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Hydrothermal Processing of Radioactive Combustible Waste 

Laura A. Worl, Steven J. Buelow, David Harradine, Loan Le, 
Dennis D. Padilla, James H. Roberts 

Abstract 

Hydrothermal processing has been demonstrated for the treatment of radioactive combustible 

materials for the U. S. Department of Energy. A hydrothermal processing system was designed, 

built and tested for operation in a plutonium glovebox. Presented here are results from the study of 

the hydrothermal oxidation of plutonium and americium contaminated organic wastes. 

Experiments show the destruction of the organic component to C02 and H20, with 30 wt.% H202 

as an oxidant, at 54OoC and 46.2 MPa. The majority of the actinide component forms insoluble 

products that are easily separated by filtration. A titanium liner in the reactor and heat exchanger 

provide corrosion resistance for the oxidation of chlorinated organics. The treatment of solid 

material is accomplished by particle size reduction and the addition of a Viscosity enhancing agent 

to generate a homogeneous pumpable mixture. 

Introduction 

The U. S. Department of Energy (DOE) operations have generated and continue to generate 

combustible wastes (organic solvents, rags, paper, plastics, filters, nitrates, etc...) that are 

contaminated with transuranics. A portion of these wastes are classified as mixed wastes by the 

DOE, containing both hazardous and radionuclide constituents. In some cases these wastes are an 

acute safety hazard because of failed containers or the production of flammable gases from organic 

decomposition initiated by radioactive decay. Technologies are needed that can mitigate the 

hazards associated with these wastes. These technologies need to be robust, able to treat a wide 

variety of waste matrices, produce a minimum amount of secondary wastes, and if possible, 

compact enough to fit into existing facilities without major modifications. 
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Hydrothermal processing represents an innovative technology for complete and efficient 

destruction of hazardous wastes without formation of harmful byproducts (Modell, 1989; Tester, 

et al., 1993; Gloyna and Li, 1993). Organic compounds and oxygen are soluble in water above its 

critical point of 374'C and 22.1 MPa, which provide a single-phase medium for rapid oxidation of 

organic matrices to C02, N2 and H20. The oxidation reactions take place at lower temperatures 

than those of incineration, limiting the production of NO, gases and char. Heteroatoms such as 

chlorine, sulfur, and phosphorus 

solution. The reaction is carried out entirely in an enclosed pressure vessel and in dilute 

concentration, so that the heat of reaction is absorbed by the solvent and the temperature can be 

maintained at a desired level, typically in the range of 300 to 550'C. This technology has many 

desirable features for the treatment of radioactive combustible materials, providing high destruction 

and removal efficiencies for a wide variety of organic and hazardous substances. For 

aqueous/organic mixtures, pure organic liquids, or contaminated combustible solids such as ion 

converted to acids or salts depending on the pH of the 

exchange resins, plastic filters, and cellulosic rags, hydrothermal processing removes most of the 

organic and nitrate components (99.999%) and facilitates the collection and separation of the 

metals (Smith, et al., 1997) and actinides. 

Los Alamos National Laboratory &ANI,) has previously demonstrated the applicability of 

hydrothermal processing technology to several categories of DOE wastes. These include 

explosivdpropellant wastes (Harradine, et al., 1993), high level waste in underground storage 

tanks (Dell'Orco, et al., 1995; Foy, et al., 1995), and urarium contaminated ammonia / organic 

waste mixtures (Luan, et al., 1997). Laboratory and pilot scale experiments have been conducted 

on simulants of these waste categories. Described here is a hydrothermal processing unit that has 

been designed, built and tested for operation in a plutonium glovebox. The technology is now 

being evaluated for the treatment of combustible wastes generated at the LANL Plutonium Facility. 
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Experimental 

Process DescriDtion. A schematic of the laboratory scale process installed in a 

plutonium glovebox is shown in Figure 1. The equipment was designed in a modular fashion for 

flexibility within a glovebox environment. In addition, any potential hazards identified in a hazards 

analysis and safety reviews have been mitigated for process operations within a plutonium 

glovebox. 

