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Introduction

The ion flotation process is a simple and an dffeechethod for removal and sepa-
ration of metals ions from dilute aqueous solutims 1.0 1¢ mol/L). In this process,
an ionic surface active compound (collector) igsadticed to the aqueous solution to
transport non-surface active colligent of the opieosharge from a bulk aqueous solu-
tion to the interface of solution and vapour. Ceanbns must be co-adsorbed to neu-
tralize the charge. If a sufficiently large aqueaoadution/gas interface is provided by
sparging gas through the solution, the colligentsioan be concentrated and removed
along with the collector in a foam phase. The sau@ efficiency of the ion flotation proc-
ess separation is a function of many factors beitntlost important is the composition of
aqueous solution from which ions are floated (Seldl®9; Grieves, 1975; Lemlich,
1972; Walkowiak, 1992; Zouboulis and Matis, 1988uBoulis et al., 1990; Okamato
and Chou, 1997; Doyle, 2003). Selectivity of a psxcis not so high, when the ions of
the same charge are being removed. Flotation & i@s been known since the early
sixties (Sebba, 1962). Unfortunately, the seletstiof a regular ionizable surfactant to-
wards cations and/or anions is limited and mightrdagghly attributed to the hydra-
tion/ionization/complexation behavior of an indiva ion. On the other hand, serious
environmental hazards originating from liquid naelevastes (Schulz and Bray, 1987)
and certain industrial effluents containing tracésextremely dangerous ionic species
substantiate the search for other, efficient aretifip separation techniques. This is the
reason why inclusion compounds having a cage, agclkirown ethers, calixarenes or
cryptands, and their derivatives have been inastigfor many systems of metal ions selec-
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tive removal in recent years. Since discovery i6718y Pedersen (1967) the first crown
ether, i.e. dibenzo-18-crown-6, the macrocyclic poands hold great interest and po-
tential and they have applied successfully for maetal ions separations in solvent extrac-
tion, transport across liquid membranes, and ichaage systems (Bond et al., 1999; Bartsch
and Way, 1996; Nghiem et al., 2006; Ulewicz et28lQ6b). Macrocycles, which exhibit metal
ion molecular recognition, can be also regardetieisg a novel inclusion-type surfac-
tants (collectors) if they have sufficient solupiln water and can adsorb quantitatively onto
aqueous - air interfaces. The recent advanceseofritwn ethers chemistry have been re-
viewed (Ludwig, 2000; Alexandratos and Stine, 20Rdbak et al., 2006). The general
area covering the binding of all types of macroegdihn molecular cavities often is re-
ferred as host-guest chemistry. Structural modifices lead to macrocycle compounds
with improved selectivity and efficiency in metans separation (Walkowiak et al.,
1990; Talanova et al., 1999; Deng et al., 1995¢r@tare only few papers which deal
with application of macrocycles in the ion flotatiprocess. Koide et al. (1996) used
phosphate ethers of C-undecylcalix [4] resorcineseior uranium flotation from sea-
water and calix[4]arenes derivatives for alkali aletations flotation (Koide et al.,
1993). Schulz and Warr (1998) applied cryptand 222, 18-crown-6 together with ani-
onic surfactant, i.e. bis (2,2')-ethylhexylsulfosinate (AOT) for alkali metal cations sepa-
ration. Another approach to application of macrdeydor flotation of metal cations
was done by Charewicz et al. (2001). They usedrtherocycles proton-ionizable lariat
ethers with sulphonic, phosphate and carboxylid geoups for flotation of $f and C$
cations. Ulewicz et al. (2003, 2006a) used protimzable lariat ethers with foaming
agent for flotation of Zn(Il) and Cd(ll) ions fromqueous solutions. Maciejewski and
Walkowiak (2004) studied selective removal of CGs8)(Il) and Ba(ll) cations with
proton-ionizable lariat ethers in the ion flotatjprocess.

We now present results of metal cations Cs(l),I5MBa(ll) flotation from dilute
aqueous solutions with 85 lariat ethers possesiaghbvel proton-ionizable group in the
presence of foaming agent. We will show the infeeon flotation rate and efficiency the
basic parameters, i.e. aqueous solution pH, coratent of collector (lariat ether) and non-
ionic foaming agent for a single metal cation dolut As the collectors 85 lariat ethers
possessing cavities from DB-13-C-4 to DB-22-C-7 fmat different acidic groups, i.e. sul-
fonamide, sulfonic, carboxylic and phosphonic wesed (see Tab.1).

