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Abstract: The study on the extraction and separation of rare earths with new extractants is
important in rare earth hydrometallurgy and nuclear fuel reprocessing. In this work, a new
synthesis method of N,N,N’,N -tetrabutylmalonamide (TBMA) is described with a yield
higher than 80 %. The extraction behavior of TBMA employing n-hexane-20 % rn-octanol,
benzene and toluene as diluents toward Tb(III) was investigated. The effect of the concentra-
tions of nitric acid, lithium nitrate and extractant as well as the temperature on the extraction
distribution ratio was studied in different diluents. The stoichiometry of the extracted species
of Tb(III) conforms to Tb(NO5);-3TBMA. An attempt was made to determine the structure
of the extracted species from IR and mol conductance data.
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INTRODUCTION

Amides have been proposed as promising alternate extractants to TBP in nuclear fuel
reprocessing. |2 In addition to their improved extraction behavior toward actinides and fis-
sion products, these extractants offer distinct advantages over TBP, especially with respect
to their complete incinerability (which helps in reducing the bulk of secondary nuclear
waste), and the innocuous nature of their radiolytic degradation products (mainly carbo-
xylic acids and amines) that can easily be washed out.

To partition the minor actinides (Np, Am, Cm) from the high level waste (HLW), a
diamide process has been developed in France. However, the separation of Am (I1I) from
Ln (I1I) is essential in this separation process.3 Then it is worthy to study the extraction be-
havior or Ln(IIT) with amidic extractants from nitrate media.

The present paper reports a new one-step method to prepare N,N,N’, N -tetrabutyl-
malonamide (TBMA). Studies were carried out to investigate its extraction behavior
toward Tb(IIT) under varying conditions. The stoichiometry of the extracted species of
Tb(III) was evaluated. The effect of the diluent on the extraction behavior was also in-
vestigated.

653



654 GUOXIN et al.

EXPERIMENTAL
Synthesis and characterization of TBMA

TBMA was synthesized by reacting di-n-butylamine with malonic ester, according to the reaction:

(6]
1 9 C4Hg cl? C? .C4He
C2HsO~C —CHy " C OCyHs + 2NH(CsHo)y —= N-C—CHy-c—N. 2 G501 (D)
C4Ho C4Ho

In a 500 ml reaction vessel flushed with nitrogen gas 80 ml malonic ester (0.53 mol) and 220 ml of
di-n-butylamine (1.29 mol). The temperature was raised slowly to the boiling point and maintained at reflux
for about eleven hours. After cooling to room temperature, 500 ml toluene was added and the solution was
first washed with alkali (10 % by weight Na,CO3) and then hydrochloric acid (1.2 mol/L). The obtained
crude reaction mixture was dried over anhydrous sodium sulfate and then vacuum distilled, the product boil-
ing at 158-160 °C at 10 mm Hg. The yield was around 80 %, which is much higher than the two-step method
involving the reaction of the acyl chloride obtained from malonic acid with a secondary amine.* The product
is 98 % pure as shown by 'H-NMR spectroscopy element analysis and non-aqueous potentiometric titration.

Preparation of the Th(Ill) solution

1.6492 g Tb,0O5 was dissolved in HNO; solution, and the solution was then evaporated to dryness. The
residue was dissolved in 7.57 mol dm nitric acid solution (26.41 ml) and diluted to 200 ml. The obtained so-
lution contains 5.00x10"2 mol dm™ Tb?* and 1.00 mol dm™ HNOj. The series of 5.00x103 mol dm™ Tb**
solutions were then prepared by quantitative dilution.

Extraction of Th(I1l) with TBMA

In Tb(III) distribution studies, solutions of desired concentrations of TBMA prepared in various dilu-
ents, such as 80 % n-hexane-20 % n-octanol, toluene and benzene, were employed after pre-equilibration at
the respective acidities. Equal volumes of the organic and aqueous phases were agitated for 40 min (enough
for equilibrium) at 25 °C under the desired experimental conditions. The two phases were then centrifuged
and assayed by taking known aliquots (0.05-0.1 mL) from the aqueous phases. The concentration of the sam-
ple was determined using the Arsenazo-I1I spectrophotometric method and that in organic phase was obtained
by subtracting the aqueous concentration from the total aqueous concentration of Tb(III). The distribution ra-
tio (D) was calculated as the ratio of the concentration of the organic phase to that of the aqueous phase.

