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ABSTRACT

Carboxylic acids amides (RR1NCOCR"), malonic acid amides
(RR'NCOCHjCONRR1) and substituted malonic acid amides
(RR'NCOCHR"CONRRf) are extractants of the actinides ions. They
show good prospects for use in the nuclear industry because of
their complete incinerability. In addition, their degradation
products interfer much more less in the separation processes when
compared with organophosphorus extractants. The synthesis and the
purification of two typical extractants :
N-N-di(2-ethylhexyl)butyramide ( C 4 H 9 C H C J H 5 C H J ) 2 N C O C 3 H 7 and
N1N'-dimethyl N.N'-dibutyl 1,3 diamide 2(3-oxa)nonyl propane
(C4H9CH3NCO)JCHCJH11OC6H13 are described. The purities, checked by
NMR, elemental analysis and potentiometry, were in the range 98
to 99.5%. The yields for monoamides were in the range 70 to 90%
and for the diamides 20 to 40%.

**To whom correspondence should be adressed



IMTRODDCTIOH

The carboxylic acids monoamides (1 to 4} RR1NCOR" or diamides

(5,6) (RR'NCO)jR" possess electron donor properties which make

them ligands for the Lewis acids. The three substituents R,R',R"

can be chosen in order to obtain the lipophilicity suitable for

extractants. Because of the it character and rigidity associated

with the amide functional bonds, the nature of the R,R1,R" substi-

tuents plays an important role upon the coordination properties of

the extractants. Steric hindrance occurs with the long or branched

chains amides and it can be used to separate metallic ions.

Unlike the organophosphorus extractants which give P3O5 or

H3PO4 by incineration, the incinerated amides produce only gases

which can be easily separated from non-incinerable contaminants.

This feature is an important advantage in the nuclear industry for

which the amounts of wastes must be minimize because of the cost

of the waste storage.

In this paper we will describe the synthesis of two amide

extractants selected among the N,N-dialkylamides and the N1N
1-

tetraalkyl 2-alkyl 1,3-diamide-propane. Both can be used for the

reprocessing of the spent nuclear fuels. The N,N-dialkylamides are

advantageous substitutes for TBP. The diamides are also able to

extract trivalent actinides from concentrated nitric acid. The

main features of their extraction chemistry as well as their hy-

drolytical and radiolytical degradation will be briefly dis-

cussed.



SÏHTHESIS OF THE EXTRACTAHTS

N,N-dialkylamides

The N,N-dialkylamides have been obtained by reacting an acyl

chloride with a secondary amine, according to the reaction [1], in

which R1, R2, R3 are alkyl radicals.

R1 CO Cl + R2R3 NH - R1 CO N R2R3 + HCl [1]

For example the synthesis of N,N-di(2-ethylhexyl)butyramide

(DOBA), C3H7 CO N(CH2CH(C2H5)C4H9)J was carried out as follows :

200 ml of a 2.5 M di(2-ethylhexyl)amine, (C,,H9CH(C2HS)CH2)2NH, so-

lution into chloroform, CHCl3, are introduced in a 1000 ml reac-

tion vessel flushed with nitrogen gas. After the addition of 0.5

mole of triethylamine, (CJHJ)3N, the vessel is cooled down to 5°C.

Then 0.5 mole of butanoylchloride C3H7COCl, dissolved into 50 ml

of CHCl3 is slowly added.

The temperature is raised to the CHCl3 boiling point and

maintained at reflux for two hours. After cooling to room tempera-

ture the triethylamine hydrochloride, and the unreacted triethyla-

mine are washed out by water, then by a 10% by weight Na2CO3 solu-

tion, followed by an acidic washing with a 1.2 M HCl solution and

finally with water.

The organic layer is then dried and CHCl3 is removed by dis-

tillation. The final purification involves a distillation at

125-13O0C under low pressure (0.15 mm of Hg).

The overall yield is around 70% and the product is 99% pure, as

shown by 1H NMR, elementary analysis and potentiometry.

Small amounts of 0.2 to 1% by weight of butanoîc acid, C3H7 COOH,

and N,N-di(2-ethylhexyl)amine, probably coming from decomposition

during the distillation step, have been detected. They can be

stripped out by alkaline (NaOH) and acidic (H2SO11) washings.

For other N,N-dialkylamides the synthesis yields can be as high as

92%, which was found for N,N-di(2-ethylhexyl) iso-butyramide.