1. Experimental Section

Reagents.The aqueous solutions were prepared with doublyillddwater of 5
US/m conductivity at 25C. Analytical grade inorganic compounds: LilNONaNG;,
KNO3, HNG;, LIOH, NaOH, NH [H,0, were obtained from POCh (Gliwice, Poland),
CsNG; (Fluka), Sr(NQ)2, Ba(NG), (Aldrich), Pb(NQ). from Reachim (Rusia). Two
organic compounds, the nonionic foaming agent:lglgnylodecyl (ethylene glycol)
ether (Triton X-100) and nonylphenylononyl (ethyegiycol) ether (Rokafenol N-9), were
from Merck and Rokita S.A. (Poland), respectiveédg. the collectors 85 lariat ethers
possessing cavities from DB-13-C-4 to DB-22-C-7 fmat different acidic groups, i.e. sul-
fonamide, sulfonic, carboxylic and phosphonic wesed (from prof. Bartsch, R.A.,
Department of Chemistry and Biochemistry, TexashTeaiversity, Lubbock, USA,
see Tab.1)The lariat ethers were added as ethanol solutibns. gamma-radioactive
isotopes, i.e. Cs-137, Sr-85 and Co-60 were puechfiem the Atomic Energy Institute
(Swierk/Otwock, Poland) Ba-133 and Pb-212 fromitast of Nuclear Chemistry and
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Technology (Warsaw, Poland). They were of suffitiehigh specific activity to ne-
glect the effect of carrier concentration.

lon Flotation Procedure. The flotation experiments were carried out in ambi
temperature (20 £ 2°C) in a glass column 45.7 crigihh and 2.4 cm in diameter. The
argon gas was saturated with water, and the flde/ waas maintained at 12 mL/min
through a sintered glass sparger of 20489 nominal porosity. The initial volume of
each feed solution was 100 mL. Concentrations ¢f)CSr(Il), Ba(ll) and Pb(ll) in
aqueous solutions were M0° mol/L. The floated cations concentration in thekbul
solution (c) versus time was recorded continuodsiyng the ion flotation experiments
by means of radioactive analytical tracers (Cs-&785, Ba-133, Pb-212, Co-60) and
gamma radiation spectrometry following a proceddescribed by Ulewicz et al.
(2003). The single and multi channel, gamma ramtiasipectrometers were used as the
detectors of radiation intensity of specific enerfjge surface tension of aqueous solu-
tions was measured by ks K-12.

The maximal percent removal (W) was calculatedheyequation:
W = (1 +#/g) -100% (1)

where: ¢- initial metal ion concentration ang-ometal ion concentration in the residual
solution after foam cease.

The percent of decontamination was calculated byetjuation:
D=(@1- Ar /Ai)ELOO% 2

where A, A, — initial and residual gamma radiation intensityolution, Bg/dn
The selectivity coefficient (S) was calculated as:

S\/Iel/ Me2 :WMel /WMeZ (3)

where: Wje1, Wiez — the maximal percent removal of the first andgsbeond metal.

The kinetic rate constank)(of flotation was calculated from the general equa
tion:

dc Ci n
— == k(c-c 4
dt G —Cr (c=cr) )

where: ¢— stands for the initial ion concentratiops-alenotes the metal ion concentration
in the residual solution

and n — order of flotation.
The equation (4) after integration leads for nte the expression for k value:
Ci - Cr

k= In=—5r (%)

C|t Ci _Cr
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2. Results and discussion
2.1. Parameters influencing Cs(l), Sr(ll) and Ba(l) cations flotation removal

First, results of Cs(l), Sr(ll) and Ba(ll) flotatiowith four lariat ethers possessing
DB-16-C-5 cavity, decyl liphofilic group and a difent acidic groups, i.e. sulfonamideb),
sulfonic @39), carboxylic 67) and phosphonic50) are presented. All flotation ex-
periments were performed from dilute aqueous swistcontaining a single metal cation
in the presence of nonionic foaming agent (Triteh00 B7) or Rokafenol N-9§6)).