The reactants are pressurized (46.2 MPa) and pumped to the reactor with three different 

pumps. Helium is used to pressurize the supply reservoirs. The main pump is an air-driven liquid 

pump (Haskel Model DSF-100) with is used to deliver 30 wt% hydrogen peroxide to the reactor. 

The actinide contaminated organic material is pressurized and pumped by a syringe pump (ISCO 

Model DX-100) typically operating at a 1 gram per minute flow rate. The third pump (Haskel 

Model CIP-110) delivers pressurized water to the reactor also at a typical flow rate of 1 gram per 

minute. The total combined flow through the reactor is 20 grams per minute. The reactants are 

mixed at high pressure and fed into a high temperature (54OoC), high pressure (46.2 MPa) reactor 

and allowed to react for 20 to 60 seconds. The system flow summary for a general organic 

(CH2)nXYZ waste; X,Y,Z = N,O, S,Cl, etc. is listed in Table 1. 

Table 1. System Flow Summary: Approximate flows based on a (CH2)nXYZ waste; X,Y,Z = 

a) Helium will be released to the glove box from the feed reservoirs at the end of the experiment. 
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The reactor is a commercially certified high pressure vessel from Autoclave Engineers. The 

pressure vessel has a 2.54-cm inside diameter, 5.38-cm outside diameter, 37.8-cm depth, and 

internal capacity of 200 mL. For corrosion protection it has a "floating" titanium liner (Grade 7). 

The liner is a barrier keeping the corrosive reaction mixture from contacting the pressure vessel 

wall. The deionized water h m  the high pressure water pump passes through the space between 

the titanium liner and the interior wall of the pressure vessel. This flow mixes with the reaction 
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mixture at the end of the heat exchanger. The organic material and hydrogen peroxide mix at the 

top of the reactor, just before the h e a d  zone. Together they flow into the top portion of the 

titanium liner and down into the heated region of the reactor. The waste rapidly mixes with the hot 

fluid in the reactor, reacts releasing heat, and flows down through the reactor. The combined 

stream then flows into a titanium tube which runs through a counter flow heat exchanger. At the 

end of the heat exchanger the reaction mixture is cooled to near ambient temperature. At this point 

the titanium liner ends and 316 SS is used for the piping. The effluent passes through a coarse 

filter and into a capillary tube where the pressure drops to ambient pressure. 

All high pressure lines contain pressure transducers and pressure relief valves to prevent 

over-pressurization of the system. Check valves in all influent lines prevent flow from the reactor 

to the pumps. A pressure relief valve is located at the entrance of the reactor and will open if the 

system pressure exceeds the 48.3 MPa. A burst diaphragm is located at the bottom of the reactor 

and will break if the pressure in the vessel exceeds the 56.5 m a ,  the maximum allowable working 

pressure. The flow from the burst diaphragm is directed into the secondary containment, while 

flow from the relief valve is directed into an effluent reservoir. The pressure in the reactor is 

monitored by three transducers with high pressure setpoint controllers. If the system pressure 

exceeds the maximum operating pressure (50.9 MPa) the controllers will turn off the reactor 

heaters and the three high pressure supply pumps. 

The reactor is heated by three cable heaters wound and imbedded in an aluminum shell. 

The heaters are controlled independently and heat the top, middle and bottom portions of the 

reactor. A single thermocouple located in the middle of each heating zone is used to monitor the 

temperature of the zone and control power to the heater. A second set of three thermocouples 

provides additional temperature measurements and a more detailed reactor temperature profile. The 

heaters are controlled by dedicated temperature controllers. The temperature readouts of all six 

thermocouples are monitored and logged by a computer. If the temperature of any thermocouple 

exceeds the maximum temperature set-point (56OoC), the heaters are automatically shut-down and 

an audio alarm is activated. At a total flow of 20 grams per minute into the reactor, the heaters will 
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need to supply about 1000 watts to heat the reactants to 540°C. The reaction of the organic feed 

with hydrogen peroxide will produce heat (300-500 watts). The heat loss of the reactor through 

the insulation will require lo00 to 2000 watts to maintain the reactor temperature. The total power 

to the reactor will be 1 to 2 kilowatts. 

