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REMOVAL OF Cs127, 8roC, awD Ru"C FROM CRWL FIANT WASTES BY SORPTTON

O VARIOUS MINERALS

3. J. Rimshaw D. C. Winkley
!
smE {
A seriss of miperals {120) were tested as to their efficiency
in removing cesium, strontiumm and ruthbenium from dilute slkaline
waates pricr to ground dispesal. Strontium-90 exchenges rapidly
with calcium in Florida pebble phosphate. The best results were
obtained with Termessess phosphite heated to £00C for one hour, but
rart of the inorsass in soiption of atroptium iz due to ien exchange.
Heatirg Tetnezeas phosphate resulted in & material with excellent
hydraulic propertis=s that sorbs Cal?T apd Sr”Y from dilute ellmline
solutiona. Otber ealceium Ememls guch as caleite or dolomite can
be activeted to adsorb Sr2¥ by hemting or by treating with caustic
or phoepbate solutions.

Cesium-137 in dilute alkaline solutions exchanges preferentially
with the potassium present in a number of mica schists and mics
minsrals that possess & laysr lattice type of structure. The high
selectivity for cesium of Tenpessee phosphate heated to 600°C for
one hour 15 ascribed to the presence of bentonitic impurities pre-
gent in this material,

The kinsties and adsorption of lmlﬂs are knoun o he complex
ard szlow due to the lerge nurber of chemical forms and complexesz of
rutheniun that can exist wndsr varying conditions. Copper in con-
glomerate, ymrious sulfide minerals containing copper, cuprita
{ouprous oxide) and dsscloizite (basic zine lead vanadate ) remove
90% of the ruthenlum under reducing conditions at a pH of 7 when
heated at 60°C for 16 hours. At lower temperatures (25C) the re- )
moval of ruthenium from aged solutlons takesz dsys or even weeks. l

INTRODUCTION -
The consept of 8 80il colum envisione the placement of 8 number of readily
available ores or commercial products in & sealed pit. fhe removal of various

figpion products from alkaline intermediate-level wmste would he effected by
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percolating the solution through ihis pit. The behavior of CElﬁ? 3 Srgﬂ
and 1=r.1.1.m6 in such & soil colwmn is of speciml interest, The dispersion
of these long-lived nurlides to the envirooment must be accurately known
and coptrollaed within parrowly prescribed limits. The pogition and rels-
tive movemont of these radicnuclides through the zoil cdolmm can be ewmIA -~
ted and controllad. The effluent from the column ~an be monitored and
treated further, if necessary. Thus s controlled operation of this type
can be of value in meeting certain specifir requiremente of = ]Js;rticular
waate disposal problem. This report discusases the results obtained .4in
i:esting and evaluating a number of waterlials that could be uged ‘in such

a 301l aclumn.

MATERIALS AND METBIDS

The minerals uzed in the experiments were obtained from Ward's Hatiomal
Science Egtablishment, Rochester, New York, and are typical of those found
in nature. The mipersls were ground and sized to 50=100 mesh f:ar uee in
these experiments.

The cespage from the waste pits at Oak Ridge National Laboratory wes
found to contaln only R‘l..'llcﬁ acktivity. Before using the eplution in the
e:cperiments\ it wvas made 0.1 K in NaOH and filterad in order to remove (as
magnesiun hydroxide) the magnesium picked up from the ground. The amount
of ruthénium carried on this magnesium hydroxide was less then 5%.

The filtrate from the PE{GH}E precipitation was diluted by & factor
of > and adjusted Lo be 0.25 N in Hap% Additicns of reducing agents or

oxidizing agents were made to this diluted seapage solution.

&3
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Solotion from the waste pit wap used mdilutad in some of the experiments.

Futhenium-106 end Eal‘?ﬂ were present in nenrly éqml concentrations in the pit.

o

wagte, mccording to gamme -ray. spectrometsy.

The cet¥7 ana Sng trecers used in the axperimente met the catalog speci-

Ticatlone of the iéntopes scld by (ak Rldge Hational I_a.hmtur:r}

tracer experiments Cs

In these eingle-

137 yse determined by counting gross gemmk on & gatipa

seintillation counter. Strontium-89 was determined by counting bremestrahlung

rad:l.ation on the sams instrument, and also 'h;r gross hata. r:mmt.ing

In the equilibrjum e::yerim&nts £ Juoown gquantity of minersl waa weighed and

equilibrated with & certain volume of egquecus solution containing the tracer.

The sclutions were ehaken several times and the total time of contaci. wae noted.

Distributicn ccefficients were calculeted &s follows for t:elsium and strontiums

whers
1. =
£ . =
ml e
g =

Kp * d-;—é-—gx nl/g,

indtial count rate in th:e aolution,
ﬁnal count rate in the solution,
milliliters. of solution,

graps of mineral.

A permtﬁge removal waz caleulated for Futhenium, This flgure wma de-

termined by dividing ihs final count rete by tbe initisl couwnt rate and sub-

tracting the resuiting ousber from 100.

222
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STRONTIUM EXCEANGE
Introduction

Interest in the exchenge of atrontivm with vericus minerals has been
growing in recent yehzrs.

Bagretsov {1) could not detect eny exchange of strontium tracer from
aguecus snltﬂ;ic:-z; with dolomite, CeC0z°MglO;. However, on heeting at T00C
for two hours, E&Cﬂﬁ'lllsﬂ iz formed, and this fired dolomite exchspges
rapldly with strontiun tracer. Heating st 700°C disrupts the crystal
latbtice end activetes the dolomite. If Fa 00, (2.0 g/1) or Huﬁmh'{a.ﬁ &f1)
is added to the solublions containlhg strontium tracer, strentlum exchange
with the calcium in dolomite (activated by heating) iz increased from 7O to
954 vespectively. '

V. I, Spitsyn et al., (2) have shown that the ion exchange sorption of
strontium hy montmorillouite is subject %o the law of mass action., The
sorpbicn of ceslun, ruthenium and strconiium on varicus cther minerals was
also investigated. Ames aud others (3) ooted that the presence of phosphate

