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Inclusion-type surfactants bearing cyclic dioxopolyamine (R.doNy, R.doNs) or cyclic polyamine (R12Ny,
2.4R-Ng, Ls6.8Ng) were prepared and then investigated as ion-flotation collectors. The surface tensions of the
surfactant solutions were 30—40 dyn cm~1. The molecular areas of the surfactants in the aqueous solutions, as
calculated from the Gibbs adsorption isotherm, were discussed in connection with the structures of the R,doNy
and its Cu®* complex. Heavy metal ions were floated with R.doN4 or R,doNs. The highest floatabilities of Cu?*
and Ni%* were in the pH range of 10—12, while that of Fe3* was in the pH range of 6—10. Furthermore, similar
characteristics of the metal floatabilities were obtained by using Ri12N4 and alkylated linear polyamine. The
flotation using R.doN4 or R.doNs was done by the complex formation, but that using R12N4 or 2.4R-Ng was
done by the neutralization of the complex with OH™. The selectivities in pH 4—8 were Cu?**>Ni?*>Fe?* >Zn?*
when R.doN4 was used and Fe**>Cu?>Ni?*>Zn?** when R.doNs was used.

Inclusion compounds, such as cyclodextrin? and
crown ether, have recently been reported as new
functional materials.® These compounds form stable
complexes, and the complex formations are highly
selective. Some amphiphilic crown ethers have been
prepared, and their alkali metal complexes have been
examined as phase-transfer catalysts.?

Moreover, specific chelating surfactants have been
applied to ion-flotation collectors.9 High selectivity is
usually a matter of great importance in ion-flotation.
Therefore, the inclusion compounds capable of
capturing such heavy metal ions as cyclic polyamine,
particularly the dianion-type ligand of cyclic dioxo-
polyamine, which forms an uncharged complex with
Cu?* and Ni%"® are very attractive. The capturing
ability becomes more effective upon the introduction
of a long alkyl group, because the ligand is densely
adsorbed at the gas-liquid interface of the bubble;
thus, the heavy metal ions must be highly concentrated
on the ligand-condensed foams. In this study, the
long-alkyl-substituted cyclic dioxopolyamines and
cyclic polyamines are prepared, and their surface
activities and their characteristics as ion-flotation
collectors are investigated.

N-Alkylethylenediamine and N-dodecyldiethylene-
triamine have previously been used as ion-flotation
collectors.” However, ion-flotation collectors of cyclic
polyamine-type surfactants have not yet been investi-
gated, except for 1,4,8,11-tetraazacyclotetradecane, used
as a carrier in the transportation. &8

Experimental

Materials. Long-alkyl-substituted cyclic dioxopoly-
amines were prepared by reference to the method described
in the literature.? The condensation of dimethyl alkyl-
malonate!® with 3,7-diazanonane-1,9-diamine!? gave the
cyclic dioxohexamine derivatives (R12doN4, R1sdoNs), while
the condensation with 3,6,10-triazaundecane-1,11-diamine

