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Abstract Within the framework of nuclear industry some organic wastes, mixing of radioelements and 
organic solvents, are produced and cannot be treated by usual processes especially due to high 
concentration of chlorinated compound. Thanks to its former experience in nuclear and high-pressure 
fields, the CEA-Pierrelatte carried out research on the promising process of supercritical water oxidation 
(SCWO) in order to treat chlorinated high level contaminated wastes. 

 
 

INTRODUCTION 
 
The research conducted in the nuclear facilities 
of the French atomic commission (CEA) tends to 
produce small amounts of contaminated solvents, 
which have to be eliminated. They are mainly 
made of extractant molecules such as tributyl 
phosphate (TBP), diluents such as kerosene, 
which result from the liquid-liquid extraction of 
spent nuclear fuel reprocessing, but are also 
technological organic effluents such as 
halogenated solvents... These organic effluents 
make a minor volume of the global amount of 
the contaminated waste, but their efficient 
management is compelled by the risk they 
produce : the risk of fire due to the organic 
matrix of these effluents enhances the risk of 
dissemination of the radioactivity which has to 
be managed for all the nuclear materials, and 
particularly for the effluents.  
The CEA-Pierrelatte carried out research on the 
promising process of Supercritical Water 
Oxidation (SCWO) in order to treat such high-
level contaminated organic wastes. 
The SCWO process has two well-known 
limitations, which hinder large industrial 
development in the case of the destruction of a 
waste, which is not purely organic: corrosion and 
salt plugging. Corrosion is caused by the 
presence of acids or halogenated compounds in 
this highly oxidant medium. [1] As Ni-based 
alloys, usually used to make high pressure 
autoclaves, show poor resistance to most of these 
substances, corrosion is a real problem for this 
process. The well-known reactor plugging is 
caused by the precipitation of dissolved salts in 
the supercritical region. Combined with 
corrosion this phenomenon leads to plugging of 
the reactor during the processing of mixtures 
containing salts, even at high flow velocities. In 

order to overcome these drawbacks, especially 
salt sedimentation, various technological 
innovations are studied like cooled-wall, [2] or 
transpiring wall, [3]. 
 
We will present here our last results concerning a 
new reactor, which is adapted to the oxidation of 
salt containing organic compounds or 
halogenated species. This reactor has both a 
double shell preventing the autoclave from 
corrosion and a stirrer enabling a better mass and 
heat transfer and preventing particles from 
sedimentation. 
Our interest was focused on model compounds 
related to the two main problems of SCWO. We 
chose a tributylphosphate diluted in dodecane 
and a mixing of chlorinated compounds for the 
corrosion and the salt plugging. 
 
 
MATERIALS AND METHODS 
 
The reactor, shown on figure 1, is made of a 
horizontal high pressure autoclave of 316 
stainless steel and of a stirrer and a double shell, 
both in titanium. It has been developed in order 
to overcome corrosion and salt-plugging 
problems when oxidizing complex compounds 
containing halogens or mineral. [4] Along a half 
of it, 3 ceramic heaters are disposed. Along the 
rest of it a cooling shell is placed. On the 
temperature point of view, two main parts can 
thus be distinguished, the hot one around the 
heaters and the cold one around the coolers. The 
hot section reaches temperatures ranging from 
400 to 1000°C because of the combustion 
reaction, while exiting flow temperature, i.e. in 
the end of the cold section, stays around 40°C. 
A backpressure regulator placed downstream 
from the reactor regulates pressure.  
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Fig. 1. : Detailed scheme of the stirred 
reactor 
 
The main innovative point of the reactor, 
compared to existing double shelled SCWO 
processes [5,6], is the high turbulent flow 
generated by the stirrer in the core of the reactor. 
Indeed in the inner part of the tube is placed the 
titanium stirrer, which is made of a central axis 
and of blades maintaining a turbulent flow along 
the whole reactor. Thus the stirrer enhances the 
heat and mass transfers where the reaction 
occurs. It also prevents the precipitated salts 
from decanting in the high temperature 
supercritical zone and brings them in the cold 
subcritical zone of the reactor, where they are 
dissolved again. 
The gaseous stream is analyzed by online gas 
chromatography thanks to VARIAN 3600 
apparatus. We can thus measure formed CO2 
concentrations, O2 and N2 amounts in excess and 
even CO and CH4 concentrations. The liquid 
phase is analyzed by SHIMADZU Total Organic 
Carbon Analyzer (TOC) to determine the organic 
compounds concentration in solution. TOC is 
given in mg.L-1. 
 
Results from both phases are gathered and 
compared to the calculated TOC of the initial 
organic waste in order to calculate a conversion 
yield (χ), which is therefore similar to a total 
oxidation efficiency of the process. We take into 
account the amount of undesired gases like CO 
and CH4. Their amount was usually found to be 
less than 0.02 % and 0.01 % respectively. 
 

 

 
RESULTS 
 
Waste Containing Phosphorus 
 
We focused our attention on a waste containing 
tributylphosphate (TBP), which is an organic 
compound commonly found in the nuclear 
industries and known to corrode, and plug, 
supercritical water oxidation installations. The 
waste composition was 70 vol % of dodecane 
and 30 vol % of TBP which is a classical mixing 
in nuclear industry. We assume that most of the 
phosphorus is transformed into mineral 
phosphoric acid H3PO4. 
 