Y M) activated the sorptien of

in golution in sumall quantities {5 x 10
atrnntit;n h:Tr carhenates of the caleite type of latiice structure (i.e.; MeCO.,
Gacﬂiland of the aragonite type of lattice structure (i.e., B&C%Ja X-ray
aiffraction patterns of caleite that bed been in contact with phoepbete icns
jin solufion showed & poorly crystalline apatite in the process of replecing

the calcite.
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Gitelman and Neuman show (b) that the interchenge of lead with syn-
thetic hydroxy apatite crystals proceeds via a complicated mechanism.
Lieser and Hild (5) investigated the exchangs of strontium with Cas0, and
Baﬁﬂh. They note that as a result of mixed crystal formation, erO in
tragser amounts can be removed from eclution by BaSUh. Howewver, the
sorption of strontium hy i::asoh iz a surface effect. Undoubtedly there
are a number of other isomorphous salts of calcium and barium that would

be affective In removing atrontium from aguecus sclutions.

BExporimaninl
Several insoluble caleium minerals were tested for their ability to
exchange the strontium in solution Wwith the calciuvm in the mineral. A
synthetic solution (0.25 N NalO,, 0.1 N NaOH, and Srag tracer) was used
in thegse experimenta. TIn Table 1 the distributlon coefficiente of stronti-
um are listed for marble chipe, Florids pebble phosphate, and Tennessee

phosphate {which hed been heated to 6§00 for 1 hr.).

Tahle 1, Removal of Strontium by Several Materials

- “ .
Materisl Contact Pime of 0.5 irr.
Marble chipe 13.1
Florida pebble phosphate 55.0
Tennessee phosphate (heated to 600°C) 1475

Part of the exchanges of atrontium with heated Tennessee phosphate is

dus to len Im-_:chanae.

da
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___Lhmat=ﬂ Tennesase phosphbate 1s merely dispersed vhen contacted with
water. Heating to 600°C glves a crystalline material with good hydraulic
properties. It can be seen (Teble 1) that the exchange of strontium with
caleium is more rapid and complete with Tennessee phosphate than it is

with Floride pebble phosphate. The phosphate content of Tennessee phosphate
is only helf that of Florids pebble phosphate (16 vs 32% Pp0s5). However,
the heat treetment of Tennessee phosphate results in e more Finely divided
crystalline apatite in a gilicate wetbrix, which promotes the exchange of
strontiun with calcium. As can be seen from Appendix 4, the Kp of heated
Tenneasee phosphate decreases from 3150 in 0.1 K NaOH to 188 in .0 N Hnm:l}-
O.1 NaOH. Thue, part of the exchange ie due to lon exchangs.

The exchange of strontium from aqueouz sclution with caleium can be
promoted or retarded by changes Iln crystalline siructure vwhich resuld from
heating. Thie effect was investigated as & funchtion of the t.'empamtm
used in heating the mineral for merble chipe, Florids pebble phosphate, and
dolomite. The resplts are presented in Table 2.

As is evident, CaCo, {marble chips) is rather stable to heat treaiment
wp to 700°C. The rate of exchange of mtrontium with calcium iz slow and
incmas' with time, 2 strontium tends to replace the caloium in '[:;hﬁ .
crystal lattice. The rete of exchange of strontium wikh celciwn is more
rapid with Florids pebble phosphats then with marble chipe. The formation
of condensed phospbates (P-0-P) bonds is apprecisble at S00-700°C, but

these polyphospbates hydrolyze with time so that exchange of strontium with

224 CO¥
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cgleium incresses with time, Beating hes & deleterious effect on the ex-

change of strontiuwm with caleiuvw. Dolomite was only slightly activated

by herting.

Table 2. Effect of the Pemperature of Heat Trestoment of Various
Minerals on the Exchapge of Strontium with Calcium

Temperature Kp, Contact Tim= Ky, Contect Kp, Contact

Material (%) of 1 hr Time of 18 hr Tme of & Days
Marhle chips 250 1.9 1.9 h.og
Marble chips SO0 032k 0,324 3.45
Marble chipe 700 0.%61 0.961 2.%)
Floride pebble E

phogphate 250 1y 336 1875
Florids pebbls -~ - .- - L

phosphate coo oB.4 210 1668
Florids pebible

phosphate 700 13.8 17.5 %81
Dalomite 700 1.0 2,54 2.65

; The distribution coefficient of strontiuwm for Flerida pebble phosphate
az a function of pH 18 presented in Table 3.
Thus, the sorption of etrontium by Florids pebble phosphate is highest
when the sclution is at pH = 12. In this case, lowering the pH tc 5
results in a sixfold reductlicn in the distribution coefficient of stropbium.

The time of equilibratico is alsc an importent varisble. This 1s
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evident from the results presented in Tables 2 and 3. Althcugh the distri-
bution coefficient of strontium for Florids pebble phosphate is only 55

after one=half hour, this value rises to 1544 at the end.of two days. Agein
it may be noted that strontium has a definite tendency to replace calcium in

the orystal lattice.

Tahle 3, Effect of pH on the Removal of Strontiuam by Florida
Psbble Fhosphate

PH Contact T:I.meKDaf Cne Day Contact Time%nf Two Days
5 30.7 57

T 128 245
9 159 468

11 483

13 34l 1544 *

Celumn experdments were run by using the synthetic sclution with
strontium tracer. Flve milliliters of mineral wae used, sand the columne
woere operated at a flow rate of one coclumm volume per hour. The results

of colum experiments with Florida pebble phosphate, marble chips and
dolomite appear in Tabls b,

224 6D
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Table b, Sirontium Breakthrough for Several Types of Column Meterials

Bazis; Dreakthrough is caleuwlated ea & percentege of the Sr in the
feed solubicn. i

Number of Column Volumes Awount of Strontiwe in Effluent (%)

