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[57 ] A B S T R A C T 
A bi thermal , catalytic, hydrogen isotope exchange 
process between liquid water and hydrogen gas to ef-
fec t concen t ra t ion of the deu te r ium isotope of hydro-
gen, where in liquid wa te r and hydrogen gas are con-
tac ted with one ano the r and with at least one catalyti-
cally active metal se lected f rom G r o u p VIII of the Per-
iodic Tab le , the catalyst body has a water repel lent , 
gas and water vapour permeable , organic polymer or 
resin coat ing, preferably a f luorinated olefin polymer 
or silicone resin coat ing, so that the isotope exchange 
takes p lace by two simultaneously occurr ing, and 
closely coupled in space, steps namely, using pro t ium 
( H ) and deu te r ium ( D ) as the example , 
HD gas + H 2 0 vapour H2 gas + H D O vapour 

and 
H D O vapour + H..O liquid H D O liquid + 
H 2 0 vapour ««y>Hv 
and concent ra t ion is e f fec ted by opera t ing two inter-
connec ted sect ions containing catalyst at d i f ferent 
t empera tures . 

15 Claims, 6 Drawing Figures 
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PROCESS FOR HYDROGEN ISOTOPE EXCHANGE 
AND CONCENTRATION BETWEEN LIQUID 

WATER AND HYDROGEN GAS AND CATALYST 
ASSEMBLY THEREFOR 

This invention relates to a process for hydrogen iso-
tope exchange and concentration between liquid water 
and hydrogen gas. and a catalyst assembly therefor. 

More particularly, the present invention relates to a 
process for increasing the concentration of at least one 
of a plurality of hydrogen isotopes, namely protium 
(symbol H), deuterium (symbol D), or tritium (symbol 
I) in either liquid water or gaseous hydrogen, by dona-
tion from either the liquid water or gaseous hydrogen. 
The expression "donation from either the liquid water 
or gaseous hydrogen" is used because, as will be ex-
plained later, a unique feature of the present invention 
is that the actual hydrogen isotope exchange does not 
occur directly between the water in liquid form and the 
gaseous hydrogen even though liquid water and gese-
ous hydrogen are brought together in the presence of 
a catalyst assembly. 

Important present day uses for processes for hydro-
gen isotope concentration in liquid water or gaseous 
hydrogen are related particularly to the field of nuclear 
energy and include, for example: 
1. The production of heavy water, that is to say water 
highly enriched in the deuterium isotope, for use as a 
moderator in a nuclear reactor, and 
2. The reconcentration of the deuterium oxide in heavy 
water that has become downgraded, that is to say di-
luted with ordinary water to a lower deuterium content 
during use in, for example, a nuclear reactor. 

A potential use for processes to change hydrogen iso-
tope ratios in liquid water and gaseous hydrogen is to 
reduce the tritium concentration, present for example 
as DTO, in heavy water that has been used in an operat-
ing nuclear reactor for some time as a moderator and-
/or coolant. Such a reduction of the tritium concentra-
tion, produced by the reaction of a neutron with the nu-
cleus of a deuterium atom, is desirable because tritium 
is radioactive, and tritiated water can be incorporated 
into the body water of nuclear reactor maintenance 
workers by inhalation, ingestion, or transpiration 
through the skin. 

A further potential use of processes for hydrogen iso-
tope concentration in liquid water and gaseous hydro-
gen, which could become important in the future, is for 
the concentration of deuterium and tritium to supply 
fuel for one or more of the energy producing nuclear 
processes commonly known as "controlled nuclear fu-
sion," and which are presently being developed in the 
major industrial nations. 

The deuterium isotope of hydrogen, which has an ap-
proximate atomic weight of two compared with one for 
protium, is normally present in hydrogen gas, water or 
any chemical compound containing hydrogen, in only 
very low concentrations. The percentage natural abun-
dance of deuterium in hydrogen is given as 0.0150 per-
cent in the well known "Handbook of Chemistry and 
Physics," 49th edition (1968-69) , published by the 
Chemical Rubber Company, Cleveland, Ohio. The 
deuterium content present in natural, untreated water 
is usually within the range of 0.012 to 0.016 percent 
(one hundred and twenty to one hundred and sixty 
parts per million) depending on the source of the un-
treated water. In polar regions the deuterium concen-

,974 
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tration has even been found to be below one hundred 
parts per million. Thus to produce heavy water, that is 
liquid water that is highly enriched with deuterium, at 
a rate of say one hundred tons per year from untreated 

5 feed water requires the processing of well over one 
thousand gallons of the untreated feed water per min-
ute, and for a process to do this economically the pro-
cess must be very efficient. 

It is an object of the present invention to provide a 
10 process for hydrogen isotope exchange and concentra-

tion between liquid water and hydrogen gas, and a cata-
lyst assembly therefor, which is economically more effi-
cient than known processes. 

The search for an economical process to produce 
15 deuterium enriched liquid water, that is heavy water, in 

the United States of America began in the early days of 
the Manhattan Project in 1941. A record of the work 
done under the Manhattan Project to develop such a 
process is contained in "Production of Heavy Water ," 

20 Vol. 4F of Division III of the National Nuclear Energy 
Services, Manhattan Project Technical Section, 
McGraw Hill (1955). Since then it has been found that 
the concentration of the isotope in hydrogen gas, wa-
ter, and many other compounds containing hydrogen 

2 5 can be changed quite readily by a number of physical 
and chemical processes. For example, F. T. Barr and 
W. P. Drew, as recorded in Chemical Engineering 
Progress, Vol. 56, No. 3, pages 40-56, 1960, surveyed 
ninety-eight processes, not including such established 
methods as water distillation; hydrogen distillation; 
dual-temperature exchange between water and hydro-
gen sulfide; conventional electrolysis of water; hy-
drogen/ammonia high pressure, dual-temperature ex-
change; and single temperature hydrogen-water vapour 

3 5 catalytic exchange, with electrolytic regeneration of 
enriched hydrogen, commonly known as the Trail Pro-
cess. Eight promising methods for producing heavy wa-
ter, from the ninety-eight processes, are discussed in 
more detail, with an economic assessment, in the above 

4 0 mentioned article by F. T. Barr and W. P. Drew. Four 
of the eight processes thought to be promising are 
chemical exchange processes, one being for the cata-
lytic exchange of hydrogen isotopes between hydrogen 
gas and liquid water, but a suitable catalyst to make this 

- process economically viable was not available prior to 
the present invention being conceived. 

More recently, a report was prepared for the United 
States Heavy Water Reactor Based Program by J. A. 

5 Q Ay res entitled "Production of Heavy Water - Status 
Report ," Batelle Memorial Institute, Pacific Northwest 
Laboratory, Richland, Wash., 99353, Report No. 
BNWL-884 UC-80, Reactor Technology, March 1969. 
It is instructive for an understanding of the advance 
contributed to the art by the present invention to quote 
from page 152 of Ayres' report: 

"H 2 0-HD. The H 2 0-HD exchange is a process of 
very high potential, but at present it is not competitive 
because no suitable catalyst has been developed. The 
catalyst must be relatively inexpensive to use, not cor-
rosive, and must effect a rapid reaction rate. An expen-
sive catalyst could be used if it could be economically 
recovered or if it were present as a stable bed and not 
removed by the liquid or gas." 