We carried out experiments with a constant 
pressure of 300 bar, the main water flow rate 
varying between 0.8 and 3.3 kg.h-1, the 
secondary water flow rate (i.e the water added 
with the waste directly in the hot zone of the 
reactor) fixed to 0.4 kg.h-1, an oxidant 
stoechiometric between 1.5 and 2.7, and a 
chosen concentration varying between 1.3 and 
5.6 %. The stirring rate was fixed at 400 rpm. 
 
The most relevant step for this study is the probe 
of the effect of sample concentration on the 
conversion yield with fixed water flow rates. 
This is usually one of the most sensible 
parameters for SCWO. Figure 2 shows the 
evolution of both total organic carbon (full 
circles), i.e. the amount of organic carbon still in 
the effluent, and the conversion yield (hollow 
squares). 
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The process is more efficient for concentrations 
above 4.0 %. Up to this value, the conversion 
yields are under 99 % but increases with 
concentration. Above it the conversion yield 
reaches a plateau where it stays above 99.5 %, 
even reaching 99.9 % at 5 %. The TOC, which 
gives information on the real amount of 
undesired organic carbon in the exiting flow, has 
a similar behavior and stays under 100 mg.L-1 at 
concentrations around 4.5. 
 

 
Figure 2: Influence of sample concentration on 
conversion yield (full circles) and TOC (hollow 
squares). 
 
 
Moreover, for most experiments, some white 
powder has been found on the stirrer. This 
powder has been identified as mainly composed 
of TiP2O7 by X-ray diffraction. This means that 
some phosphorus atoms are not transformed into 
phosphoric acid but precipitate in solid form. 
Combined with corrosion, Ti compounds are 
thus formed. However neither carbon, 
chromium, iron nor nickel have been found in 
significant amount in the white powder, which 
means that corrosion only occurred in the inner 
part of the Ti shell and therefore that the stainless 
steel autoclave is not corroded at all. Moreover 
no plugging ever occurred for any run. We can 
notice that the stirrer is really efficient for 
preventing salt sedimentation and dissolve it in 
the subcritical zone. 
 
Chlorinated Wastes 
 
We performed experiments with high 
concentration of various chlorinated species 
mixed together. Table 1 lists the major 
compounds and their respective concentrations in 
the formulated waste. Hydrochloric acid was 
added to reach a chlorine concentration in the 
waste of 107 g.l-1.  

 
Species Concentration 

(ml.l-1) 
trichloro 1,1,1 ethane 49 
trichloroethylene 15 
toluene 10 
xylene (o,m,p), Et-Bz 47 
trimethyl Benzene 70 
dodecane 7 
ethanol 6 
methanol 4 
acetone 7 
chloroforme 4 
dichlorométhane 6 

 
Table 1 : chlorinated compound mixed in a 

model waste 
 

The operating conditions were a pressure of 
300 bar, a temperature set at 400°C, a waste flow 
rate of 90 g.h-1 and a water flow rate of 1.6 kg.h-

1. The stirring rate of the reactor was set at 
100 rpm. 
The destruction yield is always very good as one 
can see on figure 3 where the residual TOC in 
the output stream is plot for 6 experiments. 

 
Figure 3 : TOC measurements for 6 

successive experiments of 3 hours 
 

We carried out experiments to cumulate 60 hours 
of functioning. At the end, we dismantled the 
reactor and its internal titanium part to performed 
analysis on the materials. From the literature at 
this chlorine concentration, the stainless steel 
generalized corrosion should induce a decrease 
of the wall thickness of few millimeters. 
However, we measured no change of the 
thickness of our reactor. It means that our design 
is efficient to confine the corrosive species far 
from the autoclave wall. 
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For titanium grade 2 generalized corrosion is 
considered to be very small (1mm/year [7] 
compare to 200mm/year for stainless steel). In 
our experimental set-up only the injector tube 
(that is to say, the 1/8’’ tube which injects the 
chlorinated waste in the reactor) was damaged. It 
was certainly due to the corrosion of the titanium 
but also the abrasion wear. As a matter of fact, 
this tube undergoes the highest temperature in 
the reactor (around 600°C) and its position is 
also very close to the stirrer. Future evolutions 
should take into account these imperfections of 
our set-up: other titanium grade may be used and 
an enlargement of the dimension of the stirrer in 
order avoid the rolling friction. 
These experiments confirmed that our design is 
efficient to prevent the chlorinated species from 
corroding the stainless steel reactor. Concerning 
the titanium internal parts, except the slight 
modification of the injector tube, there are well 
defined and rugged to allow us to treat very 
corrosive waste. Moreover, these parts are easily 
removable for inspection and are cheap enough 
to be changed more frequently that the entire 
autoclave. 
 
CONCLUSION 
 
We proved the efficiency of our new reactor for 
the destruction of organic wastes containing 
hetero-atoms, salt or chlorinated species. We 
always performed conversion yields greater than 
99,8 % for all treated systems. 
We resolved the salt-plugging problem thanks to 
a stirrer, which enable a turbulent flow limiting 
sedimentation. 
 
Finally, the titanium double shell appears very 
useful to prevent corrosion of the stainless steel 
autoclave. Indeed after more than 60 hours 
running time, no microscopic trace of corrosion 
can be observed neither on the titanium double 
shell nor on the autoclave. The minor 
degradation of the injector in titanium could be 
easily modified in order to guaranty long runs 
with chlorinated waste. 
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