Florida Febhkle Fhosphate Column

10 S 0.03
20 0.05
50 2,5
100 1.68
200 0.82

Marble-Chip Columm

3 11.3-

6 9.6
10 4.o
15 2.2
| 30 0.9
50 2.0
100 2.9
200 0.85

Dolomite Colunm

2 21,8

p 25

20 28

60 5.3
100 3.2
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Copcluaions

Floride pebble phosphmte ws very affective in removing strontium up
to 200 eolumn volumea of eocluticn nr: roseibly more. The interssting
feature about the operstion of the columns of merble chips apnd dolomite
is that the percentage of strontium hreakthrough decraased with the number
of successive column volumes. PBagretsov {1) and Ames (2) have both noted
that dolomite and marble chipes can be sctivated fo exchange strontiwa with
caleium by carbonate or phosphatz ion in snlution. The vhﬂ:a fieid of
chemiecal activation in Inscluble caleium minerals copens up interesting
possibilities. It iél avident, that phosphate, whather in solution or in
the minersl, promotes rapid axchange of strontium with ealeium. Tt would
he worthwhile to investipgate the effect of phosphate in scotivating dolomite
and limestone. In this case it seams thai chemical activation of marble

chips and delemite wmg being effacted by eausiic or by carbonate.

CESIDM EXCHANGE
Introduction

Tamura and Jacobs (&) showed that the Jayer-lattice clays, such ss
the micas, montmorillonite and i1llite show a high pref‘eren&e For cesium
over sodium, fThe evidence indicates that the affinity for cesium ig in-
creased when the interlayer gpacing is reduced from 1k to 10 z. They
point out that illite containa a high percentage of potassium and that

these potagsjium ione are accommodated between the aluminosilicate sheets,
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When potassiua is used as the eatursting cetion, collapee of the interlayer
gpacing occurs, with an increasge in effinity for cesium. However, it
ghonld be stressed that the rate of ceasium sorpticn decreasess, and emple
time must be allowed to attain equilibriuwn. Lswis (7) finds that the sorp-
tion of casium from 0.45 H NelfO, by Decalso is complate in B4 hr, whils in

3
4.0 N MeNO, gelutions equilibrium is reached in 1 hr. Lewis also points out

3
that the affinity of most minerals for cesium iz en inverse function of the
sodium ion conecentration raised to the 1.7 power. Therefore, dilution of
the feea:'*; solution, which reduces the sodium ion concentmticn, will raise
the X, while the rate at which cesium enters the lattice structure de-

crenses,

Experimantal ;

Three seriss of minerals were tezted for their ability to remove cesium.
A synthetic solution with 0.25 N NaNO,, 0.1 § NaOH (pH > 13) and ce*T tracer
was used. In the first series, 1 g of mineral wes contacted with 20 ml of
solution, The distribution ccefficlient of cesfium was determined, aund the re-
sulta are presented in Appendix 1. Ten of the minsrals exhibiting the highest
digtribution coefficients are listed in Table S.

In the gecond geries the eame aynthetie solubicn wes adjusted to pH T,
and 10 ml of solution waas contackted with 0.2 g of mineral. The distribution
coefficients for 21l minerala in this serics are presented in Appendlx 3.

Ten of the minersls showing the higheat dlstribublon cosfficiente are listed

in Table 6.
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Table 5. The Ten Minerals Exhibiting the Highest Dietribution Coefficient
for Cesium in Thelr Order of Relative Effectivencss

Mineral Contact Tli{ge of 22 hr
Lepidcomelane &30
Fuchsite LE8
Glauconite 279
Collinsite * 184
Rutile 157
Florids pebhle phosphate i - 108
Muscovite 165
Cuprite 67.h
Dufrenite o ’ 71,1
Limenite 57.2

Table 6. Ten Minerals Exhibiting the Hifghest Distribotion Coefficient for
Cepliun in Thelr Qrder of Relative Bffectivepess

Mineral Contact Tﬁe of 3 Days
Mica augite periodite iihé
Blotite - 715
Graphite mice schiss Lap
0il shele (Tasmanite) 415
Dacite ' e
Crimpled mics schist - = 360
Allophane 1 3ha
Green slate 32
Blotlte gneiss 227
Mice periodite 218

oi%

o
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Seversl cther materials of interestowere tested. The distribution
coafficients were determined by using 10 ml of the standard synihetic

solutlcn {pH > 13) and 0.2 g of material, end the results.are shown in

Ehlﬂ T'l
Table 7. Distributicn Coefficients for Cesium
Material Contact Time (hr) ¥y
Vermiculite 4.5 8350
Tennesses phospbate
{hested to 5009G) 0.5 300
Duolite C3 0.5 1635
Florida phosphate 0.5 2.5
Attapulgas cle
(heated to Emgcj e 20
Decalso . ol 735.8
Conclusion

The results show thet the highest dlstribution coefficlents were
exhibited by the minerals baving sn interlayer-lattice type of structure.
Various micas, such as lepidomelsne, fuchsite, bictite, mica auglte
periudiée, graphite mica schist snd vermicullte beve distribution coaf-
flelents of 400 or greater. Several minerals, such as glauconite, oil

shala (tasmanita), and Tennesses pebblz phosphate, which all contain

224 QA&
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various clay minerals as impurities, alsc show high dietribution coef-
ficlent for sesium. The distribution coefficient for heated Termessee
phosphate 15 outstanding.

Florida pebble phosphete has a Ky of 2.5 for cesium when the time
of contact is only 0.5 hr (Teble &), but the Ky for cesium rises to 108
at the end of 22 hr. Tennessce phosphate, pretreated by heating to 600°C
for approximately 1 hr, exhibits a very high Kp (3400) at the end of 0.5
hr.

