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The present invention relates to mercury vapor 
generators and the like in which mercury liquid 
is evaporated. More specifically, the invention 
relates to a method of operating and an arrange 
ment for mercury boilers and like apparatus in 
which mercury liquid is in contact or associated 
with ferrous metal Such as iron, steel or the like, 
at high temperature. w 
A mercury boiler as heretofore used comprises 

One or a plurality of drums with a plurality of 
tubes connected to the bottom portion of each 
drum. Each tube comprises two concentrically 
Spaced tubular members, the inner member of 
which serves to conduct mercury liquid into the 
tube. The liquid flows down the inner tubular 
member to the space or passage defined between 
the inner and the outer tubular members and 
thence upward through such space. In flowing 
upward through Such space, the mercury is heat 
ed, partly evaporated and returned to the drum. 
A mercury boiler of this type is more fully dis 
closed in the copending application of Emmet 
and Coulson, Serial No. 306,486, filed September 
17, 1928. 
In the actual operation of such mercury boilers, 

it was found that the upper portions of the nar 
row passages defined between the inner and the 
Outer members of such tubes became gradually 
clogged during operation. The clogging took 
place relatively slowly in mercury boilers oper 
ated at relatively low temperatures; however, it 
was found to be a serious matter. With the ad 
vent of high operating temperatures, for exam 
ple, operating temperatures of the order of 1000 
degrees F., the clogging of the upper ends of the 
passages became an obstacle of such a serious 
character as to threaten the possibility of build 
ing mercury boilers for operation at such temper 
atures. 

It was found from inspection of boiler tubes 
that the substance clogging the tubes comprised 
iron or like ferrous metal of which the boiler 
walls were made, the substance appearing to be in 
the nature of a crystalline deposit. The reasons 
for Such deposits were not apparent. 
After extensive investigations, I discovered 

that mercury liquid at high temperatures is ca 
pable of dissolving a minute amount of ferrous 
metal, the amount depending upon the tempera 
ture, and that the clogging was due to the fact 
that at the points of higher temperature in the 
boiler, the mercury dissolved ferrous metal and 
deposited it at points of lower temperature in 
the boiler. This I found to be due because of 
the following conditions. 

(C. 122-318) 

During operation not all parts of a mercury 
boiler are at the same temperature. The various 
tubes in the furnace, for instance, have a some 
what higher temperature than the drum and the 
fluid therein, partly owing to the fact that the 
tubes are closer to the source of heat. These 
differences occur also with respect to each in 
dividual part. For instance, the lower portions 
of the tubes have a somewhat higher tempera 
ture than the upper portions because.these lower 
portions are closer to the source of heat and, fur 
thermore, owing to the fact that the liquid con 
tained in the lower portions of the tubes has a 
higher boiling point than the liquid contained 
in the upper portions thereof. The boiling point 
of a liquid particle contained in a boiler depends 
not only upon the vapor pressure in the boiler 
but also upon the static pressure produced by the 
column of liquid resting on the particle. For ex 
ample, a liquid particle at a depth of ten feet 
below the liquid level in a boiler drum has a high 
er boiling point than a liquid particle at a depth 
of six feet below the liquid level because it is 
subjected to an additional pressure produced by a 
column of liquid of four feet. This means that 
the liquid contained in the lower portions of the 
tubes has normally a somewhat higher boiling 
point than the liquid contained in the upper por 
tions thereof. 
Mercury can hold in solution at one time Only 

a very minute amount of ferrous metal. For 
instance, only twenty parts of ferrous metal by 
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weight can be held in solution in One hundred 
million parts of mercury at a temperature of 
932 F. which is near the operating temperature 
of present day mercury boilers. The amount 
of ferrous metal held in solution in mercury 
liquid decreases with decreasing temperature. 
If, for example, in the above mentioned case the 
temperature of the mercury were reduced 35. F. 
then 15% of the ferrous metal or three parts of 
ferrous metal in one hundred million parts of 
liquid would have to drop out of solution to bring 
the mercury to normal saturation. From an 
other viewpoint, if we have a completely, satu 
rated solution of ferrous metal and mercury at 
a temperature of 932 F., 15% of the dissolved 
ferrous metal will crystallize or drop out if said 
temperature is lowered by 35 F. The fact that 
mercury dissolves different amounts of ferrous 
metal at different temperatures means that mer 
cury which is completely saturated with ferrous 
metal will have to drop-out a part of its ferrous 
metal content if the temperature is decreased, 
that is, if said liquid of higher temperature is 
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conducted from a region of higher temperature 
to a region of lower temperature. I have dis 
covered that this process takes place in a mer 
cury boiler. As explained above, the different 
portions of the boiler have different tempera 
tures. The mercury contained in portions of the 
boiler having higher temperatures dissolves fer 
rous metal until it is completely saturated and, 
as pointed out above, deposits a part of the fer 
rous metal content as it is conducted to portions 
of the boiler having lower temperatures. Such 
changes in temperature take place when the 
mercury is conducted from a lower portion of a 
tube to an upper portion. 