Effect of pH

The important factor which influences flotation lapiof proton-ionizable lariat
ethers, is the pH of aqueous solution. The pH @fatjueous solution was in the range of
4.0- 10.0 and was measured after each experiment. Tat@nship between maximal
percent removal and pH of aqueous solutior6fband50 is shown in Fig.1. Generally,
for all lariat ethers removal of mentioned catiomsreases with increasing pH, exclud-
ing crown ether with sulfonic grou®. The maximal removal of metals ions depends
upon pH of agueous solution for carboxytimwn ether §7) and it increases linearly
with increasing pH. The percent removal &fFis high and increase with increasing
pH up to 5.0 and than remain constant. The refult$6 aresimilar to results fob0.

On the other hand, the maximal removal for sulfamown ether39 is independent
upon pH of aqueous solution (over 97%), but the rnstant values decrease with
increasing pH. There are same differences betwesimmal percent removal values for
floated cations, especially for Cs(l), in which @ral is lower than for the others
cations. The high values of determination coeffitse(F > 0.98) indicate that the ion
flotation process run according to first order kice Because of different acidity
strength of acidic group for tested lariat ethérsy could be used in ion flotation proc-
ess at pH as follow7 > 9.0,50and 16 > 5.0, and39 from 4.0 to 10.0. Described rela-
tionship between maximal percent removal and pldgefeous solution in many other
ion flotation experiments with others lariat ethpossessing mentioned acidic group is
similar (Maciejewski, P., 2005).

Effect of Collector Concentration

Preliminary experiments revealed that the flotatanCs(l), Sr(ll) and Ba(ll)
cations without lariat ethers but in the presenicaamionic foaming agent only do not
occur. In next experiments four lariat ethel§; 39, 67, 50 were used at concentra-
tion 1.0- 5.0 -10° mol/L and in the presence of nonionic foaming a8 in the op-
timal values of aqueous solutions pH appropriatéte lariat ether. The lariat ethers were
added as ethanol solutions. The Cs(l), Sr(ll) aadlIBflotation removal for studied lar-
iat ethers versus its initial concentration areegivn Figure 3. All experiments were
conducted from a single metal cation solution. irhal concentration of lariat ethers
possess a strong influence on floated cations ramdwe fastest and practically com-
plete flotation of Sr(ll) and Ba(ll) cations is @rsed at 3.0-I® mol/L initial collector
concentration. The maximal removal of metals depdngpon initial concentration of
crown ether, for Sr(ll) cations especially (Fig. Zhe Cs(l) removal was lower than for
the others cations. Moreover, the lariat ether eatration do not affect remarkably on
the maximal percent removal. The effective remaigbr(ll) and Ba(ll) (removal over
90%) from dilute aqueous solutions (1.0°I@ol/L), can be reached for the molar ratio
of [M?] : [lariat ether] equal to 1:3. However, this58 % in excess, greater than the
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stoichiometric theoretical ratio (1:2); since prblyasandwich complexes (1:2) were
formed in aqueous solution. In case of Cs(l) catidnclusive complexes (1:1) were
formed. The values of the rate constant show theedandency like values of maximal
percent removal. The high values of determinatioefficients (f > 0.99) indicate that
the ion flotation process run according to firsderkinetics. In all experiments there is
a small amount of foam (< 1 g), which means thatcement ratio of metals in foam is
high.

Finally, the correlation between the flotation efncy of metal cationd\) and
pH as well as crown ether concentration (c) wasdofor carboxylic crown ether de-
rivative (67) as follow:

W = (15.724+ 1.044) - pH + (7.35& 2.203) - ¢ - (87.928 16.062)
r?=0.961, s.d. = 1.326, F=136, N =20,

where: ¢ — the initial concentration of etl&f, s.d. - standard deviation, F - Fischer-
Sedecor test function (F-statistic); lépresents the number of experimental data.

From the statistical point of view, the obtainedretion is significant. It is also
important that the deviation of experimental poiinten the correlation is lower than + 3
s.d. According to this equation, efficiency of 8oon (V) increases with pH value as
well as with initial concentration of lariat ether.

In this paper we are not discussing the importactiof, which is connected with
the surface charge of lariat ethers (surfactamtd)cations in the aqueous solution. The
floated cations can interact with functional groopsurfactant — this is especially impor-
tant for pH > 7.