Tamure dnd Jacobe (8) point out that when montmorillonites (Wyoming
bentonite) are heated to elevated temperatures, irreversible collapse of
the lattice (from 1h E tn 10 E ) will result. This pretreatment of
montmorillonites will ineresse their affinity for cesium. QCesium sorption
by Wyceming bentonite is not affected by pretreating the bentonite to
temperstures less than 600°C. Above 500°C the layer-lattice structure of
Wyeming bentcnite is destroyed, which resulte in & loss in its affinity
for cesiwm. At 700°C an irreversible collapge of the lattice takes place
with an inoresse in the affinity for cesium. He notez that the msximum
sorption of cealum by esleium montmorillenite takes place after heating to
600°C. Thus, it wee fortuitous that the semple of Tennessee phosphate wes
heatad to 600°C , & temperature vhich favors irreversible collapse of the
1attice of bentonite impurities in Termessee phosphste. Tennessee phosphate
that was not heated was highly dispersed when contacted with water. This

behavior is chearacteristic of the bentonites. Howewver, by heating at 6007
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for 2 hr, a crystalline aggregate is formed which is stable in weter or
dllute alkeline solutions. A column of this material eshoved good hydrsulic
characteristica. In addition, the deta show that Tennessee phosphate
(heated to 600 for 2 hr) ie superior to Florida pebble phosphate for
sorption of etrontlum. Thus, it must be cooceluded that this minersl

shows good promige for sorpticn of etrontium sand cesiwm from dilute salkea
line selutions.

Two synthatic ion exchangs materisls, Duclite C3 snd Decalso have
distyribution coafficients for cesium of 15635 apd 73.8, vespectively, at
the erd of 30 min. Duclite C3 is en organic phenoleulfonic type of lon
exchange resin. This type of resin was shown by Miller end Xline (9} to
have a greater salectivity for cesium than the sulfonic type of icn
sxchange resins.have,. The phenclsulfonic organic resin is more resistant
to high radiation fi=lds becanss of the presence of wethylene bridges.
Howevey, it is rapidly degraded by mild reagents, such as Afilute nitrie
acid, vhich results in the formation of gases., Decalze is an inorgsnic
synthetic ion exchanger manufactured by the Permutite Company. It is made
by heating Algﬂ5 and sodium gilicste at high temparﬁtures.

The effect of pH and time of contact were studled by cantacéing tha
standard synthetic solution with wermiculite (2 naturasl mica) and Decsalsc.
The data appeare in Pable 8.

Tha pH of the asolution has little effect on the sorptien of cesium

by vermiculite, while the distribution ccefficient fory Decglso rises from

224 018
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273 at pH 135 to 1494 at pH 7. The effect of pH and rate of absorption of
cesium on the nineral must be knmown in order o predict the best pAterial

for use in a known situvation.

Table §. Effect of pH on the Absorption of Cesium by Vermiculite and

Decalso
Kp Kp
Material pH Contact Time of 1 hr Contact Time of 2 hr
Yermiculite 5 49.0 0.2
T 67.1 108
9 Th.1 11h
11 60.3 ol
15 54,9 115
Decalso : S 29F T 1hal
213 : 511
9 155 Ll
11 114 295
13 73.8 273

The standard synthetic solution with cslﬂ tracer was passed through
8 5-ml column of vermiculits at 2 flow rate of ong column volume per hour.
The amount of cesium in the efflvent, as a function of the number of column
volumesz of 2olution passed through the column, is presented in Table 0.

Other minerals which have high Kp's for cesium are being investigated

under aolumm conditions.

f 224 DL
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Tahle 9, Cesium Breakthrough cn a Vermiculite Columm

Humber of Column Volumes Amount of Cesiwm in Effluent (%)
10 0.5
20 _ 0.07
35 0.17
25 33.2
S 66.6

RUTHENIUM BEMOVAL

Introduction

The chemistry of ruthenium is complsx. For instance, Il'enko,
Nikol'skii and Trofimov (10) infer cn the besis of many investigaticns
that rutheniun can exizst in aqueous solubicn in numereue forms.. ¥arious
hydration processea cen result in complex shifts of sgquilibris. Figure 1
shows an idealized scheme which encompasses 18 forms of ruthenium origi-
nating in thiz way. These authora investigated the adsorptliom of ruthenium
on strong, averages, and weakly bamsic anion exchengers and alsc on sulfonic
and carboxylic c¢ation exchengers a5 a function of pH., They found that at
room temperature {t may take asz long as 200 days to attain egquilibrium
(95% ruthenium removed), while after one day they were far from equili-
brivm (less than 10% ruthenium remmred.). Maintaining the temperature of

the solution st 60°C gave eguilibeium results at the =nd of 15 to 24 hr.

— 224 81y
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Conseguently, in many of the experimenits described herein the solutions
were beated at 60°C for 16 hr.

Zvysgintsev and Starcstin (11) prepared s nurber of unuswelly strong
ruthenivm complexes which 4id not react with thiowres; vhich normselly
glves a characteristic reascticn with ruthenium. The precipitation of the
strongly complexed ruthenium by reducing agents was slow and difficult.

Psheniteyn and Ginzburg {12) note the formation of an intermediste
product in the reduction of Ru(iV) o Ru{TII) whichk impedes the reaction
in some obscure faghion. Silvergan and Levy {13) studied the upper valence
Btatas c;f ruthenium in alkrline sclutions. They noted that the ;i.eccimpcasi-
ticn of ruthenate and perruthenate to ruthenium dioxide ig a cdmﬁlicuted
disproportionation reaction. The rate of decomposition is repid at pH 8
or lower and deoreases with increasing pH. ‘ '

Starik and Kositsyn, {14) &5 well as Pushkarev, (15) report that
greater than 50% of the ruthenium is carrdied by ferric hydroxide at pH 7.
Experience at the Figalon Producta Pilot Flant at CBHL shﬁwed that ruthenium
wag fau;d to ecarry wall {greater than S0%) a2t pH 7 on most hgdrohs precipi-
tates (such as those of aluminum, iron and the rare earths). It should be
emphaaized at this peoint that in the aboye experiments ruthenium Wes present
in acid golutions in & form that precipitates readily on ﬁeutralizatinn of
the acid. However, In aged alkaline wastes ruthenivm is present es an oxy-

aqua coumplex which is ot readily precipitated on & hydrous carxrier.