I 

Three systems control the operation of this unit: pneumatic control devices, local control 

unit, and a computer system. These three systems provide independent redundant control of the 

pressure in the system. In addition, the local control system and the computer provide redundant 

control of the heaters in the system. Pneumatic control devices determine the pressure in the 

reservoir bottles, the operating pressure of the reactor, and the flow rates of the hydrogen peroxide 

and high pressure water pumps. The pneumatic control is capable of preventing an over- 

pressurization of the reactor from occurring, independent of the electronic control circuits. A local 

control unit consisting of the pressure and temperature transducers, their readout devices, the 

heater controllers and additional associated logic circuitry provides the primary control of the 

reactor temperature and pressure. This control system operates independent from the computer 

control system. The computer system monitors the local control system and records the readings 

of the various temperature and pressure sensors. It independently monitors the system for a out of 

range temperature and pressure and can independently shut the heaters and pumps off. 

For high temperature, high pressure operations within a plutonium glovebox, passive 

safety features were designed to mitigate any potential hazard. The mctor is contained by a 

secondary containment vessel that is designed to contain any fragments produced in the event of a 

reactor failure. The secondary containment vessel consists of a series of interlocking stainless steel 

rings that are each 12.7 cm high with a 15.24-cm ID diameter and 1.7-cm thick walls. A detailed 

figure of reactor and the secondary containment is shown in Figure 2. In front of the secondary 

containment vessel is a Lexanm shield designed to prevent operator contact with hot surfaces or 

pressurized tubing, and to serves as an added protective containment for all of the high-pressure 

and high-temperature components of the reactor subsystem. Figure 3 shows a picture of the 
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equipment prior to installation in a plutonium glovebox. A more detailed description of this reactor 

is given elsewhere (Baca, et al., 1996). 

Figure 2. Detailed schematic of reactor and secondary containment. 
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Figure 3. Hydrothermal processing unit prior to installation in a plutonium glovebox. 

-* r The reagents, 30 wt.% H202, chlorinated organics, tributyl 

phosphate, vacuum pump oil, and hydraulic jack oil, were commercially available and used as 

received. The liquid scintillation cocktail Ultima Gold AB was obtained from Packard; purified 

plutonium and americium solutions and other organic liquids / solids were obtained from 

operations in the LANL Plutonium Facility. 

In general the system was operated at 540°C temperatures and at pressures between 42.7 

and 46.2 ma. The residence times were approximately 2 minutes. The typical experimental 

operation began first by pressurizing the equipment, pumping deionized water through the system. 

The reactor would then be heated to the desired temperature, then hydrogen peroxide would be 

added to the flow. The organic waste pump was then started. The liquid flow rate through the 

reactor was measured by monitoring the weight of the supply bottles with a balance and a 
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stopwatch. The residence time of the reactants in the reactor was calculated from the measured 

mass flow rates, reactor volume, and the density of the fluid at reaction temperature and pressure. 

The density of the fluid was assumed to be the same as water at similar temperatures and pressures 

(Haar, et al., 1984). In general, for these experiments, the residence time was kept constant. 

Effluent solution was diverted to 25 mL sample bottles at periodic intervals throughout the 

experiment. Liquid effluent samples were filtered through a 0.20 micron filter prior to glovebox 

removal. 

The radioactivity was determined by liquid scintillation counting (Packard Instrument 

Company), alpha spectroscopy, or gamma counting by conventional methods. The carbon content 

was determined by total organic carbon (TOC) and total inorganic carbon (TIC), and were 

measured using a carbon analyzer. Anions were measured by ion chromatography. A pH meter 

was used to determine sample pH. 

