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WETPROOFED CATALYSTS FOR HYDROGEN
ISOTOPE EXCHANGE

FIELD OF THE INVENTION

[0001] The invention relates to the exchange of hydrogen
1sotopes between gaseous hydrogen and liquid water. More
particularly, it relates to an 1improved catalyst to be used in
a process that enhances said exchange.

BACKGROUND OF THE INVENTION

[0002] The exceptional properties of heavy water as a
neutron moderator make 1t usetul 1n nuclear reactors and 1n
particular the CANDU nuclear reactor developed by Atomic
Energy of Canada Limited. Most of the world’s heavy water
supplies are currently provided by the Girdler-Sulphide
process or processes based on ammonia-hydrogen catalytic
exchange. The Girdler-Sulphide process is a bithermal (two
temperature) heavy water production process and takes
advantage of differences 1n thermodynamic separation fac-
tors between water and hydrogen sulphide. The process uses
a cascaded series of dual-temperature, mass transfer col-
umns circulating large quantities of hydrogen sulphide gas
countercurrently to a water feed. Both the Girdler-Sulphide
process and ammonia-hydrogen catalytic exchange require
large capital expenditures. The ammonia process has size
limitations and the Girdler-Sulphide process consumes large
amounts of energy and utilizes very hazardous hydrogen
sulphide.

[0003] The high cost of heavy water produced using the
Girdler-Sulphide process and ammonia-based processes can
alfect the economaic attractiveness of heavy-water moderated
reactors such as CANDU. Accordingly, a number of alter-
native processes have been proposed for heavy water pro-
duction. Among them are processes that exploit deuterium
1sotope exchange between water and hydrogen using a
catalyst.

[0004] One such process 1s known as Combined Electroly-
sis and Catalytic Exchange (“CECE”). The CECE process

has previously been described in U.S. Pat. No. 3,974,048.
The CECE heavy water production process 1s a monother-
mal process that extracts heavy water from normal water by
a combination of electrolysis and catalytic exchange
between the water feeding electrolytic cells and the hydro-
ogen produced 1in them. The primary components of a normal
multi-stage CECE process are each stage’s hydrogen water
catalytic exchange enrichment columns, oxygen-stream
vapour scrubber columns and electrolytic cells. The catalytic
exchange columns enrich water flowing down the column by
stripping deuterium from the up-tlowing hydrogen gas, with
conditions always favouring deuterrum transfer to the liquid.
Electrolytic cells provide a bottom reflux flow by converting
the enriched liquid leaving the catalytic exchange column
into hydrogen gas. The electrolytic cells 1n a CECE process
not only provide a bottom reflux flow but also enrich the cell
liquid inventory. Because the enftire feed stream must be
clectrolysed, the cost of electrolysis can result in a prohibi-
tively expensive process for heavy water extraction and 1s
practical only as a parasitic process where large scale
clectrolysis 1s performed for other reasons.

[0005] A second process, Combined Industrially Reform-
ing and Catalytic Exchange (“CIRCE”), is a parasitic mono-
thermal process. CIRCE uses an industrial monothermal
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stcam reformer for the first stage to generate hydrogen from
methane and water feeds and electrolysis (typically CECE)
for higher stages. Although it 1s more complex than the
CECE process, the main attraction of the CIRCE process 1s
the widespread availability of relatively large plants produc-
ing hydrogen by steam reforming. The CIRCE process
suffers from the fact that elevated levels of deuterium 1n the
reformer mean that leaks of any deuterated species (water,
methane, hydrogen) from the reformer are particularly
costly and the plant requires a high level of leak tightness 1n
the reformer. Optimization of the CIRCE process for the
lowest unit cost 1s primarily a balance between minimizing
first stage catalyst volume and loss of deuterium with
reformer leakage (by moving separative work into the higher
stages) and minimizing electrolytic cell capital costs (by
moving separative work into the first stage).

