
CA9700802

PREPARATION OF WET-PROOFED CATALYST FOR TRITIUM REMOVAL

SOON-HWAN SON, GAB-BOCK LEE, AND MYUNG-JAE SONG

Research Center, Korea Electric Power Corporation, #103-16, Munji-Dong, Yusong-Gu, Taejun, Korea

ABSTRACT

Wetproofed catalysts have been developed for the hydrogen isotopic exchange reaction between hydrogen gas
and liquid water. A styrene divinylbenzene copolymer(SDBC) was selected as effective support of the hydrophobic Pt
catalyst. Preparation conditions and physical properties of the SDBC were investigated experimentally. The SDBC
having the larger pore size, higher surface area and larger particle size were prepared by the particular solvent and
stirring speed. The Hj adsorption isotherm on a supported Pt catalyst was measured and the hydrogen isotopic
exchange reaction was verified in the exchange column.

INTRODUCTION

A 600 MWe CANDU nuclear power plant has been in operation for 12 years at Wolsung site in Korea. Three
CANDU units are under various construction stages at same site.

In CANDU type nuclear power plants, tritium is produced in large quantities by the neutron activation reaction
D(n, 7)T in the heavy water systems. The tritium concentrations in the moderator and heat transport systems rapidly
increase at the beginning of reactor operation, and then reach the equilibrium levels very slowly. The internal
radiation exposure to workers and airborne emissions are primarily caused by tritiated heavy water escaping from the
equipments of the moderator and heat transport systems. At the first unit, the current tritium levels in the moderator
and heat transport systems are 35 Ci/kgD2O and 1.5 Ci/kg'D2O, respectively.

From operating experiences of the first unit, it is estimated that tritium inventory at the site and tritium emission
to environment from the site will reach to the level of about six times of current level in the year 2013. In the year
2013 that is the end of the reactor life for the first unit, tritium concentrations in the moderator and heat transport
systems of the first unit are expected to reach about 1.8 C i / k g ^ O and 60 C i / k g ^ O , respectively. This tritium
level of the moderator may be too high for heavy water reuse or direct disposal.

In consideration of the above tritium related problems, Korea Electric Power Corporation has seeking an
appropriate tritium removal facility for Wolsung site. As the first step, KEPCO is looking forward into the
technology of preparing wetproofed catalyst that can be used in the liquid phase catalytic exchange process that has
many advantages for radiation safety, economics and application.

It has been studied by many investigators that hydrophobic platinum catalysts are effective to be possible the
reaction between hydrogen gas and liquid water[l,2]. To apply this wetproofed catalyst to the tritium removal from
CANDU type reactors, it would be essential to manufacture highly stable and active catalysts possessing the larger
pore size, higher surface area and larger particle size. In this study, styrene divinylbenzene copolymer(SDBC) was
selected to be effective for the support of hydrophobic catalyst. The preparation conditions and physical properties
of SDBC to have the larger pore size, higher surface area and larger particle size were investigated in the laboratory.
The effects of Pt content, gas velocity, and temperature on the hydrogen isotopic exchange reactions were also
evaluated and discussed experimentally.
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PREPARATION OF Pt/SDBC CATALYST AND EXPERIMENTS

Preparation of Catalyst Support

A support with both the larger pore size and higher surface area is usually desirable for the hydrophobic
catalysts to be applied to the hydrogen-water exchange reaction. High mechanical stability is also required because
most catalysts are regenerated several times before being discarded.

The selection of a support or a carrier is based on its having certain desirable characteristics. A necessary
requirement for the hydrophobic catalyst support of hydrogen-water exchange reaction is large pore size in addition
to high surface area, high stability, and good mechanical strength. Of all kinds of possible hydrophobic supports, a
SDBC may be most feasible to the supported platinum catalyst of this study from preliminary examinations. For the
styrene-divinylbenzene copolymer, general methods of preparation and experimental investigations have been studied
in considerable detail. It has been known that a divinylbnzene for cross-linkage is used to increase the stability of
copolymer and a good solvent is used to make the homogeneous dilution of monomer.

The SDBC was prepared by suspension polymerization process[7] that could be available readily to form a
spherical particle. Fig. 1 shows the schematic diagram of copolymerization reactor. The proper amount of distillated
water and surfactant to be acquous solution was first took into the reactor. An organic solution was already prepared
by mixing styrene monomer and divinylbenzene monomer with starting reagent. The organic solution and a solvent
were added into the reactor. Subsequently the polymerization process was under way at 85 °C, for 12 hours with
stirring. The spherical particles formed by copolymerization were washed by ethanol or acetone, followed by drying
for 4 hours to remove the solvent remained in the pore in soxhlet apparatus. After all, they were dried at 80 °C for 12
hours in the vacuum dryer. Final dry products over 1 mm in diameter were selected and stored for further
experiments later. The specific surface area was measured by BET method(Autosorb-6, Quantachrome)[3] and the
pore size distribution was also measured by BJH method[4].