Results and Discussion 

The hydrothermal processing system for operations in a plutonium glovebox, was 

reviewed both by LANL and DOE in a formal Readiness Assessment Safety Review prior to 

receipt of an authorization to start. This reactor system has many features to prevent failure and a 

secondary containment system to prevent injury or laboratory contamination in the event of a 

failure. 

The equipment was designed with several passive safety features which are considered 

important to safety to mitigate any potential hazard. The passive safety features include (1) 

secondary containment of stainless steel rings that surround the reactor vessel, (2) tertiary 

containment of Lexanm that surrounds the secondary container and the fittings that can exist at 

higher temperatures outside the stainless steel rings, and (3) steel collars and tie rods that restrain 

the high pressure vessel. These three systems are required for operation. In addition to the 

passive safety features, redundant safety controls were engineered in the equipment to prevent 

over-pressurization, equipment failure, and temperature excursions. 
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The authorized process allowed the f i t  reported hydrothermal processing experiments to 

be conducted on plutonium and americium combustible wastes. 

Actinide 0 reanic Wastes, A series of experiments were conducted with actinide 

contaminated organic liquids, Table 2. Two categories of organic wastes were processed by 

hydrothermal oxidation. Vacuum pump oil contaminated with plutonium originates from the 

maintenance of pumps in the Plutonium Facility. In general, this type of organic waste contains a 

low level of contaminant. Liquid scintillation cocktail waste originates from alpha activity analysis 

and may contain americium, plutonium or other actinides. The liquid scintillation cocktail (Ultima 

Gold-AB) for these studies was based on diisoproylnapthalene scintillator. The scintillation 

cocktail experiments systematically varied the actinide concentration in the feed solutions so that the 

actinide partitioning between the solid and liquid phases in the effluents could be determined. 

The organic mixtures wet: processed at 54OOC and 46.2 MPa They were reacted with 30 

wt.% hydrogen peroxide at an organic flow rate of 0.5 mumin. If the reaction goes to 

completion, producing C02, H20, and N2, each gram of the organic waste will consume 11 grams 

of 30 wt.% hydrogen peroxide. The hydrogen peroxide flow rate was about 18 a m i n ,  which is 

over a two fold excess of oxidant The TOC concentrations at the inlet of the pressure vessel were 

21400 mg/L for vacuum pump oil and 25000 m g L  for the liquid scintillation cocktail. Under the 

hydrothermal processing conditions, the organic material was oxidized to levels below 20 mg/L 

and in most cases below 5 mg/L, see Table 3. The effluent pH varied from 2.4 to 4.0 in the test 

series, depending on the concentration of inorganic anion (nitrate or chloride) present in the waste 

solutions. The TOC data was used to estimate the degree of destruction of the organic. From the 

data, the organic destruction efficiencies were higher than 99.9% for residence times of about 2 

minutes. 
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Table 2. Test series 
7 
I ID I Waste 

pump oil k 
Gold-AB 

Gold-AB 

Gold-AB 

F Gold-AB 

9/25 Ultima 
Gold-AB 

10/16 Ultima 
Gold-AB 

11/19 Ultima 
Gold- AB 

1 I 

the hydrothermal processir 
1 

Vol I Organic 
(mL) I 20 Petroleum distillate: 

Composition 

(CH2)Ib where 
20<n<40 

50 diisopropyl- 
napthalene 

50 diisopropyl- 
napthalene 

9 x 10-3M HNOq 
40 diisopropyl- 

napthalene 
0.1 M HNOq 

60 diisopropyl- 
napthalene, 

0.1 M HNOq 
20 diisopropyl- 

40 diisopropyl- 
napthalene 

1 x lO-3M HCl 
50 diisopropyl- 

napthalene 
2.3 x 10-2M HC1 

1 x 1'0-3 M HCI 
naDthalene 

< of actinide contaminated organic liq 

Actinide Concentration 
Actinide 

moles/L, (bCi/L ) 
puo2 2.58 x 10-8 

1.3 x 10- 
nitrate (24.8) 
Pu(Iv) 1.95~ 10-4 
&ate (3766) 

