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Ur .. Seitz presented a. very interesting report on his visit to the Geueral 
AJ."""J,'",,, Company at Schenectactr to discuss turbine systems and in particular, the 
new mercury turbine and mercur:r-vapor processes .. 

This.subject is of interest to us because, first, the mercury "topping" 
system is the most modern and .efficient pOwer production system in use to~ and, 
second, it presents something new and diffe~nt in power production-the use ot 
liquid metal at high temperatures (> The latter 1s of particular interest to US! 
because of its application to certain of the potential. pile designs involving -t,he 
use of liquid metal at high temperatures. 

The mercur.y-vapor process is based on the fact that to increase thermo
~c efficiency, one should obtain the maximum possible worldng tempeI'ature or 
rather the maximum possible differential temperature. The mercury system which 
is a Ittoppin~1t system would operate between two temperatures Tl and T.2 to pro
duce about 1/3 to 1/2 of the total power while the steam system would operate 
between temperatures T2 and T,3 to pl"oduce the balance of the powerj> a.bout 2/3 
to 1/20 Most of the mercury-vapor systems .in use now.ll have the temperature T2 
established according to the top temperature ava.ilable in their e7iating steam 
system, with the mercury system added to bring the top temperature up to Tlo The 
engineers at Schenectactr would much preter to lovler the value ot T.2 and recoJl'lJOOnd 
that new systems which are desienedprovide for a lower T2 in order to give a 
better overall efficiency. 

. The mercury-vapor 'process is a binary system for producing power from 
fuel with greater themaJ. eeonom.;y than is possible with the steam cycl~ alo.n60 
The mercury cycle can also be considered as a steam producer in which, for a given 
amount of fuel, nearly as much steam is ,Produoed as in a steam cycle and, in 
addition, the by~product power from the mercury turbine generator is obtained at 
nearly the mechanical equivalent of the the:rm.al energy .. ' The advantage at the 
mercury over the water system is that one obtains a..'3 high temperature with mercUJ.~ 
vapor as vdth water vapor 'at only 1/10 the pressure.. One disadvantage of the . 
mercury system is that the' weight and volume of mercury required is larger than 
that of the water required in a water system.. In a water system operat.ed at 
about 9;00" the entropy per pound is 1 .. 546 fmJ/OF/lb and the volume of vapor per 
potmd 1s 0 .. 3538, while in a mercury system operating at about 1050 to llOOoFg 

the entropy is 0 .. 1193 and the volume per pound is 003998.. From this lie see tha.t 
a mercury system requires about ten times the working volume of a water systEm .. 

The present mercury units are designed to'produce about 20,000 1m ill the 
mercury system alone and one unit uses a.bout 400,000 POUllds of mercur.y" At the 
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present market cost of mercury of around $2 0 00 per pound, this means an outlay of 
near~ $1,000,,000 for mercury for one unit" The known world deposits of merclll'1 
are large and with a production no greater than the present top yearly production, 
as much as 1,000,000 kw in combined mercury-steam plants could be installed each 
year.. Whereas these binary units might be installed on large ships, at present 
they do not look V6r.y practical for smaller power requirements of a mobile natUl~e 
sucb as trains, etc. 

Although the figure above shows the utilization of 20 pounds of marcury 
per lew" the engineers at SchenectacV' believe that a min1.man of 8.25 pounds of 
mercur.y/kw can ult.1ma.tely be achieved. They have set up as a basis of comparison 
of' ef1'1ciencies a figure based on the total overall efficiency from the heat con
tained in the coal to the pO'Wer at the busbar.. On this basis, the maximum. theo:ret
ical efficiency which can be obtained according to the first law of thermodynamics 
is 3,413 BrU/lli-/kw. The beet overall effic:iency obtained to ~te in a,;,..:y of the 
mercury-steam combination units is 9,175 BrU/hr/kwo The best overall efficienty 
obtained from an all steam unit is lO~039 BTU/hr/kwo This means the all steam 
power plant has an efficiency of about 33% compared to the first law efficiency 
noted above .while the binary s,stem has an efficiency of about Yl% or 4% gain 
over the all steam plant. The operating temperatures for a typical binary unit 
are: 1,0500F for the mercury or Tl (this is saturation temperature) and 9250F 
for the water or T2 (this includellJ. the superheat) <> Thus the thermodynamic 
efficiency computed from the temperatures or the second law efficiency would 
be about 65% .. 