(rbd
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Fletcher snd Mertin (16) stress that the general properties of the nitrosyl=-
rutheniun complexes are quite gifferent from those of Ru(IV) and that Torma-
tion of an Insoluble nitrosylruthenium hydroxlde dces not take place when
ruthenium complexes of this type sre neutrAalized with allkeli. Preliminary
experiments with alksline waste (pH > 13) conteining ruthenium from pit 3 at
ORNL and from seepage weter (pH 8) from the pits ehowed thet less than 1% of
the rutheniuwm is carried on 0.1 g/liter of iron at pH 7. The yiEla could be
incressed to 20 to 30% by heating at 60°C for 4 hr. The eddition of & re-
ducing egent (0,02 g;nagsojl raised the yleld e S0 to 60%. Bocause of this
great di}ferenné in the behavior of ruthenium, all experiments were performed
by ueing the alksline waste from the pits {pH > 13} or with séepage water

from the pits (pH 8). Nec sctivities other then Ryl %%

could be detected in
the seepage water. Tharefore, it was possible to follow the ruthenimm by
grosa gﬁﬁn& counting.

Removal of ruthenium from aquecus solutions wes investigated wnder
oxidizing and reducing corditions. The use of oxidizing conditions at high
TH converts the ruthenium to the ruthenate or even perruthenate-(l}}. The
poseibility of exchange of ruthenium 85 ruthenate or perruthenste with other
anione such as sulfste, phosphate, chromste or molyhdate was studiled.

Ruthanium forms sn insoluble sulfide or hydrated oxide under reducing
conditions at pH 7. This reaction is relatively fast and complets at pH T

but is slow snd incomplete st s pH greater then 11.
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Seepage solution from fhe pite contsining Rulcﬁ was treated as previ-

ously d.éseribeﬂ.. The pH of the soiution wes ajjusted to T for the experi-
msnts under reducing conditions (0.02 M eodium hydrosulfite}.

Undere oxidizing ceonditlong, the ruthenium iz stsbilized as rutheonate
gr perruthensate &t high pH. Hence, a pH greater then 13 was used for
oxidizing conditicns (0.02 M sodium persulfate).

In both z=ats of experimentz 10 ml of solution was contacted with 0.2 g
of minsral. Dus 0 the pressnce of the many forms of ruthenium in solution,
caleulation of a Aistribution cosfficicnt wme not possible. Thus, the re-
sults are expressed as a percentage of ruthenivwm removed from aplution.
These results are presented in Appendix 2. The results for ten of the
minsrals showing the highest percentage removal of ruthenium under reducing
and oxidizing conditions, respectively, are presented in 1I'ﬂﬂ:nle 10. In this
table, L'.Finetic dats showing the slow approach to squilibrium under reducing
conditiong are alzo included.

It can be seen that no apprecilable exchange of yuthenium as the ru-
thenate ‘takes I;la.ca, ag the percentage removal of rutheaium under oxidizing
cmditi;ns ie i:I-II.B.‘!h lowar than it is under redusing comditicna. Redoval of
ruthenivm 1s elow, even under reducing conditions at a pH of 7. However,

heating accelerates the rate at which rubheniuvm ig remowed.
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Teble 10. Minersls Exhibiting the Highest Percentage of Removal
T
of Ruthenium in Thelr (Qrder of Relative Effectiveness

Mineral

Amount Removed (%)
pE T, Contact Time, 1 day

Four Four Days, Plus
Days 16 hr at 6H0°C

Copper in conglomernte
Descloizite

Copper

Puchsite

2irconivm phosphate
Cuprite

Chalcocite

Berlum chromete |
Smaltite

Glauconite

Remmelsbergite

Chalecgite

Diginite in pyrite

Copper in conglomerate

Puchelte

Limonite

Realgar

Copper (native)

Psilomelane
Sphalerlte

Reducing Condition, pH T

Cxidizing Condition, pH > 13

224

23T
he. 3
h5.9
72.2
57.0
5G. 2
29.3%
49.7
3.3
30.1

0%

T2.7T 2.7
2.3 o
72.8 51.1
80.7 8.7
79.0 87.0
78,6 85.7
8.3 82.2
78.6 81.0
62.4 77,8
61.1 76.6
R
26.1
25.2
25.2
24,7
21.5
21.0
14.2
16.8
174
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Another series of minerals vas also tested to finé those minerals
that wouwld remove ruthenium from sclution. Since none of the minerals
in the previous series were €ffective in removing ruthenium at pR 13
under oxidizing conditions, this series of minelra,ls wae tested At pH lﬁ.
vith no oxidizing agent present. - It was presumed that ruthenium would
. be present predominantly as th; ruthengte. Thez2e minerals were aleo
tested for their ability to remove rutheniim under reducing conditions
{0.02 E;sndium'ﬁydrosulfite) at pH 7. The other experimental conditions
rems ined thesame Tha results &re presented in Alpperuiii 5. The ten
minerels which were most effective in removing rythenium are listed in
Table 11.

The results show thad ru‘l;henium is removed more completely undar
reducing conditions thén it is when the solution 18 not reduced.

The remcval of ruthenium from solution as & function of pH wms in-
vestigateéd. Four minerals, which were Tound to be effective itﬁremaving
rutheniwi from solution under reducing conditions at a pH of 7, were
selectsd for further study to rind' the optimuwe pH for ruthenium removal.
The minersls tested were digenite in pyrite, pyrrhotite, chalcocite and
copper in conglomerste. The experimentsl]l conditions w:rﬁ the same as
previously déscfibed, except that acid or base was addedtto ad just the
pH and that the solution from pit 3 was used. The resulis are presented

in Table-12.

g5 935
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Table 11. The Ten Minerals Exhibiting the Highest Percent Remcwval
of Rutheniwn, in Thedir Order of Relative Effectivenecss

Minéral Ruthenium Removed (%)

PH 13, Coniact Time of Four Days

Mica Peridotite 28.3
0il Shale, Tasmmnis 25.2
Anglesite 22.5
0il Skals, Colorado 18.3
0il.Shele, Tasmanite 16.8
Serpentine, Grysotile 1h.4
Feat 1=.5
Periodlite changing to serpentine 12.5
Dacite 11.4
Serpentine, Mayyland 10.2

pH T, Reducing Conditions, Contact Time of Two Days

Allophane B5.0
Halioysite . Th.1
Dacite 67.2
Cerussite 55.9
Dumortierite 65.8
Oligoclase Gl
0il shale, Tesmanite 63.0
Vintahite 62.8
Beryl 62.1
Biotite £1.1
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Teble 12, Effect of pH on the Removel of Ruthenium by Several Minerals