gave the cyclic dioxopentamine derivatives (Ri2doNs, Ris-
doNs). The preparation of the cyclic dioxohexamine
bearing a dodecyl group, Ri2doNy4, was done as follows:
0.1 mol of 3,7-diazanonane-1,9-diamine and 0.1 mol of
dimethyl dodecylmalonate were dissolved in 100 cm3 of
methanol, after which the mixture was refluxed for 5d. The
resulting white precipitates, RiedoNs, was purified by
recrystallization from acetone. Yield, 30%. RisdoN4 and
R,.doNs were prepared by a similar procedure; the Ri2doNs
and RisdoNs were deposited out by adding hydrochloric
acid, and then the precipitate was recrystallized from 50%
methanol. Yields: RigdoNy, 28%; RizdoNs, 25%; RisdoNs,
35%. Their structures were confirmed by the IR spectra
(Shimadzu IR-408), the *H NMR spectra (JEOL JMN-MH-
100), and elementary analyses (Yanako CHN Corder MT-3).
Mp: Ri2doNyg 85—88°C, RisdoN4 99—102 °C, Rizdo-
Ns5-3HCl 184—188°C, RisdoNs-3HCI 235—240°C. IR
(KBI): VNH 3300, VCH 2900, vco 1650, 6NH 1540, 6(:1-[ 1460
cm~1. 'HNMR: R.doN4 in CDCls 6=0.9 (3H, t, CHs-
CC-), 1.3 (methylene in alkane), 1.8 (4H, -CCH2C-,
-CCH:C<), 2.7 (8H, -CCH2:NCH:C-), 3.2—3.4 {5H, -CO-
CH(C-)CO-, -CONCH:C-}; R.doNs-3HCI in DO 6=0.8
(3H, t, CHsCC-), 1.3 (methylene in alkane), 1.8 (2H,
-CCH2C<), 3.0 {H, -COCH(C-)CO-}, 3.4 (4H, -CONCHg.-
C-), 3.5—3.6 (12H, -CCH2N*CH:C-). Ri2doN4 Found: C,
63.89; H, 10.70; N, 13.15%; Calcd for C22H4402N4-0.9H20: C,
63.89; H, 11.18; N, 13.54%. RisdoN4 Found: C, 65.85; H,
11.32; N, 11.08%; Calcd for CasHs6N4O2-1.7H20: C, 65.74; H,
11.71; N, 10.96%. Ri2doNs-3HCI Found: C, 50.82; H, 9.35;
N, 12.28%; Calcd for C23H4702N5-3HC1~0.5H20: C, 50.82; H,
9.45; N, 12.88%. RisdoNs-3HCI Found: C, 56.13; H, 9.84; N,
11.04%; Calcd for C2sHssN5O2-3HCI: C, 56.79; H, 9.22; N,
11.42%.

Cyclic tetramine bearing a dodecyl group, RigN4, was
prepared from the RizdoNs. The Ri2doNg was reduced with
a large excess of a reductant, B2Hs, in refluxing tetrahydro-
furan for 24 h. After the treatment with hydrochloric acid,
the salts (R12N4-4HCI) were recrystallized from 80% metha-
nol. Yield, 25%. Ri2N4.-4HCI Mp: 218—221 °C. IR (KBr):
VNH 3300, VCH 2900, 6NH 1610, 6CH 1‘1’50, VCN 1050—1030 cm™L,
IH NMR (CF3COOH): 6=0.9 (3H, t, CHsCC-), 1.3—1.9
(methylene and methylidyne in alkane), 3.6—3.9 (16H,
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-CCH:N*CH2C-). Ri2N4 Found: C, 51.54; H, 9.86; N,
10.11%; Calcd for Ce2HasN4-4HCI: C, 51.32; H, 10.20; N,
10.89%.

Cyclic hexamine, [18]aneNs, was prepared according to
the procedure described in the literature.12:1® [18]aneNs
Found: C, 28.55; H, 7.61; N, 16.44%; Calcd for Ci2Hso-
Ne-6HCI1-1.5H20: C, 28.55; H, 7.80; N, 16.64%. The
[18]aneNs bearing 2.4 mol of the dodecanoyl groups, 2.4R-
N, was obtained by the treatment of [18]aneNs with a 2.8-
fold mol portion of dodecanoyl chloride. The number of the
side chain was determined by the ratios based on the
1H NMR spectra and the elementary analyses. 'H NMR
(CDCls): 6=0.9 (3H, t, CH3CC-), 1.2 (methylene in alkane),
2.7—3.4 (24H, -NCH2CH:N-). 2.4R-N¢ Found: C, 67.57; H,
11.31; N, 11.44%; Calcd for CasosHs2sNeO247-0.8HCI: C,
67.58; H, 11.62; N, 11.59%.