Influence of Foaming Agent Concentration

The preliminary experiments revealed that the tagtaers with sulfonamide
(16) and carboxylic §7) groups exhibited insufficient foaming ability, sleat they
had to be used together with the foaming agentti@nother hand, crown ethers
with sulfonic 89) and phosphonics0) groups possess a sufficient foaming ability
itself and they behave like the regular ion flaaticollectors. In next experiments
two nonionic foaming agents, i.e. Triton X-1087( and Rokafenol N-986) were
tested at initials concentration up to 2.03Ifol/L. The experiments with above four
lariat ethers were performed - the results of Cs$k(Il) and Ba(ll) flotation in the
presence of Triton X-100 and Rokafenol N-9 wereilsimAn addition of nonionizable
foaming agent above 2.0-1@nol/L do not affect significantly the efficiency €s(l),
Sr(Il) and Ba(ll) flotation with lariat ether. Sifarly, the rate of flotation does not show
a distinct dependence on the concentration ofddecfoaming agent.

Effect of the molar intrinsic volume and hydrophilic- lipophilic balance of lariat
ethers

The molar intrinsic volumesV() of lariat ethers were calculated according to
McGowan equation (McGowan and Sowada, 1993):

V, =) _nV,; - 656[B (6)
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where:Vy i — is a volume specific for theth kind of atom in the solute
molecule (Zhao et. al., 2003), the number of whgah andB are altogether bonds
between the atoms (irrespective whether singledtiphe).

The number of bonds could be easily calculated thighfollowing equation:
B=N+R @)

where:N andR stand for the total number of atoms and ringshanmolecule, respec-
tively.

The hydrophilic - lipophilic balance value of lariethers (HLB) was calculated
as (McGowan, 1990; Sowada and McGowan, 1992):

HLB =7-0.0337V, + 150N 8)

where:n denotes the total number of oxygen and nitrogemsto the molecule.

The experiments were carried out with all studestat ethers in the presence of
nonionic foaming agenBf) under similar experimental conditions, i.e.{M= [M*] =
1010° mol/L, [lariat ether] = B10° mol/L, [87] = 210° mol/L and at the optimal pH. In
all experiments the efficiency (W) and rate constanflotation ) increased with in-
creasing of the lariat ether molar intrinsic volurm the other hand, these values de-
creased with the lariat ethers hydrophilic-lipoghibalance (HLB) increasing values,
i.e. with increasing the lariat ethers hydrophiliciThis effect of molar intrinsic volume
and hydrophilic-lipophilic balance of lariat etheys ion flotation process was similar
for all studied lariat ethers. The results of Gs@l)(Il) and Ba(ll) flotation are presented
in Figures 4 6. As can be seen from Figure 4, the efficiencflatation increases with
increasing the number of carbon atoms in lipoplghaup.

2.2. Surface tension of lariat ethers

First, the surface tension of pure water and 1 Pareil aqueous solution was
measured and was equal to 71.87 mN/m and 67.91 nrdapectively. The addition of
ethanol decreased the surface tension of watent, Wexsurface tension of sulfonamide
lariat ether derivatives as a function of laridtegtconcentration and the hydrocarbon
chain length of ether lipophilic group was measuiedhe Figure 7 the results for 5 sul-
fonamide lariat ether derivatives with differendhngcarbon chain at initial concentration
of ether in the range of 1 f®° M were shown. The hydrophobic effect and inter-ohai
penetration of ethers reduce value of surface éenagueous solution, which is con-
nected with Traube’s role. The surface tensionutfoasamide lariat ethers derivatives
decreases with increasing concentration of latiare Also surface tension of sulfona-
mide lariat ether derivatives decreases with irgirgatime and the equilibrium surface
tension of mentioned ethers after 20 minutes waasored. Because of large size of the
lariat ethers, they go to air/solution interfaceyvslow and it takes about a dozen or so
minutes to reach the air/solution interface. Acaogdo below adsorption isotherms of
lariat ethers, the concentration of ethers appreswtt CMC value, foi6 especially.

The surface tension of real flotation agueous swmistwas also measured. The
addition of floated cations did not effect on sadactivity of lariat ethers. The surface
tension of solutions containing lariat ethers ahelirt complexes with cations metals
possess the same values. The measurements weesl caut under following experi-
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mental conditions: [lariat ether] = 410° mol/L, [87] = 1.0-10° mol/L, [ethanol] - 1 %,
pH 5.5, temperature 25 °C, (with and without caionetals) [M] = [M*] = 110°
mol/L. The surface tension values of these solgtiaere forl6, 67, 39, 50 equal to:
45.37; 43.50; 40.78 and 41.00 mN/m, respectively.