1-95 10-3 
(37660) 

WIV) 
nitrate 

1.95 x 10-3 W W  
nimte 

h C l 3  1.8 x 10-8 

AIXI~ 1.0 x 10-7 

(37660) 

(8.4) 

(78.8) 

A ~ C I ~  9 . 4 ~  10-6 
(7322) 
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A series of experiments were conducted on liquid scintillation cocktail solutions that had 

increasingly higher concentrations of soluble plutonium(IV) or americium(III). The plutonium 

concentrations in the organic waste entering the reactor varied from 0.01 to 1046 p C X  (8 x 10-lO - 

5.4 x 10-5 M) and the americium concentrations were varied from 0.23 to 203 pCYL (2.9 x 10-l0 - 
2.6 x 

through the reactor, including samples before and after the organic waste was pumped into the 

reactor. The data is summarized in Table 4. As the activity increases in the feed solutions, the 

activity due to solubilized species in the effluent solutions reach a plateau at -1 pCi/L. The ratio of 

the fdtered effluent activity to the influent activity drops exponentially as the actinide concentration 

increases in the feed solutions. 

M). Effluent samples were collected at periodic intervals when solution was flowing 

Table 4. Actinide concentrations in the hydrothermal processing reactor influent and effluent 
solutions. - 

ID  Waste Actinide Actinide Soluble Actinide [An],ff / 
Influent a Effluent b Ratio C 

Concentration Concentration [Anli, 
moies/L, (pCi/L) molesL (pCi/L) 

Type 

9/11 vacuum 239Pu 8 x 1.5 x 10-8 19 

10/27 Ultima 239Pu 3 . 6 ~  10-8 2.3 x 10-8 0.64 

11/4 Ultima 239Pu 5.4 x 104M 3.0 x 10-8 0.006 

11/10 Ultima 239Pu 5.4x 10-5 6 . 0 ~  10-8 0.001 

11/17 Ultima 239Pu 5.4 10-5 1.2 x 10-7 0.002 

9/25 Ultima a1Am 2.9 x 10-10 3.4 x 10-10 1.2 

10/16 Ultima B1Am 2.8 x 10-9 3.5 x 10-10 0.12 

11/19 Ultima 241h 2.6 x 10-7 1.5 x 10-9 0.006 

pump oil (0.01) (0.29) 

Gold- AB (0.69) (0.46) 

Gold-AB (104.6) (0.57) 

Gold-AB (1046) (1.2) 

Gold-AB (1046) (2.3) I 

Gold-AB (0.23) (0.26) 

Gold-AB (2.19 (0.27) 

Gold- AB (203) (1.1) 
a) The influent concentration was determined by the dilution of the organic feed when combined 
with the oxidant and water at the reactor entrance. In these cases the organic feed solution was 
diluted by 36 fold upon entering the reactor. b) Soluble actinide concentration in the effluent was 
determined by filtration of the sample prior to quantification by liquid scintillation. c) The ratio is 
the concentration of the soluble effluent actinide to the influent. The ratio is an indication of the 
fraction of actinide that is soluble in each experiment. 
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The soluble actinide concentration in the effluent as a function of the effluent volume for 

threz of the experiments is shown in Figure 4. The first and last several data points were taken 

when the organic waste was not flowing, and only the water and oxidant were pumped through the 

reactor. These solutions contain dilute amounts of actinide (-0.1 pCX)  due to the inherent 

background radioactivity in the plutonium glovebox ventilation system. The general trend in the 

data show that once the organic begins to flow through the reactor, the level of soluble activity in 

the effluent increases to a limit of about 1 p C K  in all cases. This translates to a concentration of 

