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Abstract

Photo-oxidation of large malonamidBi\ -dimethyl, N,N’-dibutyl, tetradecyl malonamide (DMDBTDMA) arld,N'-dimethyl, N,N'-
dibutyl, dodecylethoxy malonamide (DMDBDDEMA)—potential extractants for minor actinides in nuclear fuel reprocessing—leads
mainly to the corresponding monoamiddksbutyl N-methyl hexadecanamide (BMHDA) amdbutyl N-methyl dodecyl oxy butanamide
(BMDDOBA), respectively. The evolution of these main photoproducts was monitored during the degradation of malonamide solutions, and
also pure monoamide solutions. Irradiation, for 1 h, with a low mercury pressure lamp can destroy BMHDA when diluted to 0.0%75 mol |
in n-dodecane. The two monoamides only differ by an ether bond and the weakness introduced by such a function in an alkyl chain is
shown by slightly faster degradation. The relative weakness of BMDDOBA is independent of oxidant addition. Global degradation can be
monitored by GC/FID or UV detection at 200 nm.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction trated acid, high radiation) can lead to partial degra-
dation of the extractanf2] and all information about

The management of radioactive wastes produced aftercleanup procedures to remove by-products and degrada-

spent nuclear fuel reprocessing is based on separation protion pathways must be obtained by studying diamides

cesses. In this field, a development made by the Commis-or the main photoproducts, which are monoamides:

sariat a 'Energie Atomique (CEA) consists in separating N-butyl N-methyl hexadecanamide (BMHDA) aridtbutyl

the minor actinides (Am(Ill) and Cm(lll)) from the high N-methyl dodecyl oxy butanamide (BMDDOBA). The re-

level liquid waste. A first step in the separation strategy, spective semi-developed formulae of the malonamides and

the DIAMEX process (with incinerable malonamide ex- monoamides are:

tractants made only with C, H, O, and N atoms) is the

extraction of trivalent minor actinides and lanthanides. O| 0 ?)
The typical diamide showing DIAMEX process feasibility R\NMN’R R\N /kCH
is DMDBTDMA (N,N'-dimethyl, N,N'-dibutyl tetradecyl | | L1
malonamide: (GHg(CHz)NCO),CH(C14H29)) [1]. Another R R R RER

similar diamide, differing only in having an ether bond
in the main alky chain, was also monitored: DMDBD- where R Rand _R/ are alkyl or oxyalkyl group$3-6].
DEMA (N,N'-dimethy! N,N'-dibutyl dodecyloxyethyl mal- Previous studies had been carried out on the thermal de-

onamide: ((GHg(CHz)NCO),CH(C,H40C1oHz5)). The struction of tertiary monoamid€¢g,8] and malonamidef®].
hostile environment of the extraction process (concen- Photo-oxidation of these malonamide extractants had also

been studieftL0]. This paper deals with the photo-oxidation
of monoamides: BMHDA and BMDDEMA, the compari-
* Corresponding author. Tel:33-4-66-78-2780; son between these _struqtu_res ano! the influence of different
fax: +33-4-66-78-2701. factors such as the irradiation device used, and the concen-
E-mail addressjean-michel.guillot@ema.fr (J.-M. Guillot). tration or presence of oxidant.
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2. Experimental for the monitoring of thermal degradation experiments and
are given in[9].
2.1. Materials and apparatus
2.2.3. Photo-oxidation of 0.5 mott solutions
2.1.1. Compounds Experiments were carried out with UVP Device, on both
Diamides (malonamides) and monoamides (tertiary monoamides at 0.5 matt in n-dodecane.
amides) were synthesised by Panchim (Evry, France) with
purity up to 99%. Solutions were prepared by dilution in 2.2.4. Comparison between BMHDA and BMDDOBA
puren-dodecane (Acros, 99). For CG/FID analysis, hexade- solutions
cane (Fluka, [JB1] 98%) was added to samples as internal The influence of the Iamp device on degradation was stud-
standard (1.S.). The developed formulae of the diamides i€d by means of experiments on both monoamides and with
DMDBTDMA and DMDBDDEMA are as follows: both lamps.
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The developed formulae of the monoamideshutyl N-
methyl, hexadecanamide (BMHDA) amdbutyl N-methyl,
dodecyloxobutylamide (BMDDOBA) are as follows:

2.2.5. Influence of monoamide solution concentration

Solutions of BMHDA at 0.5, 0.075, and 0.0075 motlin
n-dodecane were tested with the Heraus device to investigate
the influence of concentration.