Finally, a surface tension of ether lariat, Trit§nl00, and their mixture was
measured — see isotherms shown in the Fig. 8. Aowprto denotes adsorption iso-
therms and Rubingh (1979) equation, beta parantBfer) was calculated. This pa-
rameter ) is a measure of lariat ether and Triton X-100efattion on the
air/solution interface. The calculatefi®( ) values for 16 and Triton X-100 mixture
were: 12.58 and 10.76, for measured values of saitiension equal to 55.00 and 53.44
mN/m, respectively. The beta parameter indicatemgtrepulsive effect between lariat
ether and Triton X-100 on the air/solution integfa®Vhat is more, the adsorption iso-
therm of 16 -Triton X-100 mixture run below the adsorption ts&tms of each com-
pound, which indicates higher surface activity oéntioned substances mixture than
single substance (synergism).

2.3. Effect of Alkali Metal Cations

The practical meaning of the studied separatiorcgs® depends strongly on its
resistibility against the ionic strength of a fesaution. Therefore, we have studied the
effect of alkali metal nitrates (Li Na', K*) on the efficiency and rate of Cs(l), Sr(ll)
and Ba(ll) flotation with sulfonic39) and carboxylic §7) lariat ether derivatives. The
addition of LING;, NaNG; and KNG as the source of foreign cations depressed the
removal of Cs(l), Sr(ll) and Ba(ll) remarkably. Whéhe concentration of alkali metal
nitrates was higher than 1[0.0° mol/L the removal of all floated cations was véw.
The influence of foreign cations addition growstie order: K < Li* < Na' (Fig. 9). In
Figure 10 the comparison of flotation removal aai@ for Cs(l), Sr(ll) and Ba(ll) in the
presence of NaN©is shown. Up to 100-fold molar excess of addedssaver the
floated cations do not depress flotation of thedigth cations with67 and 39 lariat
ethers as collectors. But with higher excess okddshlts the flotation of metal ions is
decreased strongly.

We also found the correlation between the alkalianeoncentrations and the
maximal percent removal (Wr Cs’, SF*, B&" flotation with crown etheB9 in the
presence of [j Na', K nitrates and witl67 crown ether for Cflotation in the pres-
ence of NaN@

W = - (687.528t 23.196) g, > + const

where:Csqt — the initial concentration of the appropriateadilknetal nitrate
Cations pres-

Ether No Floated cation Const value
- ence
24 24 b 100.584+
39 Ba*, S Na', Li*, K 1316
39 Cs Na', Lif, K" 77.201+ 3.921
67 Cs' Na 81.381+ 1.317
r’=0.985, s.d. = 1.983, F=972, N=49
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2.4. Radiation resistance of lariat ethers

An important parameter for flotation of metal idinem radioactive waste aque-
ous solutions is a radiation resistance of larthees. The radiation resistance of two
lariat ethers 39 and 16) using Cs-137 source was measured. The lariatsedfter ex-
position (to the dose 10 cGy) were examined for)Gkitation. As can be seen from
the Figure 11, the percent removal of Cs(l) 8 and 16 after exposition is at the
same level as before radiation, so the lariat sthave enough radiation resistance and
they can be used for ion flotation of radioactiati@ns.

2.5. Competitive metal cations removal with protorienizable lariat ethers in ion
flotation process — preliminary studies

2.5.1. Selective flotation of B and Pt’* cations

The competitive flotation of Ba(ll) and Pb(ll) withhe selected lariat ethers in
the presence of foaming agémwas tested. All flotation experiments were perfedm
from dilute aqueous solutions containing equimatatture of floated metal cations, at
the initial concentration equal tadD® mol/L (for both metal cations). The studied
cations have different ionic radius and ionic pt&nwhich allow to separate mentioned
cations from dilute aqueous solutions. In the Hig.there is a comparison of metal
cations diameters and ring sizes of studied |atiars.

The lariat ethers initial concentration in flotatiexperiments is stoichiometric
to floated cations. As can be seen in the Figuretie3 selectivity of flotation process
was high specially for sulfonamide lariat etherikives especially. The selectivity
coefficient, $pafor 16, 30, 67, 81, and50 was equal to 6.0, 90.5, 1.8, 4.3, and 2.1,
respectively.

2.5.2. Selective flotation of Cs-137, Sr-90, Ba-1330-60 and Pb-212 radioisotopes

The ion flotation process was also applied for ele removal of Cs-137, Sr-
90, Ba-133, Co-60 and Pb-212 radioisotopes. The@gisolutions contained Cs-137,
Sr-90, Ba-133, Co-60 and Pb-212 radioisotopes.Qata® mol/L concentration) and
NaNQ; as the source of foreign cations (atfl0F mol/L concentration). The prelimi-
nary flotation experiments with the addition of Naf\as the source of foreign cations
indicated reduction all radioisotopes removal. Wlies concentration of NaNQwvas
higher than 1.0° mol/L the removal of radioisotopes is very low.eTaxperiments
were performed also at the various lariat ethat®irtoncentrations and pH values.