A telomer bearing 6.8 mol of [18]aneNs, Ls6.8Ng, was
derived from an acrylic acid-type telomer (LsnAc). The
LsnAc was prepared by the radical telomerization of acrylic
acid by a procedure similar to that described previously;1# it
was refined by reprecipitations with hexane after having
been dissolved in ether, after which the insoluble telomer in
the ether was filtered off. The conditions of telomerization
are shown in Table 1. The molar ratios of 1-dodecanethiol
to acrylic acid (B) are correlated to the polymerization
degrees (Pn), because the chain transfer of the growing
radical to 1-dodecanethiol is affected by the B. The Pn of the
telomers were: Pn=1=0.71XB—0.018 (insoluble in ether);
Pn—1=0.71X8+0.090 (soluble in ether). The structures of
the telomers were determined by IR, 'H NMR, and
elementary analyses. An example (Ls8.5Ac) is as follows; IR
(KBr): veu 2900, vco 1700 cm—1; 'H NMR{DCON(CD3s)2}:
6=0.9 (3H, t, CH3CC-), 1.3 (methylene in alkane), 10 (8.5H,
-COOH); Ls8.5Ac Found: C, 54.9; H, 7.58%; Calcd for
Ca2H2sS(CH2CHCOOH )ssH: C, 55.26; H, 7.43%. Then, the
carboxyl groups of Ls8.5Ac were converted into chloro-
formyl groups by treatment with an excess of thionyl
chloride.’® The conversion was confirmed by IR (KBr) and
1H NMR spectroscopy. The vco frequencies, based on the
carboxyl group (1700 cm~!), were shifted to high vco
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frequencies based on the chloroformyl group (1750—
1800 cm™1), and the proton signal of the carboxyl group
(6=10) disappeared. @ The telomer bearing 8.5 mol of
chloroformyl groups was treated with an amount of
[18]aneNs equimolar to the unit chloroformyl group in a
refluxing toluene solution. After the toluene has been
evaporated, the residue was washed with cold water and then
acetone. The structure of the telomer bearing 6.8 mol of
[18]aneNs, Ls6.8Ngl.7Ac, was confirmed by IR, 'H NMR,
and elementary analyses. IR (KBr): vco 1630 cm—%; 'H
NMR(D:20): 6=0.9 (3H, t, CHsCC-), 1.2 (methylene in
alkane), 3.8 (methylene in [ 18 JaneNGs), the ratio of [ 18 JaneNs
to the dodecyl group, as determined by the peak areas, was
6.8; Ls6.8Ngl.7Ac Found N/C ratio(%/%)=0.42: Calcd for
C12H25S(CH2CHCOCi12H29N¢ )s.s(CH2CHCOOH)1.7H - 5SHCI
N/C(%/%)=0.40.

The abbreviations of these cyclic polyamine-type surfac-
tants are shown in Fig. 1.
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Fig. 1. The structures and the abbreviations.

Table 1. Preparation of the Telomer, LsnAc
Conditions of reaction? Products®

LSH B Abbreviation Yield Pn

mol mol mol~! wt%
1 0.02 0.05 { Insol Ls23.6Ac 65.2 23.6
Sol  Ls8.5Ac 13.9 8.5
2 0.04 0.10 { Insol Lsl16.3Ac 46.2 16.3
Sol  Ls5.5Ac 7.0 5.5
3 0.06 0.15 { Insol Lsl13.9Ac 19.0 13.9
Sol Ls5.9Ac 10.0 5.9
4 0.08 0.20 { Insol Lsl4.3Ac 29.5 14.3
Sol  Ls3.8Ac 11.8 3.8
5 0.12 0.30 Sol  Ls3.2Ac 16.7 3.2

a) Acrylic acid, 0.4 mol; LSH: 1-Dodecanethiol, B=LSH/(acrylic acid); 2,2’-azobisisobutyronitrile, 0.289 g;
ethanol, 300 cm3. Temp: 78°C, time: 3 h. b) Sol: Telomer soluble in ether, Insol: telomer insoluble in ether.

Pn: Polymerization degree.



September, 1989]

Apparatus and Procedures. The flotation apparatus was
the same as that previously reported.® The cyclic
polyamine-type surfactant was added to 500 cm3 of a metal
solution (Cu?*, Ni%*, Fe®*, Zn?*, Hg?") in a flotation vessel,
and then air was introduced into the solution through a
sintered-glass disk (No. 4) at the bottom of the vessel at the
rate of 30—40 cm?® min~—! for 20 min. The floatabilities of the
metal ions were calculated using the following formula:

F(%) = 2% X 100

where a0 and a1 denote the initial and final metal con-
centrations respectively.
Results and Discussion

