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Abstract The organics in y-ray irradiated aqueous N, N-diethylhydroxylamine (DEHA) solution, which is used as a

reducing agent in reprocessing spent nuclear fuel, were analyzed with gas chromatography equipped with FFAP capil-

lary column and flame-ionization detector. It was found that irradiated DEHA solutions contained acetaldehyde,

ethanol, and acetic acid. For DEHA of 0.2 mol/L irradiated to 10~1000 kGy, the concents of acetaldehyde,
ethanol and acetic acid are (9.7~18.7)x107, (0.4~23.4)x107 and (6.5~11.7)x10"* mol/L, respectively. The

concentration of DEHA decreases obviously with the dose.
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1 Introduction

The development of nuclear power industry is ac-
companied by increasing amount of spent nuclear fuel
(SNF). To tackle the problem, many countries adopt a
policy of closed nuclear fuel cycle for reprocessing SNF
to isolate and recycle the residual uranium and
with  PUREX
EXtraction) being the most established process in the
world. In this process, tributylphosphate (TBP) in kero-
sene is used to extract U (VI) and Pu (IV) from nitric
acid solution, Pu is subsequently separated from U by
reducing Pu (IV) to Pu (II), which is stripped into the
aqueous phase, with ferrous sulfamate or U (IV)- hy-

plutonium, (Plutonium-URanium

drazine. The use of Fe%, however, introduces a lot of
nonvolatile iron ions into the process, with increased
volume of radioactive wastes to be stored, and the use
of hydrazine produces explosive hydrazoic acid by the
reaction of hydrazine with nitrous acid.

On the other hand, Np content increases with the
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burnup SNF!'1, both Fe*" and U (IV) cannot control Np
valence, and this makes Np go to different streams. As
an organic reducing agent, N,N-diethylhydroxylamine
(DEHA) may be used as a salt-free reducing agent in
PUREX process in future. It produces mainly alcohol,
aldehyde, nitrogen, nitrogen oxide, etc. It can rapidly
reduce Np (VI) and Pu (IV) to Np (V),and Pu (III) **,
which are slightly extractable by TBP from nitric acid
solution. It can also stabilize Np (V) and Pu (III) in
acid solution.

However, in the separation process, DEHA suf-
fers from radiation decomposition, which may affect
its reducing efficiency. The degradation product may
also affect the partition of U, Pu and Np. In this paper,
organics in y-ray irradiated DEHA solution are ana-
lyzed.

2  Materials and methods

DEHA, in purity of 98.6%, was supplied by
China Institute of Atomic Energy.
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The irradiation was done by ®“Co y-rays in a
source of 3.6x10" Bq at Shanghai Institute of Applied
Physics, Chinese Academy of Sciences. GC900A gas
chromatograph was from Shanghai Ke Chang Chro-
matograph Instruments Co., Ltd. FFAP capillary col-
umn (30mx0.25mmx0.25um) was from Dalian Insti-
tute of Chemistry and Physics, Chinese Academy of
Sciences.

DEHA of 0.2 mol/L was prepared with de-ionized
water. Four millilitres of the solution was placed into a
7 mL penicillin bottle, which was sealed with rubber
and aluminum and irradiated in the Co® source to 10,
50, 100, 500 or 1000 kGy, monitored by dichromate

dosimeters.
3 Results and discussion

3.1 Qualitative analysis of the organics

In aqueous DEHA solution irradiated by y-rays,

active species of H-, -OH, e’,q and others are produced:

H,0 — H., ‘OH, €, Hy, H,0, H (1)

H- or -OH reacts with DEHA by H abstraction to
give N, N-diethyl nitroxide radical:

H- + (C,Hs),NOH — H, + (C,Hs),NO )

.OH + (C,H5),NOH — H,0 + (C,Hs),NO-  (3)

As there is air in the radiation system, O, in
air can react with H::
H + 0, — H,O 4
And HO;-can react with DEHA:
(C,Hs),NOH +HOO: — (C,Hs),NO- + HOOH (5)

N, N-diethyl nitroxide radical can self-react to
form nitrone, which is hydrolyzed to form N- ethylhy-

droxylamine®™

2(C,Hs);NO*—>CH; CH= T;ICHZ CH; +(GHs),NOH  (6)
e}

CHy,CH= I;ICHZCH3LH,O> G HsNHOH + CH;CHO (7)
o

Acetaldehyde may react with e’,q and H to form
ethanol:

C,H; OH ®

=
=

«O—0O
=
jus)

Il
*H+CH; CH CHs

0 o ot
[ |
¢ aat CHCH— CHCHES cHCHRB=GHoH  (9)