10-8 M for the plutonium species and 10-9 M for the americium species. The data indicate that, 

under these conditions, most of the actinide that enters the reactor is transformed to an insoluble 

species once the solubility limit is reached. The solid plutonium species is easily removed from the 

effluents by filtration and is attributed to a Puw) oxide or P u O  carbonate solid due to the very 

low solubility of product in the solutions. Calculated values suggest that plutonium solubility is 

limited by Pu@(s) giving low solubilities, with -10-8 M pentavalent Pu@+ as the dominating 

species in solution at pH 4-5 (Allard, 198 1). However, the strongly oxidizing environment during 

hydrothermal processing may also generate plutonium(VI); and upon destruction of organics, 

hydrothermal reactor effluent solutions will likely contain substantial concentrations of carbonate. 

Formation constants determined from spectrophotometric titrations indicate that under conditions 

relevant to the hydrothermal process effluents, PuO2CQ(aq) and its corresponding solid may be the 

predominant species over a large pH range (Neu, et al., 1997). Characterization of the 

hydrothermal processing solids from the plutonium experiments is currently in progress. The 

americium, likewise indicates that an insoluble species is formed in the effluents with a solubility 

limit of 2 x 

glovebox. The activity in these effluents could be small quantities of dissolved americium from the 

hydrothermal experiments, or activity from the glovebox atmosphere. In either case, the data 

indicates that the thermodynamically stable A m 0  solids (Allard, 1981) are forming because of 

M. This concentration level is also close to the background activity in the 

the observed insolubility of the products. 
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Figure 4. The soluble actinide component in the effluents as a function of rocess volume for 

feed solution with 2.2 p C f i  (2.8 x 10-9 M) americium. 

three tests. The solid squares had a feed solution with 0.69 CilL (3.6 x 10- 5 M) plutonium; the 
open squares had a feed solution with 104 pCi/L (5.4 x 10 -8 M) plutonium; and the stars had a 

Summarized in Figure 5 is a comparison of the feed and average effluent concentrations for 

several of the americium and plutonium experiments. It is apparent that the majority of the 

actinides partition to the solid phase. The solids formed during the hydrothermal process are 

transported through the reactor with the effluent solutions, in addition to precipitation within the 

process tubing. This is evidenced by the activity that is found above background when the reactor 

is washed between experiments. Significantly, the activity in the hydrothermal effluents following 

filtration are close to acceptable levels for industrial waste discharge of 0.5 pCi/L, Figure 5. The 

formation of easily separable solids is a highly desired outcome of actinide recovery operations, yet 
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the control of the solids precipitation in the hydrothermal process needs to be addressed in further 

studies. 

1.OE-04 

1 .OE-05 

1 .OE-O6 

1 .OE-O7 

1 .OE-O8 

1 .OE- 

1.OE-10 

Industrial Waste 
Discharge Level 
0.5 pCi/L 

Am Pu 
Test Number 

Figure 5. Soluble actinide concentrations in the feed and effluent solutions for americium and 
plutonium hydrothermal processing tests. Actinide concentrations in the effluent after filtration are 
close to the Industrial Waste Discharge Level of 0.5 pCi/L activity. 

Non-radioactive Tests, A series of experiments were performed on organic wastes 

similar to those generated at the LANL plutonium facility. These wastes are also present as stored 

legacy wastes at DOE facilities. The liquids studied here include mixtures of tributyl phosphate, 

chlorinated organics and pump oils. Combustible solids such as spent ion exchange resin, plastics 

and paper were also treated. These tests were conducted on the hydrothermal processing 

equipment prior to installation in the plutonium glovebox. The data is summarized in Table 5. 
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Liquids. Hydraulic jack oil and a mixture of tributyl phosphate (TBP), l,l,l- 

trichloroethane (TCE), and vacuum pump oil ( WO) were processed through the reactor. The 

TBPITCENPO mixture was made up of 5% tributyl phosphate, 5% l,l,l-trichloroethane, 90% 

vacuum pump oil, and trace amount of cerous nitrate. The experiments were carried out at 

temperatures between 520 and 540°C and at pressures between 42.7 and 46.2 MPa. 