In the Figure 14, there are results for competitiogation of Cs-137, Sr-90, Ba-
133, Co-60 and Pb-212 radioisotopes with apprapriabton-ionizable lariat ethers
from dilute, slightly salty agueous solutions. Asncbe seen from this Figure, five
stages of ion flotation and concentrate fractiamratf the ion flotation process with
appropriate lariat ethers as collectors @£.32, 30, 39, 43) allow to separate radioiso-
topes in the order: Pb-212 > Ba-133 > Sr-85 > Ce>B80s-137. The competitive ion
flotation of radioisotopes was fast and after 3@ fimal removal was reached, which
might have a practical meaning for the decontarionabf radioactive, slightly salty,
waste aqueous solutions.
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Table 1.List of lariat ethers and nonionic foaming agen /

X

R

2

o}

o}

O\ ) /O

Ether no. with below liphofilic group (R)

Acidic group “H
Crown
X) A -CHs -CHs -CsHy -CaHg | -CiHis | -CGgHiz | -CioHat ©
Sulfonamide derivatives
DB_lS_C_u ;Q(.:Ha .C.)L\l. csoc%co:t'?b eeode g l_ _2
-OCH,CONHSQCR; 3 4
DB-14-C.4 | “OCHCONHSQCH; 5 6
-OCH,CONHSQCF; 7 8
-OCH,CONHSQCH;z; 9 10 11
-OCH,CONHSQCFK; 12 13 14 15 16 17
DB-16-C-5 »OCHZCONHsor© 18 19
-OCHZCONH5027©—NOZ 20 21
DB-19-C-g |"OQCHCONHSQCH; 26 27
-OCH,CONHSQCR; 28 29 30
DB-22-C-7 | -OCH,CONHSQCRK; 31 32
Sulfonic derivatives
DB-16-C-5 | -O(CH,);SO;Na 33 34 35 36 37 38 39
DB-19-C-6 | -O(CH,);SO:Na 40 41
DB-22-C-7 |-O(CH,):SO:Na 42 43 44
Phosphonic derivatives
-OCH,P(OH)O(OH) 45
DB-16-C-5 | “OCHPOOH)(OGHy) | 46 | 47 48 | 49 50
-O(CH,),PO(OH)(OCHs) 51
-O(CHy)sPO(OH)(OGHs) | 52 53
DB-19-C-5 | -OCH,PO(OH)(OGHs) 54 55
Carboxylic derivative
DB-13-C-4 -OCH,COOH 56 57
DB-14-C-4 -OCH,COOH 58 59
DB-15-C-5 -OCH,COOH 60
-OCH,COCH 61 62 63 64 65 66 67 68 69
DB-16-C-5 -O(CH,),COOH o
-O(CH,),COOH 71
-OCH(C6H5)HCOOH | 72 73
DB-19-C-6 -OCH,COOH 74 75 16 i 78
DB-22-C-7 -OCH,COOH 79 80 81
Tioamide derivative
DB-16-C-5 -OCHCSNH, | 82 | | | 83 | | |
The nonionic foaming agents
I Ry = -CoHig
Rokafenol N-8 R, = -O(CH,CH,0)H 86
] I:\)l RZ R;=-CgH
Triton X-100 . v 87

R2 = -O(CHzc H20)10H
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Fig. 1.The maximal percent removal of Cs(l), Sr(ll) andqBan ion flotation process witl7,
and50 crown ethers in the presence of nonionic foamgenag?); [M?] = [M*] = 110°
mol/L, [50, 67] = 5(10°mol/L, [87] =210° mol/L

—1
fffff 2| c -10°M
,,,,,,,, 3 ether
o
~~ \
O 0,4
0,2
0,0 ; S
0 5 10 15
Time (min)