Percent Ruthenium Removed
Contact Time of Two Days

pH Ruthenium Cesium

Digenite in Pyrite

5 ha 19

T 27 15

9 12 12

11 15 12

i3 2L 12
0.1 ¥ Hao® 19 10

Pyrrhotite

5 54 25

7T 54 21

9 15 16

it 10 12

13 19 16
0.1 N NeOH &7 16

Chaleocite

5 " 2

T ST 25

S 20 16

1L 25 21

15 19 14

0.1 N WaOE 20 16

Copper in Conglomerste

5 62 28

T (ki 2

9 50 35

11 5l 23

13 hs 21
0.1 N Na0X o7 21
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The percentage remcvel of ruthenium increases as the pH of the so-
lution ig decreased. Since these sclutions (Table 12) were not heated
at 60°C for 16 hr, the percentage removal of ruthenium from these so=
hitions 1s moderately low. Howsver, the data show that the optimum re-
moval of ruthenitm takes place at & pH of 5 4o T.

A column containing 20 m) of copper in conglomerate ore wRs pre-
pared to test the removal of ruthenium under colivn conditions. Waste
from pit 3 wes edjusted to pH 7, and 0.02 M sodium hydrosulfite was
édded &5 & reducing Bgent. The ¢olumn was elsctrically heated to Bﬁuﬂ
by wrapping heeting tape around the outside. The flow rate Was about
one column volume of Solution every 2 hr. About 95% of the ruthenium
was removed from 'l:.he first few column volumes of solubion. Eigﬁt}r Dar-
cent of the ruthenium removed after 50 column volumes of solution had
been passed through the coluwm. This experiment is atill in Progress
at the time of writing.

A mmber of conditionz favoring the removal of rutheniuvm from so-
lution were employed in this experiment, such 85 & high temperature (BEGC IR
2low flow rate j(one column volume every 2 hr), a pH of 7, and reducing
conditions {0.02 M sedium hydrosulfite), These factors have been previ-

ously gshown to be Importart in the removal of ruthenium,

i
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CONCIUSTONS

It has been shown in this report that the concept of & s50il colum
ia feaszible. A combinaticon of & mmber of minerals described in this
report can be utilized teo renove stropntium, ceslum, sand ruthenium from
dilute intermedlate=Jjevel alkaline fission product westes, This column
will cperate satisfactorily, within limits. To remove ruthenium, in
particular, & number of critical opersting conditlons must be met. The
cver=all performance of the columm would be meterially simplified and
improved if the removal of ruthenium could be effected &t & higher pH.

The suthors are indebted to T. Tamurs snd D, G. Jacobs of the
Eealth FPhysice Divis_in_:n et Oak Ridge Hationsl Isboratory for vwmluable
discussions and =2dvice, =nd to B. B. Richerd of the Analytical Chemistry
Division for timely sssistance. The actlve Interest of 4. F. Rupp Ino
this work is aclnovledged with pleasure. We are ipdebted to G. F. Mallling

fur the results in Appendix 4.
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APPENDIX 1

Chemical ¥p After KEBhftar

Mineral Forala 2 hr hr
Alunite mli{ﬁn}ﬁfsah }2 0. 146 0. 20
Arsenopyrite Fehad - 1.81 5,26
Baddeleyite Zr0, 3.2% 10.4
Casgiterite S0, - 6. Ok 15.1
Celestite Sré0, 02,0 0. 24
Chelcocite CuB 5.T1 35.6
Chrouite Ferrous Mg Metachromite k.32 15.0
Collinsite Hydarous Ca, Mg, Iron Phosphate 27.59 184
Copper Cu 5.56 27.2
Copper Cu in Conglomerate 2.0% 5. 5h
Desclolizite Bagic Pb, Zn, Vandate 3.43 T.0%
Dufrenite Hydrous Iron Phosphate e0.g TL.1
Franklinite in, Mg, Metaferrite 0.4 0. 64
Galena b 0.28 043
Griphite Complex, Fe, Mg, Ca, Al Phosphate 2.10 6. 02
Tlwenite Ferrous Metatitanate b.32 Tbs
Iangbeinite K, Mg Sulfate 0.11 0. Ch
Iepidolite Ii, K, Al Fluosilicate 5.60 19.4
Leucite K Aluminum Metasilicate 14.9 by .5
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Chemicel Ky After Kp After
Mineral Formuls 2 hr 48 hr

Limenite Ferric Hydroxide 15.2 57.2
Magnetite Ferrous Metaferrite 1.13% 1.00
Molybdenite Mo Sulfide 3.75 13.4
Pentlandite Iron and Nickel Sulfide 1.3 S.oh
Pailomalane Impure Hydrous IHIhDE 5.16 11.3
Pyrite Iron Disulfide 0.91 2.60
Pyrolusite MO, 0.26 . 0.53
Pyrrhotite Ferrcous Sulfide 1.72 .16
Rammelsbergite  Mickel Diarsenite 0.23% 0.95
Realgar Apeenin Disulfide 5.66 o
Rhodachrosite MACO, 1.61 4.72
Rhedenite Mn Metagilicate 0.26 0.61
Rutile '1‘102- ‘21.6 157
Seorodite Bydroug Farrous Arsenate 1.49 2.580
Smaltite Cobalt Diarsenide 3,39 1%.8
Sphalerite Zn Sulfide 1.9i 6.49
Spodumene Li Aluminum Metasilicate 0.60 1.51
Vavellite Hydrous Basic Al Phosphate 0.7 25.7
Marcasite Iron Disulfide 0.16 0.65
Cinnabar -HES 5.04 3.5