Table 5. Non-Radioactive Waste Treatment Studies 
1 Results 

’ 25,000mgLTOC 
~ reduced < 5 mg/L, 

Effluent contained 300 
mg/L sulfate, pH-2.4 
35,000 mg/L TOC 

reduced to c 5 mgL, 
pH - 1.5 

11,500 mg/L reduced 
to < 0.5 mg/L 

lo00 mg/L reduced to 
< lmg/L  

loo0 mg/L reduced to 
< lmg/L 

Effluent TOC < 1 mg/L 
Effluent contained 

10500 mg/L sulfate, 

Effluent TOC < 5 mgL 
pH-0.9 

pH-4.6 

I rubber, 0.3 cm size I I 
a. Carboxymethyl cellulose sodium salt, viscosity enhancing agent. 

The residence times were approximately 2 minutes. The organic mixtures were reacted 

with 34 wt.% hydrogen peroxide. The TOC concentrations at the inlet of the pressure vessels 

were 22,000 and 35,000 mg/L for organic feed flow rates of 0.6 and 1.0 mUmin of hydraulic oil 

and TBP/TCENpo mixtures, respectively. The effluent TOC was below 5 mg/L for the hydraulic 
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oil and the TBP mixture. The effluent flow was about 20 g/min with pH values of 2.4 and 1.5 for 

hydraulic oil and the TBPITCENPO mixture, respectively. The effluents were acidic due to the 

presence of sulfuric acid, hydrochloric acid andor phosphoric acid from reaction of the organic 

mixtures. 

Other chlorinated organic were processed which included carbon tetrachloride, 

trichloroacetic acid, and trichlorethylene. The results agree with previous studies on the 

hydrothermal oxidation of chlorinated organics (Foy, et al., 1996). In these cases TOC in the 

effluent was e 1 m e .  The effluents contain HCl and thus create a corrosive environment, yet the 

corrosion of the titanium liner was minimal. Titanium was detected in the effluents below 0.2 

m e  titanium. 

Solids. Dowex 50Wx8 cation exchange resin and a heterogeneous lab waste mixture 

were processed through the reactor in a nonradioactive environment. The molecular formula for 

the resin, which depends upon the amount of cross-linking, is given approximately by 

(C8H8S03)n. As shipped by the manufacturer, the resin contains about 50 wt.% absorbed water 

and was used without drying. The mixture was pumped by mixing the resin beads (50 - 100 

mesh) with water and a viscosity enhancing agent (carboxymethyl cellulose sodium salt). For the 

experiments described below, the resin was mixed with water and gum cellulose in a ratio of 

54:44:2 (resin/water/gum cellulose). The viscosity of the mixture is high (>lO,OOO cp) and the 

resin beads do not settle out in a 24 hour period. The reagents were pressurized, mixed and 

injected into the reactor. The gas and liquid products were collected and analyzed for TOC, TIC, 

acetate, formate, sulfate, sulfite, carbon monoxide, carbon dioxide, methane, ethane and pH. The 

reaction of 10 wt. % resin with 34 wt. % hydrogen peroxide at 55OoC and 44.8 MPa for 60 

seconds produced carbon dioxide, water, and sulfuric acid. The levels of the TOC, carbon 

monoxide, acetate, formate, methane, and ethane in the effluent were all below our detection limits 