I 2
HoC4 \ /C\ HoCa \ /C\ 2.2.6. Influence of oxidant on BMDDOBA degradation
N CisHs N (pHe Solutions of BMDDOBA 0.075molt! in n-dodecane
CH; P treated with hydrogen peroxide (saturation of initial so-
CHs C1oHas lution) or with oxygen (2mimint O, flow rate in the
BMHDA BMDDOBA‘ ) solution) were compared with an untreated solution (dry
solution).

2.1.2. Irradiation devices and low pressure mercury lamps 2.2.7. Comparison of GG-FID and UV detection

Irradiation was carried out using an UVP Pen-Ray mer- A solution of BMDDOBA at 0.075 molt?! in n-dodecane
cury lamp (25W) or a NIQ 48 Heraus mercury lamp was degraded using the Heraus device for 200 min. Samples
(100 W). Details of devices and lamp emission spectra are at different times were collected and analysed by GC/FID

described in a previous papgi0]. and the Global Residual Percentage (GRP) was calculated
using the chromatogram data. During the same experiments,
2.2. Photolysis experiments the circulation of the solution in the device was coupled with

the UV spectrophotometer used as an on-line detector.

2.2.1. Absorbance evolution for diamides and
monoamides solutions 2.3. Destruction indicators

0.5mol ! solutions were irradiated for 400 min using
the UVP device. UV spectra were recorded for diluted solu-  Destruction was monitored by means of GC/FID or UV
tions (with a dilution factor of 500 times, i.e. a concentration detection.
of 1 mmol -1 for initial solutions). These spectra were ob- With GC/FID, two indicators were obtained: the FID
tained with a Secomam spectrophotometer, bandwith 2 nm,Residual Percentage (FIDRP) and the Global Residual Per-

scanspeed 1800 nm mih, 2 mm pathlength quartz cell. centage (GRP). FIDRP is the ratio of the sum, at titne
of FID signals for all detected compounds (excepted Inter-
2.2.2. ldentification of photo-products nal Standard (1.S.) and-dodecane) divided by the area of

Monoamide by-products were analysed by both the I.S. and the same expression at time 0. Such an indicator
GC/MS and the GC/FTIR devices, and quantified by means takes into account the relative evolution of the response co-
of GC/FID. All chromatographic conditions were developed efficient of all organic compounds and therefore provides
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an indication of degradation and oxidation too, because theFor diamides, the absorption decreases in the range 200—
FID response decreases with the oxidation degree of a car220 nm and increases between 230 and 250 nm. Such an evo-
bon atom. GRP is based on the conversion rétiof the lution of spectra was also observed with monoamide spectra.

initial diamide in product, taking into account molecular

weights. The relations give the FIDRP and GRP calculation: 3.2, Identification of photo-products

FIDRP = 100 x (3 Areas— A1.s—Adodecany; /—(AL.9): The identification performed by CG/MS and CG/FTIR
(3 Areas— Aj.s —Adodecandy /—(A1.5)0 showed several kinds of compounds. A major part of these
by-products were amidegdble 1. Lower tertiary amides
were obtained by the loss of some carbons onGledky!l
or C-oxo-alkyl chain and secondary amides were obtained
by cleavage of amN-alkyl group. Several formamides and
some aldehydes or carboxylic acids due to oxidation of long
GRP— Z (%) T, C-alkyl fragments were also obtained. Cleavagehl-afikyl
T\ Myt bonds (methyl or butyl) were due to the hydrogen lability
! of Ca—H. Globally, photo-degradation of both monoamides
where M; is the molecular weight of moleculie My the led to similar structures due to the same mechanisms being
molecular weight of initial diamideT; the ratio (moles of involved.
moleculei/moles of initial diamide), wheil; was lower than
1%, such a conversion was not included in the calculation. 3.3. Photo-oxidation of solutions at 0.5 motft|
UV detection was performed between 200 and 220 nm.
Absorbance was normalized as a percentage of initial solu-  pPhoto-oxidation of diamide DMDBTDMA was more ef-
tion absorbance. ficient than for its monoamide BMHDAH(g. 3). The kinetic
constant for kinetic curve tendency was five times lower
for the monoamide than for the diamide. The diamide is
3. Results and discussion a larger molecule, therefore, more bonds can be cleaved,
and the malonamide structure may also introduce a weak-
3.1. Absorbance evolution for diamide and monoamide  ness into the molecule as compared with the mono tertiary
solutions amide, explaining the different kinetics. This last hypothe-
sis is confirmed looking at the conversion of DMDBTDMA
The absorbance of diamide and monoamide solutions, atto BMHDA, which is typically due the lost of malonamide
1mmol -1 in n-dodecane, is given ifFigs. 1 and 2 The structure without cleavages fdt-alkyl groups. The global
evolution of the absorbance for both diamides and both degradation shown by FIDPR values confirms that the di-
monoamides indicates transformation of these molecules.amide is less stable than its homologous monoamide.