Fig. 2. The kinetic curves of Sr(ll) flotation wittown etherl6in the presence of nonionic
foaming agen(87); [Sr*] = 1A0°mol/L, [87] = 20°mol/L, pH= 7.0
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Fig. 3. The maximal percent removal of Cs(l), Sr(ll) andlBavith crown ether$b0and39;
[M#] = [M*] = 1@0°mol/L, [87] = 2[10°mol/L, at pH aqueous solution 4.0 8@ and 7.0
for 50
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Fig. 4. Effect of the number of carbon atoms imfipilic group on C§ SF* and B4 flotation
with sulfonamide lariat ethers derivatives widB-16-C-5cavity size in the presence of non-
ionic foaming agen{87); [lariat ether] = 810°mol/L,
[87] = 2M0°mol/L, [M*] = [M*] = 10°mol/L, pH = 5.0
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Fig. 5. Effect of the molar intrinsic volume anddngphilic - lipophilic balance of lariat ethers on
Cs', SF* and B4 flotation with sulfonamide lariat ethers derivaswith (.2 - 16) DB-16-C-
5 cavity size in the presence of nonionic foaminga¢®?7): [12 - 16] = 5[10° mol/L,
[87] = 210°mol/L, [M*] =[M*] = 1@0°mol/L, pH = 5.0

W (%)

Fig. 6. Effect of the hydrophilic - lipophilic balae of lariat ethers on §sSr* and B&"
flotation with carboxylic lariat ethers derivativégil - 67) with DB-16-C-5cavity size in
the presence of nonionic foaming ag#); [61 - 67] = 5010°mol/L, [87] = 2[10°mol/L,
[M#]=[M*"] = 1@0°mol/L, pH = 10.0
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Fig. 8. Adsorption isotherms of lariat etle&d, Triton X-100, and their mixture
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Fig. 9. Results of ion flotation of &Ffrom solutions containing salts (LINONaNQ,, KNOs)
with 39 and67 lariat ethers in the presence of nonionic foanaiggnt 87) for SF*; [M?1] =
[M*] = 100° mol/L, [87] = 1A0°mol/L, pH 4.0 for39 and 10.0 fo67, [39, 67] = 310°mol/L
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Fig. 10. Results of Cs(l), Sr(ll) and Ba(ll) flotation frosolutions containing NaNQwith 39

lariat ethers in the presence of nonionic foamigera 87); [M*] = [M*] = 1@0°mol/L,
[87] = 10° mol/L, [39] = 2[10° mol/L for Cs(l) and 810° mol/L for Sr(Il) and Ba(ll), pH 4.0
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Fig. 11. Effect of radioactive dose on the Cs@}dtion ability of lariat ether89i 16in the
presence 087: [Cs'] = 110®mol/L, [ethers] = 1.80°mol/L, [87] = 1[10°mol/L;
pH: 4.0 for39 and 10.0 fod6
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Fig. 12. Comparison of cation diameters and rizgspf lariat ethers (Lide, 1994; Vogtle, F.
and Weber, E. 1989)
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Fig. 13.Selective flotation of PbHand B&" mixture with selected crown ethers in the presence
of nonionic foaming agen8y); [M?] = [M*] = 1M0°mol/L, [Lariat ether] = 810°mol/L,
[87] = 1110° mol/L

Fig. 14. The selective flotation of Cs-137, Sr88,133, Co-60 and Pb-212 with lariat eth8ds:32,
30,39and43at 1.0-1¢ mol/L initial concentration and in the presencaohionic foaming
agent87 from aqueous solutions containing NaN@.0l10° mol/L), [Lariat ether] =87] =

1.0-10° mol/L
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Conclusions

Proton-ionizable crown ethers with sufficient soefaactivity and water solubility
seem to be new generation of collectors for flotatf CS, SF*, B&* and PB" cations
from dilute aqueous solutions. Sulfonamide andmaylic lariat ethers derivatives exhibit
insufficient foaming ability, so that they have lie use together with a nonionizable
foaming agent. On the other hand, lariat ether$ witlfonic and phosphonic acidic
groups behaved like a regular ion flotation colbe@nd they had a sufficient foaming
ability. The use of lariat ethers, as collectans fibtation of metals cations allow practically
complete removal of CsSF*, B&* and PB cations even at the stoichiometric lariat ethers
concentration to floated cations. The addition ohionic foaming agents (Triton X-100
or Rokafenol N-9) does not affect significantly tiéiciency of C§, SF*, B&* and PB
flotation with the lariat ethers but the processsriaster.

