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: Application fled January 10, 1918, Serial No. 211,224. 

The present invention relates to improve 
ments in the construction and manufacture of 
parts of cooling systems or devices in which 
the transfer of heat from one metallic body 

is to another body is relied upon to produce the 
desired cooling effect. 
As an instance of one particular form of 

application of such invention, the present de 
scription relates to valves of internal com 

obustion engines, which valves are hollow and 
contain a small amount of “working 
mercury, which vaporizes in contact with the 
heated portion of the valve and condenses in 
the cooling portion of the valve. Devices 

5 of this character are set forth in the applica 
tion of C. F. Kettering, Serial No. 211,156, 
filed January 10, 1918, patented March 27, 
1928, Patent No. 1663,709, which describes 
and illustrates a valve or other engine part 

0 having a body which is subjected to the heat 
of engine operation, and is formed with a 
chamber containing a small quantity of 
working mercury, portions of which, when 
vaporized by the heat, pass up the hollow. 

5 stem of the valve, are there cooled and re 
turned to the bottom of the valve, which 
process cools the valve head, • - 
As described more in detail in said Ketter 

ing application Ser. No. 211,156, the interior 
0 of the valve may be provided with heat dis 
sipating or transferring surfaces or bodies, 
which may be an amalgam coating or veneer 
applied to the interior wall of the hollow 
valve. This coating or veneer appears to 
have the effect of facilitating the transfer of 
the heat from the metal of the valve to the 
working mercury, and vice versa. As a re 
sult, the mercury is raised to its boiling point 
more rapidly than would be the case without any such amalgam coating, and begins to 
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function to cool the valve earlier, and before 
the valve reaches an extremely high tempera 
ture. Moreover, when the working mercury. 
is functioning to cool the valve, this veneer 

... or coating acts as an effective intermediary to 
transfer the heat from the vaporized mercury 
to the metal of the cooling part of the valve thereby cooling or condensing the vaporized 
mercury and aiding still further in dissipat 

'ing the heat. 

Among the objects of the present inven 
tion are to provide devices of this character 
with bodies, or a coating, or a veneer, of heat 
transferring medium which will have marked 
qualities of heat conduction, mechanical 
strength, ability to stand up under the high 
temperature conditions to which the device 
is subjected, as well as mechanical vibration, 
while employing only relatively inexpensive 
means for attaining these results. Further 
objects of the invention will be obvious from 
the ensuing description. 

In order that the invention may be clear 
ly comprehended, reference will now be made 
to the accompanying drawing which illus 
trates a preferred embodiment of the inven 
tion as applied to the valves of internal com 
bustion engines. 
In said drawing: 
Fig. 1 shows in cross section a valve to 

which the present invention is applied. 
Figs, 2 and 3 illustrate the method of her 

metically sealing the valve. W 
Referring to Fig. 1, the steel valve here 

illustrated comprises the head portion 10 and 
a stem 12, which may be provided with radi 
ating fins or ribs 13, slipped over the stem in 
any suitable manner. The head portion 10 
may be welded to the stem 12, so that the 
head and stem will constitute substantially 
one continuous piece of metal. 
In the interior of the hollow stem is pro 

vided the small portion of so-called “work 
ing' mercury 20, which vaporizes during the 
operation of the valve. The vapor passes up 
towards the top of the stem, where it is cooled 
and again transformed into its liquid state, 
dropping by gravity to the bottom of the 
stem, thus setting up a continuous or cyclic 90 
automatic cooling action. 
The inner wall of the stem is provided, as 

shown, with an intermediate heat transfer 
ring medium indicated by the reference num 
ber 14, which forms a coating, veneer or body 
superposed upon and in intimate contact with 
the inner face of said stem chamber for the 
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purpose of facilitating the transfer of heat. 
between the wall and the mercury, and vice 
versa. This coating is purposely shown on 00 
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an exaggerated scale in the drawing to facili 
tate the understanding of the invention. 
The operation and efficacy of the valve can 

be considerably increased by using such an 
intermediate heat transferring medium, 
which consists of an amalgam or alloy of 
mercury, applied in the form of a permanent 
coating before the valve is placed in use. 
Such an intermediate medium presents a sur 
face which can be “wetted' by the working 
mercury and has marked advantages, in fa 
cilitating the transfer of heat between the 
wall and the mercury, which appear to be ab 
sent when the working mercury is in con 
tact with a surface which it can not wet. 
My improvements are directed first to 