The drawing attached illustrates diagrammatically the mercury-vapor 
process for the production of power.. Referring to the drawing, mercury is vap
orized in a boiler at comparatively low pressure and passed through a mlSrcur.r 
turbine which drives a generator.. The vapor from the turbine is exhausted to a 
condenser boller where its latent heat is transferI'Gd to water vilhich vaporizes at 
any desired pressure.. The steam fomed in the condenser boiler is superh®at0d in 
coils located in the gas passages of the mercury boiler and is then used in s',:;eam 
turbines or for process work.. . . . . 

The top limit to the temperature Tl at present 1s set by the tubes in 
the fire b~ These are actual~ located iri the hot coal gases immediately above 
the fire bed and have temperatures on the outside surface of around 12000 F and 
on the inside of around l07.5°F 0 Under these operating conditions" it is obvious 
that the tubes are easily attacked by the gases and slags in the f:i..re box and 
must have high creep strength as well as stainless properties. . The best alloys 

. found to date for these tubes are the Sicromo series having about 1% each of 
it . sllicon, chromium and molybdenum with the balance iron.. WhGll better alloys are 

found, Tl can be raised above l07SOF and the efficiency improvedo However, in 
t our type of power production units, we do not require a furnace and so 11'/<9 CM 
i better the value of Tl <) 
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Mercur,y, as the material. for the liquid metal. portion of this bina.ry 
system, is a good material· for this purpose because it dissolves very fe'll metals 
used in cOmmercial. high temperature practice~f In fact, the solubility of all 
metals in mercury is less than one part in 1<J+.. One problem, however, with the 
use ot mercury was the difficulty in obtaining good wetting 'of the boiler tubes 
by the mercury. This is especially necessary in the fire box and condenser 
boUer to obtain good heattranster.. It was finaJ.ly found that by adding 0 .. 5 ppn 
of titanium and 10 ppm ot magnesium as wetting agents, good heat transfer coef
ficients could be realized. These wetting agents a.re probably effective because 
they are both good ~gen getters, taking it aWa;{ from the mercury and the iron .. 
Mercury probably tends to wear away the iron oxide \':hile the titanium and mag-

·nesium, 1n takirig the oxygen away from the mercury and iron, help the mercury 

\ 

.1 

in cleaning oft the scale and keep the tubes clean and easy to wet. When start
ing up a unit, it takes about ten minutes before wetti."lg occurs but from that t:iJne 
on, no further trouble is encountered if' about one pound per month of' titanium and 
poss1bq a. ver,v small amount per . year of magnesium is added. Unfortunately J a 
small amount of air (about 1 cu ft per hr) leaks into the mercury turbine at th~ 
condensing or 1011'1 pressure endo . This probably accounts for the necessity for the 
extra titaniWll .. 

In an all steam power plant, an entire corps of chemists is required for 
constant water analysis and treating: to avoid scaUng llmUe the mercury system is 
practicall1' self-maintaining except for the small addition of titanium.. Therefore, 
in addition to the increased efficiency,. the mercUl'Y system offers a tremendous 
reduction in maintenance costso 

One great Vlorr'}! in a mercury system is the possibility of leaks in view 
of the high mercury costs. In the many operating yea.rs credited to mercury-vapor 
binary systems, only one leak has occurred.. This was brought about as a result 
of the following process: powdered coal was fed into the top of' the fire box . 
while ashes produced therefrom fell into the bottom of the furnace and were swept 
out by streams of water. ID. the case of the single lea.k, water splashed up and 
caused steam which attacked the tubes with a resulting loss of about one ton of' 
mercury thro~ the leako . 