6 5 It is a further object of the present invention to pro-
vide a process for hydrogen isotope exchange and con-
centration between liquid water and hydrogen gas, and 
a catalyst assembly therefor, which do not suffer to the 
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same extent the problems associated with the known 
catalytic exchange process of hydrogen isotopes be-
tween liquid water and hydrogen gas. 

In a hydrogen isotope exchange process between two 
substances, each of which contains hydrogen and is ca-
pable of containing more or less of the desired hydro-
gen isotope, the concentrat ion of the desired hydrogen 
isotope in each substance under condit ions of substan-
tial chemical equilibrium are determined by nature and 
are normally expressed by what is known as an "equi-
librium constant. ' ' ' For the hydrogen/water isotope ex-
change involving prot ium (H) and deuter ium (D) , the 
isotope exchange reaction may be expressed as: 

10 

H 2 0 + HD H D O + H2 15 
( 1 ) 

The equilibrium exchange constant K for this isotope 
exchange reaction is then expressed as: 

20 

K = 
( H D O ) X (H 2 ) 
( H s O ) X ( H D ) (2) 

where the parenthesis indicate concentrat ion in some 
suitable units such as pound moles per cubic foot, the 
units cancelling in this case so that K is dimensionless. 
The numerical value of K changes with t empera ture 
and also differs slightly depending on whether the iso-
topic exchange is ocurring between liquid water and 
hydrogen gas or between water vapour and hydrogen 
gas. The following values for K at several tempera tures 
are f rom data quoted in the above ment ioned Ayres re-
port: 

T A B L E 1 

T E M P E R A T U R E K, ( L I Q U I D W A T E R ) K, ( W A T E R 
(°C) (°C) 

•VAPOUR) 

0 4 .70 4.19 
100 2.74 2.65 
250 1.80 1.83 
600 1.52 1.28 

25 

30 

35 

40 

The mathemat ical equat ions that best fit the experi- 45 
mental data for K are: 

238 

and 
log K/. — 7 V n 

188 

—- 0.200. 

log AY = 7 ' ( ° 0 
- 0 .095 

( 3 ) 

( 4 ) 

From equations (1) and (2) , and f rom the values for 
K obtained from the Table 1 or equat ions (3) and (4) , 
it is apparent that the deuter ium isotope will always at-
tain a higher concentra t ion in water, with the water ei-
ther in the liquid or vapour phase, than in hydrogen gas 
in contac t with it, at equilibrium below 600°C. It is also 
evident that the lower the tempera ture , the more the 
deuterium will concent ra te in the water. Similar chemi-
cal isotope exchange react ions between water and hy-
drogen gas, and their equilibrium constants, are known 
for all the combinat ions of reactions, for all the hydro-
gen isotopes and a person skilled in the art can calcu-
late the concentrat ions of any, or all, of the hydrogen 
isotopes in hydrogen gas and water in contac t with each 
other at chemical equilibrium, at a given tempera ture . 

50 

55 

60 

65 

All of the above information concerning equilibrium 
concentra t ions among the hydrogen isotopes is well 
known to those skilled in the art and can readily be 
used by them to determine the optimum conditions for 
the isotopic enr ichment of hydrogen gas or water in liq-
uid or vapour phase desired and the appropriate draw-
off point for the enriched hydrogen gas or liquid water 
or water vapour in an isotope enr ichment cascade of 
the type that will be described with reference to the ac-
companying drawings. 

Catalysts that are very effective for bringing about 
isotope exchange and approach to equilibrium between 
water vapour and hydrogen gas are well known and in-
clude Group VIII metals, in particular platinum and 
nickel. However, when such catalysts are used in 
contact with hydrogen and liquid water, as taught by 
U.S. Pat. No. 2,690,379, dated Sept. 28, 1954 (H. C. 
Urey et al.) or U.S. Pat. No. 2,787,526, dated Apr . 2, 
1957 (J. S. Spevack) , the rate of approach to equilib-
rium conditions attained is two to three orders of mag-
nitude lower than the rate attained when the catalyst is 
in contact with hydrogen and water in the vapour phase 
only. Further , when a catalyst such as platinum or 
nickel is brought into contact with liquid water the cat-
alyst rapidly becomes poisoned and ceases to funct ion. 
Thus while Urey et al and Spevack have both taught 
using a catalyst such as platinum since Apr . 2, 1957, 
persons skilled in the art have been unable to put this 
into pract ice in a feasible manner f rom an economical 
point of view. In fact persons skilled in the art have 
been led, in at tempting to pract ice the teachings of ei-
ther Urey et al. or Spevack, to the conclusion that a 
catalyst such as platinum cannot be used in contac t 
with liquid water under any circumstances and be eco-
nomically acceptable. 

In order to design an economical process for hydro-
gen isotope separation based on isotope exchange be-
tween hydrogen and water it is necessary to combine 
several, consecutive exchange stages or steps, in a man-
ner commonly known as a cascade process, as de-
scribed, fo r example, in Nuclear Chemical Engineer-
ing, by M. Benedict and T. H. Pigford, McGraw-Hill , 
1957. The cascade process requires hydrogen gas and 
water to flow substantially in opposite directions at 
least between stages, although not necessarily within 
each stage, and this can only be accomplished at rea-
sonable cost if the water is in the liquid state at least be-
tween stages. The most economical and efficient way 
to accomplish the opposite flow is to keep the bulk of 
the water continuously in the liquid state and flow this 
counter-current to the gaseous hydrogen except for the 
water vapour that of necessity is contained as humidity 
in the hydrogen gas in contact with the liquid water. It 
has been frequently stated in the pert inent li terature 
that this process would be very attractive if the rate of 
hydrogen isotope exchange between hydrogen gas and 
liquid water was sufficiently rapid for the process to be 
economically feasible. 

It is an object of the present invention to provide a 
process for hydrogen isotope concentrat ion between 
liquid water and hydrogen gas, and a catalyst assembly, 
wherein the rate of the hydrogen isotope exchange re-
action is at a sufficiently rapid rate that the process at-
tains an economic advantage over known hydrogen iso-
tope concentra t ion processes. 

The only process so far that has been used success-
fully to p roduce several hundred tons Of heavy water 
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per year at one installation has been one of the pro- none of these proposals would lead a person skilled in 
cesses disclosed in U.S. Pat. No. 2 ,787,526 (J. S. Spe- the art to practice the present invention for the reasons 
vack), and it is commonly known as the GS process. given: 
The GS process uses hydrogen isotope exchange be- U.S. Pat. No. 2,976,253, dated Mar. 21, 1961, O. D. 
tween hydrogen sulfide and liquid water, as expressed 5 Edwards. 
by the reaction; - A catalyst is provided with a temporary protective 

coating against catalyst deterioration from moisture 
and attrition, the coating being substantially moisture, 

in a dual temperature counter-current cascade, and is including water vapour, impermeable. The thickness 
an ionic process and does not require a catalyst. 10 envisaged of 0.5 to 10 mils thick verifies this point. 