[0006] An alternative process to harness water-hydrogen
exchange is the Bithermal Hydrogen Water (“BHW?”) pro-
cess. BHW 1s a non-parasitic process using liquid phase
catalytic exchange (“LPCE”) to generate heavy water. In
cach stage there 1s an upper cold tower where the deuterium
transfers from the hydrogen to the liquid water, and a lower
hot tower where the deuterium transfers from the water to
the hydrogen gas. The feed to the higher stages 1s taken from
between the cold and hot towers. The BHW process 1s
similar to the Girdler-Sulphide process, but with the advan-
tages of much superior separation factors, lower energy
consumption and non-toxic and non-corrosive process flu-
1ds. BHW liquid phase catalytic exchange stages can advan-
tageously be substituted for most or all of the CECE upper
stages of the CIRCE process. Such a hybnid system can
result 1n a process that 1s more cost effective than a con-
ventional CIRCE process.

10007] The CECE, CIRCE and BHW processes rely upon
wet-proofed catalysts to catalyze the exchange reaction
between the hydrogen gas and the liquid water. The pre-
ferred catalyst is a Group VIII metal (most preferably
platinum) having a liquid-water repellent organic polymer or
resin coating thereon selected from the group consisting 1f
polyfluorocarbons (preferably polytetrafluoroethylene),
hydrophobic hydrocarbon polymers of medium to high
molecular weight, and Silicones, and which are permeable to
water vapour and hydrogen gas. Catalysts of this nature are
described 1n U.S. Pat. Nos. 3,981,976, 4,126,667 and 4,471,
014. LPCE implements highly active structured catalytic
modules, which incorporate hydrophobic catalytic layers
and hydrophilic mass-transfer layers. Isotope exchange
occurs on the hydrophobic catalytic layers while mass
transfer occurs between water vapour and liquid water
within the catalyst module.

[0008] Platinum 1s widely accepted as the most active
catalyst at high and low temperatures and other comparable
conditions for hydrogen 1sotope exchange compared to other
metals used as catalysts. The cost of catalysts used in LPCE
processes represents a significant fraction of the entire heavy
water production cost. Platinum presents a significant con-
tribution to the overall cost of the structured catalyst. With
the price of platinum steadily increasing, a clear cost advan-
tage can be achieved by reducing the dependency on plati-
num for hydrogen i1sotope exchange catalysis.

[0009] Highly active, low-cost catalysts for hydrogen iso-
tope exchange between hydrogen and water have been a
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long-term objective internationally since the 1950s.
Researchers have explored either non-Pt based catalysts or
catalysts containing Pt at a significantly reduced loading in
combination with other metals.

[0010] Thus, there remains a need for a highly active and
highly stable catalyst that 1s less costly than conventional
mono-platinum catalysts for heavy water production and
other 1sotope exchange processes between water and hydro-
gen.

SUMMARY OF THE INVENTION

[0011] It has now been found that a highly active and
highly stable catalyst that 1s less costly than conventional
mono-platinum catalysts for heavy water production and
other 1sotope exchange processes between water and hydro-
gen can be achieved by a wetproofed bimetallic catalyst
containing Pt and one or either of Cr or T1 1n various relative
amounts. In a preferred embodiment, the Pt, Cr and 11 are
deposited on particles of suitable support materials, such as
carbon black, Silicalite™ and silica. The bimetallic cata-
lysts, Pt—Cr and Pt—Ti1, may be prepared by co-precipita-
tion or co-impregnation of the different metals. The Pt, Cr

and Ti compounds used to produce the catalysts can be
H,PtCl,, Cr(NO,), and TiCl,, respectively.

[0012] The catalysts are intended to be used in the CECE,
CIRCE and BHW heavy water production processes to
catalyze the exchange reaction between hydrogen gas and
liquid water over a wide range of temperatures and pres-
sures. The catalysts can also be used for detritiation pro-
cesses. The catalysts 1n accordance with the present 1nven-
fion present an opportunity to reduce the cost of the 1sotope
exchange catalyst and improve the economics of the pro-
cesses. This can be achieved by lowering the costs of the
catalyst while maintaining activity, by increasing the cata-
lyst activity so that less catalyst is required, or both.