Chemicel Kp After ](Raﬁfter

Mineral Formula 2 hr hr
Cobaltite Cobalt Sulfarsenide 0.81 2.4k
Colurbite Fe and Mn Metenicbete and Tantalate 6.18 7.7
Wolfromite Fea, Mn Tungetate <. 01 0.35
Cuprite Cuprous Oxide 13.7 67 .4
D:I.g!n:_l.t-e in v Cuprous Salfide 0.42 1.44
Pyrité
Glauconlte Hydrous K Ferrdc 51ilicate 10% 279
Ealindte Byirous K Alumimm Sulfate 0.2n 0.0%
Lepidomelane Acid K, Mg, Fe, Aluminmm 258 830

Orthogilicate
Microcline E Aluminum Trisilicate 1.09 2.17
Muscovite Acid K Aluminum Orthosilicate 16.4 L68.0
Niceolite Wickel Arsenlde 047 0.59
Stibnite Antimony Sulfide 2.20 T.10
Pollucite Hydrous Cesiom Aluminum Silicate 1.51 2.h2
Florida Pebble  Ca Phosphate 46.6 108
Fhosphate
Dowex 50 WK 12 16.7 Z5.6
Dowax 1 I'ID:}'_Fnrm <0.0L <0.01
224 €32
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AFPENDIX 2

Percentage Bemoval ©f Rutheniim with ¥arious Minersls

Reducing Conditions, pH T

Cxidizing Condition, pH =13

Fercent Re- Percent Re- Percent Removed Percent Percent
moved, Contact moved, Contect Four Days Piys Removed Removed

Minarel = 1 day = b days 16 hr &t 60°¢ .1 Day L4 Days
Alunite 31.2 25.3 2g.2 7.2 <0.1
Arsenopyrite 26.1 27.8 hs. 3 6.4 < 0.1
Baddeleylite L7.6 58.9 56.9 .3 1.3
Cassiterite 1.8 53.1 61.4 16.9 T.9
Celestite 17.8 30.6 25,9 1.5 < 0.l
Chaleocite 29.3 48.3 8a.2 19.5 26.1
Chromite hl1.9 57.9 37.8 2.7 <0l
Collinsite 39.9 49,7 50.5 1.4 <ol
Copper 45.9 72.8 91.1 0.9 1g.2
Copper in 237 15.7 92.7 18.7 25.2
Conglomerate
Descloizite 46.3 72.3 91.5 2.9 9.3
Dnfrenite hé.7 71.7 c6.8 b2 B.7
Franklinite £3.9 40.8 -3 < 0.1 L.2
Galena 17.3% 45,1 23,7 8.5 15.1
Griphite 20.5 32.9 55.6 1.7 7.5
Iimenite 16.3 55.3 43.9 1.0 7.3
[anghejinite k.3 22,6 25.5 0.7 3.8




Reducing Conditions, pH T

oxidizing Condition, pH »13

Percent Re~- Percont Re- Percent Removed Percent Percent

moved, Joptéct moved, ContAact Four Deys Plus Removed Removed

Minexal = 1 day s L days 16 hr at-60°c 1 day & days
Iepidomelane 29.9 40,6 18.7 1.1 2,9
Leucite 33.4 k3.5 53.7 2.6 3.9
Limcnite 5&& 61l.2 70.8 7.2 21.5
Magnetite 17.5 ~ 25.1 2li9 1.5 2.6
Molybenite 25.1 3.9 - 7.1 12.4
Pentlsndite 18.4 18.5 52.5 5.6 15.8
Psilomelane 62.4 70.9 50.9 10.8 15.8
Pyrite | 37.8 ‘11-1.].1 52.8 7.2 lT
Pyrolusite 58.1 67.9 3.2 6.6 17.2
Pyrrhotite 158.1 29.4 66.2 5.6 16.4
Rammelshergite 20.8 26.2 56 .7 7.6 ML
Realgar 52.6 66.5 .9 1.0 21.0
Rhodachrosite 28.9 53.1 39.3 4.0 1047
Rhodonite 19.0 53.5 52.7 3.b 10.7
Rutile 29,2 55.1 38.8 5.6 8.4
| Seorcdite 25.0 55.9 47.4 1.8 7.7
Smeltite 31.3 62.1 77.8 5.9 11.%
Sphalerite 28.1 1.9 603 8.8 - 17.4




Feducing Conditions, pH T Oidicing Condition, pH >13
Fercent REe=- Percent Re- Fercent Removad Percent ‘ Percent
moved, Codtaet moved, Contact Four Days Plys Removed Ramoved
Mineral s 1 day # 4 days 16 hr &t 60°C¢ 1 day 4 days
Spodumene 2g.h 8.8 37.9 4.0 13.2
Wavellite 42,1 56.5 Y7.0 8.4 7.6
Marcasite 22.9 39.9 47.0 1.9 5.3
Cinnebar 19.8 52.2 57.5 5.9 10-L
Cobaltite 23.7 45.7 73.5 2.7 2.5
Columbite 26.0 57.6 8.8 1.0 2.1
Wolframite 24,5 25,4 %9.8 1.1 5.0
Cuprite 56.2 T8.6 B85.7 4,5 4.5
Cryolite 29.9 25.5 21.5 1.8 &Y
Digenite in 22.1 19.9 Lz 5 1.2 g5.2
Fyrite
Glauconite 30.1 61.1 T6.6 3.8 17.2
Kelinite 9.6 11.7 14.2 1.6  <o0.l
Iepidomelsne sh.6 57.0 66.6 1.7 8.4
Wicrocline 7.9 25.1 24.9 1.6 2.5
Muscovite 26.7 18.2 6h.1 1.0 5.5
Fuchsite 12.2 80.7 83.7 15.4 oh .7

Niccolite 25.0 53,3 ™. T 6.0 11.5




Reducing Conditions, pHE T Cgidizing Condition, pH =135

Percent Re- Ferceitt Re~ Percent Removed Percent Percent
moved, Contect moved, Contect Four Days Plgﬁ Removed Remowed