Given an effective catalyst to bring about sufficiently U.S. Pat. No. 2,540,599, dated Feb. 6, 1951, M. A. 
rapid isotope exchange between hydrogen gas and liq- Segura. 
uid water, a bithermal process with hydrogen gas and A catalyst for a hydrocarbon synthesis process 
liquid water operated in the same general manner as wherein feed gases containing carbon monoxide and 
the GS process would be considerably superior to the 15 hydrogen are contacted under synthesis conditions 
GS process because the change in isotope equilibrium (300°F to 800°F are mentioned) with iron containing 
constant, with tempera ture , for the hydrogen/liquid catalyst particles, bonded together by an organic ther-
water exchange reaction is more favourable than that mosetting resinous material, to prevent fragmentat ion 
for the hydrogen sulfide/water isotope exchange reac- of the catalyst caused by forces accompanying the de-
tion, which leads to a higher efficiency of separation for 20 position of carbonaceous material thereon. The bond-
the bithcrmal hydrogen/water exchange process than ing together of the iron containing catalyst particles by 
that obtainable with the GS process. Thus for the same an organic thermosetting resinous material as taught by 
heavy water requirement , the bithermal hydrogen/wa- Segura would prevent hydrogen gas or water vapour 
ter exchange proccss requires a lower flow of feed from contacting the catalyst of the present invention at 
water and smaller exchange towers than those required 25 the cold temperature of 25°C at which hydrogen iso-
for the GS process. Hydrogen is also superior to hydro- tope exchange must be able to occur for the process to 
gen sulfide as the second fluid in the process because be operable. 
is is much less toxic and less corrosive to metals than U.S. Pat. No. 2,722,504, dated Nov. 1, 1955, R. N. 
hydrogen sulfide. All of the above advantages would be Fleck. 
gained once a catalyst is found for the bithcrmal hy- 3 0 There is provided a particle-form adsorbent catalytic 
drogen/water exchange process and which does not contacting material stable at temperatures in excess of 
poison rapidly and retains a high efficiency of scpara- 500°F comprising ( 1 ) a major proportion of activated 
tion for a sufficient period of time to be economically oxide selected from the group consisting of silica-gel, 
attractive. activated alumina and mixtures thereof, (2) a minor 

It is another object of the present invention to pro- proport ion, between about 5 percent and 25 percent by 
vide a catalyst assembly for the bithermal hydrogen/- weight, of a catalytic agent selected from the class con-
water exchange process and which does not poison rap- sisting of the oxides and sulfides of transitional metals 
idly and retains a high efficiency of separation for a suf- having an atomic number between 22 and 42, and (3) 
ficient period of time to be economically attractive. and intimately bonded coating of an organophilic sili-

A problem that exists with the hydrogen gas, water 4 0 cone, said silicone coating having been formed in situ 
vapour exchange process is that for the cascade process by adsorbing onto the active surface of said activated 
to function it is necessary for the hydrogen gas and oxide a monomeric silicone precursor having the for-
water vapour to flow in opposite directions and since mula: 
both are in gaseous form this is an impractical thing to 
accomplish. 

It is an object of the present invention to provide a 
process for hydrogen isotope concentrat ion between 
liquid water and hydrogen gas, and a catalyst assembly 
therefor, which utilizes the following simultaneously 
occurring and closely coupled in space, two step ex-
change process which, until the advent of the present wherein x is a hydrolyzable group, R, is a non-
invention. was impossible to put into practicc: hydrolyzable hydrocarbon radical bonded to Si through 
Step 1 HD + HX) vapour '''"XL1"" H2 + H D O vapour a carbon atom, and R2 and R:l are selected from the 
Step 2 HDO vapour "«"'£_»"'"• H D O liquid + H»0 class consisting of hydrolyzable groups and non-
vapour hydrolyzable hydrocarbon radicals bonded to Si 

These two steps are achieved, according to the pres- through a carbon atom, then hydrolyzing the adsorbed 
ent invention, by providing at least one catalyst assem- siliconeprecursor to form an adsorbent substrate con-
blv h a v i n g a catalyst selected f rom the group consisting taining intimately bonded silicone in amounts corre-
ct 'at least one Group VIII metal, and a coating substan- 6 sponding to between about 0.001 percent and 5 per-
tially preventing the catalyst from being wetted by liq- cent by weight of silicon, relative to the final catalyst 
uid water w hile allowing hydrogen gas and water va- composition. This catalyst was designed for use at tem-
pour to rapidh contact the catalyst, whereby even peratures in excess of about 500°F at which tempera-
though liquid water and hydrogen gas arc brought into tures the silicone would be expected to be permeable 
contact with the, or each, catalyst assembly, the ex- . to gaseous matter. This catalyst coating could not be 
chantic occurs bv the above mentioned two steps. " used in the presence of water vapour at temperatures 

It has already been proposed in the following disclo- in excess of 500°F because the silicone coating would 
sures to provide a catalyst w ith a coating. However, decompose at these temperatures in the presence of the 

45 

50 
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water vapour. Thus Fleck's teachings would tend to oxide, tungstic oxide, nickel oxide,, kieselguhr and 
lead a person skilled in the art to believe that, in prac- metal substrate. 
ticing Fleck's invention, such silicone coatings could Preferably for each catalyst assembly the total 
not be used in the presence of water vapour. amount of catalyst is not greater than 5 percent by 

Fur thermore since none of the above patents, in 5 weight of the total weight of that catalyst assembly, and 
combinat ion with any prior art , teach the intimate, si- the total amount of the substantially waterproof and 
mul taneous two step exchange process according to the w a t e r repellent organic resin or polymer coating is not 
present invention, then it is apparent that the present greater than 10 percent by weight o f t h e total weight of 
invention represents a novel and unforseen contribu- ^ a t catalyst assembly. 
tion to the art. 10 More particularly for each catalyst assembly the total 

According to the present invention there is provided a m o u n t o f catalyst is perferably not greater than 0.5 to 
a process for hydrogen .sotope exchange and concen- , Q p e r c e n t b y w e i g h t o f t h e t o t a l w e i g h t o f t h a t c a t a | y s t 
tration between liquid water and hydrogen gas, com- a s s e m b l y , and the catalyst is dispersed in an outer layer 
p n s m g : . . , , ( o f the support . 
a. contacting at a t empera ture in the range 15 C to 15 „, . , „ , « ... , __„_ . . ,. . , „ , b , , The coating may be of polytetrafluoroethylene hav-70 C, in a first section, lquid water and, the hydrogen . . , L . a . l i 

r ' , ' . M ... ' , 3 , mg a f ibrous network or mesh structure, and the poly-gas from a second section, with one another and with f _ . . . , ,. , , . f b ^ , . . .. r * i . , .. te t raf luoroethylene may be applied to the catalyst as a a catalyst consisting of at least one catalytically active „ . , , ' . ; . 
metal selected from Group VIII of the Periodic Table c o " ° ' d a l suspension, the dispersing liquid evaporated, 

• . , u a ->n and the particles sintered to form the fibrous network 
so that the hydrogen isotope, deuter ium, is exchanged -£0 r 