Physical properties of copolymer were greatly influenced by preparation conditions such as cross-linkage, the
type of solvent, the ratio of diluent(good solvent) to precipitant(poor solvent), the type of surfactant, the ratio of
monomer to solvent, and stirring speed[5]. To obtain certain desirable supports, the various polymers were prepared
in the different combinations of preparation conditions.

Impregnation

For the preparation of a supported platinum catalyst(Pt/SDBC), chloroplatinic acid solution as platinum reagent
was made of mixture of ethanol and J^PtClg. The resulting catalyst supports were then dipped into this solution in
the Rotavapor(RE-111, Buchi/Brinkmann). Subsequently ethanol was vaporized and platinum was incorporated on
the surface in this support by reduction with H2 at an elevated temperature, 230 °C, for 12 hours.

Experiments

The hydrogen adsorption experiments were first to performed to investigate into the effects of Pt content and
specific surface area on the metal distribution in the SDBC and the volume of H2 absorbed by BET method. The
resulting Pt/SDBC catalyst was pretreated for cleaning metal surface and the removal of impurities at 80 °C and 10""
torr for 12 hours in the sample bottle of BET measurement apparatus. The volume of sample bottle was measured by
using helium gas. Subsequently, the volume of sample and sample bottle was simultaneously measured.

In the exchange column the hydrogen isotopic exchange reaction between hydrogen gas and liquid water
consists of two steps that occur simultaneously [6].



D2(g) + H2O(v) = HD(g) + HDO(v)
HDO(v) + H2O(1) = H2O(v) + HDO(l)

The first reaction takes places on the hydrophobic Pt catalyst. The second reaction occurs at any vapor-liquid
interface.

The first experiment for the isotopic exchange reaction between deuterium gas and water was carried out in a
batch reactor. In order to investigate into the activity of the Pt/SDBC catalyst, the deuterium concentration in the
liquid water was measured by Infrared Spectrophotometer.

An another experiment for the isotopic exchange reaction between hydrogen gas and tritiated water was carried
out by using a differential flow reactor as shown in Fig. 2. After the purge of reactor by N 2 gas. The wetproofed
catalysts of 0.5%Pt/SDBC were placed in the exchange column and wire gauze in the lower section was installed to
bring H2 into contact with tritiated water. Tritiated water containing tritium of several hundred Bq/1 was already in
the saturated section. H 2 gas was first introduced into lower section. The H 2 gas was then saturated by contact with
water. The gaseous mixture of H2 and vapor flowed up and passed through the catalytic exchange section with the
wetproofed catalyst. Tritiated water flowed down in counter current to H2 gas stream and was in contact with vapor.
The effluent gas from top of column was collected by liquid N2 trap and analyzed by liquid scintillation counting.

RESULTS AND DISCUSSION

Preparation Conditions

The mechanical strength and specific surface area of the SDBC are generally increased with cross-linkage. In
contrast, the pore size gets smaller. This may lead to that the impregnation of Pt metal becomes lower in efficiency
and a diffusional resistance increase in a porous material. The experimental results indicated that specific surface
area at 40 % in cross-linkage was twice as much as at 20% in cross-linkage. Therefore, it is necessary to find out the
particular preparation conditions in which the SDBC of 40% in cross-linkage has a large pore size comparable to that
of 20% in cross-linkage.

Any solvents have the different physical and chemical properties such as density, viscosity and solubility
parameter. So the specific surface area and pore size distribution in the polymer would be changed by varying the
type of solvent and the ratio of diluent to precipitant in the styrene-divinybenzene coplymerization. Table 1 shows
the preparation conditions of the various solvents at 40% in cross-linkage. Table 2 shows the physical properties of
SDBC prepared at the different conditions in Table 1. When only precipitant of n-heptane was used, The SDBC did
not have high surface area but large pore size. This resulted from the larger solvating power of n-heptane. The
SDBC with both large pore size and high surface area was prepared by using the solvent of 2-ethyl hexyl alcohol and
toluene. Its pore size was comparable to that of 20% in cross-linkage. These results indicate that a good solvent
makes polymer to have the smaller pore size and a poor solvent makes copolymer to have the larger pore size. It is
essential that the most favorable solvent have to be selected for the preparation of catalyst supports having a large
pore size as well as high surface area

