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Physical-chemical properties of FM-1 reagent
as a potential collector for ion flotation of lanthanoids

The physical-chemical properties of the industrial reagent “FM-1" have been investigated. Thesepproperties
are necessary for evaluating its use as a collector in the processes of concentration of rare earth metal ions by,
ion flotation. “FM-1, which is based on sodium salts of aminomethylenephosphonic acids, is‘used asyasfloc<
culant for oil production and purification of process waters from suspended particles andgpetroleumyproducts.
Protolytic equilibriums in aqueous solutions of the reagents were studied. The values of disse€iation constants
equaling pKai = 2.3140.26 and pKaz = 8.82+0.34 were determined spectrophotometrically. Surface tension of
the reagent solutions at the solution-air interface was studied. The “FM-1" reagent was classified as a strong
surface-active substance with the following parameters: Minimal surface tension Gmin =329 mN-m™, surface
activity G = 0.031 N-m?mol™, critical concentration of micelle formation, 1-10 3fmol:L. The regularities of
the reagent’s interaction with lanthanum (III) ions were studied. A high degree ef lanthanum ions’ precipita-
tion (over 99.7 %) was observed over a rather wide interval of pH values (4:00—12.00); at this point, at pH >
7.5, lanthanum hydroxide can co-precipitate. The formation of cadmpounds in a solution with molar ratios
[La]:[FM-1] = 1:1 and 1:2 was established by conductometrigtitration method. The findings of chemical
analysis, FTIR spectroscopy and elemental analysis of the isalated{precipitates suggested their structural for-
mula. A possibility for the “FM-1" reagent to be use@ias a‘collectorifor the ion flotation of lanthanum (111)
ions was shown.

Keywords: ion flotation, rare-earth elements, aminomethylenephosphonic acid salts, collector, physical-
chemical properties, surface-active substance, lanthanum, EM-1.

Introduction

lon flotation has been one of pramisingitechniques for extracting small amounts of rare-earth elements,
first of all for producing collective.eoncentrates from technological solutions [1-4]. In interaction with metal
ions, collectors form highly stable structures and are of the most current importance [5]. Reagents having in
their compositions heteroatomsg€apable of forming complex compounds are of most interest [6]. Three-
valence lanthanoids formfmany,camplexes with organic ligands, more often with oxygen- and/or nitrogen-
containing ones [7-10, Ameommercial reagent termed FM-1 containing aminomethylenephosphonic acid
salts is known as a flaeculant for collecting suspended particles and oil products in the oil industry and puri-
fication of wasteftechnolegical waters [11]. The functional group “FM-1" contains nitrogen and oxygen at-
oms capable of interacting with rare earth element ions and long alkyl radicals that give the compound sur-
factant preperties. Therefore, this reagent can be considered a potential collector for ion flotation processes.

The purposgfof the research is to study the physical-chemical properties of the reagent “FM-1" to estab-
lish the possibility of using it in the processes of lanthanoids (I11).

Experimental

We used solutions of La(NOs)s prepared by dissolving a weighed portion of La;0Os; in 6 M HNO; fol-
lowed by evaporation of excess acid and dilution with distilled water. The FM-1 reagent (H.L) as a 30 %
aqueous solution served as an object to be assayed (formula 1).

/ONa
R—NH—CH,~P=0 1)
OH

Herein, R is a normal (linear) hydrocarbon radical C10-C14 (Technical Conditions 2483-001-79102376-
2005, Russia). The main substance’s content was calculated in terms of phosphorus content determined by
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atomic-emission spectroscopy with inductively coupled plasma model ICAP 6500 DUO (Thermo Fisher Sci-
entific, USA).

Protolytic equilibriums in the reagent solutes were studied spectrophotometrically [12]. The values pKa
and pKa2 were calculated using the formulas below:

Ay —A A —A
L L
. pPK,=pH + lg———, ()
— AL A-AL
Here, pKa and pKa are negative logarithms of acidic dissociation constants for neutral and ionized
forms of the reagent, respectively; An,L is optical density of solution containing neutral form of the reagent;

Aui-is optical density of solution containing ionized form of the reagent; A 2" is optical density of solution

containing doubly ionized form of the reagent; A is optical density of solution at a certain pH value.