or mesh s tructure into and concentra ted in the liquid water passing 
through and leaving the first section f rom the hydrogen I n d i f ferent embodiments of the present invention the 
gas passing through and leaving the first section, in ei- c o a t i n S m a y b e a silicone, for example a polysiloxane 
ther counter -current or cocurrent flow, s u c h a s polyalkylsiloxane having substituent groups se-
b. contact ing at a tempera ture in the range 150°C to 25 lected f rom hydroxyl, methoxyl and ethoxyl. Fur ther-
200°C in a second section, pressurized to keep water m o r e t h e coating may comprise a polydimethylsiloxane 
liquefied, the liquid water from the first section and the having a minor amount of substituent groups selected 
hydrogen gas, passing to the first section, with one an- f rom hydroxyl, methoxyl and ethoxyl and include at 
o ther and with a catalyst consisting of at least one cata- least one substituent selected f rom ethyl, propyl, iso-
lytically active metal selected f rom Group VIII of the 3 0 propyl and t-butyl groups. 
Periodic Table so that the hydrogen isotope, deute- When the coating is a silicone the coating is prefera-
rium, is extracted into and concentra ted in the hydro- bly about 1 to 10 percent by weight of the catalyst as-
gen leaving the second section f rom the liquid water sembly, more specifically 2 to 5 percent by weight of 
passing through the second section, and the catalyst assembly, and the coating is preferably 
c. withdrawing f rom between the first and second sec- 3 5 f rom about 10~3 to I 0 _ 1 microns average thickness. 
tions, a portion of the liquid water having the hydrogen Preferably the support is selected f rom carbon, 
isotope, deuter ium, concent ra ted therein or the hydro- graphite, charcoal, alumina, silica, silica gel, chromia 
gen gas having the hydrogen isotope, deuter ium, con- and nickel oxide and the catalytically active metal is se-
centra ted therein, and wherein the improvement com- lected f r o m Pt, Rh, Pd and Ni. 40 
P n s e s ; A catalyst support is not essential. The catalytically 
d. the catalyst is provided in the first and second sec- a c t i v e m e t a j o r m e t a l s f rom Group VIII o f t h e Periodic 
tions as at least one catalyst assembly and comprises T a b l e c a n b e u s e d a l o n e i n a n y a p p r o p r i a t e configura-
ble catalyst and a substantially liquid-water-repellent t i o r i i o r m a y b e s u p p o r t e d on another metal , which may 
organic resin or polymer coating thereon, but which is ^ for i n s t a n c e be in the form of a wire mesh article. How-
permeable to water vapour and hydrogen gas, whereby: e v e r _ e c o n o m i c s usually require a suitable high surface 
e. each catalyst assembly causes hydrogen isotope ex- a r e a s u p p o r t f o r t h e catalytically active metal or met-
change and concentra t ion to occur as follows: a j g 

HD gas + H.O vapour ««&» H2 gas + H D O vapour, [ n t h e a c c o m p a n y i n g drawings which illustrate, by 
a r | d 50 way of example, embodiments of the present invention, 

HDO vapour + H z O liquid iwL3- a t f r H D O liquid 4- H 2 0 FIG. 1 is a diagrammatic side view, with parts cut 
"" away, of appara tus for a first stage, consisting of a first 

vapour so that direct contac t between the catalyst and and a second section for deuter ium exchange and con-
liquid water and wetting of the catalyst is retarded by centrat ion between liquid water and hydrogen gas, 
the organic polymer o r resin coating, thereby retarding 55 FIG. 2 is a similar diagrammatic side view to FIG. 1, 
poisoning of the catalyst by the liquid water . but more detailed, of an apparatus for deuter ium ex-

In one practical embodiment of the present invention change and concentrat ion between liquid water and hy-
the hydrogen f rom the first section is recirculated drogen gas, 
through the second section to the first section, and a FIG. 3 shows graphs of one section efficiencies versus 
portion of the liquid water having the hydrogen isotope 60 the reciprocal of the absolute tempera ture at which 
concentra ted therein f rom feed water is withdrawn deuter ium is exchanged between water and hydrogen 
f rom between the first and second sections, oxide, times 10 - 3 , for a silicone resin coated catalyst, 

Preferably each catalyst assembly comprises a cata- FIG. 4 shows a graph of one section efficiencies ver-
lyst support , the catalyst and the substantially water re- sus catalyst bed depth, 
pellent organic polymer or resin coating thereon, and 65 FIG. 5 shows a graph of one section efficiencies ver-
the catalyst support consists of at least one material se- sus hydrogen gas velocity through the catalyst bed, and 
lected f rom the group carbon, graphite, charcoal , alu- FIG. 6 shows a graph of one section efficiencies ver-
mina, magnesia, silica, silica gel, chromia , molybdenum sus mass flow rate of feed water. 
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In FIG. 1 there is shown a first stage tower, consisting 
of a first section 1 and a second section 2. The sections 
1 and 2 are each filled with catalyst assemblies 3. The 
first section 1 has a liquid water inlet 4 and a liquid 
water out le t 6 to the second section 2. The second sec-
tion 2 has a liquid water outlet 8 ( to waste). A with-
drawal pipe 10 is connected to the outlet 6 for with-
drawing liquid water theref rom between the sections 1 
and 2. 

The second section 2 has a hydrogen gas inlet 12 and 
a hydrogen gas outlet 14 heading to the first section 1. 
The first section has a hydrogen gas outlet 16 con-
nected to the hydrogen gas inlet 12 by pipe 18. 

The catalyst assemblies 3 may conveniently be sup-
ported in the sections 1 and 2 on metal sieve tray sup-
ports, for example. 

Each catalyst assembly 3 consists of: 
a. at least one catalytically active metal f rom Group 
VIII of the Periodic Table, such as plat inum or rhodium 
or nickel, for example in the form of very small crystal-
lites having a diameter typically in the thirty to two 
hundred Angstrom range, 
b. a highly porous, solid support such as carbon, graph-
ite, charcoal , alumina, silica gel, and the like, with the 
catalytically active metal deposited on the surface of 
the pore walls thereof. The support may typically be in 
the form of granules, pellets, spheres, rings, Berl sad-
dles and the like, which are commonly used, and 
c. a substantially water repellent organic polymer or 
resin coating such as a polyfluorocarbon or silicone de-
posited on the support , and within and upon pore sur-
faces of the support , the coating rendering the catalyst 
body substantially impermeable to liquid water, but 
permeable to water vapour and hydrogen gas. In other 
words the coating substantially prevents bulk liquid 
water from entering the pores of the porous support , 
wherein the catalytic material is located, but the entry 
of water vapour molecules and hydrogen gas molecules 
and access to the catalytic material by these gaseous 
molecules is essentially unimpeded. 

When using a porous support , preferably the poly-
f luorocarbon or silicone does not completely enclose 
the entire outer surface of the porous support because 
this would substantially impede free access of water va-
pour and hydrogen gas into and out of the porous struc-
ture of the support and thus impede access to and f rom 
the surface of the catalytically active metal crystallites. 
Examples of how a substantially water repellent coating 
may be applied will be given. It should be apparent , 
however, that the object of the provision of the water 
repellent coating for the catalyst assemblies 3 is to pre-
vent bulk liquid water f rom wetting the outer surfaces 
of the support , entering the pores of the support , and 
completely covering the catalyst suppor t surfaces and 
thus poisoning the catalytically active metal while nev-
ertheless allowing water vapour molecules and hydro-
gen gas molecules to surround the catalyst body and 
have free access to and f rom the interior of the porous 
support and thus access to and f rom the catalytically 
active metal crystallites deposited upon the pore walls 
within the support . Catalyst preparat ions consisting of 
the catalytically active metal and suppor t are commer-
cially available f rom several manufac tures of industrial 
catalysts. Substantially waterproof and water repellent 
coating materials desirable for deposition on said cata-
lysts are readily available f rom several manufacturers 
of silicone products and fluorinated hydrocarbons. T h e 
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scope of the invention is not to be construed to be lim-
ited to these particular water repellent materials, but 
these have been found very suitable. 

A commercially available catalytically active meta-
5 land-support combination suitable as starting material 

for the catalyst assemblies consists of bodies each com-
prising 0.5 percent by weight, of the total weight of the 
body, of platinum as the catalytically active metal on 
alumina (A1 20 3 ) bodies forming the catalyst support . 