The stirring speed essentially affected the particle size distribution of the SDBC. As increasing the stirring
speed, a monomer suspended in the acquous solution was well dispersed and it was difficult to form a mass. It was
found that the lower stirring speed was favorable to form the lager particle size as shown Table 1. At the stirring
speed below 60 rpm, however, the copolymer was conglomerated in a lump which inappropriate for catalyst supports.
As a result, in addition to solvent effect , the stirring speed was very important factor for the preparation of the
SDBC of large particles and the optimum stirring speed ranged from 70 rpm to 80 rpm.



Hydrogen Adsorption Characteristics

A Support with high specific surface area is usually desirable for high activity per unit volume or unit weight.
Fig. 3 shows hydrogen adsorption isotherm on the 0.6%-Pt/SDBC catalysts with the different surface area. As the
surface area increased by four times, the adsorbed volume of H2 increased by same rate. In spite of the different
surface area, the slopes of two cases were similar in Fig. 3. This presents that Pt distribution in the SDBC is
independent upon the surface area and is constant over this surface area. However, the slope of H2 adsorption on the
Pt/ SDBC catalyst was larger than that on SDBC not deposited Pt metal, 0.009, from preliminary experiment. This
indicates that H2 is adsorbed in the multilayer on the Pt/SDBC catalyst.

The volume of H2 adsorbed was proportional to the total number of metal atoms exposed to the reactant. Fig. 4
shows the effect of Pt content on the volume of H2 adsorbed. The volume adsorbed on the catalyst increased with Pt
content. The volume of H2 adsorbed per unit Pt weight slightly decreased with Pt content. This shows that Pt metal
distribution is poor as increasing Pt content and the surface structure of the support may be altered by impregnation
procedure, thus changing its adsorption characteristics.

Hydrogen Isotopic Separation

A great importance has to be paid to the isotopic exchange reaction between hydrogen gas and water which is
affected by both the preparation conditions and the operating conditions such as the Pt content, temperature, and gas
velocity. In order to verify the catalyst performance in the exchange column, overall gas phase volume transfer
coefficient, kya, was evaluated at ambient temperature and pressure at the first batch experiment.

The deuterium flux through gas-water interface can be expressed as

- Vgas — = kya ( y - y e ) Vcat (1)
dt

where y = deuterium concentration in the gas phase
ye = deuterium concentration in equilibrium with liquid water
V g a s = superficial gas flow rate
V c a t = volume of catalyst in the exchange column
kya = o v e r a ' l g a s phase volume mass transfer coefficient (m^HD is''-m'^ )

At isotopic equilibrium, the equality

ye = x/ct (2)

exists and yields, from a mass balance on the deuterium in the liquid and gas phases and Eq. (1),

a l — = kya-(a2 - a 3 x ) (3)
dt
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V|jq = volume of liquid water
M = molecular weight of deuterium
R = gas constant
T = temperature
xo = initial deuterium concentration in liquid
y0 = initial deuterium concentration in gas

Eq. (3) presents the change of deuterium concentration in the liquid phase over time. The solution to Eq.(3) can be
given by

al , a 2 - a 3 x , ,.s
- — to— = kya-t (4)

a3 a 2 - a 3 x o

Eq.(4) is applicable if the deuterium concentration change in the liquid phase with time is known. Fig. 5 shows the
deuterium concentration in the liquid water over time ; the solid line is Eq.(4). The derived Eq.(4) was validated from
Fig. 5.

The overall mass transfer coefficient was properly increased as the Pt content was increased, as shown in Fig. 6.
At Pt content over 1 wt%, however, the rate of increase was stabilized. This indicates that in spite of the additional Pt
content, over 1 wt% of Pt, the active sites of the catalyst were few increased. As a result, it was confirmed that the
optimum Pt content was to be about 0.5 wt% of Pt.

As expected, the deuterium transfer increased with gas velocity due to the smaller surface resistance. This is
essential to the packed column in which the hydrogen isotopic exchange reaction between vapor and water is rate-
limiting step.

At the second experiment of tritium exchange between hydrogen gas and tritiated water, the mass transfer
coefficient can be expressed by

kya = g y ° - y
A Z P (y* - y)in

where G = hydrogen flow ^
A = cross section area of exchange column(cm^)
Z = height of catalyst(cm)
y = tritium concentration(Bq/l)
y* = tritium concentration in equilibrium with water (y* = y/a) (Bq/1)

subscript 1 and 0 = notation of inlet and outlet, respectively.