Surface Activities of R,doNs The synthesized
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Fig. 2. Surface tension curves of RizdoNg at 20°C.
Concn at pH4: [Ri2doN4]=4.8X10-5 mol dm3,
[R12doN4]+H[Cu2+]=(4.7+4.7)X10~5 mol dm™3.
Concn at pH10: [Ri2doN4]=6.3X10-5 mol dm™3,
[R12doN4J+[Cu?+]=(4.8+4.8)X10-5 mol dm™3.
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compounds bear a hydrophobic long alkyl group and
a hydrophilic polyamine residue, so the surface
activities were investigated. The surface tension of the
Ri2doNjy solution, as measured by a Wilhelmy (Shimadzu
ST-1) surface tension balance, is shown in Fig. 2
(1dyn=1X10-5N). The lowering of the surface
tension was more at pH 10 or in the presence of Cu?*,
as compared with that at pH 4. The lowering ceased
in about 10 h, and the value become nearly constant.
Therefore, the following measurements were carried
out until the surface tension became constant (longer
than 10 h).

The relations between the surface tension and the
concentration of R,doN4 are shown in Fig. 3. Ri2doNy
at pH 10 had an excellent ability to lower the surface
tension. The critical micellar concentration (cmc) was
1X10-4 M (1 M=1 mol dm=3); this was confirmed also
by the conductometric titration. However, the cmc at
pH 4 was not observed in concentrations below
3.8X10~* M. The Ri2doNy in the presence of Cu?* had
an excellent lowering ability, and the surface tensions
at pH 4 and 10 were nearly the same in value. RisdoNy
was soluble in a solution acidic enough for its surface
tension to be measured, but not at pH 10. The
addition of Cu?* to the RigdoN4 solution made the
surface tension lower, even at pH 10, and the two
surface-tension curves at pH 4 and 10 became nearly
the same.

The Rj2doN4Ni?* complex had as much lowering
ability as the Cu?* complex. However, the Fe3*
complex at pH 10 was deposited, and the surface
tension was not lowered so much {[ Ri2doN4]+[Fe3t]=
(4.7+4.7)X10-5 M: 42 dyn cm~1!, which is not shown in
the figure}. The formation of the Cu?* and Ni%*
complexes was confirmed over the pH range of 4.5—
10,10 but that of the Fe** complex has not yet been
confirmed. The Fe3* complex would be less stable and
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Fig. 3.

Relations between surface tension and concn

of RxdoNs. [R.doN4]=[Cu?*], temp: 20°C. O: pH 4,

®: pH 10.
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Table 2. Surface Activities of R,doN4 and R,doN4s-Cu?+ Complexes?

pH 4

pH 10

cmc

S Yeme cmc S

X104+ M

dyn cm™! X110+ M A2 mol-?

Ri2doNy 3.8<
RizdoN4+Cu2+ 35 2
RisdoN4 45 0.3
RisdoN4+Cu2+ 1.3<

82 32 1 57
66 36 0.5 46
77 Insoluble

67 40 0.3 48

a) Wilhelmy surface-tension balance; temp: 20°C.

so would be hydrolyzed easily, or the Ri2gdoN4 might
bind to the Fe?* hydroxide.

The surface-tension curves of hydrophilic R.doNs
were located in higher concentrations than the curves
of R,doNs. The relations of the surface tension
between the Ri2doNs, the RisdoNs, and their Cu?*
complexes were similar to those between the corre-
sponding Ri2doN4, RisdoNs, and their Cu?** com-
plexes.

Molecular Area. The surfactants (R,doNs and its
Cu?* complex) are oriented on the surface layer of the
solutions. Therefore, the mole numbers of the vertical
surfactants(I") per unit area (cm?2) were calculated from
the Gibbs adsorption isotherm on the basis of the
lowering of the surface tension(7y):1?

1 d vy

I=27*dmc

Then, the areas of the cross-section of a surfactant
molecule were calculated from the mole number. The
areas (S) are shown in Table 2, together with their
surface activities. The S values when soluble in water
lead to a small error. However, it is reasonable to
estimate the relative areas in connection with the
structures of the R,doNj and its Cu?* complex.