10 The bodies may be one-fourth inch balls or one-half 
inch saddles, for example. Other examples of accept-
able catalytically active metal-and-support combina-
tions are described below. The water repellent coating 
may be formed of any hydrophobic resin or polymer, 

15 applied in an appropriate manner , which is permeable 
to the hydrogen and water vapour, such as polytetraflu-
oroethylene, polyethylene, polypropylene, siloxane, sil-
icone or other like hydrophobic organic polymer of 
medium to high molecular weight. 

20 The coating may, for example, be a thin silicone 
layer, preferably having an average thickness within the 
range 1 - 1 0 0 (more particularly 3 - 1 0 ) molecular lay-
ers. As described above, the coating covers, to a con-
siderable extent, the catalyst support surface, and may 

25 be applied by dipping the catalyst bodies in, or spraying 
them with a solution of a silicone resin e.g. in a petro-
leum hydrocarbon solvent such as white spirit or Stod-
dard solvent. The solvent is then evaporated to form a 
water vapour/hydrogen gas permeable, water repellent 

30 silicone coating which substantially covers the catalyst 
support . Preferably the catalyst asemblies thus pro-
duced are given an ageing period for example, of at 
least about 48 hours, before being used. 

The coating may be deposited f rom a solution (suit-
3 5 ably containing about 1 to 10 percent , and preferably 

1 to 5 percent , by weight of silicone polymer) , to de-
posit a coating of a thickness of about 1 0 - 3 to 1 0 - 1 mi-
crons average thickness, or f rom about 1 to 30 percent 
(preferably 5 to 15 percent ) by weight polymer based 

4 0 on catalyst body (support plus catalytic metal) depend-
ing markedly on the surface area of the support mate-
rial used. 

Dow Corning 773 (Registered Trade Mark) Water 
Repellent obtainable f rom Dow Corning Corporat ion, 
as a resin concentra te containing 33 percent by weight 
silicone solids has been found to be a suitable coating 
material. This coating material is preferably applied to 
a porous support with the catalyst deposited thereon 

5 Q when it is diluted in a mineral spirit or hexane carrier 
to about 5 percent by weight of the carrier, and the car-
rier then evaporated. This catalyst is preferably aged 
for example about 48 hours in air before use, and pref-
erably at 150°C to 200°C. 

5 5 A very thin, porous polytetrafluoroethylene film has 
been found to be suitable as the coating for some types 
of porous supports having the catalyst deposited 
thereon and these have been found to be quite efficient 
in promoting the exchange of deuterium between hy-

6 0 drogen gas and liquid water. 
As stated, polytetrafluoroethylene may be applied to 

a porous support that already has the catalytic material 
deposited thereon. Preferably the porous supports with 
the catalyst deposited thereon are t reated with a colloi-

6 5 dal suspension of polytetrafluoroethylene polymer par-
ticles in an aqueous solution of a wetting agent. One 
such colloidal suspension is DuPont TFE - Fluorocar-
bon Resin Dispersion, Type 30 obtainable f rom Du-
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Pont, U.S.A. Other colloidal suspensions such as Du-
Pont 955-100 Line, One-Coat, Non-Stick Finishes, ob-
tainable from DuPont, U.S.A. may also be used. 

The suspensions are diluted, more or less, with a dis-
persing phase, for example water or an organic solvent, 
depending on the catalyst support used, and are then 
applied to the porous support with the catalytic mate-
rial thereon before coagulation of the polytetraflu-
oroethylene occurs. The dispersing phase is then al-
lowed to evaporate, or is removed in some other con-
ventional manner. The polytetrafluoroethylene parti-
cles which have been deposited on the surfaces of the 
porous support and catalytic material are then sintered 
together by heating, for example, in air at 350° to 
360°C for 10 minutes to an hour. 

It should be noted it is not an objective to form a 
complete or coherent film over the entire porous sup-
port and catalyst surfaces, and that the polytetraflu-
oroethylene coating produced has more of a fibrous 
network or mesh structure than a continuous, coherent 
film structure, and thus has considerable microporos-
ity. For a porous support the objective of the coating 
is, as already stated, to exclude liquid water from the 
internal pores of the support wherein is located catalyt-
ically active metal, but allow essentially free entry by 
water vapour and hydrogen gas molecules. 

Scanning electron microscope photographs (SEM) 
have confirmed that the coatings of the improved cata-
lysts of the invention with a polytetrafluoroethylene 
polymer coating have this fibrous or mesh structure. 

The conventional use for these colloidal suspensions 
is to provide a non-stick or non-wet surface, and for 
these uses the aim is for the polytetrafluoroethylene 
coating to have as little porosity as possible. 

Proper development of the polytetrafluoroethylene 
coating on the support with the catalyst deposited 
thereon depends on having the correct amount of poly-
tetrafluoroethylene particles deposited thereon prior to 
sintering. The correct amount of polytetraflu-
oroethylene particles deposited on the support with the 
catalyst thereon is dependent upon the dilution of the 
polytetrafluoroethylene suspension and the volume of 
the suspension taken up by the catalyst when the sus-
pension is applied to it. Dilutions of the commercial 
polytetrafluoroethylene dispersions of the order of 
from ten to more than one hundred fold may be re-
quired, depending on the porosity of the catalyst sup-
port. Porosity throughout the catalyst support is not es-
sential, however. 

Other fluorinated olefin polymers can be used to 
form the coating. 

With perfluorinated ethylene-propylene copolymers 
(FEP-type Telfon) a lower sintering temperature than 
for polyetetrafluoroethylene should be used to avoid 
forming an impervious layer. 

Polymers of chlorotrifluoroethylene could also be 
used to form the coatings. 

As in the previous embodiments, when using a poly-
tetrafluoroethylene waterproof coating, the catalyst 
material is a Group VIII metal, and is preferably Pt, Rh, 
Ir, Pd, or Ni deposited on the catalyst support. 

In another embodiment, Pt on a high surface area 
carbon black powder support, available from several 
commercial catalyst manufacturers, is slurried with a 
fluid suspension of colloidal polytetrafluoroethylene 
particles and the resulting suspension is then applied to 
a porous ceramic body in a manner similar to that de-
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scribed above for application of a polytetraflu-
oroethylene coating. In this case, the polytetraflu-
oroethylene serves not only to wetproof the catalyst 
body but also to hold the Pt/carbon catalyst particles in 
place upon a larger inert support. 

Non-porous ceramic catalyst supports, roughened by 
treatment e.g. for several hours with 20 percent by 
weight sodium hydroxide solution at 60°C, or by treat-
ment with hydrofluoric acid-fluoride etching media 
have also been used successfully as catalyst supports 
for platinized and polytetrafluoroethylene coated cata-
lyst according to the invention. However, tests have in-
dicated that higher catalyst activity is usually obtained 
using a porous support. 

The size of the catalyst assemblies according to the 
invention, having a water repellent coating, is chosen 
to suit the size of the column used according to conven-
tional, good chemical engineering practice. The shape 
of the catalyst assemblies according to the invention 
including a polytetrafluoroethylene coating, may be 
any of the several conventional shapes known to chem-
ical engineers, such as for example balls, those known 
as Intalox (trademark - Norton Co.) saddles, Berl sad-
dles, Rashig rings, and Lessing rings, or any other effi-
cient shape for tower packing and designed for coun-
ter-current or co-current flow with a gas and a liquid. 

The criterion for selecting a particular catalyst mate-
rial and a particular waterproof coating and a particu-
lar catalyst body shape is to achieve a high stage effi-
ciency for the process while at the same time using a 
small bed of catalyst assemblies. 