UV spectra were acquired on a SF-2000 spectrophotometer (OKB-Spectr, Russia), pHgvalues were
measured on a MultiTest IPL-01c ionometer with use of a combined electrode ESK-10603/7_(Russia).

To determine adsorption of FM-1 on the water-air boundary interphase, the drop“eeunt®method and a
stalagmometer ST-1 (Russia) were employed [13, 14]. The first measurement was taken with a background
solution (distilled water), all the successive ones — with the reagent solutes undegstudy, at"progressively
increasing concentration.

The interaction processes between FM-1 and La (I11) ions were explored,by the_precipitation technique
[15]. HCI or NaOH solutions were used for creating necessary pH values of warking solutions. The content
of micro-amounts of La (I11) in solution after precipitation was determingd by atomic-emission spectroscopy
(Thermo ICAP 6500 DUO, USA), that of macro-amounts of La (I11)¢—ly direct complexometric titration
(Mettler Toledo T70, Switzerland) with xylenol orange [16].4I'he,composition of La — FM-1 compounds
being formed in solution was determined by the molar-ratio methed [$2].The preparative isolation of precip-
itates and their analysis were performed in accord with a knewi method [15]. A Vario EL cube CHNS ana-
lyzer (Elementar, Germany) was used to determine the centent'ef elements in precipitates; a Vertex 80V
spectrometer (Bruker, Germany) was used to register the,FTIR spectra of samples (a suspension in vaseline
oil). Molar ratios [La]: [FM-1] in solutions weke ascertained by conductometric titration with use of a
SEVEN MULTI S70-K conductometer (Mettler Toledo, Switzerland). The experimental procedure used to
study ion flotation, along with a laboratory flotation celf¥is described in [17].

We used the following reagents: La;Os (99,99 %, “TDM96”, Russia); HNOs (chemically pure, 65 %,
“RM Engineering”, Russia); HCI (chemicallyapure, “Component-Reaktiv”’, Russia); NaOH (chemically pure,
“Vekton”, Russia).

pK, =pH + g

Results and Discussion

Based on the structure, ifs€ambe assumed that “FM-1" is an amphoteric compound. The protolytic equi-
libria can be represented by thefollowing scheme:

Ok o

" / Kal / KaZ /o-
R=NH{CRy - P=0 — > R=NH—CH;—P=0 <=2 R—NH—CH,—P=0 (3)
OH OH o
HL HL L™

The electropic absorption spectra of solutions differ with varying pH values, thereby corroborating
availability ofidifferent forms of the reagent (Figure 1).

The dependence of the optical density of FM-1 solutions on pH values was studied to calculate the val-
ues of ionization constants (Figure 2). The curves display two S-shaped inflections: the first one at pH 1.92-
2.67, corresponding to dissociation of neutral form of FM-1 (H.L) (Figure 2a), the second one — at pH 8.4-
9.3, corresponding to dissociation of HL™ form (Figure 2b).
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Figure 1. Absorption spectra of FM-1 reagent in watergys pH values. Cev.1 = 1-10* mol-L?
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Figure 2:Optical density (A) of FM-1 in agueous solutions vs pH values. Cem.1= 1:10° mol-L;

The Yemization constants’ values calculated as per formulas (2) equaled: pKa1 = 2.31£0.26 and pKa =
8.82+0.34.

One of characteristics enabling a possibility for a compound to be employed as a flotation reagent is its
ability to lessen surface tension on a liquid-gas boundary [13]. Figure 3 presents the surface tension isotherm
of FM-1 solutes. With the reagent at concentrations from 5.0-10° to 1.0-102 added, surface tension lessens
by a factor of 2-2.5 as compared with the background solution (omin 0f FM-Isoluties equals 29 mN-m™; ou,0

=72.75 mN-m™ at 20 °C). The results obtained enable the reagent to be classified as a strong surface-active
substance.