[0013] Thus in accordance with the present invention,
there 1s provided a wetproofed catalyst for use in hydrogen
1sotope exchange between water and hydrogen comprising a
hydrophobic porous matrix having dispersed therein cata-
lytically active platinum and at least one other metal selected
from the group consisting of chromium and titanium. Prel-
erably, the platinum and the at least one other metal are
deposited on support particles dispersed 1n the hydrophobic
matrix. Preferably, the hydrophobic matrix 1s polytetrafluo-

rocthylene or silicone and the support particles are carbon
black.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In drawings which illustrate embodiments of the
invention:

[0015] FIG. 1 is a graphical representation of long-term
stability test data showing activities for catalysts with and
without the secondary metal at 80° C.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] Studies were carried out to investigate whether the
Pt content of conventional wetproofed i1sotope exchange
catalyst could be reduced or eliminated by promoting the
catalytic properties of Pt with other additive metals or
replacing the Pt with other less costly metals. A number of
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Pt-based bimetallic formulations were tested. The percent-
age loading of each metal was varied 1n the test samples to
investigate the effects of the actual amount and the ratio of
the different metals on the substrate. The catalyst samples
were subjected to different tests to determine the activities of
the catalysts. The conditions of testing ranged 1n temperature
and pressure under vapour-phase or trickle-bed mode.

Catalyst Powder Preparation by Precipitation

[0017] Unless otherwise stated, carbon black was used as
the substrate for all catalysts. Teflon® 30 suspension from E.
I. du Pont de Nemours was used for wetproofing the catalyst.

[0018] With a number of exceptions, all catalyst powders
comprising Pt were prepared using a standard method of
precipitation of Pt using sodium platinum sulifite as generally
described in U.S. Pat. No. 4,082,699 Petrow et al. (the
contents of which are incorporated herein by reference).
Platinum oxide was precipitated onto the powder support by
reacting Na Pt(SO;), prepared from chloroplatinic acid as
described 1n U.S. Pat. No. 4,082,699, with hydrogen perox-
ide and then the platinum oxide was reduced to platinum
metal. Most of the bimetallic catalyst powders were pre-
pared using variations of the standard precipitation proce-
dure. The standard precipitation procedure was used to make
catalyst powders with Pt as the sole metal component.

[0019] The bimetallic precipitation procedure 1s similar to
the standard precipitation procedure with the only difference
being the addition and dissolution of an additional metal
salt(s) to the platinum solution and the use of extra hydrogen
peroxide. Pt—Cr catalysts were prepared in the same man-
ner as the standard method for Pt with co-precipitation of
sodium platinum sulfite (Na Pt(SO,),) and chromium (III)
nitrate (Cr(NO;)5. For Pt—Ti catalysts, TiCl, was substi-
tuted for Cr(NO3)s;.

Coating Catalyst Onto Screen For Testing

[0020] The catalysts for testing were prepared by loading
onto a carrier such as a stainless screen with Telon® 30

suspension from E. I. du Pont de Nemours 1in the manner as
described 1n U.S. Pat. No. 4,143,123, the contents of which
are 1ncorporated herein by reference. All of the catalyst
powders were sprayed with Teflon® 1n a 1:1 ratio onto
stainless steel screens. For vapour-phase testing, catalyst
powders were sprayed onto a single 100-mm wide by
320-mm long piece of screen. All of the catalysts for trickle
bed K,a tests were sprayed onto 250-mm wide by 900-mm
long pieces.

