been carried out into the life
of various Anion Rxchenre Resins employed on the Rand for
tre extraction of uranium from the uranium Leach Liquors.

It tras found that in the case of the leach liquors
Produced at the Restern Reefs Pilot Plant, and at the
".'ert Rand Consolidated Uranium plant, the major factor
causing a decre- se in the efficiency of the lon exchange
resins mas the presence of certain chemical poisons in
these pregnant solutions. These poisons mere identified
as the Cobaltlcyanide Anion Co(CN)6111 end the Tetra-
thionate anion S70Ogll. Doth these compounds are derived
from cyanldation of the ore for gold extraction prior to
the uranium leach. The cabaltlcyanide is formed during'
i.he cyanldation, and also in certain cases during the
addition of a recycled Manganese Dioxide slurry containing
cobalt to the slightly alkaline cyanide residue, contain-
ing traces of cyrnlde anions. The tetrethionate is formed
by che oxidation of thiocyanate anions, formed durinm
cyanldation, by the acid oxidizing conditions obtained in
the uranium leach. The amount of these compounds anoearing
in the pregnant solutions can be considerably reduced by
the thorough mashing of the cyanide residue orlor to. the
uranium leach.

Of these two chemical poisons, the cobaltlcyanide
anion is the most serious. Although generally present in
smaller concentrations than the tetrathlonate anions, it

is strongly adsorbed by the resin, and once adsorbed is

extremely..



extremely difficult to remove. It therefore constitutes

a serious cumulative poison. The tetrathioncte anion on

the other hand., although strongly adsorbed, is partially

removed by the acid nitrate eluting solution, and can

airy.) be completely removed by regeneration procedures

sue:l as treating the poisoned resin with 60% MaOH or 5%

haob. A method mas developed for the removal of cobalt!-

cyanide from the poisoned resins by means of hot 50-

m4NT5; but this was not economic on a large scale.

Therefore several alternative methods were discussed with

a view to the elimination of the cobnlticyanide onions

before coning into contact with the lon exchange columns.

experiments were also conducted on the life of
various resins operating on pregnant solutions produced

at the Blyvooruitsicht Pilot Plant.
In these solutions the amounts of the poisons were

very small and did not constitute a major consideration

in the life of the resins. In this case a detailed study

was made of the resin losses likely to occur due to the

disintegration and subsequent removal of the fine resin
particles during the backwashing operations. It was
losses

found that by taking certain precautions, these

could be reduced to a minimum, so that no special consideratier

need be devoted to the production of a resin with an exception-

ally high abrasion resistance.
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