In the operation of a mercury boiler a large 
amount of mercury is circulated especially 
through the tubes in order to absorb the heat 
from the tubes. A relatively small portion only 
of Such liquid is vaporized during a single cir 
culation. Thus a particle of liquid may be cir 
culated thirty to forty times from the drum 
through the inner tubular member and back 
through the space defined between the inner 
and the Outer tubular members into the drum 
before it is evaporated. During these circula 
tions a cyclic change in temperature of a particle 
takes place. Each time a particle moves from 
the lower portion of a tube towards the upper 
portion thereof, a decrease in pressure followed 
by a slight decrease in temperature takes place. 
These different circulations or cycles cause a 
steady dissolving and depositing of ferrous metal 
of which the boiler is made. The mercury liquid 
dissolves or picks up a certain amount of ferrous 
metal from the lower wall portions of the tubes 
and deposits a part thereof on the walls defining 
the upper part of the space between the inner 
and outer tubular members. This is true also 
of other heating elements, for instance, wall 
screen elements through which mercury liquid is 
being circulated, as hereinafter referred to. 
To fully appreciate the serious effect of this 

cyclic dissolving and depositing of iron Owing to 
the temperature changes of the liquid, attention 
is directed to the fact that in a modern mercury 
boiler all the mercury therein makes an average 
of more than two million cycles per year; that 
is, all the mercury liquid is circulated more than 
two million times through the heating tubes and 
units of the boiler under normal Operating con 
ditions within one year. It has been estimated 
that under Such conditions about two thousand 
pounds of ferrous metal would be dissolved and 
deposited in a mercury vapor generator produc 
ing vapor for operating a 20,000 kW. mercury 
steam power plant. 
As stated above, the detrimental effect, par 

ticularly the clogging of the narrow vapor pas 
sages of the boiler tubes due to this cyclic dis 
solving and depositing of ferrous metal, increases 
rapidly as the operating temperature of the boil 
er is increased and the effects therefrom tend to 
impose a serious limitation upon the Operation 
of mercury boilers at higher temperatures. 
The attack of ferrous metal by mercury in a 

mercury boiler has two serious consequences. 
The one, as above stated, is that the ferrous 
metal crystallizes out of solution from the mer 
cury in the upper portions of the tubes, thereby 
clogging small passages. This considerably af 
fects the circulation of mercury through the 
tubes and accordingly the efficiency of the boil 
er, and may cause the burning Out of tubes. The 
second serious consequence is that ferrous metal 
is removed from certain parts of the boiler at a 

1,964,593 
rate great enough to limit the life of these 
parts to a considerable extent. This injurious 
effect is great with respect to the porcupine tubes 
connected to the bottom portion of a drum. The 
injurious effect is even greater in boilers com 
prising a Wall Screen in which mercury is heated 
and evaporated because a wall screen has verti 
cally arranged tubes which are usually much 
longer than the tubes connected to the bottom 
portion of the drums, so that the lower ends of 
the wall screen tubes are subjected to higher 
temperatures than the ends of the porcupine 
tubes. 
As a result of extensive studies and tests, I 

have discovered that the dissolving action of mer 
cury on ferrous metal such as iron, steel, or the 
like, at high temperatures can be considerably re 
duced or eliminated by adding to or dissolving in 
the mercury a substance which functions to ren 
der the mercury not capable of dissolving ferrous 
metal; in other words, by adding to the mercury 
an inhibitor which serves to prevent or at least 
Substantially prevent, mercury from dissolving 
ferrous metal. One such inhibitor is aluminum. 
Other inhibitors are nickel, chromium, magnesi 
um and calcium. Preferably I ütilize aluminum, 
which I have found to be entirely satisfactory. 
Only a small amount of such inhibitors is neces 
sary to produce the desired result. For example, 
in the case of aluminum, I have found one-hun 
dredth of one per cent by weight of aluminum 
added to the mercury is sufficient to minimize 
considerably or entirely prevent the dissolving 
action of mercury on ferrous metal at normal op 
erating temperature of about 930 F. A SOme 
What greater amount of aluminum may be used 
if found desirable. For example, I have found up 
to twenty-five hundredths of one per cent by 
weight of aluminum effective. An amount of 
aluminum greater than this is ordinarily not de 
sirable as it tends to form a thick crust of alumi 
num or aluminum and iron on the steel Surfaces 
of the tubes which may be injurious to the opera 
tion of the boiler. 
In the case of chromium, a Somewhat greater 120 