The findings derived from Figure 3 gave rise to the following results: the surface activity (G) of the re-
agent calculated as the tangent value of the slope angle of the tangent line to the surface tension isotherm at
C —0 [14] equaled 0.031 N-m?mol?; the critical concentration of micelle formation equaled 1-10° mol-L™.
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Figure 3. The surface tension isotherm of FM-1 solutions on li &oundary
Figure 4 shows the degree of precipitation (S, %) of La (llI) ion reagent as dependent on the
equilibrium pH value of solution. L 4
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degree of precipitation (S, %) of La (l11) ions with FM-1 vs pH values of solution

A hig e of lanthanum ions’ precipitation (over 99.7 %) was observed over a rather wide interval
of pH values (4.00-12.00). It should be noted, however, that at pH > 7.5, lanthanum hydroxide can co-
precipitate in solution [18]. Therefore, all the precipitation regularities were studied at pH = 4.77; 5.70; 6.85
(acetate-ammonium buffer solutions were used).

By using the saturation method (Figure 5), the qualitative binding of La®" ions was ascertained to occur
already at ratio [La]:[FM-1] = 1:1. Within the interval mentioned above, the pH values of the medium do not
markedly affect the degree of precipitation.
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Figure 5. The degree of extraction of La (I11) ions vs concentrationief FM-1

The conductometric titration method enabled the formation of comp@unds in solutions with molar ratios
[La]:[FM-1] = 1:1 and 1:2 to be established (Figure 6).
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Figure'6. Electrical conductivity of La(NO3)s solution vs portions of the reagent added

The compounds with the ratios found were preparedly isolated. Elemental analysis of the compounds
isolated at pH'S is presented in Table 1. No sodium ions were detected in the samples after decomposition.
The results of the analysis corroborated the ratio [metal]:[reagent] as equaling 1:1 for both compounds and
were well in line with theoretical calculations.

Table 1
Chemical analysis of the compounds isolated
Compounds Molecular Found, % Calculated”, %
P mass N P La N P La
[La]:[FM-1] = 1:1 416 3.30 8.51 35.47 3.38 7.45 33.41
[La]:[FM-1] =1:2 693 3.36 8.34 36.41 4.04 8.95 20.06

Note: “In terms of average molecular mass (R = C12Ha2s).
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The analyzed FTIR spectra of the compounds isolated also corroborated them as being identical. In the
FTIR spectra of La — FM-1 compounds, P-OH absorption bands typical of the reagent in the range 2700—
2550 cm™ are absent. The wide band appears in the La — FM-1 compounds in the region of 3500-3300 cm™™.
It can be considered as a result of the superposition of bands of N-H valence vibrations and the formed new
O-H bond (Figure 7) [19].
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Figure 7. FTIR spectra of the reagent (firm line) and of it§coipound with lanthanum (111) at ratio 1:1 (dotted line)

With the findings of elemental analysis andyFTIR spectroscopy as an underlying basis, the following
structural formula of the reagent can presumably be‘presented:

(o)
)
RfNH—CHZg\/ ;La—OH 4)
0

Table 2 lists the findings of FM-1 investigated as a collector for the ion extraction of lanthanum.

Table 2

Ton flotation of La (I11) with FM-1 reagent;
Cragi= 14102 mol-L*; Cr=1-10" mol-L!; flotation duration 5 minutes

No pH Cremaining La mg-L'l E, %

1 3.25 97.02 30.2

2 5.61 15.29 89.1

3 8.78 16.26 88.3
Conclusions

Based on the research results of the reagent “FM-1" properties, it can be recommended as a collector in
the processes of rare earth elements ion flotation. The FM-1 reagent was evinced to be an amphoteric com-
pound (pKa; = 2,31+0,26; pKa, = 8,82+0,34) and was classified as a strong surface-active substance (with
the reagent at concentrations from 5.0-10° to 1.0-10 added, surface tension lessens by a factor of 2-2.5 as
compared with the background solution). Strong surface-active properties enable the “FM-1" compound to
be employed in ion flotation procedures with no additional foaming agents added. In conjoint presence with
lanthanum (111) ions in a solution, the reagent forms hardly-soluble compounds over a rather wide interval of
pH values (4.00-12.00). The formation of compounds with molar ratios [La]:[FM-1] = 1:1 and 1:2 was es-
tablished in a solution (pH 4,8-6,8). The findings of chemical analysis, FTIR spectroscopy and elemental
analysis of the isolated precipitates suggested their structure. A possibility for the “FM-1" reagent to be used
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as a collector for the ion flotation of lanthanum (111) ions was shown, with a maximal degree of extraction
equaling 89.1 % (Cremaining = 15.29 mg/l at pH 5.61, [La]:[R] = 1:1).
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A.A. FOmunoga, E.A. I'mnusarynnuna, JI.M. Kapuesa, JI.I'. Yekanosa
JlantaHOMATAPABIH HOHIBIK (JIOTANUSCHI YIIIH MOTEHIUAIbI KUHAKTAYIIbI —
«@®M-1» peareHTiHiH QHU3UKA-XUMHSIIBIK KacueTTepi