Despite all premonitions, the mercury turbines have caused no trouble 
and have operated very successfully' without pit. ting or erosiono The careful·. de
sign of the turbine to produce :impact incidence of the mercury· with the turbine 
blades at a safe angle instead of perpendicular appears to be the secret for the 
successful erosion resistance of these turbines o They a.re made with high carbon 
steel parts instead of stainless steel as employed in steam turbines o However~ 
at present, the steam. turbine is more efficient than the me·rcury turbine based 
on the overall transfer of kinetic energy in the gas to mechanical energy from 
the turbine.. For a steam turbine the efficiency is about 85% as compared to 
only 73% for the mercury turbine.. The latter figure is lower probably because 
of the tendency of the mercury to condense in the turbine .. 

• 
Of the heat produced in the furnace, only a.bout 15% is lostto the staeke 

The operating pressure for the mercUl'j" system is around 125 pounds per sq .. ino and 
for the water system around 1,2.50 pounds per sqo ino ,", 



~ ........ ) 
~ -:J,." f'l 

.. 

- 4 -

To consider the application of this infomation to our problem of de
si€1ling a new high. temperature pile I we must consider the possibility of a metallic 
alloy of uranium or plutonium which cart be used molten through a pile which would 
replace the fire box. in the above process. There are only two systems giving a: 
eutectic with uranium (and presUmably plutonium) with low enough melting points to 
be 'practicalo These are the iron-uranium (or plutonium) alloys and the nickel
uranium (or plutonium) alloys. The latter eutectic melts below 7500 0 and has 
about 40 atomic percent nickel. The difficulty with the first named eutectic 5.3 
that iron dissolves everything which can possibly be used for the tubeso 

Very little is known about the mercury-uranium alloys which are' pyre
phoric 0 More data. should be obtained on the phase diagrams of this alloy and 
further information obtained on the nickel-uranium alloyso Of course, the pile 
need not be operated with the active metal in molten form circulating through the 
pile but ma.y have another metal in liquid form as the coolant with'the uranium or 
enriched material stationary within the moderatoro An example of this type is 
Uro Szilard's bismuth cooled pUeo 

Another problem in using a uranium eutectic is that the fission Pl"O
ducts will be contaminating the liquid metal constantly. At Hanford, this may take 
on17 a few hours 0 While most of the fission products are good elements and might 
help as wetting agents, iodine and the alkaline metals might interfere with the 
cleanSing action~ 

In the discussion that followed, Mr. Allison pointed out the possihLlities 
of a bismuth-uranium (or plutonium) eutectic instead of marcur,v-uranium.. The· ques
tion was also brought up as to the relation between wetting and heat transfer and 
it was pointed out that wetting Was very important on a rough surface and less 
important on a. smoo~ surf'aceo Mro Ohlinger questioned the supposed reduction in 
maintenance in ther&inary system and .Mr. Seitz a.greed that .there was no reduction 
in maintenance in the present units where the mercu17 system has been added simply 
as a Ittopping"- unit on an existing steam plant but t,hat any newly designed unit 
where the temperature T2 can be reduced, it is to be expected that maintenance 
will. be reduced accordirigly 0 

Mro Vemon concluded the discussion period with a brief discourse Q:."'l a 
high temperature gas cooled pile in which the hot gases would replace the coal 
gases in the furnace in the binary system, the active metal would be loca.ted 
throughout the moderator in lumps either of uranium carbide or molten uranium con
tained in crucibles, say, of ber.vllium· oxide.. The furnace in the· bina.ry system 
would then becc:me essentially a heat exchanger for absorbing the heat carried oft 
by the cooling gas through the pUeo Mro Cooper's objection to this scheme was 
thl\9 high gas pressure that would proba.bly be necessary in order to get sufficient 

\ heat capacity in the cooling gas (probably around 10 atmospheres)o UrI> ~ijeinberg9s 
• objection was that such a pile would be exceed1n~ large because of the high tem

perature operation and the use of the carbida o In fact, he felt that it would be 
much larger even than the original helium-cooled graphite...moderated plant.. lh" .. Hog
ness objected to the large amount of 'power that would be used up in recircula:l:.ing 
the gas because of the low heat capacity of heliumo 
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At subsequent meetings" Mro Wigner will discuss his "pulsating" pile 
and thoseutillzitJg endothermic chemical reactions and Mr. Szilard will discuss 
his seed pileso 

.1.1P 
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