amount is required than in the case of aluminum, 
for example an amount by weight of the order of 
one-tenth of one per cent to one per cent. In 
the case of magnesium and calcium an amount 
by Weight of the order of one-quarter of one per 25 
cent has been found to be effective. In the case 
of nickel, an amount by weight of the order of 
one per cent has been found to be effective. 
The above mentioned substances, particularly 

aluminum, when added to mercury, have another 130 
advantage in that they aid in establishing Wet 
ting of the ferrous metal walls by the mercury 
liquid. The wetting of the ferrous metal walls 
by the mercury liquid is important as it improves 
the heat transfer and accordingly the efficiency 135 
of the boiler. Thus, by my present invention I 
not only minimize or eliminate the dissolving ac 
tion of mercury on ferrous metal but at the same 
time I improve the wetting action of the ferrous 
metal by the mercury. 

In the accompanying drawing I have shown in 
Fig. 1 a mercury boiler arranged and operated 
in accordance with my invention, and in Fig. 2 
a part of said boiler to an enlarged Scale. 
The arrangement comprises a drum 10 of 45 

ferrous metal covered by lagging or like heat in 
sulating material 11 held in place by a cover 12. 
The drum is partly filled with mercury liquid 13 
to which has been added an inhibitor as herein 
before described. A filler block is provided in the 50 

00 

105 

110 

115 

43 



O 
Space. 

15 

20 

2 5 

30 

3. 5 

55 

5 

1,964,593 
liquid space of the drum for displacing a portion 
of the liquid to minimize the amount of liquid 
necessary for operating the boiler. Fastened to 
the lower portion of the drum 10 are a plurality 
of heating tubes 15 made from ferrous metal. 
Each heating tube (Fig. 2) comprises an outer 
tubular member 16 fastened to the Wall 10 of the 
drum, and a core or inner tubular member 17 
having an inner wall 18 and an outer wall 19 
Welded together to define a hermetically closed 

The inner wall 18 defines a passage 20 
communicating at its lower end with a passage 
21 defined between the outer wall 19 and the outer 
tube 16. A sleeve 22 is fastened at its upper end 
to a baffle plate 23 provided in the drum 10 and 
extends into the passage 20 defined by the inner 
wall of the core. During operation, mercury liq 
luid is conducted from the space above a baffie 
plate 23 in the drum 10 through the sleeve 22 
into the passage 20, whence it is further con 
ducted to the passage 21 defined between the 
Outer tube 16 and the Outer Wall 19. Heat is con 
ducted to the tubes and the drums by radiation 
and conduction. The liquid contained in the 
outer passage 21 is partly evaporated and con 
ducted to the drum. The provision of a double 
walled core in the tube minimizes the direct heat 
transfer from the outer passage 21, which may 
be termed the vapor passage, into the inner pas 
sage 20 which may be termed the liquid passage. 
This results in a differential pressure between the 
fluids conducted through the two passages, to the 
effect that a steady flow or circulation of fluid 
through said passages takes place. This ar 
rangement is more fully described in application, 
Serial No. 306,467 previously referred to. The 
vapor produced in the boiler is conducted through 
a conduit 24 to a turbine 25, whence the exhaust 
is received by a condenser 26 having cooling 
means 28. The condensate is returned to the 
drum by means of a conduit 29 connected to the 
condenser 26 and a pipe 30 between the conduit 
29 and the drum 10. A preferred arrangement of 
these conduits is more fully disclosed if the CO 
pending application of Coulson, Serial No. 
649,350, filed December 29, 1932. 

Besides the drums 10 and the heating tubes 
connected thereto, other heating units may be 
provided. In the present instance I have shown 
a heating unit 31 having a header 32 communi 
cating with the liquid in the drum through a 
Conduit 33. The heating unit 31. Coimprises a 
down-tube 34 connecting the header 32 to a lower 
header 35, located external a wall 36 of the fur 
nace. The lower header 35 is connected to the 
lower ends of up-tubes 37 located inside the Wall 
36 of the furnace and having their upper ends 
projecting through the furnace Wall and COn 
nected to the upper header 32. Tubes 37 form a 
wall screen for the furnace wall 36. 