N,N-tetraalkyl 2-alkyl propane 1,3-diamides :

We are interested in preparing the diamides with the generic

formula : (C4H9CH3NCO)2 CH(C1H4O)n R, R being an alkyl radical and

n equal to 1 or 2. The synthetic path followed to obtain these

diamides is given by equations [2 to 6]. The starting products are

underlined.

2C4H9CH3NH + CH2(COCl)1 - (C4H9CH3NCO)2 CH2 + 2HCl [2]

Na(C3H4O)nOH + RBr- NaBr + R(OC2HJn OH ^

3R(OC2HJn OH + PBr3 - 3R(OC2HJn Br + P(OH)3 [4]

9CH3NCO)JCH2 + LiC4H9 - C4H10 + (C4H9CH3NCO)2CHLi [5]

(C4H9CH3NCO)2CHLi+R(0C2HJ Br- (C4H9CH3NCO)2CH(C2H40)nR+LiBr [6]

Two main steps can be distinguished, the preparation of N,N'-dime-

thyl-N,N'-dibutylmalonamide (DMDBMA) and its alkylation by RBr or

oxyalkylation by R(OC2H4) Br. This alkyl ether halide is not com-

mercial and has been prepared according to the procedure published

by F.C. Cooper et al (7) as represented by equations [3] and [A].

As an example we will describe the synthesis of : N,N'-dimethy1-

N,N'-dibutyl 2-(3-oxa nonyl)1,3-diamidepropane (C4H9CH3NCO)2-

CHC2H4OC6H13.

Synthesis of N,N'-dimethylN,N'-dibutylmalonamide : [reaction 2] :

In a 2000 ml reaction vessel flushed with nitrogen gas one

introduces successively 600 ml of méthylène chloride, two moles of

N,N'-methylbutylamine and two moles of triethylene amine. The tem-

perature is decreased to 50C and one mole of malonyl chloride

(COCl)2CH2 dissolved into 300 ml of CH2Cl3 is added slowly. After

addition the temperature is raised to the boiling point of the

CH3Cl2 and the mixture refluxed for four hours. The organic phase



is washed with water to strip out the triethyl aminé chlorhydrate.

Water and méthylène chloride are removed and the remaining liquid

is distilled at 140-1440C under low pressure (3 mm of mercury).

Finally the distillate is crystallised at 5"C by the addition of

hexane.

The solid with the formula (C4H9CH3NCO)1CH1 (DMDBMA), as shown by
1H NMR, elemental analysis and potentiometry, contains more than

99% DMDBMA and melts at 51°C. DMDBMA is then stored and serves as

one of the starting product for the N,N'-dimethylN,N'-dibutyl

2-alkyl propane 1,3-diamides synthesis.

Synthesis of the 1-bromo 3-oxa nonane :

The first step of the 1-bromo 3-oxa nonane synthesis is the

preparation of 3-oxa 1-nonanol according to reaction [3]. In a

2000 mi reaction vessel under a nitrogen atmosphere, 15 moles of

ethylene glycol are added to 1200 ml of a 2.5 M sodium methylate

(NaOCH3) solution into methanol. The methanol is then removed by

distillation and the resultant solution is cooled to room tempera-

ture. Then 3.5 moles of hexylbromide are added dropwise before the

temperature is raised to 1000C for 10 hours. The reaction leads to

the formation of two liquid phases and one solid phase. The solid

NaBr is dissolved in water and the 3-oxa 1-nonanol extracted into

petroleum ether. The organic phase is washed with water before

solvent evaporation. The 3-oxa 1-nonanol is recovered from the

residue by distillation at 92-96°C, under a pressure of 20 mm of

Hg.

The second step is the bromination of 3-oxa 1-nonanol accor-

ding to reaction [4]. To 0.76 mole of PBr3 and 160 ml of benzene

are added dropwise 35g of pyridine. Then the temperature is lowe-

red to -50C and 12g of pyridine plus 2.3 moles of 3-oxa 1-nonanol

are slowly added in the reaction vessel. This addition must take

at least 4 hours. The mixture is allowed to stand an additional

hour at -5°C and then 48 hours at room temperature.



The precipitate pyridinium hydrobromide is discarded and the sol-

vent separated by vacuum distillation. The residue is washed with

iced water in which some product dissolved. To avoid losses, the

water is contacted with petroleum ether, as is the residue. After

drying with MgSO4 and concentrating the petroleum ether by evapo-

ration, the 1-bromo 3-oxanonane is purified by distillation

(20 mm of Hg) at 90-930C.