«DM-1» eHEpKACINTIK peareHTiHiH HOHIBIK (GIOoTanus SHiCIMEH CHPEKKEp METAaJUl HOHJAPBIH KOHIICHTPIICY
IPOLECTepiH/Ie KMHAKTAYIIBl PETiHAe NMaiaanaHyasl Oaraiay YIIiH KaXeTTi (GU3HKa-XUMUSUIBIK KacHeTTepi
3eprrenni. Herizi amuHaiMerineHpocOH KBIIKBUIIAPBIHBIH HAaTPUH Ty3aapbl GomatbiH «PM-1» myHai
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OHJIPY JKOHE TEXHOJIOTMSUIBIK CyJapibl KalKbIMa OeJILIeKTep MEH MyHail eHIMIEpiHeH Ta3apTy YIUiH
(GITOKYISIHT peTiHze KosiAaHbUIaabl. PeareHTTiH CyJibl epiTiHAIepiHAeri IPOTONUTTIK Tere-TeH/IIr 3epTTeIi.
Jucconmanus TypaKThUIAPbIHBIH MOHIIEPI CIEKTPOGOTOMETPHSIIBIK 9iceH aHbIKTangsl: pKai = 2,3140,26
xoHe pKaz = 8,82+0,34. Epitinzi-aya mekapacbIHAAFbl peareHT epiTiHAiIepiHiH OeTTiK Kepiyl aHbIKTalFaH.
«®M-1» xymTi GerTik GenceH i 3aTTap KIachlHA JKaTaThIHBI AaNenaeHrer. Epitinainepaiy 6eTTik KepityiHig
MUHAMAIIE! MOHI (Gyum.) 29,0 MH/M Kypasr; 6ertik Gencenitiri (G) — 0,031 H-M?/MoTh, MUTIEIIaNap bIH
mekTi KoHnenTparmscel (MIIK) — 1-10° Mons/n mamackna TeH 6omapl. «®M-1» pearenrinin nantan (111)
HMOHAAPBIMEH OPEKeTTeCY 3aHABUIBIKTAphl 3epTrengi. «PM-1» mantan (III) nonmapeiMeH e3apa opekerTecy
3aHAbUIBIKTaphl 3epTTengi. La (I1) nonmapbIHbIH peareHTIeH TYHABIPBUTYBIHBIH JKOFaphl AeHreit (99,7 % —
naH actam) PH MoHzepiHiH KeTKUTKTI KeH Auana3oHbiHga Oaiikanansi-4,0-men 12,0-re neiiin (pH >7,5
Ke3iHJe JIaHTaH THIPOKCHIIHIH TYHABIPBUIYBl MYMKiH). Konmykromerpusibik tutpney (pH 4,8-6,8) omici
MOJIIPJIBIK KAaTBIHACHI Oap epiTiHmine KochUiblcTapiablH Ty3imyiH anbikragel [La(IID)]:[R] = 1:1 xeme 1:2.
XumumsutslK  Tanpay, UK-crmexrpockonmst sxoHe OJHTeH IIOriHADIEpIl AJIEMEHTTIK Taljay JepeKrepi
HETi31HJe OJapIblH KYPBUIBIMABIK (opMynacsl YCHHBUIABL «DM-1» pearentin santanHbH (I1I) HOHIBIK
(hrToTanMsACH YIUiH XMHAKTAYIIBI peTiH/Ie TaiaanaHy MYMKIHJIT KOpCeTUIreH.

Kinm ce30ep: WOHABIK (uioTamust, CHpPEKKEp 3JIEeMEHTTepl, aMUHIIMUMETHICH(POCHOH KBINIKUIIAPBI,
JKUHAKTayIIbl, PU3UKa-XUMHUSUIBIK KacHeTTepi, OeTTik Oencenai 3artap, Jantan, PM-1.