RH is organics containing H.
Acetaldehyde may react with oxidative species of
HO,: or -OH to form acetic acid:
2CH;CHO+2HO,—2CH;,COOH+H,0, (10)
R . CH,CcOOH (an

CH,CHO ++ OH
R is the radical in system.
On the other hand, DEHA reacts with ozone to

form nitroethane'®

, so organics in irradiated DEHA
solution may be acetaldehyde, ethanol, acetic acid,
nitroethane, N-ethylhydroxylamine and DEHA. The
organics are of low boiling points: acetaldehyde
(21°C), ethanol (78°C), acetic acid (118°C), nitro-
ethane (114°C) and DEHA (128°C), and can be ana-
lyzed by gas chromatography.Gas chromatographic
analyses of acetaldehyde, ethanol, acetic acid, nitro-
ethane and DEHA were reported in Refs. [7]~[17],
where most of the analyses were done with polar col-
umns. The organics in this work are polar, too, and
they should be analyzed by polar columns. FFAP and
PEG20M are typical polar columns. Because the sam-
ples to be analyzed contain acetic acid and a lot of
FFAP is  better than PEG20M. As
flame-ionization detector (FID) is very sensitive to

water,

organics, it was chosen in this study.

The column temperature was programmed so as
to separate compositions in irradiated DEHA solution,
and to reduce analysis time. The best analysis condi-
tions were determined as initial column temperature
of 60°C, initial isothermal period of 5 min, pro-
grammed heating rate of 6°C/min, final tem-
perature of 100°C, final isothermal period of 5
min, and FID temperature of 150°C. Gas chroma-
tograms of the standard organic mixture and the irra-
diated DEHA solution are shown in Fig. 1.

Comparing retention time of the peaks in Fig.1,
one found that the sample contained no nitroethane but
DEHA, acetaldehyde, ethanol and acetic acid. These
were confirmed by adding the organics into the irradi-
ated DEHA solutions and observing growth of corre-
sponding peaks, which increased obviously.

By Eqgs.(1)~(11), the organics in irradiated DEHA

solutions can be acetaldehyde, ethanol, acetic acid,
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nitroethane, N-ethylhydroxylamine and DEHA. As by y-rays, but no peak at 12.49 min was observed in
Fig.1b shows no nitroethane, the unknown peak at the gas chromatogram, indicating that that peak is
12.49 min may be N-ethylhydroxylamine. In addition, N-ethylhydroxylamine, which was oxidized by HNOs.
a solution of HNOs-0.2 mol/L DEHA was irradiated
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Fig.1 Gas chromatograms of (a) the standard organics mixture and (b) the irradiated DEHA solution.

Ethanol, Y = 135.9 +1099370 X, r=0.9997;

3.2 Quantitative analysis of the organics Acetic, Y = —1755.3 + 545544.8 X, r=0.9957:
An external standard was used to perform quanti- DEHA, Y =-8082.9 + 1874760 X, r=0.9997.

tative analysis of the organics in irradiated DEHA so- Peak areas of the organics in irradiated 0.2 mol/L

lutions. Fittings results of the data are (with r being the DEHA solution are given in Table 1, from which the

correlation coefficient): component concentration can be calculated by the
Acetaldehyde, Y=—-16.8+285528.3X, r=0.9989; formula above (Fig.2).

Table 1 Peak areas of the organics in irradiated 0.2 mol/L DEHA (uV-s)

Dose /kGy CH;CHO CH;CH,0H CH;COOH DEHA

10 2759.7 554.9 1767.2 304725.1
50 3352 2809.1 2751.4 291952.1
100 35544 41344 5395 285385.8
500 5330.7 25861.8 4624.5 175796.9

1000 4347 25760.9 4594.4 74871.4
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Fig.2 The organic contents in 0.2 mol/L DEHA solution irra-
diated to different doses.

From Fig.2, the ethanol concentration is higher
than the acetaldehyde concentration, which is higher
than that of acetic acid at higher doses. At lower doses,
all organic concentrations increase with the dose, but
the concentration changes are not obvious at higher
doses. The DEHA concentration decreases markedly
with the dose. The radiolysis rate of DEHA, i.e. dif-
ference of the initial and residual DEHA concentra-
tions over initial DEHA concentration, is 22% at 100
kGy, and 50% at 500 kGy.

4  Conclusion

The qualitative and quantitative analyses of the
organics in irradiated aqueous DEHA solution were
performed. Results show that there are acetaldehyde,
ethanol, acetic acid and DEHA in the solution. For
DEHA of 0.2 mol/L irradiated to 10~1000 kGy, the
acetaldehyde, ethanol and acetic acid concentrations
are (9.7~18.7)x107, (0.4~23.4)x10” and (6.5~11.7)x
10 mol/L, respectively. The concentration of DEHA
decreases obviously with the dose.
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