where) " Areas is the sum of FID signals for detected com-
poundsA s, the FID response for internal standard (hexade-
cane),Adodecanethe FID response for solvem-gdodecane),
tis the time.
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Fig. 1. UV spectra for initial and degraded solutions of DMDBTDMA and BMHDA (initial concentration of amide: 0.001 ol h-dodecane, 400 min
irradiation time with UVP device).
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Fig. 2. UV spectra for initial and degraded solutions of DMDBDDEMA and BMDDOBA (initial concentration of amide: 0.001*iol h-dodecane,
400 min irradiation time with UVP device).

Table 1
Main amide structures (and molecular weights) for both monoamides photoproducts
Initial tertiary amide BMHDA (325) BMDDOBA (341)
Lower tertiary amides
Cleavage of a part of longer alkyl chain ""RCON(CHs)C4Hg R’ OC3HgCON(CHs)C4Hg
R’ < C7 alkyl chain R < C11 alkyl chain
Secondary amides
Cleavage ofN-methyl group Gs5H3:CONHCGHg (311) G2H250C3HgCONHCG Hg (327)
Cleavage ofN-butyl group GsH3z1CONHCH; (269) Gi2H250C3Hg CONHCH; (285)
Disubstituded formamide
Cleavage of the longer alkyl chain HCON(g}¥4Hg (115)
Other formamides
Cleavages of the longer alkyl chain ahdmethyl group HCONHGHg (101)
Cleavages of the longer alkyl chain ahHbutyl group HCONHCH (59)
Cleavages of all substitutants HCORMK#S5)
100
With DMDBTDMA solution
TSN A A A m DMDBTDMA

y=100e -0.0135x  R2=0.9834

X Conversion of DMDBTDMA

~~
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~ <o o
= \ ° A Dodecane
: ° .
= . © * FIDPR
< *
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S~ 0 BMHDA
R2=0.9537

y = 100¢ -0.003x

1 A Dodecane
0 200 400 600 800 o FIDPR

Irradiation time (min)

Fig. 3. Photo-oxidation of 0.5mott solutions of DMDBTDMA and BMHDA inn-dodecane.
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100
90 1 With DMDBDDEMA solution
R coe . O o o = DMDBDDEMA
o * ¢ ¢ .0 o4 y = 100c -0.0076x  R2=0.9407

80 1=\ o
X
708
A
60

= Conversion of DMDBDDEMA
to BMDDOBA

Amount (%)

30 1

w04 ) xil \ & Dodecane
10 “\* & S A, A FIDPR X GRP
[ ] ; [u] A

With BMDDOBA solution
20 O BMDDOBA
10 4 X y = 100e -0.0037x  R2=0.9618
0 1 o Dodecane
0 200 400 600 800 A FIDPR
Irradiation time (min)
Fig. 4. Photo-oxidation of 0.5 mott solutions of DMDBDDEMA and BMDDOBA inn-dodecane.
The same behaviour is observed Hig. 4 for the di- For both monoamides and both diamides, the degradation

amide/monoamide couple with the ether bond (DMDBD- of n-dodecane is at a rate of 15—-25% for a 600 min irradiation
DEMA and BMDDOBA). The difference between diamide time (Figs. 3 and %

and monoamide behaviour is less important than for the pre-

vious couple. These structures with ether bonds are globally3.4. Comparison between BMHDA and BMDDOBA
stable, like their homologue without oxygen in the aliphatic solutions

chain. Bonds in the position of the amide group are easily

broken in diamide structur¢$0,11] The global degradation Photo-degradation of monoamides led to very similar
observed with FIDPR follows the same tendency as for the degradation behaviour, as showrkig. 5. Both monoamides
previous couple. For diamide, quantification by GRP calcu- have the same evolution even if BMDDOBA is a little
lation was very close to the global FID response (FIDPR) weaker than BMHDA because of its ether bond. Looking
showing that this last indicator can give precise information at the FIDPR, which takes into account all organic com-
about the degradation pathway.