Example 1

Process for Making a 5% Pt+2% Ti on Carbon
XC-72R Catalyst

[0021] A small batch of the bimetallic catalyst was pre-
pared from 25 g of XC-72R carbon. About 4.6 g of
Na Pt(SO;), and 2.1 g of TiCl, using the procedure outlined
in U.S. Pat. No. 4,082,699. This catalyst powder was then

mixed with Tetlon® 30 1n a 1:1 ratio and coated onto a 28
mesh stainless steel screen with 0.0075-inch wire diameter

in the manner described in U.S. Pat. No. 4,143,123.
Example 2

Process for Making a 5% Pt+2% Cr on Carbon
XC-72R Catalyst

[10022] A small batch of catalyst powder was prepared
from 25 g of XC-72R carbon, about 4.7 g of Na,Pt(SO;),,
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and about 10.7 ¢ of chromium nitrate nanohydrate,
Cr(NO,)5.9H,0, using the procedure outlined in U.S. Pat.
No. 4,082,699. This catalyst powder was mixed with
Tetflon® 30 1n a 1:1 ratio and coated onto a 28 mesh stainless

steel screen with 0.0075-inch wire diameter in the manner
described 1n U.S. Pat. No. 4,143,123.

[0023] A number of the catalyst test samples [5% Pt+2%
Au, 7% Pt+3% Pd and 5% Ni+5% Pt on XC-72R ] used for
comparison purposes were prepared by conventional co-
impregnation methods rather than co-precipitation.

10024] Most of the Ni catalysts with or without Cr were
prepared using NiCL, or Ni(NO,), and Cr(NO,), by precipi-
tating with sodium carbonate on different supports such as

carbon or Silicalite. Exceptions were 5% Ni on carbon (by
impregnation), 15% Ni+0.1% Pd on XC-72R (by chemical

deposition), 8% Ni+2% Cr+0.1% Pd on XC-72R (by
sequential precipitation in the order: co-precipitation of
Ni+Cr then precipitation of Pd).

0025] A number of different test facilities were used to
determine the activities of the catalysts prepared in this
work. The conditions of testing ranged 1n temperature and

pressure under vapour-phase (H,/H,O vapour) or trickle-bed
mode (H,/H,O vapour/H,O liquid).

Reactor 68
Temperature

° C.

Condenser 62
Outlet

Temperature
" C

Humidity (%)
Relative
Humidity (%)
10% Pt on
XC-72R,
0.53% Pt on
Screen (Base
Catalyst)

K% Pt + 2% Cr
on XC-72R,
0.352% Pt on
SCreen

5% Pt + 5% Cr
on XC-72R,
0.23% Pt on
Screen

7% Pt + 3% Cr on
XC-72R,
0.318% Pt on
Screen

8% Pt + 2% T1 on
XC-72R,
0.392% Pt on
Screen

5% Pt + 2%11

on XC-72R,
0.246% Pt on
Screen

5% Pt + 1% T1i on
XC-72R,

0.255% Pt on
Screen

5% Pt + 5% Ti on
XC-72R,

1.1
76.5

436

472

1.6
26.9

665

1085

727

674

720

746
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High Pressure/High Temperature Vapour-Phase
Reactor System [ Caldwell Reactor]

[0026] This is a vapour phase reactor system with internal
gas circulation to reduce external mass-transfer resistance.
Catalysts were tested at a constant pressure of 2000 kPa
(abs) and at temperatures ranging from 68 to 155° C. The
relative humidity was raised to a maximum value of 84%
while the vapour content was increased to a maximum of

9.0%. The actual weight of the catalyst screen was main-
tained at about 0.65 g.

[0027] Table 1 reports the catalytic activities for Pt cata-
lysts promoted by either Cr or Ti. In Table 1 (and Table 2
below) the results for a base catalyst comprising 10% Pt on
Vulcan XC-72™ carbon black are presented for comparison
purposes. The catalytic rate constants 1n Table 1 are given in
the units of mol D-s~"-m™>, where the volume corresponds to
the catalyst module structural volume. Hence, comparison of
the performance of the different catalysts can be carried out
in a straightforward way by comparing these activities and
the metal loadings. For example, if a catalyst made with 5%
Pt and a certain loading of another metal shows similar
activity to the base catalyst, then 50% savings 1 the Pt cost
1s achieved with the new catalyst, assuming that the cost of
the other metal is negligible (which is generally the case).