The structure of lariat ethers has a strong effectheir flotation ability. The ef-
fective removal of Cs SF* and B&" was possible for lariat ethers with minimal budy!
longer lipophilic group. Lariat ethers with cyclipophilic group have low flotation ability.
The hydrophilic-lipophilic balance lariat ethersLB) can describe their flotation abil-
ity. The efficiency and rate constant of flotatidecrease with increasing HLB values,
I.e. with increasing hydrophilicity of lariat etlser

The acidic group character of lariat ethers deteesmirange of pH, in which they
are effective for ion flotation. The maximal rembwd metals depends upon pH of
aqueous solution and for crown ether carboxghcivativeespecially it increase line-
arly with pH increase. The percent removal for @o#fmide and phosphonic deriva-
tive ethers increases with increasing pH up to@@ than remain constant. On the
other hand, the maximal removal for sulfonic detie etherare independent upon pH
of aqueous solution. Because of different aciditgrggth of acidic groups tested lariat
ethers could be used in ion flotation process aapHbllow: for carboxylic derivatives
> 9.0, sulfonamide and phosphonic derivatives > 5.0, amds@lfonic lariat ether de-
rivatives from 4.0 to 10.0.

The addition of LINQ, NaNG; and KNG as the source of foreign cations de-
presses the removal of Cs(l), Sr(ll) and Ba(ll) agkably. When the concentration of
alkali metal nitrates was higher than A®® mol/L the removal of all floated cations
was very low. The influence of foreign cations @otdtion depression increases in the
order: K < Li"< Na'.

The measurements of surface tension of lariat ethdrTriton X-100 mixture
indicate strong repulsive effect between lariaeetind Triton X-100 on the air/solution
interface, which describe beta paramefr.). What is more, the adsorption isotherm
of 16 (Triton X-100) mixture runs below the adsorptiontieerms of each compound,
which indicated higher surface activity of mentidreabstance mixture than single sub-
stance (synergism). It is positive, to ion flotatio

The competitive flotation of B4 and PB" is possible in one stage process. The
fractionation of concentrate from the process véfipropriate lariat ether as collector
allows to separate of cations with high selectidiégreasing in the order: »> B&".

The ion flotation process allows the efficient dgamination of slightly salty aque-
ous solutions containing Co-60, Sr-85, Ba-133, @8-and Pb-212 isotopes. Multistage
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ion flotation and fractionation of concentrate froime ion flotation process with using
of appropriate lariat ethers as collectors alloteedeparate radioisotopes with selectivity
decreasing in the order: Pb-212 > Ba-133 > Sr-850>60 > Cs-137. The competitive
ion flotation of radioisotopeis fast and after 30 min final removal was reaclveadich
might have a practical usage for the decontaminatforadioactive waste aqueous so-
lutions. The lariat ethers have enough radiati@istance so they can be used for ion
flotation of radioactive isotopes.

Podsumowanie

Tytut artykutu: Jonizowane etery lariatowe — nowa gneracja kolektoréw w proce-
sie flotacji jonowej

Zbadano selektywne wydzielanie wybranych kationoetat z rozciéczonych
roztworow wodnych z izyciem nowej grupy zwazkdw makrocyklicznych, tj. jonizo-
wanych eteréw lariatowych w obecid spieniacza niejonowego. Flotacje prowadzono
z zastosowaniem eteréw lariatowych ezehiu 510°M, w obecndci spieniacza niejo-
nowego, tj. Triton X-100, o &teniu I10° M i stezeniu kationéw metali T110° M.
Zbadano wptyw pH na efektywb® i kinetyke procesu flotacji z kyciem jonizowal-
nych eteréw lariatowych o koroniach od DB-13-C-4[B-22-C-7; posiadagych na-
stepujace grupy kwasowe: sulfonamidawsulfonovs, karboksylow, fosfonows. Wy-
znaczono korelagjpomigdzy stopniem wydzielenia kationéw metali oraz takpara-
metrami jak: s{zenie pocatkowe eterow lariatowych oraz spieniacza niejonawyegaH
wodnego roztworu jak rowniebilansem hydrofilowo-lipofilowym oraz olfjoscia mo-
lowa badanych eterow lariatowych. Stwierdzone,usuwanie kationow metali w pro-
cesie flotacji jonowej z ayciem odpowiednich jonizowanych eteréw lariatowyctoz-
cienczonych roztworow wodnych byto selektywne i efekiygv Omawiana metoda mo-
ze mig zastosowanie podczas dekontaminacji toksycznyatiiqaktywnych) roztwo-
row wodnych, np. w wojskowych stacjach uzdatniamialy.
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