Minerel = 1 day = L days 16 hr at A0C L day &4 days
Stibnite 37.1 40.0 4.0 8.3 13.6
Pollucite 33.1 25.5 16.6 3.3 0.7
Florida Pebble 52.9 57.2 56. 5 .25 9.3
Fhosphate
Dowex 50M 17.2 1T.4 15.2 1.0 2.1
1RC ~50 8.0 10,0 11.6 2.5 12.9
Fermutite 15.7 k9.3 59.0 1.3 0.9
BCro, b7 8.6 81.0 4.0 10.5
Dovex 1 30.3 © 39.5 h6.1 12,4 3.0

" Zr Moly. 7.4 50.9 61.9 5.0 6.8
Zr Phosphate 57.0 79.0 87.0 6.7 17.2
Al S8iliecate 17.5 23.2 21.9 1.9 0.5
8ilica Gel 26.9 22,0 17.6 3.9 8.6
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Removal of Cegium and Ruthenium by Yerious Minerale

% BRu Removed From S6- .
luticn at pH 7.0, Q.02
% Ru Removed From M Sedium Hydrosulfite

Kp of Cs Solution at pH 13.0 haged
Mineral (3 dmys Contact) (% days Contact) (2 days Contect)
Amphibole .
Actinolite 11.8 3.5L .o
Asbestos. | 0.95 2,08 37.1
Hornblendée 59,4 2.1 35,2
Tremolite 5. 64 .68 ... ho.z
Hexagonite 15.5 L.9g zh.7
Gneiss _ .
Biotite gneiss (NY) 6.6 0,93 33.3
Blotite bueiss {Mpss) 2a7 2,62 47.7
Horzblende gnelss (NY)  1h.2 2,26 | 52,5
Peridotite
Mica peridotite ' 218 | 28,5 51,1
Mice-augite peridotite 1146 8.30 . 37.0
Dunite 2.84 3.83 ' 56.3
Peridotite changing to 2.84 12.3 50.1
aerpentiﬁe '
Eerpentiné .
Chrysobile © 1.35 1.k 5.1
Maryland v~ 1z 10.2 50,0
Vermont 3.51 T.12 60.1
Quebec 10.8 T.25 - L&.2

£2i 03B




% Ru Removed From So=
lution at pH 7.0, 0.02
% Ru Removed From' M Sodium Hydrosulfite

¥p of Ce& - Solution at pH 13.0 " Added

Mineral (3 days Contact) (4 days Contact) (2 days Contsct)

Shale
0il shale, Colorads 31.6 18.3 45.h
0il shale, Tesmania 2.1 . 25.2 26.6
0il shale, Tasmenite 415 ' 15.8 . 63.0
Uintehite, Gilsonite 9. Gh 1.21 62.8
Schists | .

Chlorite mchist 1.91 : 2,54 ' .8
Hornblende schist h.Go < 0.01 1.9
Muscovite biotite schist B6.5 1.56 35.7
Crumpled -mica gehist 360 5. 55 52.8
Chrome mice schist 128 < 0.0k 7.0
Graphite mica schist Lz 5.19 57.2
Tremolitic mice schist 15.1 < 0.0L 28.8
Allcphane 32 _ 5,53 85.0
_Anglesite < 0.1 22.5 53.5
Aniydrite 0.78 5.24 ' 50.:2
Anorthoclase 635.8 | Q.96 hg.8
Anthrophyllite 4.6 7.05 58.6
Amblygonite 8.64% 5.36 59.8
Amosite 25.8 3.0L .G
Barite 0.1 0.40 45,8
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% Ru Removed From So=-
lution at pH Ttﬂ'j . 02
4 Ru Removed From M Sodium Hydrosulfite

Xp of Cs Soluticn at pH 135.0 Added
Mineral {% dzys Contact) (4 aays Contact) (2 days contact)
Baunite 9.66 k.08 50.8
Bentonite 199 10.1 58,7
Beryl 5. 90 T R.00 62.1
Biotite - 719 : k.86 - BL.1
Cerussite B.41 6.h2 65,5
Chondrodite 10.3 B.73 S0.6
Cley = bentonite 53.9 1.19 2.0
{cretaceous)

Crocidolite 109 6.01 536
Daclte hoe 11,1 67.2
Dumortiexrite 50,2 5. 87 65.8
Fluorite < 0,1 0.17 38.3
GYPsum 10.9 T.4bh 60.0
Bolloysite _ 25.8 8.23 Th.1
Kaolin 57.5 4.35 55.0
Margarite b.91 2.23 38.6
Mineral cosl 1%.5 .08 Le.3
Monazite gh.B 3.55 Y7.2
Nepheline | 7.60 2.75 59.2




: " % Ru Removed From So-
' lution at pH 7.0, 0.02
% Bu Removed From M Sodliun Hydrosulifte

Kp of Cs Solution &t pH 13.0 Addzd
Mineral (3 days Conteet) (4 daye Contaet) (2 days Contact )
Oligoalase 1,50 - 2.60 L 6.l
Olivine . ) 1.26 5. 2k 55.2
Opal 187 1.29 | k.0
Peat (pleistocene } 5.75 12.5 . 26.7T
Prochlorite 7.56 k.32 50,3
Prophyllite 78 2.68 k5.7
Siderite | 0,45 39 39.1
Slate - green slate 312 k.71 . 5.2
Vitherite 1,56 0., 54 3.2

g2s 04D




APPENDIX &

Sorption of Strontium by Tennessee Phosphate Heated to 600°C
ag & Funetion of NalNO3 Concentration

NeOH = 0.1 N in esch experiment. Contact time = 69 hours.

NaNOz Kp of
Moles/Liter Tennessee Phosphate

0 ’ : - 3190

1.0 572

2.0 287

4.0 188

The Kp is still relatively high in 4.0 K Hﬂﬂﬂﬁ. The exchange of atrontium
is taking place via twe mechanisme. Part of the strontium exchange is dus to
ion exchenge which is affected by mﬁj concentration. Ancther part of the
strantium exchengs is dus to isom:;rj;l;ous raplaceme';t of calecium by strontiﬁm

in the epatite lattlce and it is sssumed thet this exchange is not affected by

HaI'IG3 concentration.
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