The areas of Ri2doN4 were 82 A2mol-! at pH 4 and
57 A2 mol-1 at pH 10; that of RisdoN4 was 77 A2 mol-1
at pH 4, but has unmeasured at pH 10. The Ri2doNy
and RisdoNys in the acidic solution of pH 4 are
cationic. Therefore, the area of Ri2doNs at pH 4
would be widened because of the solvation and the
electrostatic repulsion, while the area of RisgdoNy at
pH 4 would become narrower than that of Ri2doNjy at
pH 4 because of the additional aggregation based on
the van der Waals force of a longer alkyl chain.

The area of R,doNy in the presence of Cu?* became
smaller than that in the absence of Cu?*. The
Ri2doN4-Cu?t and RisdoNs-Cu?* complexes had
nearly the same S values, and the two areas at pH 10
(46—48 A2 mol-1) were smaller than those at pH 4
(66—67 A2 mol-1). Dioxo[14]aneNy is known to form
the uncharged Cu?* complex above pH 4.5.1® There-
fore, the R,doNy4 at pH 10 would form the uncharged
Cu?* complex with a tighter aggregation.

Thus, it was proved that the long-alkyl-substituted

RygNy RyoNy-Cu%*
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Fig. 4. Surface tension of Ri2N4. [Ri1zN4]=[Cu?*],
temp: 20°C. O: pH 4, A: pH 7, @: pH 10.

cyclic dioxopolyamine and its metal complexes have
the ability to lower the surface tension.

Surface Activities of R12N4. The reduction product
of RiedoNy4, RigNy4, also made the surface tension
lower. The surface tension, as measured by Du Noty
surface-tension balance, is shown in Fig. 4. At pH 4
and 7, the surface tension lowered with the increase in
the concentration, and the cmc was not observed over
the concentration range below 3X10-3 M. The surface
tension at pH 10 fell to 40 dyn cm~!, and the cmc was
nearly 104 M. The addition of Cu?* lowered the
surface tension a little, and the cmc at pH 10 shifted to
a lower concentration. The calculated S values of
R12N; were 95 A2 mol-1 at pH 4 and 66 A2 mol-1 at pH
10, while those of the Cu?' complex were 48—
53 A2 mol-! at pH 4 and 39 A2 mol-! at pH 10. The
2.4R-Ng and Ls6.8Ng showed a lowering of the surface
tension (2.4R-Ng 34—37dyncm~!, Ls6.8Ns 42 dyn
cm-1); their Cu?* complexes had a similar surface
tension. The S values at pH 7 were 72 A2 mol-! for
2.4R-Ng and 42 A2 mol-! for the Cu?* complex. The
differences in the areas are probably caused by the
tightness of the aggregation based on the complex
formation. However, the S values of Ls6.8Ng and its
Cu?* complex were both 92 A2mol-! at pH 7. The
same wide areas are probably caused by the weak
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aggregation based on the similar great repulsion of the
1.7 mol of carboxylate ion in Ls6.8Ns and its Cu?*
complex.

Ion-Flotation. The four metal ions (Cu?', Ni%*,
Fe®*, Zn?*) in water were separated by the method of
ion-flotation using these surfactants. Ri2doN4 and
RisdoN4 showed almost the same floatabilities of the
metal ions, as is shown in Fig. 5. The dioxo[14]JaneN4-
metal complexes when the equimolar dioxo[14]JaneNy
was added to the 10¢M of the metal ion were
calculated from the data of the stability constants.1®
The 1:1 species were in the pH range above 4.6 for
Cu?* and above 7 for Ni?*. Therefore, the alkylated
R.doN4 would complex and float with Cu?* or Ni?* in
that pH region. R,doNs exhibited slightly different
floatabilities from those obtained by using R.doNjy,
e.g., Fe** in pH 5—6 (Fig. 6). R,doNs is more
hydrophilic than R.doNy, so that the differences in the
floatabilities are caused by their HLB.