The following summarises what materials are pre-
ferred at present for the various parts of the catalyst as-
semblies according to the present invention: 

CATALYTIC MATERIALS 
Group VIII metals; in particular Pt, Ir, Rh, Pd and Ni. 
CATALYST SUPPORT 
Carbon, graphite, charcoal, alumina (A1203), magne-

sia, silica (Si0 2 ) , silica gel, chromia (Cr 2 0 3 ) , nickel 
oxide (NiO) in the usual porous forms such as 
granular, pellet, right cylinder, spherical, or ex-
truded shapes; 

WATER REPELLENT COATING 
Polytetrafluoroethylene is a preferred water repellent 

coating, particularly for the high temperature sec-
ond section 2. Other waterproof coatings are for 
example, silicone resins consisting of semi-
polymerized methyl siloxanes with some percent-
age of silanol, methoxy or ethoxy, groups attached 
to the siloxane structure. Usually, a polyalkylsilox-
ane (e.g. polydimethylsiloxane) is preferred, sub-
stituted with sufficient hydroxyl (silanol), me-
thoxy/or ethoxy/groups on the siloxane for post-
application crosslinking, and chemisorption or 
chemical bonding to the support with the catalyst 
thereon, and optionally, with some higher alkyl 
(ethyl, propyl, isopropyl, t-butyl) groups for im-
proved stability toward hydrolysis. 

Referring again to FIG. 1, in operation hydrogen gas 
is passed upwardly by pipe 12 into hot section 2 to flow 
upwardly around the catalyst assemblies 3 therein, to 
the outlet 14. From the outlet 14 the hydrogen gas 
flows upwardly through the cold section 1 around the 
catalyst assemblies 3 therein, to the outlet 16 from 
where the hydrogen gas is recirculated to the inlet 12 
by pipe 18. 
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Liquid wa te r is fed to the first sect ion 1 and tr ickles 
downwardly over the catalyst assemblies 3 there in to 
the out le t pipe 6. T h e out le t p ipe 6 passes the liquid 
water t o the second sect ion 2 fo r it to tr ickle down-
wardly over the catalyst assemblies 3 there in and exit 
by the p ipe 8 to waste. 

T h e t e m p e r a t u r e within the first section is main-
ta ined, by means not shown, in the range 15°C to 70°C, 
while the t e m p e r a t u r e within the second section is 
ma in ta ined , by means no t shown, in the range 150°C to 
200°C. This sect ion 2 is pressurized to keep water liq-
uef ied . If desi red b o t h of t he sect ions 1 and 2 may be 
at the s ame e levated pressure to faci l i ta te the flow of 
water f r o m the first sect ion 1 t o the second section 2. 

Liquid water having deu te r ium c o n c e n t r a t e d there in , 
tha t is liquid water en r i ched with deu te r ium, is with-
drawn f r o m the system by being ex t rac ted f rom pipe 6 
by pipe 10. As will b e c o m e appa ren t f r o m the fol lowing 
explanat ion of the concen t r a t i on process , it is also pos-
sible to wi thdraw gaseous hydrogen having deu te r ium 20 
c o n c e n t r a t e d there in f r o m pipe 14 (by a pipe 20 shown 
d o t t e d ) , instead of wi thdrawing the liquid water , con-
taining deu te r ium c o n c e n t r a t e d there in , f r om pipe 6 . 

Within the first and second sect ions 1 and 2, a l though 
liquid wa te r and hydrogen gas flow over the catalyst as- 25 
semblies 3, t he water repel lent coat ings of t he catalyst 
assemblies 3 cause only wa te r vapour and hydrogen gas 
to mainly con tac t the catalytically act ive metal and so 
at each catalyst assembly deu te r ium is t r ans fe r red by 
the catalytically act ive meta l to ei ther the hydrogen gas 30 
or water vapour depend ing on the t e m p e r a t u r e within 
the first or second sec t ions 1 and 2 and the relative D / H 
rat ios in the two substances . Thus in the first sect ion 1, 
which is at a t e m p e r a t u r e within the range 15°C t o 
60°C, wa te r vapour has deu te r ium concen t r a t ed 
there in while in the s econd section 2 hydrogen gas has 
deu te r ium concen t r a t ed there in , and the exchange re-
act ion may best be expressed by the equil ibr ium equa -
tion: 
H D gas + H 2 0 vapour c a % m t H 2 gas + H D O vapour , 
he re ina f t e r refer red to as " R e a c t i o n 1" . 

However , a f u r the r , second deu te r ium exchange re-
ac t ion occurs s imultaneously and is closely coup led 
with the above exchange react ion. T h e second deu te -
rium exchange reac t ion occu r s in the first sect ion 1 be-
tween wa te r vapour en r i ched with deu te r ium f rom hy-
drogen gas, by the first exchange reac t ion , and liquid 
water f lowing over the catalyst assemblies 3 in the first 
sect ion 1, and may best be expressed by the equa t ion : 
H D O vapour + H z O liquid """"i-w a , e r H z O vapour + 
H D O liquid. s u r f a c e 

This second deu te r ium exchange reac t ion is a molec-
ular evapora t ion /condensa t ion exchange , tha t is H D O 
vapour passes into and th rough the liquid water su r face 5 5 

and is rep laced by H z O vapour f r o m the liquid water , 
thus mainta in ing the dynamic water v a p o u r sa tura t ion 
condi t ions and this may be d iagrammat ica l ly shown as 
fol lows: 

60 

Similarly, in the second sect ion 2 , which is at a tem-
pera tu re within the range 150°C to 200°C, the hydro-
gen gas has deu te r ium concen t r a t ed there in f r o m H D O 
vapour which is displaced f rom the liquid water by H 2 0 
vapour enter ing the deu te r ium enr iched liuqid water 
thus: 

1100 vapour vapour 

35 

40 

45 

Hydrogen gas saturated 
with "water vapour 

liquid water 

T h u s the second reac t ion can best be expressed by 
the equil ibrium equat ion: 
H D O vapour + H 2 0 liquid L'f,ui" w a t e r H 2 0 vapour + 
H D O liquid surface " 
and is he re ina f t e r re fe r red to as " R e a c t i o n 2 . " T h e dy-
namic evapora t ion and condensa t ion of molecules oc-
curs natural ly in any system consist ing of a liquid in 
con tac t with its vapour as is well known and under -
s tood by chemica l engineers . 

T h e " R e a c t i o n 1 " above occurs within each catalyst 
assembly, be tween hydrogen gas molecules and water 
vapour molecules tha t have d i f fused into the catalyst 
suppor t , at catalytically act ive metal sur face sites, and 
accompl ishes dynamic hydrogen isotope ( d e u t e r i u m ) 
exchange be tween hydrogen gas and water vapour mol-
ecules. This " R e a c t i o n 1" leads to the result tha t the 
concen t ra t ion of the hydrogen isotopes in the respec-
tive molecu la r species tends , or changes , toward the 
na tura l equi l ibr ium value, which depends on the t em-
pe ra tu re and relative concen t ra t ions of the said spe-
cies, as a l ready discussed. W h e n wa te r vapour mole-
cules d i f fuse o u t of catalyst assemblies 3 , they a re sub-
j ec t to, and undergo , t he "Reac t ion 2 . " T h e equil ib-
r ium cons tan t for the "Reac t ion 2 " d e p e n d s on the 
t empe ra tu r e , bu t di f fers f r o m unity by only a few per-
cent as shown in the fol lowing table: 

50 TEMP. 
°C K = 

(HDO) liquid (H;Q) vapour 
(H20) liquid (HDO) vapour 

20 
30 
40 

100 
200 
250 

1.079 
1.069 
1.060 
1.029 
1.003 
0.997 

HDO vapour vapour 

Hydrogen rhs saturated 
H ith water vapt'tir 

/ 

Ii mi id water 

6 5 However , up t o abou t 200°C, there is a t endency for 
the deu te r ium isotope to p re fe r t he liquid t o the vapour 
state, which results in a fu r the r slight en r i chmen t of 
deu t e r ium in the liquid water . 
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The exchange of hydrogen isotopes between water 
vapor and liquid water, "React ion 2 , " does not require 
a catalyst, but as stated above it does require liquid 
water surface area. 