TABLE 1

Vapour Phase Catalytic Activity (mol (D) - m™ - s71)

of Cataysts at 2000 kPa(abs) from Caldwell Reactor

105 155
81 91 100 71 81 91 117
2.5 3.5 5.1 1.6 25 3.5 29.0
40.8 582 83.8 59 90 12.8 33.0
665 970 970 623 914 1524 4156
— — 1669 — — — 4356
— — 1237 718 — — —
— — — 711 — — —
— — 2277 1063 — — 4554
— — 1732 578 — — —
— — 1732 672 — — —
— — 1992 — — — —
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TABLE 1-continued
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Vapour Phase Catalytic Activity (mol (D) - m™ - s~
of Cataysts at 2000 kPa(abs) from Caldwell Reactor

0.238% Pt on
Screen

2% Pt + 5% Ti 192 568 — — 1206
on XC-72R
0.104% Pt on

Screen

[0028] As seen from Table 1, compared with the base 10%
Pt on XC-72R catalyst, the bimetallic catalysts (Pt in com-
bination with Ti or Cr on XC-72R) had similar or higher
activities at most conditions. Since, all the bimetallic cata-
lysts 1n Table 1 had lower than 10% Pt, their Pt content 1n
a unit volume of bed will be correspondingly lower. For
example, the 2% Pt+5% 'T1 catalyst has only approximately
0.24 kg'm ™ of Pt compared to the 10% Pt catalyst with say
1.2 ke'm~ of Pt—a considerable saving in the cost of Pt. For

a given loading of Pt, generally, the Pt—T1 catalysts appear

to be more active than Pt—Cr catalysts as seen with 8%
Pt+2% 'T1 versus 8% Pt+2% Cr and 5% Pt+5% Ti versus 5%

Pt+5% Cr.

10029] Apart from the cost-savings, the improved wet-
proofed catalysts experienced a significant increase to their
activities as compared with the base 10% Pt catalyst at high

Entry
No.

Reactor

Temperature ° C.
Condenser Outlet
Temperature ° C.
Humidity (%)
Relative
Humidity (%)
1 10% Pt on XC-

72R, 0.53% Pt on

Screen (Base
Catalyst)

2 8% Pt+ 2% Zr on

XC-72R,

0.385% Pt-screen,

— — 3172

temperature do not confirm this observation. During the
testing of these catalysts, it was noticed that the bimetallic
catalysts took considerably longer period to steady out,
during which time the activity of the catalyst continued to
increase. The base catalyst, on the other hand, showed an
increase first followed by a somewhat steady activity and
then a slow decrease. In these tests 1t was also noticed that
the bimetallic catalysts appeared to show a prolonged activ-
ity 1ncrease with time-on-stream at higher relative humidi-
ties. This was assumed to be indicative of a strong depen-
dence of activity on the relative humidity. Such dependence
1s considered to be advantageous 1n the trickle-bed environ-
ment of 1sotope exchange application.

[0031] Table 2 contains the results for catalytic activities
of Pt catalysts promoted by Zr or V for purposes of com-
parison.

TABLE 2

Vapour Phase Catalytic Activity (mol (D) - m™ - s~ !
of Catalysts at 2000 kPa(abs) from Caldwell Reactor

68 105 155
62 71 81 91 100 71 81 91 117
1.1 1.6 2.5 3.5 5.1 1.6 2.5 3.5 9.0

76.5 269 408 582 &3.8 5.9 9.0 12.8 33.0

436 665 665 970 970 623 914 1524 4156

451 983

KK00-58 (KK00-54)

3 5%Pt+ 2% V on

XC-72R,

0.22% Pt-screen,
KKO01-3 (KK00-73)

temperatures. For example, the catalyst with 8% Pt+2% Ti
on XC-72R is as active as the base catalyst at 68° C. and 62°
C. for reactor and condenser outlet temperatures, respec-
tively. However, at 105° C. and 100° C. for reactor and
condenser outlet temperatures, respectively, the Pt—T1 cata-
lyst had an activity significantly greater than that of the base
catalyst. The catalyst containing 2% Pt-5% T1 on X(C-72 also
had a similar effect.