The collector characteristics of the alkylated reduc-
tion product (R12N4) and the polyalkylated 2.4R-Ns
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([18]aneNs bearing 2.4 mol of dodecyl groups) are
shown in Fig. 7. The stability constants (log K) of the
cyclic polyamine-Cu?t complexes are known to be far
greater than those of the cyclic dioxopolyamine-Cu?*
complexes.18:19 The pk. and log K(Cu?** complex)
have been reported as follows: dioxo[14]aneNs pka
5.97, pka2 9.57, log K 1.0; dioxo[ 16]aneNs pk.a1<2, pkaz
8.69, pk.z 9.01;1® [14]JaneNy pka 0.9, pkaz 1.61, pkas
10.62, pkas 11.59, log K 27.2; [18]JaneNs pka ca. 1, pkaz
ca. 2, pkas 4.30, pka 9.01, pkas 9.51, pkss 10.46, log K
21.6.19

Then, the stabilities of the Rj2doNs~Cu?* and
R12N4-Cu?* complexes were confirmed by pH titration
with a NaOH solution. The titration curves of the
Ri2doNy and R12N4 showed the end points based on the
acid dissociation (pk.) at two and four equimolar
quantities of NaOH respectively. From the two pH-
titration curves in the presence of Cu?*, it was
concluded that the Cu?* complex of R12Ny is far more
stable than the complex of Ri12doNy, while the Ri2doNy
forms uncharged complexes with divalent Cu?*.

100
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g |
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4 6 8 1012 4 6 8 10 12 6 8 10 12 4 6 8 10 12 14
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Fig. 5. Flotation by using R,doNs. [Metal ion],

[R.doN4]=10—* mol dm=3. O: Ri2doNs, @: RisdoNa.
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Fig. 6. Flotation by using Rn.doNs. [Metal ion],
[R:doN5]=10~4 mol dm=3. O: R12doNs, @: RisdoNs.
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Fig. 7. Flotation by using Ri2N4 and 2.4R-Ne. (1):
[Metal ion], [R12N4]=1074 mol dm3. (2): [Metal ion],
[2.4R-Ng]=3X10-5 mol dm=3. @: Cu?t, O: Nizt+, A:
Fe3+, A: Zn?+, [I: Hg?*+.
Therefore, the pk. values of R,doN4, R,doNs, Ri2Ny, 100
and 2.4R-Ng, and the log K values of their metal /A\
complexes, are comparable to those of the correspond- w 80 f J ‘\
ing cyclic dioxopolyamine, cyclic polyamine, and the & \‘
metal complexes. - PREAR
However, neither Cu?* nor the other metal ions was ; sor A g ) ‘\
floated so highly by using Ri12Ny4, and the floatability = 1 /( \
of Cu?* by using 2.4R-Ns in the alkaline region was S U0 / \!
similar to that when R,doN; or R,doNs was used. The § / \
floatable Rj2Ns—metal and 2.4R-Ng-metal complexes 20 L |4
in that alkaline region are the neutralized species with y /
OH~. The telomer bearing 6.8 mol of [18]aneNs, “ooeeeeed
Ls6.8Ns, formed soluble metal complexes and did not W ¢ & 1o 12L 14
make the metal ions float. oH

Thus, the variation in the complex forms, that is,
the variation in their HLB values, fairly affected the
floatabilities. The floated complexes were surface-
active. The HLB values were calculated according to
the Oda equation2? on the basis of the postulated
structures. The HLB values were Ri2doNsCu 9,
Ri12doNs-Cu 10, and (R12N4—Cu)?*.2(OH)~ 14. The
values of the complexes proved to be in the HL.B range
of 4—14 suitable for ion flotation, as has been reported
previously.2) Therefore, they must be floated.

Flotation Using Polyamine. N-Alkylethylenedi-
amine and N-dodecyldiethylenetriamine have been
placed in an ion-flotation collector.”? The complexa-
tion of the cyclic polyamine differs much from that of
the linear polyamine. Therefore, the collector charac-
teristics of the alkylated cyclic polyamines were
compared with those of the linear polyamine-type
surfactants. The flotation of Cu?* is shown in Fig.
8.7.22 All the floatabilities were roughly similar, in
spite of the great differences in the stability constants.
The Cu?* complexes of linear polyamines should be
neutralized with OH™ in the alkaline region, and then
the complexes come to be in the HLB range of 4—14.

Fig. 8. Flotation of Cu2?* by using polyamine-type
surfactants. O: Ri2doNy, A: Ri2doNs, @: RizNy, A:
2.4R-Ng, J: N-dodecylethylenediamine, ll: N-dodec-
yldiethylenetriamine.

Therefore, the complexes should be floated in the
alkaline region, and all the collector characteristics
will resemble each other.