By means of the two reactions just discussed, hydro- 5 
gen isotopes are thus effectively exchanged between 
hydrogen gas and liquid water. As a result of the natu-
ral equilibrium constants for the two said reaction, hy-
drogen isotopes are transferred from one fluid to the 
other, that is to say f rom gaseous hydrogen to liquid 10 
water or vice-versa, depending on the isotopic concen-
trations in these fluids, and the tempera ture of these 
fluids, in proximity with one another and with the cata-
lyst. By means of a counter-current cascade and oppo-
site flow of hydrogen gas and liquid water, at least be- 1 5 

tween two sections, as represented by the first and sec-
ond sections 1 and 2, one hydrogen isotope is effec-
tively t ransported in an opposite direction to another 
hydrogen isotope, as taught in U.S. Pat. No. 2 ,787,526 
dated Apr. 2, 1957, (J. S. Spevack). Those skilled in 
the art will know how to combine a number of such sec-
tions at different temperatures , into a cascade or to use 
one or more sections with a hydrogen gas reflux, how 
to use water as feed with hydrogen gas recycled, or hy- 2 g 

drogen gas as feed with water recycled, in order to ac-
complish the specific hydrogen isotope separation de-
sired. 

In FIG. 2, where similar parts to those shown in FIG. 
1 are designated by the same reference numerals and jq 
the previous description is relied upon to describe 
them, the catalyst assemblies are not shown in detail in 
the first and second sections 1 and 2. 

In FIG. 2 a saturator 22 is included in the liquid feed 
water inlet pipe 4 and is connected to the hydrogen gas 35 
outlet 16 to saturate feed water to the first section 1 
with hydrogen gas. The saturator 22 is fed hydrogen gas 
from pipe 16 by a pipe 25. A water heater 24 is pro-
vided to heat liquid water conveyed by outlet pipe 6 to 
the second section 2. A saturator 26 is provided in hy- 40 
drogen gas inlet pipe 12 to saturate hydrogen gas pass-
ing from pipe 12 into the second section 2 with water 
vapour. The saturator 26 is fed liquid water f rom pipe 
8 by a pipe 28. 

Water depleted in deuterium and passing to waste 45 
along pipe 8 passes through a hydrogen gas stripper 30 
where hydrogen gas is recovered for fur ther use. 

Hydrogen gas passing along pipe 14 f rom the second 
section 2 to the first section 1 is cooled in a cooler/con-
denser 32. ->0 

The hydrogen gas depleted of deuterium and passing 
along pipe 18 is heated by a heater 34 before passing 
through the saturator 26 to the second section 2. 

The apparatus shown in FIG. 2 functions in the same 
manner as the apparatus shown in FIG. 1 except that 
the saturators 22 and 26 and hydrogen stripper 30 ef-
fect useful economies in the process. 

In one series of experiments with a "sec t ion ," liquid 
water enriched in deuterium to a D/H ratio of about 
1,000 to 10s, and tank hydrogen gas having a D/H ratio 
of about 100 to 10s, both determined by precision mass 
spectrometry, were used. The D/H ratio of the eff luent 
hydrogen (dried) was determined by mass spectrome-
try- 65 

Exchange of deuterium from enriched water to a hy-
drogen gas stream was used for experimental conve-
nience only to demonstrate the activity of the catalyst. 

Referr ing to FIG. 3 there are shown graphs 34, 36 
and 38 of some representative single section efficien-
cies for a catalyst for the exchange of deuterium. The 
graphs 3 4 , 3 6 and 38 are semilogarithm plots of a func-
tion of r] (e ta) , namely "—/«(1—tj)", versus the recipro-
cal of the absolute temperature at which deuterium is 
exchanged between water and hydrogen gas times 103. 

7j is defined by relation: 
A-B 

V = 

55 

60 

where, A is the D/H ratio of the effluent hydrogen, 
B is the D /H ratio of the influent hydrogen, 
C is the D/H ratio of the water being contacted, and 
K r is the equilibrium constant for hydrogen/liquid 
water 
exchange at the temperature at which the overall iso-
tope exchange 
H 2 0 liquid + HD ^ H D O liquid + H2 is carried out. 
r) is thus a measure of the approach to equilibrium, or 
the efficiency of a given depth of catalyst. The function 
plotted, —In (1—rj) is an indication of reaction rate, and 
is commonly used in investigating such reactions. 

For all of the graphs 3 4 , 3 6 and 38 the catalyst bodies 
comprised 3mm X 3mm right cylinder catalyst supports 
of A1203 with 0.5 percent by weight Pt thereon. The 
coating was the silicone resin previously referred to as 
Dow Corning 773 Water Repellent. Also, for all of the 
graphs 34 to 38 flowing, distilled H 2 0 in liquid form 
containing 1143 ppm D 2 0 , and flowing hydrogen gas 
containing 104.4 ppm D 2 were used. The molar ratio of 
water to gas flow was in the range of 5 to 10. 

For the graph 34 a bed of the catalyst 2.4 cm diame-
ter X 2.5 cm deep was used and the hydrogen gas was 
passed through the bed at 7.8 atmospheres pressure 
and, at a superficial velocity of 7.66 cm/second mea-
sured at standard tempera ture and pressure. 

For the graph 36 a bed of the catalyst 2.1 cm diame-
ter X 5.0 cm deep was used, and the hydrogen gas was 
passed through the bed at the velocity of 1.44 
cm/second at one atmosphere. 

For the graph 38 a bed of the catalyst 2.1 cm diame-
ter X 5.0 cm deep was used, and the hydrogen gas was 
passed through the bed at the velocity of 0.44 
cm/second, at one atmosphere. 

The data shown in the graphs 34, 36 and 38 was ob-
tained to determine behaviour of exchange rate versus 
temperature. 

The effects of: 
1. different depths for the bed of catalyst assemblies 
2. different apparent gas velocities for the hydrogen 
gas, and 
3. different mass flow rates for the hydrogen gas, when 
contacting one another and the catalyst assemblies, 
have been investigated in a similar system and with a 
similar catalyst. 

FIG. 4 shows the effect of bed depth on the exchange 
efficiency for a siloxane coated 0.1 percent by weight 
Pt catalyst on an A1203 catalyst support. The column 
was at a temperature of 30°C. Column diameter was 
2.54 cm and the catalyst bed depth was 10.0 cm. The 
hydrogen gas was at one atmosphere pressure and the 
hydrogen gas superficial velocity was 8 cm sec - 1 . 