[0030] Though the results at 105° C. reactor temperature
show that the bimetallic catalysts may be somewhat more
strongly dependent on relative humidity or vapour content
compared to the base catalyst, the results at 155° C. reactor

200

[0032] As can be seen from Table 2, neither Zr nor V

™

‘ects at the conditions of

showed any obvious promoting ¢
the tests 1n the reactor. A significant reduction in activity

occurred when these metals were present with Pt 1n the

catalyst compared to the base catalyst. A comparison of the

results for catalysts 1 Table 2 with those 1n Table 1

contaming similar loadings of Pt shows that Zr and V were
inferior to Cr or T1 as catalyst promoters.

[0033] The test results for wvarious compositions are
reported 1n Table 3.
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Entry
No.

Reactor Temperature
Condenser Outlet
Temperature ° C.
Humidity (%)
Relative Humidity
(%)

1 10% Pt on XC-72R,
0.53% Pt on Screen
(Base Catalyst)

2 5.1% Ni-Silicalite,
(NP0O4)

3 35% N1+ 1.5% Cr on
XC-72, (NP11)

4 5% Ni-XC-72, (NP16)

5 8.6% Ni+ 1.4% Cr-XC-72R,
0.44% N1, cured

in air, post reduction,
KK00-41 C&D (KK00-36)

6 8.6% N1+ 1.4% Cr-XC-
72R, 0.44% N1, cured
in He, post reduction,

KK00-41 A&B
(KK00-36)

7 8% N1+2% Cr+05%P
d-XC-72R,

0.455% metal-screen,
KK00-33 (KK00-29)

8 5% N1+ 5% Pt-XC-72R
0.233% Pt, (NP19),
FMO00-08

9 15% N1 + 0.1% Pd-XC-
72R, 0.707% Ni, KK00-71
(KK00-64)

10 10% N1 + 3% Sn-XC-
72R, 0.665% metal,
KK00-70A (KK00-62)

TABLE 3

Activities of N1 containing Catalysts

Vapour Phase Catalytic Activity (mol (D) - m™ - s71)
of Catalysts at 2000 kPa(abs) from Caldwell Reactor

08 105 155 200
62 71 31 91 100 71 81 91 117 71
1.1 1.6 2.5 3.5 5.1 1.6 2.5 3.5 9.0

76.5 269 40.8 582 83.8 5.9 9.0 12.8 33.0

436 665 665 970 970 623 914 1524 4156

18 18

13

19

15.5

13 81

27 —

12

14

[0034] As can be seen from the results in Table 3, none of

the N1 containing catalysts showed any significant activity in

the high pressure/high temperature vapour-phase reactor

tests. Even the tests at a relatively high temperature of 200°
C. did not activate the N1 to yield a desirable activity.

Ambient Pressure/High Temperature Trickle-bed Base Pt Base Pt
Reactor System T catalyst catalyst
o ‘ _ | (°C)  10% Pt 5% Pt
[0035] This 1s a nominally 50-mm diameter trickle-bed
reactor test facility operated at ambient pressure and tem- 25 466@ 339
peratures up to 80° C. Typical long term test results are 60 1l64@ 1008 844
shown in FIG. 1 for 5% Pt and 5% Pt+2% Ti catalysts at 80° 80 1151

C. and 118 kPa (abs). The tests were done at a water flux of

100 mol'm s~ and hydrogen flux of 50 mol'm™*s™". A few

sets of 2K a values are given in Table 4 for discussion 1n

TABLE 4

Dec. 9, 2004

Effect of temperature on trickle-bed catalyst activity.

2Kya* [mol(D) - m-3 - s-1]

conjunction with the results presented 1n FIG. 1.

144@
828 499@
1041

T1-promoted

Cr-promoted catalyst 5%
59 Pt +5% Cr Pt+2%T %

297 @

410@  935@ 854

1084

@Water and H, fluxes are all 100 mol - m™= - s™*. Otherwise, Water and
H, fluxes are 100 and 50 mol - m™ - s™*, respectively.