Synthesis of the N.N'-dimethylN.N'-dibutyl 2-(3-oxanonane)propane

1,3-diamide :

This synthesis is represented by reactions [5] and [6]. DMBDA

(0.1 mole) dissolved in 400 ml of anhydrous tetrahydrofuran (THF)

is introduced in a 1000 ml reaction vessel maintained under

nitrogen atmosphere. The temperature is then dropped to -5O0C and

0.1 mole of n-butyl lithium in 100 ml of THF is added simulta-

neously with 0.1 mole of 1-bromo 3-oxanonane dissolved also into

100 ml of THF. The temperature is then increased slowly to room

temperature and after a while to THF boiling point the mixture is

heated for three hours at the THF boiling point. After cooling, a

water-ethanol solution is added. The THF removal is removed by

distillation after which a precipitate appears. The precipitate is

dissolved in CH2Cl3 and washed with water to remove LiBr. Again

the solvent CH2Cl, is evaporated and the residue purified by chro-

matography on a silica gel column. A mixture ethylacetate-

cyclohexane 80/20 in volume is used as eluant.

The product is analyzed by 1H NMR, potentiojnetry, elementary

analysis and mass spectrometry. It is 98 to 99.5% pure and corres-

ponds to the expected formula : (C4H9CH3NCO)2CHC2H4OC6H13. The

yields are close to 40%.



EXTRACTIOH CHEMISTRY AHD OSES OF THE ABIDE EXCRACTANTS

Monoamides :

The monoamides are more basic than TBP, according to their pHw

of neutralization by HClO4 in an acetic acid/acetic anydride me-

dium. The Hi, data are given in Table 1 for selected extractants.

Table 1. Comparison of pHw for various basic extractants

Extractant Family Acronyme pHj,

C3H7CONH2 Monoamide BA

Monoamide D3BDA

m :H2 Diamide DMDBMA

( C 4 H 9 C H J N C O ) 2 C H C 2 H 4 O C 6 H 1 3 Diamide DMDBO3NPDA

(c u > pn

(C4H9O)3PO

Phosphine TOPO
oxide

Phosphate TBPP

0

1.3

3.7

2.7

2.5

<0

Pu(IV) and UO 2
2* extraction equilibria in the presence of N03"ions

can be represented by equations [7] to [10] :

2L [7]



UO2^
+ + 2NO3- + HNO3 + L - UO3(NO3J3HL [8]

Pu4+ + 4NO3- + 2L ~ Pu(NOj)4L, [9]

Pu" + ANO3- + 2HNO3 + 2L - Pu(NO3)6(HL), [10]

Acidic species in the organic phase like those mentioned in equa-

tions [8] and [10] are obtained for acidic aqueous phases and are

due to the amides basicity. Such species have not been observed

with TBP.

The slopes of log D as a function of log C. ., in hydrocar-

bons are non-integral because of the strong non-ideality of amides

in these diluents.

N,N-dialkylamides are a potential alternative to TBP for spent

nuclear fuels reprocessing. In addition to the general advantages

of amides as extractants, we hope to simplify the chemical separa-

tion process. Main simplifications will be :

U(IVJ-Pu(IV) direct partition, higher efficiency for fission pro-

ducts separation (therefore decreasing of the purification cycle

number), and simplified regeneration of the solvent...

Diamides :

The diamides are more basic than the monoamides (see Ta-

ble 1). Tha malonamides are extractants of all of the actinides
+

ions, except the pentavalent MO, ions. Extraction equilibria (10)

have been only investigated for the extraction of Am(III) by

N.N-dimethylN.N'-dioctylmalonamide (DMDOMA), represented by equa-

tion [11] :

Am(III)+3NO3" + 4 DMDOMA ~ Am(NO3)3(DMDOMA),.(DMDOMA) 1 [11]



Because of the high basicity of diamides, extraction equilibria

such as those shown by equations [5] and [10] must be investiga-

ted. The species UO1(NO3)3HTBGA, in which TBGA represents

N,N'-te.trabutylglutaramide, has been observed in toluene (9).

RMJIOLYSIS AKD HYDROLYSIS OF AMIDES

BEHAVIOR OF THE DEGRADATION PRODUCTS

One important feature for an extractant lies in its chemical

stability under the conditions of the separation process. When ra-

dioactive isotopes are present radiolysis must also be considered.

As the nuclear radiation energies are higher by several orders of

magnitude than the chemical bond energies, radiolytic degradation

is difficult to avoid. However, radiolysis might not be too dis-

turbing if the degradation products do not interfer in the pro-

cesses and allows easy solvent regeneration.