FIG. 5 shows the effect of different hydrogen gas su-
perficial velocities in cm sec™1 on the exchange effi-
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ciency using a siloxane coated, 0.25 percent by weight 
Pt catalyst on a Al20 : ! catalyst support . The column was 
at a temperature of 50°C, column diameter was 2.54 
cm and catalyst bed depth was 10.0 cm. The hydrogen 
gas was at one atmosphere pressure. 

In FIG. 6 the effect on the exchange efficiency for 
different mass flow rates in Kg/M2/Hr for the hydrogen 
gas are shown in a log-plot. A polvtetrafluoroethylene 
coated 0.5% by weight Pt catalyst on a Al2O s catalyst 
support was used. The column was at a temperature of 
21.6 ± 2°C. Column diameter was 2.54 cm and catalyst 
bed depth was 10 cm. The liquid water flow rate was 
6 X 10:i K.g/M2/Hr. Hydrogen pressure ranged f rom one 
to seven bars and hydrogen flow rates ranged up to 30 
cm/sec. 

The above hydrogen/liquid water, dual temperature 
exchange process catalyst bodies according to the pres-
ent invention may also be used in conjunction with 
1. Re-enrichment of hydrogen with deuterium, from 
liquid water for what are known as the hydrogen/am-
monia proccss and the hydrogen/amine exchange pro-
cess for deuterium enrichment; 
2. Extraction and transfer of deuterium from hydrogen, 
at the rich end of a hydrogen/ammonia or hydrogen/a-
mine process, to liquid water; 
3. Processes for upgrading of heavy water involving, for 
example, electrolysis of water and recombination of hy-
drogen and oxygen by combustion or other means as 
phase conversion methods at either end of an exchange 
stage; 
4. Any process wherein efficient exchange and equili-
bration of hydrogen isotopes between liquid water and 
hydrogen gas is required, as for example decreasing the 
tritium content in reactor heavy water, and 
5. The water vapour/hydrogen gas hydrogen isotope 
exchange process. 

In this specification permeable to water vapour and 
hydrogen gas means the catalyst metal surface is acces-
sible to gases including water vapour and hydrogen gas 
through the coating and the mechanism of access may 
include passage of molecules through openings in the 
coating, and diffusion through the coating itself. It is 
not intended that the present invention be bound by 
any particular theory of exact function of the coating. 

While the process according to the present invention 
has been described for deuterium exchange and con-
centration between liquid water and hydrogen, it will 
be appreciated that exchange will occur simultaneously 
of protium or tritium if present in the liquid water and 
hydrogen gas, and that the conditions may alternatively 
be optimized for tritium separation and recovery in liq-
uid water or hydrogen gas. 

In this specification "water repel lent" means liquid-
water-repellent. I claim: 

1. A bithermal. catalytic, isotope exchange process 
for hydrogen isotope concentrat ion between liquid 
water and hydrogen gas, comprising: 

a. contacting at a temperature in the range 15°C to 
70°C. in a first section liquid feed water and, the 
hydrogen gas f rom a second section with one an-
other and with a catalyst consisting of at least one 
ca tah ticalh active metal selected f rom Group VIII 
of the Periodic Tabic so that the deuterium isotope 
of hydrogen is transferred to and concentra ted in 
the liquid water passing through and leaving the 
first section from the hydrogen gas passing through 
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and leaving the first section, in either counter-
current or cocurrent flow, 

b. contact ing at a temperature in the range 150°C to 
200°C, in a second section pressurized to keep 
water liquefied, the liquid water from the first sec-
tion and the hydrogen gas, passing to the first sec-
tion, with one another and with a catalyst consist-
ing of at least one catalytically active metal se-
lected from Group VIII of the Periodic Table so 
that the hydrogen isotope deuterium is transferred 
to and concentrated in the hydrogen leaving the 
second section from the liquid water passing 
through the second section, and 

c. withdrawing from between the first and second 
sections a portion o f t h e liquid water having the hy-
drogen isotope deuterium concentrated therein or 
the hydrogen gas having the hydrogen isotope deu-
terium concentrated therein, and wherein the im-
provement comprises: 

d. the catalyst is provided in the first and second sec-
tions as at least one catalyst assembly, and com-
prises the catalyst and a substantially liquid-water-
repellent organic resin or polymer coating thereon, 
which is permeable to water vapour and hydrogen 
gas, whereby: 

e. each catalyst assembly causcs hydrogen isotope ex-
change and concentrat ion to occur as follows: 

HD gas + H 2 0 vapour H2 gas + HDO vapour, 

and 

HDO vapour + H-.O liquid il"u'jL""",r HDO liquid + H , 0 
vapour - .. 
so that direct contact between the catalyst metal and 
liquid water and wetting of the catalyst is retarded by 
the organic polymer or resin coating, thereby retarding 
poisoning of the catalyst by the liquid water. 

2. A proccss according to claim 1, wherein the hydro-
gen from the first section is recirculated through the 
second section to the first section. 

3. A process according to claim 1, wherein each cata-
lyst assembly comprises a catalyst support , the catalyst 
and the substantially liquid-water-repellent organic 
polymer or resin coating thereon, the catalyst support 
consists of at least one material selected from the group 
carbon, graphite, charcoal, alumina, magnesia, silica, 
silica gel, chromia, molybdenum oxide, tungstic oxide, 
nickel oxide, kieselguhr, and metal substrate, and the 
catalyst is at least one metal selected of the group con-
sisting of Pt, Rh, Ir, Pd and Ni. 

4. A process according to claim 3, wherein for each 
catalyst assembly the total amount of catalyst is not 
greater than 5 percent by weight of the total weight of 
that catalyst assembly, and the total amount of the sub-
stantially liquid-water-repellent organic polymer or 
resin coating is not greater than 10 percent by weight 
of the total weight of that catalyst assembly. 

5. A proccss according to claim 4, wherein for each 
catalyst assembly the total amount of catalyst is in the 
range 0.5 to 1.0 percent by weight of the total weight 
of that catalyst assembly, and the catalyst is located in 
an outer surface layer of the support. 

6. A proccss according to claim 1, wherein the coat-
ing is a polyfluorocarbon. 

7. A process according to claim 1, wherein the coat-
ing is a polytetrafluoroethylene having a fibrous net-
work or mesh structure. 
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8. A process according to claim 7, wherein said poly-
tetrafluoroethylene is applied to said catalyst as a col-
loidal suspension, dispersing liquid is evaporated to 
leave particles of the polytetraf luoroethylene on the 
catalyst, and the particles are sintered to form the fi-
brous network, or mesh structure. 

9. A process according to claim 1, wherein the coat-
ing is a silicone. 

10. A process according to claim 9, wherein said sili-
cone comprises a polysiloxane. 

11. A process according to claim 10, wherein said 
polysiloxane is a polyalkylsiloxane, having a minor 
amount of substituent groups selected f rom hydroxyl, 
methoxyl and ethoxyl. 

12. A process according to claim 10, wherein the 15 

20 

25 

30 

35 

40 

45 

50 

55 

coating comprises a polyalkylsiloxane, having a minor 
amount of substituent groups selected from hydroxyl, 
methoxyl, and ethoxyl and including substituents se-
lected f rom ethyl, propyl, isopropyl and t-butyl groups. 

13. A process according to claim 9, wherein the coat-
ing is f rom about 1 to 10 percent by weight of said cata-
lyst support . 

14. A process according to claim 9, wherein the coat-
ing is f rom about 2 to 5 percent by weight of the cata-
lyst support . 

15. A process according to claim 9, wherein the coat-
ing is f rom about 10 - ; ! to 10 - 1 microns average thick-
ness. 
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