pounds detected with GC/FID analysis, this reactivity is

100 ¢
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o g
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& 60 =
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= m
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A
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20 = =
m] u ]
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0 t } t t t t
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Fig. 5. Photo-oxidation of 0.5 mott in n-dodecane solutions of both monoamides with UVP device.
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Fig. 6. Photo-oxidation of both 0.5 molt monoamide solutions in-dodecane with UVP and Heraus devices.

most clearly shown because some BMDDOBA by-products Table 2

(parts of oxo-alkyl chain) can be photo-oxidised quickly. Ctor11tparti§on between BMHDA concentration and degradation kinetic con-
stant ratios

3.5. Photo-oxidation of monoamide solutions Concentration  Kinetic ~  — Concentration  Kinetic
with two devices (moll—+) constant (5+) ratio constant ratio
C1=05 K1 =00116  Ci/C3=66.7  Kg/Ky =42.2

. .- C2 =0.075 Ky =00714  C/C; =6.7 KaolKy = 6.2

The degradation efficiency of the two lamps (Heraus . _ o075  «; = 0.489 Cy/Cs = 10 Ka/Ky = 6.8

and UVP) was compared for solutions at 0.5mdllas
shown in Fig. 6. These experiments clearly show the o o
higher monoamide degradation efficiency of the Heraus ing factor for degradation is the radiation from the lamp, and
device compared to the UVP device. For both devices, With high concentration, the large amount of initial molecule
DMDDOBA was always degraded quickly because of the cannot be destroyed at was shown for DMDBTDMA mal-
reactivity of its ether bond. Such a difference is quite in- Onamide[10]. On the other hand, with very low concentra-
dependent of the device when the DMDDOBA/BMHDA tion, the degradation increase is not as strong as had been
ratios of kinetic constants are compared. These ratios areeStimated, as can be seen from the lower kinetic constant
1.1 (0.0127/0.0116) and 1.2 (0.0037/0.003) for the Heraus "atio Ks/Ky than concentration rati6,/Cs in Table 2
and UVP devices, respectively. . .

3.7. Influence of oxidant on BMDDOBA degradation
3.6. Influence of monoamide solution concentration

The influence of the two oxidants on BMDDOBA

The influence of concentration on BMHDA is shown in degradation is illustrated byrig. 8 The dry solution
Fig. 7. On the one hand, these results indicate that the limit- at 0.075molt! (only monoamide inn-dodecane) was

100 %
" 0.5 mol.L!
o mBMHDA Y= 100e -0.0116x
o1 \ R2=0.9766
—_ ]
S
T 0.075 mol.L!
T 50 A .
: - ABMHDA  y =100e -0.0714x
S 40
: ’ - R2=0.9537
< 30
A
20
0 - 0.0075 mol.L-!
1 -
* BMHDA y = 100e -0.439x
0 ’ ' ' l ' R2=0.9367
0 50 100 150 200 250 300

Irradiation time (min)

Fig. 7. Photo-oxidation of 0.5, 0.075 and 0.0075 mdl kolutions of BMHDA inn-dodecane with Heraus device.
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Fig. 8. Influence of oxidant addition on DMDDOBA photo-oxidation.

compared with similar solutions containing hydrogen per- FID data shows a complete degradation of monoamide and
oxide or permanent introduced oxygen. No significant dif- main by-products after 200 min irradiation time. The direct
ference was observed with these three solutions, indicatingUV measurement is less precise because the relative ab-
that degradation is not accelerated by the presence of thessorbance between 200 and 220 nm decreases by just 50%,
oxidants. but is more convenient. The residual absorbance is due to
low-level [JB2] by-products and the solvent. All points for
GRP were obtained after sampling and three injections in
CG/FID while UV values are given in real time. The effi-
ciency of UV is shown and can be completed with the in-
crease of absorbance in the range 271-276.3nm. In such

3.8. Comparison of GG-FID and UV detection

A comparison of the two ways of monitoring monoamide
degradation is shown ifig. 9. The GRP calculated with

Fig. 9. Comparison of normalized absorbance decrease at 200 nm with global FID quantification (GRP) for BMDDOBA photo-degradation.

Irradiation time (min)
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a range, relative absorbance starts from 0 to 100% with means of direct UV detection when a spectrophotometer is
120 min irradiation time and then decreases. This last rangecoupled to the photo-degradation device.

can be useful to monitor the beginning of the degradation

and the formation of the first by-products but cannot be

maintained for monitoring the global degradation. Acknowledgements
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