*Catalyst activities at different temperatures are grouped in columns only
for temperature conditions accompanying immediate changes.
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[0036] As can be seen from Table 4, on increasing the test
temperature from 25 to 80° C., the activity increased more
steeply for the bimetallic Pt—Cr and Pt—T11 catalysts com-
pared to the base Pt catalyst.

[0037] Though more data is required for a complete under-
standing of the temperature effect on activity for these
catalysts, 1t may be generalized from the results shown 1n
Table 4 that the bimetallic catalysts show a somewhat
stronger dependence on temperature compared to the base Pt
catalyst.

[0038] The test results shown in FIG. 1 provide some
indications that there may be some differences in the deac-
fivation profiles of T1 catalysts compared with the base Pt
catalyst over the test period. While the base catalyst con-
tinued to deactivate gradually over the one month period, the
bimetallic catalyst steadied out within this period. At the end
of the tests, the bimetallic catalyst had an activity of about
830 mol'm-s~" while the base catalyst had a lower activity
of 630 mol'm™-s™', revealing superior performance
achieved by adding the secondary metal.

High Pressure Trickle-Bed Test Facility (HPMT)

[0039] Nominally 100-mm diameter by 250-mm long
catalyst modules were tested at temperatures up to 150° C.
and pressures up to 2500 kPa(g) in this facility.

[0040] The results obtained on the 8% Pt+2% Cr and 5%
Pt+5% Cr catalysts were compared with the base catalyst.
Each catalyst module tested was 100-mm diameter by
250-mm long, consisting of a catalyst layer thickness
approximately equivalent to the base catalyst loading of 1.2
o-L~". This, for example, would translate into a Pt loading of

0.6 g-'L™"; for the 5% Pt+5% Cr catalyst.

[0041] The tests results showed that the Pt—Cr catalysts
performed well. In general, at temperatures in the range of
about 50 to 150° C., the activity of the catalysts matched the
performance of the base catalyst. This 1s surprising since the
bimetallic catalysts contained less Pt 1in the module than the
base catalyst. This 1s especially surprising of the 5% Pt+5%
Cr catalyst which contained only half the Pt loading nor-
mally present in the base catalyst. The 8% Pt+2% Cr
containing bimetallic catalyst had about 1.0 g-L™" of Pt.

[0042] The 8% Pt+2% Cr and 5% Pt+5% Cr catalysts also
did not show any appreciable deactivation over a 30 day
period of testing and 1n fact showed some modest increase
in activity over the test period. Moreover, these bimetallic
catalysts appeared to show more stable activity than the base
catalyst.

[0043] As is evident from the above test results, given the
cost reduction realized through the substitution of platinum
with an 1nexpensive alternative, the bimetallic catalysts,
Pt—Cr and Pt—T1, are an improvement over the base 10%
Pt catalyst at temperatures greater than 60° C. and at ambient
and higher pressures. The amount of platinum can be varied
depending on the activity/cost/stability considerations. Cata-
lysts having less than 10% Pt by weight based on the total
welght of the support and the deposited metals will show
cost improvements over base 10% Pt catalyst. Catalysts can
also be prepared 1n accordance with the present invention
having a base 10% Pt loading with a Cr or Ti promoter to
improve performance or stability as compared to the mono-
metallic catalyst. Catalysts 1n accordance with the present
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invention can advantageously have platinum 1n an amount of
from about 2% to about 8% and the amount of Cr or Ti from
about 1% to 5% by weight based on the total weight of the
support and the deposited metals and can advantageously
have a weight ratio of platinum to Cr or T1 1n the range of
5:1 to 2:5. The combined amount of platinum and Cr or Ti
can advantageously be about 10% by weight based on the
total weight of the support and deposited metals.

10044] Although the above tests used carbon black as the

catalyst support, the invention 1s not so limited and suitable
supports other than carbon black may be used. While the
catalysts 1n accordance with the present invention are par-
ticularly suitable for use 1n heavy water production, they can
also be used 1n other hydrogen 1sotope exchange processes
including heavy water upgrading and detritiation applica-
tions. Thus, the catalysts 1n accordance with the present
invention can be used for the separation of trititum from
hydrogen or deuterium. Other modifications can also be
made without departing from the scope of the mnvention.