Characterization of the extracted species

The extracted species was prepared. The TBMA solution was shaken with a saturated solution of
Tb(NO;);, centrifuged and the organic phase separated. The organic solvent was removed and the residual
was recrystallized from xylene.

FTIR spectra were recorded on an FTS-165 Spectrometer in the range 400-4000 cm!. KBr window

cells were used. The scan times were 50 and the resolution was 2 cml.

The conductance ratio was obtained with a DDS-11A conductometer employing DMSO as the diluent.

RESULTS AND DISCUSSION
Effect of nitric acid concentration on the extraction distribution ratio of Th(llI)

The extraction of Th(III) from nitric acid solution in the range of 1.0-8.0 mol dm3
was investigated. The results show that the extractability of TBMA for Tb(IIl) at higher
HNOj5 concentration is very poor which may be due to the extraction of HNO3.5 Subse-
quently, the aqueous HNO;3 concentration was controlled at 0.10 mol dm 3 to avoid hydro-
lysis of the metal ions in the following experiments.
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Effect of lithium nitrate concentration on the extraction distribution ratio of Tb(lll)

187 B benzene
® hexane-20% n-octanol
A toluene
12+
O
06
Fig. 1. Effect of the lithium nitrate con-
00k centration on the extracton distribution
A . ) ___ratio of Tb(III). Aqueous phase: cpno,
2 3 4 5 =0.10 mol dm, eyt = 5.00x103 mol
-3 dm. Organic phase: crgya = 0.50 mol
CLiNOJ(moI.dm ) dm

The effect of the lithium nitrate concentration on the extraction distribution ratio of
Tb(III) is shown in Fig. 1. The distribution ratio of Tb(Ill) increased significantly with in-
creasing LiNO;5 concentration in which the co-ion effect plays a crucial role. The extra-
ctability of TBMA for Tb(Ill) is in the order: n-hexane—20 % n-octanol > benzene > tolu-
ene. This behavior shows that the molecules of the extracted species have a higher polarity
or ion nature than the unextracted species and are more stable in polar solvents.

Effect of TBMA concentration on the extraction distribution ratio of Tb(Ill)

The effects of the extractant concentration in various diluents on the extraction distri-
bution ratio of Tb(III) are compared in Fig. 2 which shows the dependence of the extrac-
tion distribution ratios of Tb(II) on the TBMA concentration in different diluents. The
plots of log D vs. log ctppa gave slopes of about 3 in all the employed diluents, which in-
dicates that the stoichiometry of extracted species in the different diluents is the same and is
Tb(NO3)3-3TBMA. Thus, the extraction reaction can be represented by

Tb3* +3NO;3- + 3TBMA ) = Th(NO3)33TBMA o) @)

for which the equilibrium constant, Ky, is

R [Tb3*[NO3 ] [TBMA]3 3
3 (O)YTb3+’YNO§

_ D(1+p1[NO31)
—13 3 3
[NO3]"[TBMA] ©T 157 ¥ Vo,

where the subscript (o) refers to the species present in the organic phase, 3; is the coordina-
tion constant of Tb>* and NO3~and is equal to 1.3+0.05.6 The NO3~and Tb3" ions activity



656 GUOXIN et al.
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coefficients are constant in the study of the effect of the TBMA concentration on the ex-
traction distribution ratio of Tb(III). Then let

— 3 _
Rox= Kex Vg (6.~ @

__D(1+B[NO3])
[NO3T°[TBMAJ

The values of Ky, calculated from Eq. (4), are 1.00 + 0.05, 0.88 + 0.04, 0.65 + 0.04
mol~¢ dm® for n-hexane— 20 % n-octanol, benzene and toluene, respectively.

Distribution studies as a function of temperature

The effect of temperature on the extraction equilibrium is shown in Fig. 3 which indi-
cates that the distribution decreases with increasing temperature in all the diluent systems.
Here, log D were plotted as a function of 1/7"and these were found to be straight lines

in the temperature range studied. The data were subjected to least-squares analysis using a
0.4r
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Fig. 3. Effect of temperature on the ex-
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3.1 3.2 33 34 35 107 mol dm™ Organic phase: cgpa

1000/T(K ") =0.50 mol dm.
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computer program and from the obtained values of the slopes, the change in enthalpy, AH,
in each case was evaluated using the Van’t Hoff’s equation:

0logD (5)
o(/T)

AH=-2303 R

The values of AH for the extraction of Tb(Ill) with TBMA in different diluents, such as
n-hexane —20 % n-octanol, benzene and toluene, were —37.49, —34.94, —33.26 kJ/mol, respec-
tively.

