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The problem of providing large masses of liquid fuels

for modern armies, which are dependent upon internal combustion

Pt

engine-driven vehicles, has received much recent attention.
—~ —— e ) N i .

The conéept of producing these fuels in the field using nuclear
power generation has also been the subject of many studies, A
large number of potentiél fuels were evalﬁated, énd ammonia has
appafen£ly been selected as'the fuel of choiCe,(l;z)

The éhoice of fuel is mainly dictated by the considera-
tion of raw material availabiiity in the field. Ammonia can
be produced from aﬁmospheric nitrogen and hydrogen dSEained by
the electrolysis of water, Carbon-containing fuels were summari-
ly discarded for.pbtential use bésed upon the lack of assurance
that orgénic materials would exist in the field, énd on the

basis that insufficient carbon is present in the-air. Actually,

the air contains an unlimited supply of carbon provided that it



can be feasibly extracted and converted to fuel. CO2 can be

extracted from air using conventional adsorption equipment, and

reacted with,H2

_produced by the electrolytic dissociation of

water to form methanol.

3H,0(4) ~ 3H,(g) + 3/20,(9) | ) (1)
Co,(g) + 3H,(g) ~ CH,OH(g) + H,0(g) (2)

Both.éf these reactions have been applied in -well-known
technologically developed processes.

Methanol has the following advantages over ammonia as a

—
fuel.
1. Higher heat of combustioh:
Cﬂ3OH(&) + 3/20,(9) = CO,(g) + 2H,0(g) + 8645 BTU/1b (3)
2NH3(L) + 3/202(9) - Nz(g) + 3H20(g) +-7450 BTU/lb (4)

Thus, methanollhaé a 16% greater heating value
advantage over ammonia, |

2, Methanol is a provén‘fuel for ﬁse in internal combustion
engines. Redesign or development of existing internal

(3)

combustion engines would be unnecessary,

(2)-

whereés it

is necessary in the casc for ammonia,

3. Méthanol exists as a liquid at ambient conditions and
' réquired no change in exis;ing storage equipmenﬁ.

Ammonia. has a vapor pressure of 130 psia at 20°C, and
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thus requires the use of pressu:ized or insulated,
refrigeratéd tanks for stprage as a liquid,
4, Ammonia is difficult to handle, easily vaporizes to a
toxic gas, and can cause skin burns.
5. Ammonia is coffosive to any copper-bearing material or
-ailoy in the presence of moisture,
6. Methanol is normally neither toxic nor corrosive.
The requiréments for making methanol are almost(identical to
those for ammonia.(s)“The-maih power requirement~for the entire ..
synthesis is the éeneration of hydrogen, just as in the_case of

ammonia, The conversion. of nuclear heat to dc electric power

for electrolytic dissociation of water is about 20% efficient,
R T Ry — s e

and present electrolytic hydrogen cells are about 70% efficient,
giving an overall efficiency of 14%.

For illustrative purpoées, a setjof requirements is pre-
sented for production of iOOOlgalloné per day of methanol.

I N T —

sy

Reactions:
3H,0(4) - 3H,(g9) + 3/20,(g) electrolysis AH = + 68,320 cal/mole
3H,(g), + CO,(g) = CH,0H(g) + H,0(g) catalysis
AH = - 12,100 cal/mole

Electric Power Redquired:

P, = dc power for electrolysis

1 1.3 MW .

0.1 MW

P2 ‘Power fof compression of CO, + H, to 3000 psi
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P3 = Power for air pressure drop of 20 psi . = 1,1 MW

_P4 = Power for auxiliary equipment. = 0.2 MW
Total electrical power = 2,7 MW(¢)
Total nuclear heat = 2,7/0.2 =13.5 MW(t)

The air required to produce methanol from 0.035%.CO2 in the

————

atmosphere is 148,000 SCFM, It is assumed that the air is
saturated with water at 25°C.  To remove the water, which

adsorbent, by preadsorption alone would reduire

poisons the 002

impractically large beds., However, the adsorption of CO2 is a

SR

—

strong function of pressure, .Therefore, by compressing the air,

and maintaining constant temperature by simultaneous cooling to
remove heaﬁ of compressiop, the -capacity of an adsorbent for CO2
is increased; at the saﬁé timg, because of the increased
pressure,;gipe;‘condggiizn?ut of the air, thus reducing the size
of the preadsorbent'bedf. For ekample,'at the given conditions
for produéiné'lboo gal/day of methéno1, 13,000 1b/hr of water
QapofAmust beiremoved from the.incoming alr, 'CompreSSidn to

306 é%ia reduces ﬁhis amqunt_téIGSO lb/hr which must be removed
by adsorption; the remaining 12;350 1b/hr condenseé out in the
compressor, Thié appreciabie quantity,of water ekéracted froﬁ
the air indicates that in areas where little ground water is

available, it may be feasible to extract it from the air. For

example, 600 lb/hr of water is required to produce 1000 gal/day
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of methanol., To produce this quantity; a minimum concentration
of 0.14% water'in air is necessafylto yield a partial pressure
of 1,06 mm Hg.“The lowest air temperature for this condiﬁion
is -16,7°C, the saturation temperature for the above partial

pressure of water.