(about 1 mgL). The amount of carbon as carbon dioxide and sulfur as sulfuric acid in the effluent 

matched the amounts in the feed within our experimental uncertainty (+/- 10%). The sulfuric acid 

in the effluent (10500 mgL) produced a pH of 0.9. 
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The concentrations of oxygen, carbon dioxide, sulfate, and hydronium in the effluent were 

monitored as a function of input dry resin to hydrogen peroxide ratio (50% of the resin weight is 

water). The results shown in Figure 6 indicate that stoichiometric weight ratio for dry resin and 

hydrogen peroxide is about 1:4. The sulfate concentration and consequently the effluent acidity 

increased with the percent of resin in the reaction mixture. This result, along with the observed 

products, indicates that global reaction is: 

(CgH8SO3)n + 21n H202 --> 8n CO2 + 2511 H20 + n &SO4 

I I I I 
I I 

0 0.05 0.1 0.15 0.2 0.25 

Ratio of Dry Resin to Hydrogen Peroxide 

Figure 6. Levels of carbon dioxide and oxygen in the reactor effluent as a function of input dry 
resin to hydrogen peroxide ratio. 

A simulant of general lab trash mixture was also tested. It consisted of 18% cloth, 27.8% 

paper, 18% Tyvek, 18% plastic, and 18% rubber cryogenically shredded and passed through a 

0.32 cm screen. The zippers were removed from the clothing. This mixture was slurried with 

water (84.5% water, 12.1% lab trash and 3.4% carboxymethylcellulose sodium salt by weight). 

The mixture was reacted in varying ratios with 30 WL % hydrogen peroxide at 38.6 MPa 

and 540°C. The reaction times were near 69 seconds. The effluent pH and concentrations of 02,  

CQ, nitrate, chloride, sodium and potassium were monitored as a function of input slurry to 

hydrogen peroxide ratio. The liquid effluent pH in these solutions ranged 4.5 to 4.9. The results 
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shown in Figure 7 indicate that the maximum loading of slurry mix is at ratio value of 0.45 by 

extrapolation. Any ratio higher than this will not have sufficient H202 for complete oxidation of 

the organic. In the gas phase, only oxygen and carbon dioxide were detected. The TOC in the 

effluent was below the detection limits of 2 mg/L,. There was less than 100 mg/L of TIC, chloride, 

sodium, or potassium and about 120 m& nitrate in the reactor effluents. 

Hydrothermal processing of solid combustible material was successfully demonstrated on 

non-radioactive material. Processing of the solids was achieved by first particle size reduction of 

the material to less than 0.32 cm, and then mixing with a viscosity enhancing agent to generate a 

uniform pumpable suspension. 

I 

4ooo0 t 
2- t 

0 1  I I I 1 

0.20 0.30 0.40 0.50 

Ratio of Lab Trash Slurry to Hydrogen Peroxide 

Figure 7. Levels of carbon dioxide and oxygen in the reactor effluent as a function of lab trash 
mixture to hydrogen peroxide ratio. 

Conci usions 

This work has demonstrated the application of hydrothermal processing for the treatment of 

radioactive combustible waste. The technology was successfully implemented in a plutonium 

glovebox and tested with actinide containing organic wastes. In the tests studied here, the organic 

material was converted to C02 and H20. The actinides were converted to insoluble products with 

only small quantities remaining in solution. Following a simple fdtration step, the actinide 
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concentration in the effluent is near the level acceptable for industrial waste discharge. The 

remaining activity may easily be removed by polymer filtration or ion exchange so that no 

radioactivity remains in the effluent stream. 

The resistance to corrosion was achieved through the use of a titanium liner within the 

reactor and heat exchanger. A series of tests with non-radioactive chlorinated organics 

demonstrated the titanium liner integrity. For the most corrosive reaction effluent, titanium from 

the corrosion of the pressure vessel liner was below 0.2 mgL. Assuming uniform corrosion of 

the titanium liner and continuous operation, this effluent titanium concentration predicts that the 

liner will last for many years. 

Hydrothermal processing is an innovative technology for the destruction of combustible 

materials and now has the potential to eliminate mixed wastes and other radioactive combustible 

wastes at DOE facilities. The technology can serve as the basis for an integrated combustible 

treatment process for radioactive combustible wastes. 
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