In order to investigate into the effect of gas velocity on the overall tritium transfer, the mass transfer
coefficients were calculated by the experimental results. Fig. 7 shows the effect of gas velocity on the isotopic
exchange at the several temperatures. The observed mass transfer coefficient for tritium ranged from 3.1 to 13.5 1/s.
This effect of gas velocity at high temperature was larger than at low temperature. At the raised temperature the mass
transfer coefficient remarkably increased as increasing gas velocity. This indicates that overall tritium exchange
reaction is limited by the exchange reaction step at any vapor-water interface in the trickled bed. It is noticed that
the mass transfer is rapidly increased with gas velocity and temperature due to the larger molecular diffusivity,
chemical exchange rate increase, and the smaller surface resistance.



CONCLUSIONS

For the hydrogen isotopic exchange reaction between hydrogen gas and liquid water, the supports, SDBCs with
a large pore size and high surface area, of hydrophobic catalyst was prepared by suspension copolymerazation. This
support of 40 % in cross-linkage had a large pore size comparable to that of 20 % in cross-linkage by using the
solvent of 2-ethyl hexyl alcohol and toluene. The optimum stirring speed for the SDBC of large particles ranged
from 70 rpm to 80 rpm. The volume of H2 adsorbed on the supported Pt was proportional to the specific surface
area and the Pt content below 1 wt% of Pt. The hydrogen isotopic exchange between hydrogen gas and water was
verified. Hydrogen isotopic transfer was affected by the Pt content, temperature, and gas velocity. The overall mass
transfer coefficient was properly increased with Pt content, and then was stabilized over I wt% of Pt. The optimum
Pt content was 0.5 wt% of Pt. Temperature and gas velocity significantly affected on the mass transfer. It was
confirmed that the overall isotopic exchange reaction between hydrogen gas and liquid water was limited by the
exchange reaction step at any vapor-liquid interfaces.
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TABLE 1 PREPARATION CONDITIONS WITH VARIOUS SOLVENTS AT 40 % IN CROSS-LINKAGE

Sample

PS1

PS2

SDBC1

SDBC2

SDBC3

SDBC4

Styrene (g)

12

12

12

12

12

12

Divinylbenzene (g)

48

48

48

48

48

48

Precipitant (g)

n-heptane, 60

dodecane, 60

n-hexane, 60

2-ethyl hexyl alcohol, 61.7

di-2-ethyl hexyl phosphoric acid, 30

n-amyl alcohol, 40

Diluent (g)

-

-

-

toluene, 42.7

chlorobenzene, 30

ethyl benzene, 20

TABLE 2 PHYSICAL PROPERTIES OF SDBC (AT 40 % IN CROSS-LINKAGE)

Sample

PS1

PS2

SDBC1

SDBC2

SDBC3

SDBC4

Type

Macroporous

Macroporous

Gel

Macroporous

Macroporous

Macroporous

BET surface area (m^/g)

291

196

-

461

393

374

Average pore size (A)

56.4

85.3

-

68.5

45.9

59.0



TABLE 3 EFFECT OF STIRRING SPEED ON THE PARTICLE SIZE DISTRIBUTION

Sample

PS11

PS12

PS13

PS 14

PS15

Stirring
speed
(rpm)

117

76

75

69

60

Cross-
linkage

( Of \
V ' ̂  /

20

20

20

20

20

Weight
of

monomer

56

56

56

56

56

Volume
of

product

350

350

350

350

350

Weight
of

product

47.2

36.6

51.2

51.0

54.4

850 um<

64.9

14.9

6.1

10.3

15.0

% polymer on

850 um-2 mm

28.3

19.5

44.9

18.0

11.0

mesh sieve

2-4 mm

6.2

37.0

32.8

27.1

14.8

size

4 mm<

-

28.6

16.2

- 44.6

9.9 6

TABLE 4 PHYSICAL PROPERTIES OF SDBC FOR H? ADSORPTION ISOTHERM

Sample

SI

S2

Specific Surface Area (m^/g)

121

458

Pore Size (A)

19

15
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FIGURE 2 SCHEMATIC DIAGRAM OF HYDROGEN ISOTOPIC EXCHANGE COLUMN
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FIGURE 3 H2 ADSORPTION ISOTHERM AT THE DIFFERENT SURFACE AREA
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FIGURE 4 H2 ADSORPTION ISOTHERM AT VARIOUS Pt CONTENT
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