Structure characterization of the extracted species

The IR spectrum of Tb(NO3)3-3TBMA is shown in Fig. 4.

Compared with the IR spectrum of the extractant, the free carbonyl absorption peak has
disappeared and a new one at 1616.07 cm! has appeared in the IR spectrum of the extracted
species. This band can be attributed to the interaction between the complexed amide in the inner
sphere which established that TBMA is complexed with Tb(III) through its C=0. It is said that
there are a couple of peaks at about 1300 cm! and 1500 cm! typical for a coordinated nitrate
anion. However, they cannot be designated clearly in these spectra due to the stronger TBMA
absorption. A peak corresponding to N-O stretching of a coordinated nitrate anion was ob-
served at 1031.55 em!, which indicates that coordinated nitrate anions exist in the extracted
species molecules. The peak at 1377.8 cm ! is the absorption peak of free nitrate anions, which
shows that free nitrate anions exist in the extracted species molecules.”
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Fig. 4. IR spectrum of Tb(NO3);-3TBMA.

The determined molar conductance of the extracted species is 142.06 S cm?
mol-1, which is bigger than the value of 130 S cm? mol~!. This indicates that one of
the three nitrate anions in the extracted species molecules is coordinated and the
other two are dissociated.8



658 GUOXIN et al.

Chelated coordination is the normal mode for coordination of nitrate anions with the
rare earth ions.%10 So the structure of the extracted ionic species can be expressed as shown

in Fig. 5:
R\ /R
R N
R~ CH, |
N\ H\g O

C\\o\ Q0.0 N

H,C ---. \\C

N ¢ C i N ~R
R, | CH

R N R
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Fig. 5. The structure of the extracted ionic species.

where R = C4Hg. This kind of extracted species structure make it more stable and more
extractable in more polar diluents. This is consistent with the results of the diluent effect on
the extraction.

CONCLUSION

TBMA may be prepared directly by the reaction of malonic ester with di-n-bu-
tylamine. The yield decreases if diluent exists in the system.This new method results in
higher yields and lower pollution than the normal two-step preparation procedure.

Tb(III) may be extracted with TBMA from nitrate media, but not at higher nitric acid con-
centrations, to form ionic extracted species [Tb(NO3)-3TBMA](NOs3),. This phenomenon
makes possible the easy separation of U(VI)!! from Tb(III) in nuclear fuel reprocessing.
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[IpoyuaBame ekcTpakuyje U cemapanyje peTKUX 3eMaba Ba’KHO je ca IJIeUIITa XUApO-
MeTaJypruje peTKux 3eMalba 1 perpoliecipama HyKJIeapHOT TOpUBA. Y OBOM pajly OIHMCaHa je HoBa
metona cuare3e N,N,N' N -rerpabyrrnmanonammyia (TBMA) ca mprHOcoM Behm o1 80 %. Takobe,
npoyuaBaHe cy ekcTpakumoHe ocoonmHe TBMA mpema Th(lll) kopumrhemem cMmelre n-xekcana 1
20 % n-okraHouna, uy GEH3eHa WM TOJTyeHa Kao uityeHTa. [IpoydaBaH je u yTuiaj KOHIEHTpanyje
a30THe KWCEIWHEe, TUTHjyM-HATpaTa ¥ eKCTPAKIMOHOT CPEJICTBA, Ka0 M TeMIlepatype, y pasiu-
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unTuM AunyeHTuMa. CrexuoMeTpHja eKerpaxoBaHe Bpere ofrosapa dopmynu Th(NOg)s-3TBMA.
INokymaHo je fa ce CTPYKTypa €KCTpaxOBaHE BPCTE Ofpean Ha OCHOBY IR crmeKTpocKomcKmx
riolaTaka ¥ MofiaTaka O MOJAPHOj TIPOBOJVEIBOCTIL

(ITpumbero 15. anpuina, peugupano 25. jyra 2002)
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