A.A. Omunosa, E.A. I'muusatyuuna, JI.M. Kapuesa, JI.I'. Ye€kanora

Du3uKo-XuMHYecKne cBoiicTBa peareHTa «®M-1) —
NMOTEHHAJBHOI0 COOUpAaTeJIs 1 HOHHOM ()JIOTAHMM JJAHTAHOU/I0B

HccnenoBansl (Qu3MKO-XMMHUYECKHE CBOMCTBA IPOMBIIUICHHOTO pearcHpa «@MF+-1», HeoOXomuMele IS
OLICHKU €ro IPHMEHEHHs B KadecTBe coOHupatels B mpoleccax KOHHEHEPUPOBAHNS HOHOB PEIKO3EMETbHBIX
METaJUIOB METOJIOM HOHHOH (uoTaryn. «OM-1», 0CHOBY KOTOPOI'O)COCTaBISIIOT HATPUEBEIE COJIM aMUHOMe-
TUIEHPOCPOHOBBIX KUCIIOT, MPUMEHSAETCS B KauecTBe (IOKYJSIHEA U HePTeZOObIYN U OYHCTKH TEXHOJIO-
THYECKHUX BOJ{ OT B3BELICHHBIX YacTUIl U HeTenmporykToBoHU3ydCHbl IPOTONUTHIECKHE PABHOBECUS B BOA-
HBIX pacTBOpax peareHra. CIeKTpopOTOMETPUIESCKIM METOIOM ONPEENICHBI 3HAUCHUsI KOHCTaHT JUCCOLUA-
mn: pKar =2,31+£0,26 u pKaz = 8,82+0,34. M3yueHo NOBEPXHOETHOE HATSHKEHHE PACTBOPOB PearcHTa Ha
TrpaHUle pacTBOP-BO3AYX. YCTaHOBIEHO, YTo «®M-1» oTHOCUTCS K Kiaccy cuiibHBIX [IAB. MunumansHoe
3HaYCHHE NTOBEPXHOCTHOTO HATSHKEHUS (Gwvum.) PAcTBOPOB coTaBmio 29,0 MH/M; OBEpXHOCTHAs aKTHBHOCTD
(G) — 0,031 H-M?/Monb, KpuTUUecKas KOHIEHTpalus Miteniooopasopanus (KKM) — 1-10° mons/n. Hc-
CJIeOBaHbl 3aKOHOMEPHOCTH B3anMoaeicTBIs, «PM-1» ¢ nonamu nantana (111). Haiineno, uro BeIcOKast cTe-
neHs ocaxaenust nouos La (I11) pearernom (60iree 99,7 %) HaGIIOTAETCS B JOCTATOYHO IIMPOKOM IHANa30He
3HaueHnit pH — ot 4,0 g0 12,0 (mpu,pH 3NS5 Bo3MOXKHO coocaxaeHHe THAPOKCHAA JaHTaHa). MeTomoM
KOHAyKTOMeTpHdeckoro turpoBaniist (pHM4,8-6,8) ycranoneno obpa3oBaHue COeIUHEHUI B paCTBOPE C MO-
mspusivu cootrommermsivu [fLa(Il)]:[R] & 1:1 u 1:2. Ha ocHOBaHWH TaHHBIX XHMHYECKOro aHammsa, UK-
CIIEKTPOCKOIHY ¥ HJIEMEHTHOrQ)aHANMM3aBbIIeTICHHBIX 0CAIKOB, MIPEUTOKEHA X CTPYKTypHas ¢popmyna. ITo-
Ka3aHa BO3MOXKHOCTb NpuMeHeHrshpeareHTa «PM-1» B kauecTBe codupaTens s HOHHOH (oTanuu JaHTa-
Ha (I11).

Knrouesvle capsa: WOHHASR(GAOTAIMS, pEKO3EMENTbHBIE DIIEMEHTHI, aMHUHOMETHICH(POCHOHOBBIE KHCIOTEI,
cobupatens, GUIHKO=XMMIIECKIE CBOMCTBA, OBEPXHOCTHO-aKTHBHOE BEIECTBO, JaHTaH, PM-1.
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