T — g

Fig. 1 graphically illustrates the effect of pressure

and H,0. It .

2

upon adsorbent bed volumes for removal of both CO 5

\

is assumed that CO, will be adsorbed using 5A molecular sieves,

2

and H2O Will»be rsmoved with 13X molecular sieves, since these
adsorbents have the highest capacity for thé féspective com-
ponents. Fig, 1 shows that.300 psis is an optimum operating
pointAfor minimizing bed size, although one could operste as
low as 135 psia with a reasonabie increase in adsorbent volume.
However, the trade-off betweén bed size and comprsssor capacity
requires aAdetailedAdesign study; it suffices to say that the
pressures énd adsorbent volumss required ars reasonable andA
feésiblef |

Assuming 300 psi operation; the total volumes of adsorbeﬁt
- redquired to femove both CO2 and water vspor, dsing 2 beds for
coé and 2 beds for water (while one bed is adsorbing, the other

is desorbed) is 380 ft3. The H, O beds, which are sized for the

2
worst possible design condition of 100% relative humidity @ 25°C,



are_both 2.5 ff high, 8 ft diameter, and the CO2 beds are 3 ft
~high, 8 ft diameter. They can operate eifher horizontally or
Verficaliy, and their total weight (including pressure vessels
and adsorbent) is estimated at 30,000 1lbs, which is the maximum
permissible 16adin§Aper skid for purposes of portability,., This
weightAfigure ﬁight even be loweréd in Qiew of recent develop-
' ' (4)

for CO, which

ment work on a new selective chemical adsorbent 2

appears to'have much higher capacity ﬁor COé than other sub-
stances and is furthermore unaffécted by the presence of water
vapor, However,Athe following discussions are based on the
use of molecular sievg édsorbents, whose properties are well
known,

The air for CO, adsorption may be available from the

2
power generation equipment tied to the nuclear reactor. Fig. 2
1llustrates an open cycie power ggneration system, The reactor
coolant heat is transferred to incoming air which is at a
pressure‘of 360 psi in a heat'exchanger, The heated air-is
thén.ékpanded'in a turbine, which drives a compréssor and
generator, and the expanded air is then released to thé atmos-
phere.‘ The compressor continually supplies atmqspheric air

at 300 psi forhthe turbine, By cooiing the air which leéves
the compressor td 25°C, the necessary air is made available

for CO2 adsorption.‘ The air could then be regeneratively
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heated against the compressor exhaust, then by reactor coolant,
and fed to the turbine, The hot turbine discharge is used to

desorb CO, from the adsorbent beds; alternatively it may be

2

convenient to use Hz'from the electrolytic cells to remove CO

)
and produce tne synthesis gas for the methanol converters,

;t-shonld be noted that the addition of adsorbent beds
does not necessarily indicate a net increase in weight for the
overall system. These additions must be weighed against other
equipment whieh would be :equirea for exfraction of nitrogen
from the air for use in ammonia synthesis, e.g., blowers and
air separation equipment, The 16% heating value of methanol
over ammonia must also be coneidered here in reducingAsize and
weiéht of equipment,

37
Fig. 6 illustrates schematically the procedure

(6)-

for
methanol productiqn. CO2 and H2 are compressed to 200 atm,
heated to 300°C, and. reacted in chambers uSing catalysts com-
posed of metal nxide mixtures; for example, zinc¢ oxide with 10%
'dhrominn oxide.‘ The reaction is self-sustaininé end heat is
removed to maintain theA3OO°C reaction temperature. 15 to 25%
of the 002 is converted during each.catalyst pass., The methanol—
water mixture is condensed, the pressure released, and the cool-

ed liquid is separated by distillation to produce methanol.

The residual gases are then returned to the system for reaction,
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from air using low

An alternate method of removal of 002

temperature condensation may be possibley but requires a
coﬁplete cycle study to ascertaiﬁ power and eéuipment‘require- K
ments,

Summing up the above discussion, it appears that the
advantagés.of higher energy output and ease of handling of
methanpl, compargﬁto ammonia, indicate that closer study be
given to the methanol synthesis in a mobile energy depot system,
The Co, adsorptidﬁ would appear particularly attractive in
polar regioné; where low ambient temperatgres would improve
adsorbent weight loadings. It may even be possible to carry
out a modified Fischer-Tropsch synthesis of gasoline using CO2

and H2, thué resulting in increased energy output per unit
weight of fuel produced, The use of either methanol or gasoline

circumvents the use of two different engine systems, which are

not interchangeable, for miliEary vehicles,
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METHANOL SYNTHESIS IN A NUCLEAR MED SYSTEM
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