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wBRRERIoON THE MANUFACTURE OF HEAVY WATER

by J. O« Maloney and H. S. Ray
September 18, 1945

The manufacture of plutonium is carried out in a chain-reacting pile

by the absorption of slow neutrons in 92U258. These neutrons are obtained from
#e fission of90U235. The neutrons from this fission, however, are fast neutrons
and must be slowed down to suitable velocity in order to be absorbed to produce
plutonium and to be effective in carrying on the chain reaction. This modera-
tion of the velocity may be best achieved by collision of the neutrons with
materials of nearly equivalent mass. Such materials as hydrogen, deuterium,
beryllium, graphite, and heavy water (deuterium oxide) are effective moderators.
Most other materials are unsuitable as moderators because they absorb the
neutrons and stop the chain reaction. The problems of producing and using the
various moderators have been subject to rather extensive study.

Considerable effort has been devoted to the production of heavy water,

even though the piles at Hanford, Washington wers moderated with graphite and
only one experimental pile employing heavy water has been operated. Methods
which have been extensively studied include distillation of hydrogen, catalytic
exchange between hydrogen and water vapor, dual temperature .exchange process
using. hydrogen sulfide and water, distillation from water, and electrolysis

of water. In brief the principles of these processes are as follows:

1. Distillation of hydrogen. Since at the normal boiling point
of hydrogen there is a marked difference in vapor pressure between
Ho and HD, and since these materials form perfect solutions, it is
possible to separate them by fractional distillation,

2. Catalytic exchange between hydrogen and water vapor. It has
been found that when a mixture of Ho, HD, and water vapor is passedg
over a suitsble platinwa or nickel catelyst, the deuterium transfers|
from HD to HDC. This HDO is then absorbed in water. By operation
in 2 series of countercurrent towers with olectrolysis of the
water between towers the deuteriwa may be concentrated.

3. Dual temperature exchenge process using hydrogen sulfide
and water. In this process devterium is stripped from o water
stream by exchange with HoS at the higher temperature. The
deuterium is then removed from the HoS streem by exchange with
water at a lower temperature. By suitable adjustment of operating
condltlons an enriched water stresm may be obtained,

4, Distillation of water. Since there is a2 small difference
in vapor pressure between H,0 and HDO, separetion may be achicved
by fractional distillation of water,

5. Electrolysis of water. When water is elsctrolyzed ther@ﬁfd : it
is a concentration of daeuterium in the woter. Byoperating on /4/9/45 m}ﬁ/f Ot&
a countercurrcnt principle, a concentration of deuterium can R e ATVEL
be achievad,

Three of these procaesses have been used in the largs scele commercial

preparation of hesvy water; nmely, the distillation of wotar, catz2l thc EX—

change,

> and electrolysis. The slectrolytic mathod is ussd only a2s an
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badjunci'fé the oiher o processes to obtain a final concentration of 99,.8%

The Consolidated Mining 2and Smelting Company, Ltd., of Canada produces

D0,
agout 0.5

ton per month of heavy water by the catalytic exchange process, and

E. I. du Pont de Nemours and Compeny produce about 1 ton per month by the
distillation of water. Since the war has ended it has become necessary to
evaluate more carefully the desirability of using heavy-water moderated piles.
A major factor in such a decision is the cost of isolating the heavy water.

The purpose of this report 1is to record the present cost of preparing

heavy water, to estimate the base cost that could be expected through improve -
ments in the present processes, to estimate the cost of production by methods
not yet operated on a full scale, and to draw any general conclusions which
might assist in formulating a program for deuterium production,

Conclusions

processes has been assembled and is attached,

of

The
are

per.

1., The basic cost information on the four most attracﬁive

2. The processes in the order of increasing cost per ton
heavy water are

Distillation of hydrogen - #127,000

Catalytic exchange - 15%,000
Dual temperature-HoS - 180,000

Distillation of water 570,000

cost of the hydrogen distillation and ths hydrogen sulfide process
estimates. Thesc costs include plent investment charges of 20
cent per ycar. The investment is composed of research and develop-

ment costs, plant construction ensts, and operating costs until the
plant comes to equilibrium.

3. The cost of preparing heavy water by ceotalytic exchange can

probably be reduced to about *106,000 per ton by decreasing the losses
of water vapor. Saving in cepital cost  could probebly be realized
in the construction of a new plents; however, it was not possible to
make on estimate of this st the present time.

4, At the present stage of developaent of the catalyst in the

catalytic exchange process the hydrogen must be free from carbon
monoxide and sulfur compounds. Fnrthermore wrter hos to be decomposed
to hydrogen ~nd oxygen ot each stage. Consequently this production

method must be integrated with a plant making electrolytic hydrogen
from water., The only suitable large scale source of such hydrogen im
this continent knowvm to the authors is in Canada., The economical
development of a similnr process in the United States does not appear
feasible, since the production of hydrogen by other methods furnishes
more than is needed,

5. The cost of preparing heavy water by water distillation can
probably be reduced te about “255,000 per ton by improved sealing of
the plates in the large towers,
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8. The operating cost/%on of Dy0 exclusive of plant in-
vostment charges for the two processes now in operation arc

Catalytic oxchange 3 52,000
Distillation of water = $355,000

7. The decisions to employ the catalytic exchange and water
distillation processes for commercial production were justified in
the light of the critical material shortages and the uncortaintics
oxisting at the time decisions had to bc made.

8. If existing compressors frem closed down ommonis plants
could be made available for the hydrogen distillation process, the
operating charges would be reduced by 15 to 20 per cente

9. The principal uncortainties in the hydrogen distillation
process were

1. The amount of solid nitrogen deposition in the
equipment.

2. The behavior of materials of construction at
20° K.

10. The principal uncertainty in the hydrogen sulfide process
was the corrosion rate of materials of construction.

Recomendations

1. It is recommended that this report be used as a guide if
additional facilities for the production of heavy water are plonneds

2, It is recommended that the hydrogen distillation method be
given primary consideration if additional production of deutcrium
up to 10 tons/ﬁonth is required. For quantitiecs greater than 10 tons/
nonth the dual temperaturc hydrogen sulfide method should rceeive
primary consideration,

3. It is recommendced that sume organization be made respon=
sible for following all dovelopments in the production of heavy
wator and for investigating the uncertaintics which oxist in the
more attractive but undevelopcd processcs.

4, It is rccomnended that consideration be given to obtaining
the hydrogen for the hydrogen distillation from cither the eloctroly=~
sis of water or the natural gas-stconm reaction. There exist encugh
plants in the United States operating on the natural gas-stean reo=
acticn Yo furnish between 5 and 10 tons of DpO0 per month. '

5. It is reccommended that the scized German information on heavy
woter nanufachture be releascd to the individunls working on heavy
water isolation,

6, It is rccormonded that the nodifications of the oxisting
and proposed plants, as debailed in the forthcoming cngincering
report on the deutorium scparation methods. be eonsidered. if od-
ditional facilities are planned.
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