During operation, mercury liquid contained in 
the tubes 37 is heated to form vapor. The fluid 
in these tubes rises and flows into the upper 
header 32. The vapor thus formed is conducted 
through the conduit 33 to the drum and the liquid 
is recirculated through down-tubes 34 and up 
tubes 37. To prevent the up-stream from tubes 
37 from interfering with the liquid flowing into 
tubes 34, a baffle plate 38 is provided in the upper 
header 32. 
While I have described my invention particu 

larly in connection with mercury boilers, it is not 
limited thereto necessarily but may be utilized 
wherever conditions are met with which make it 
desirable to overcome the tendency for mercury 

3 
to dissolve ferrous metal at high temperatures. 
In accordance with the provisions of the pat 

ent statutes, I have described the principle of 
Operation of my invention, together With a par 
ticular method and apparatus which I now con 
sider to represent the best embodiment thereof, 
but I desire to have it understood that the par 
ticular method and apparatus disclosed are Only 
illustrative, and that the invention may be car 
ried out with such modifications as comie within 
the Scope of the appended claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. A mercury vapor generator having ferrous 

metal tubes through which mercury circulates 
from a region of higher temperature to a region. 
of lower temperature, said generator being 
charged with mercury to which has been added 
an inhibitor to prevent the mercury from dis 
solving ferrous metal at a region of higher tem 
perature and depositing it at a region of lower 
temperature. 

2. A mercury vapor generator having ferrous 
metal tubes through which mercury circulates 
from a region of higher temperature to a region 
of lower temperature, said generator being 
charged with mercury to which has been added 
a metal which functions as an inhibitor to pre 
vent the mercury from dissolving ferrous metal 
at a region of higher temperature and depositing 
it at a region of lower temperature. . 

3. A mercury vapor generator having ferrous 
metal tubes through which mercury circulates 
from a region of higher temperature to a region 
of lower temperature, said generator being 
charged with mercury to which has been added 
aluminum which functions as an inhibitor to 
prevent the mercury from dissolving ferrous 
metal at a region of higher temperature and de 
positing it at a region of lower temperature. 

4. A mercury vapor generator having ferrous 
metal tubes through which mercury circulates 
from a region of higher temperature to a region 
of lower temperature, said generator being 
charged with mercury to which has been added 
one of the metals of the group aluminum, nickel, 
magnesium, calcium, and chromium, to prevent 
the mercury from dissolving ferrous metal at a 
region of higher temperature and depositing it 
at a region of lower temperature. 

5. The method of heating mercury in the pres 
ence of ferrous metal including the step of treat 
ing the mercury to prevept it from dissolving fer 
rous metal at high temperature which comprises 
adding to the mercury prior to the heating there 
of a metal which serves as an inhibitor. 

6. The method of heating mercury in the pres 
ence of ferrous metal including the step of treat 
ing the mercury to prevent it from dissolving 
ferrous metal at high temperature which con 
prises adding to the mercury prior to the heating 
thereof a relatively small amount of aluminum. 

7. The method of heating mercury in the pres 
ence of ferrous metal including the step of treat 
ing the mercury to prevent it from dissolving fer 
rous metal at high temperature, which comprises 
adding to the mercury prior to the heating there 
of a relatively small amount of one of the metals 
of the group, aluminum, nickel, magnesium, cal 
cium, and chromium. 

8. In a mercury vapor generator, the combina 
tion of ferrous metal tubes which are subjected 
to high temperature, mercury which circulates 
through said tubes, and means for preventing the 
mercury from dissolving ferrous metal of the 
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4 
tubes comprising an inhibitor added to the 
Imercury. 

9. In a mercury vapor generator, the combina 
tion of ferrous metal tubes which are subjected 
to high temperature, mercury which circulates 
through said tubes, and means for preventing the 
mercury from dissolving ferrous metal of the 
tubes comprising aluminum added to the mer 
cury. 

10. In a mercury vapor generator, the com 
bination of ferrous metal tubes which are sub 
jected to high temperature, mercury which cir 
culates through said tubes, and means for pre 
venting the mercury from dissolving ferrous 
metal of the tubes comprising aluminum of the 
order of one-hundredth of one per cent by weight 
added to the mercury. 

11. In a mercury boiler comprising a container 
made of ferrous metal, mercury liquid to be heat 
ed in the COntainer, and a substance added to the 

1964,598 
liquid for reducing the dissolving effect of mer 
cury. On ferrous metal. 

12. An actuating fluid for boilers having fer 
rous metal Walls comprising mercury and an in 
hibitor associated with said mercury which pre 
vents dissolving of ferrous metal by said mercury 
at high temperature. 

13. A Composition for operating boilers hav 
ing ferrous metal walls comprising substantially 
entirely mercury and a small amount of an in 
hibitor preventing mercury from dissolving fer 
rous metal at the operating temperature of the 
bOiler. w 

14. A composition to be subjected to high tem 
peratures of the order of one thousand degrees 
Fahrenheit in the presence of ferrous metal, said 
composition comprising mercury approximately 
ninety-nine per cent. by weight and the remain 
der an agent which minimizes the dissolving of 
ferrous metal by the mercury at sÜch high tem 
peratures. 

ANTHONY J. NERAD, 
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