Selectivity. The selectivity of metal ions is a matter
of great practical importance in separation. There-
fore, the selective flotation from a metal-ion mixture
(Fe®*, Cu?*, Ni%*, Zn?") was examined. The flotations
by using RisdoN4 and RisdoNs in pH 4—8 are shown
in Fig. 9. The selectivities by using RisdoN4 or
Ri2doNg were Cu?t>Ni2*>Fe3t>Zn?*; this order
differed from that by using RisdoNs or Ri2zdoNs
(Fe3*>Cu?*>Ni?**>Zn?"). The coordination numbers
of Cu?t and Fe®' are usually 4 and 6 respectively.
Therefore, it was considered that the R,doNs-Cu?*
complex was saturated, while the R,doNs-Cu?*,
RisdoN4Fe®t, and RisdoNs-Fe®t complexes (or com-
pounds) were not. The unsaturated RisdoNs-Cu?*
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Fig. 10. Selectivities using RisdoNy in alkaline.
Metal ions mixture: Cu2t, Ni2+, Fe3+, Zn2* (each
104 mol dm3). @: Cu?t, O: Ni2+, A: Fe3+, A: Zn2+.

complex is more hydrophilic than the saturated
RisdoNs-Cu?t complex, because of its one more
amine. Moreover, the unsaturated Fe®* complexes are
cationic and are hydrolyzed easily above pH 3—4. The
cationic RisdoNs and RisdoNs might bind to the
colloidal Fe®* hydroxide. Therefore, the RisdoNs—
Cu?* complex would be more hydrophobic than the
RisdoNs-Fe?* compound. This tendency agreed with
the hydrophobic properties in the surface tension; that
is, the lowering of the surface tension of the
hydrophobic Ri2doNs~Cu?t complex at pH 4 (Fig. 3)
began at a lower concentration of RisdoNy than did
that of the Ri2doNsFe®t compound at pH 4 (the
surface-tension curve, which is not shown, was nearly
the same as the curve of the Ri2doNy in the absence of
Fe®*). On the other hand, the RisdoNs-Fe®t complex,
the cyclic dioxopentamine compound, should be less
hydrophilic than the Cu?* complex. Therefore, the
hydrophobic Cu?* and Fe®** complexes would be
selectively floated by using R,doN; and R,doNs
respectively. However, the same selectivities were
observed in the pH range of 12—14, even though the
floatabilities (Ni**>Cu?*>Fe?*>Zn?") were high, as
is shown in Fig. 10. Metal ions form polyhydroxo

complexes in a strongly alkaline solution. The log K
values of the metal-hydroxo complexes are Ni?* 3.08,
Cu?" 6.66, Fe?* 11.17, and Zn?t 5.04;2® the Ni?*
hydroxide is the least stable among these metal ions.
Therefore, the conditional stability constants of the
RisdoN4Ni?* and the R1sdoNs-Ni%* complexes in the
pH range of 12—14 would become the largest, and
then Ni** would be floated most. Figures 5 and 6 also
illustrate that the hydrophobic properties (HLB) of the
Cu?* and Fe®** complexes developed in the floatabil-
ities at pH 5—6, while the stabilities of the Ni%*
complex developed in the floatabilities above pH 12.
On the other hand, the Cu?' was extracted and
transported selectively by using RisdoNs4 from a
mixture of Cu?*, Fe?*, Ni?*, and Zn2?* because of the
formation of the most stable complex.® Therefore, the
selectivities in the ion-flotaion markedly differed from
those in the extraction and transportation.

Thus, it is concluded that the cyclic polyamine-type
surfactants have excellent surface-activities and that
the flotation using the cyclic dioxopolyamine-type
surfactant was done by means of the complex forma-
tion, while that using the cyclic polyamine or linear
polyamine was done by means of the neutralization of
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the complex with OH~. Furthermore, the selective
flotation has been proved to be attributable to the
hydrophobic properties (smaller HL.B) of the metal
complexes in the HLB range of 4—14 rather than to
the stability.

The authors are grateful to Assistant Professor
Akinori Jyo for his useful suggestions and to Mr.
Shunji Hayashi and Mr. Norihito Maehara for their
help in the experiments.
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