The effect of 50Co y radiation upon different N,N-dialkyla-

mides in the presence of nitric acid which is always present in

t" !_£ ..-/ the spent nuclear fuels reprocessing, is shown figure 1. The mono-

amides were diluted with TPH, an industrial branched dodecane. The

main degradation products are carboxylic acids (RCOOH) which do

not interfere with the separation processes in acidic media. The î"~v.r
6RCOOH values are close to tJle GHDBP values for TBP degradation. A ";-*

G equal to 0.9 for the solvents in contact with aqueous solutions

for which C ™ _ = 0.5N and G = 1.8 for Cuj,Q
 = *N. One example of

the hydrolysis yields of N,N-dialkylamides is given Table 2.
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Table 2. Hydrolytic products of N,H-di(2-ethyl)hexylhexanainide

(DOHA) lM into TPH in the presence of aqueous HHO3

Stirred solutions. 9 = 100-1050C.

Contact time Aqueous solutions HN(C8H17)2 C5H11COOH

(min)

O

240

240

60

240

Cali (mol l-i)
HNO3

0.5

0.5

2

4

4

(mol l-i)

0

0

0

0

0

(mol l"1)

0

0

0.026

0

0.017

Diamides are less stable than monoamides. See figure 2 for

radiolysis and Table 3 for hydrolysis data. The G_ ^. . , value

'V" vC / is close to 5 in the presence of a 5N HNO3 solution, a value close

to G_ C M p 0 reported by Nash et al (10). The acidity plays an im-

portant role for the reaction of diamides with hot HNO3, probably f '. i "

because HNO1 is involved in the hydrolysis mechanism.



11

Table 3. Hydrolysis of IM DMDBS1OODPDAC(C111H9CH3NCO),

CHC 2H^OCJH 4OC 6H 1 3] in solution into t-butyl

benzene as a function of temperature at va-

rious aqueous nitric acidities.

Time

(hours)

0.5

2

0.5

2

220

220

220

Temperature

(0C)

105

105

105

105

40

40

40

caq
HNO,

(mol I"1)

0.5

0.5

2

2

0.5

2

5

% degradation

1.9

6.4

9.5

24.9

4.3

11.4

18.8

The radiolysis products effects upon actinides ions distri-

bution ratios are shown on figure 3. It can be seen that no reten-

tion of the actinides occurs ; so the regeneration of the solvent

is not as necessary as in the case of the organophosphorus mole-

cules which need a solvent cleaning section at each extraction

cycle.
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COMCLOSION

The amide extractants which offer a large variety of possi-

bilities for actinides separations, are rather easy to synthetize

and purify.

However there is no industrial experience for the preparation

of large amounts of extractants. The synthesis describe in this

paper can surely be improved regarding yields and synthetic rou-

tes.

For the N,N-dialkylamides the price of the final product depends

essentially of the price of the starting materials : secondary

amine and acyl chloride. Both are often common and cheap mate-

rials.

For the N,N'-tetralkyl 2-alkylpropane diamide the same consi-

derations hold, but as the synthesis is carried out in several

steps for which the yields are not high, efforts to optimize the

procedures might lead to simpler and more efficient preparations.

The synthetic efforts must be undertaken as soon as possible after

the definitive choice of a N.N'-tetraalkyl 2-alkyl propane diamide

because it has been observed that yields and purification problems

depend of the nature on the central méthylène substituent.
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FIGURES

Figure 1 : Degradation of various N,N-dialkylamides in the

presence of HNO3 as a functicn of
 60Co f dose

DOBA ((C11H9CH(CJH5)CHJ)1NCOC3H7)

DOiBA ((C4H9CH(C2H5)CH2)2NCOCH(CH3)2)

DOHA ((C11H9CH(CJH5)CHJ)2NCOC5H11)

DOTA ((C4H9CH(CJH5)CHJ)jNC0CHjC(CH3)3)

Figure 2 : % of degradation of a IM

CHC2H4OC2H11OC6H13] in solution into t-butylbenzene

as a function of the f dose received in the presen-

ce of various aqueous nitric acid solutions

Figure 3 : Effect of the 60Co y dose upon the distribution ratios

of various actinide ions between IM DMDB3, 60DPDA into

t-butylbenzene after irradiation and 5N — or 0.5N

aqueous HNO3.

— DMDB3.6ODPDA irradiated in the presence of 5N HNO3

DMDB3.6ODPDA irradiated in the presence of 0.5N HNO3
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