1. A wetproofed hydrogen i1sotope exchange catalyst for
exchange between water and hydrogen comprising a hydro-
phobic porous matrix having dispersed therein catalytically
active platinum and at least one other metal selected from
the group consisting of chromium and titanium.

2. The catalyst of claim 1 wherein the platinum and the at
least one other metal are deposited on support particles
dispersed 1n said hydrophobic matrix.

3. The catalyst of claim 2 wherein the hydrophobic matrix
1s polytetrafluoroethylene and said support particles are
carbon black.

4. The catalyst of claim 3 wherein the platinum and the at
least one other metal are deposited on said carbon black
support particles by co-precipitation.

5. The catalyst of claim 3 wherein the amount of platinum
1s less than 10% by weight based on the total weight of the
support and the deposited metals.

6. The catalyst of claim 3 wherein the amount of platinum
1s from about 2% to about 8% and the amount of the at least
one other metal 1s from about 1% to 5% by weight based on
the total weight of the support and the deposited metals.

7. The catalyst of claim 3 wherein the weight ratio of
platinum to the at least one other metal 1s 1n the range of 5:1

to 2:5.

8. The catalyst of claim 3 wherein the combined amount
of platinum and the at least one other metal 1s about 10% by
welght based on the total weight of the support and depos-
ited metals.

9. The catalyst of claim 3 wherein the at least one other
metal 1s chromium.

10. The catalyst of claim 9 wherein the chromium 1s
deposited on said support by co-precipitation from chro-
mium (III) nitrate.

11. The catalyst of claim 10 wherein the catalyst com-
prises about 8% by weight platinum and about 2% by weight
chromium based on the total weight of the support and
deposited metals.

12. The catalyst of claim 10 wherein the catalyst com-
prises about 5% by weight platinum and about 5% by weight
chromium based on the total weight of the support and
deposited metals.
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13. The catalyst of claim 10 wherein the catalyst com-
prises about 7% by weight platinum and about 3% by weight
chromium based on the total weight of the support and
deposited metals.

14. The catalyst of claim 3 wherein the at least one other
metal 1s titanium.

15. The catalyst of claim 14 wheremn the titanium 1is
deposited on said support by co-precipitation from titanium
(IV) chloride.

16. The catalyst of claim 14 wherein the catalyst com-
prises about 8% by weight platinum and about 2% by weight
fitantum based on the total weight of the support and
deposited metals.

17. The catalyst of claim 14 wherein the catalyst com-
prises about 5% by weight platinum and about 1% by weight
fitantum based on the total weight of the support and
deposited metals.

18. The catalyst of claim 14 wherein the catalyst com-
prises about 5% by weight platinum and about 2% by weight
fitantum based on the total weight of the support and
deposited metals.

19. The catalyst of claim 14 wherein the catalyst com-
prises about 5% by weight platinum and about 5% by weight
fitantum based on the total weight of the support and
deposited metals.
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20. The catalyst of claim 14 wherein the catalyst com-
prises about 2% by weight platinum and about 5% by weight
fitanlum based on the total weight of the support and
deposited metals.

21. A method to catalyse hydrogen isotope exchange
between water and hydrogen comprising using the catalyst
of claim 1 to catalyse hydrogen 1sotopic exchange between
water and hydrogen.

22. The method of claim 21 where deuterium isotope
exchange 1s catalysed between water and hydrogen for
heavy water production.

23. The method according to claim 22 wherein the heavy
water production 1s a combined electrolysis and catalytic

exchange process.

24. The method according to claim 22 wherein the heavy
water production 1s a combined industrially reforming and
catalytic exchange process.

25. The method according to claim 22 wherein the heavy
water production 1s a bithermal hydrogen water process.

26. The method of claim 20 wherein tritium isotope
exchange 1s catalysed between water and hydrogen in a
detritiation process.
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