ward the securing of the best kind of amal 
gamfor such a coating. My preferred forms 
of coating are devised both with reference to 
ability to facilitate transfer of heat, and abil 
ity to adhere strongly and permanently to 
the steel of the wall which supports it, so as 
to form a structure or coating which is me 
chanically strong and will not break of or be 
come detached as a result of the vibration 
and temperature conditions under which the 
valve operates. These conditions are best 
met by the use of an amalgam, including a 
metal such as iron, which will strongly ad 
here to the metal of the valve; in an amalgam 
of this character, the mercury of the amal 
gam facilitates transfer of heat to and from 
the working mercury, while the iron of the 
amalgam facilitates. transfer of heat to and 
from the steel of the valve, so that the metals 
of the amalgam, so to speak, form a link or 
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chain system for the easy transfer of heat be 
tween the parts. 
I have also discovered another character 

istic which gives added efficiency to such an 
intermediate heat transferring medium, viz, 
that it should be made of material which 
will not only tend to adhere strongly to the 
steel of the valve, but which, in the event of 
any part of the amalgam becoming disasso 
ciated from the steel, will also reassociate it 
self and adhere strongly to the steel that may 
have become exposed. That is, if the amal 
gam"breaks down', (that is, disassociates it 
self from the steel,) the coating or veneer 
becomes automatically renewed without hav 
ing to replace it or recoat it by an external 
operation. This property of renewal or re 
coating under operating conditions is here 
inafter referred to as the “building up' prop 
erty of the amalgam. I have found that ex 
cellent results are to be obtained in practice 
by employing an intermediate heat transfer medium consisting of an iron amalgam with 
tin, or such equivalents as lead, or both tin 
and lead together. I prefer to use an iron 
amalgam containing thirty per cent (30%) 
tin lead, which latter serves to protect the 
iron in the amalgam as above described, and 
is coated or plated on to the inner walls of the 
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stem chamber in any suitable manner. In 
the use of amalgams containing tin or such 
an equivalent as lead, or both, when any of 
the amalgam of the veneer breaks down un 
der opérating conditions it becomes mixed 
with the working mercury of the valve, and 
is carried by the mercury vapor back into 
contact with that portion of the steel from 
which the coating became detached, and 
thereby builds up or renews the coating at 
the desired point. The best results achieved 
up to this time have been by the use of an iron 
amalgam which also contains metals with 
building up properties, such as tin and lead. 
I also obtain improved results by placing 

a small quantity of an amalgam having 
“building up' properties in the working mer 
cury, which amalgam is carried by the heat 
ed mercury into contact with any exposed 
part of the steel of the stem, with which it. 
adheres. This amalgam which is mixed with 
the working mercury may be the same as that 
which forms the coating or veneer, or it may 
be one of the components of said coating or 
veneer. In practice, I prefer to use a tin or 
lead amalgam, or a tin-lead amalgam mixed 
with the working mercury, and I have ob 
tained excellent results by the use of a tin or 
tin-lead amalgam mixed with the working 
mercury in the proportion of 30 to 50 per cent 
of the amalgam, in conjunction with a 30%. 
to 50% tin-lead amalgam coating or veneer 
14. 
It will be understood that the proportion 

of tin-lead present in the working mercury 
due to the introduction of previously pre 
pared tin-lead amalgam or to the introduc 
tion of tin-lead directly, is susceptible of con 
siderable variation, and may vary from noth 
ing as in the case of pure working mercury 
over a great range as described herein. It will 
be apparent from the foregoing that I prefer 
to use “building up' amalgam in both the 
veneer and the working mercury, though this 
is not necessary since such amalgam, whether 
originally introduced into the working mer 
cury or originally applied to the stem and 
subsequently broken loose from the steel, will 
be eventually carried by the working mercury 
into contact with any exposed part of the 
steel to which it will adhere. 
In some cases I may use a veneer consisting 

of a simple iron amalgam, plated or other 
wise applied. The iron of the amalgam will 
adhere very strongly to the steel of the stem. 
While iron tends to adhere more strongly to 
the steel than other metals, such coatings con 
sisting of mercury and iron alone are not 
quite so satisfactory as some of the other 
amalgams mentioned which contain tin or 
lead, on account of the lack on the part of the 
simple iron amalgam, of the property of 
“building up’ as described above. By using 
an amalgam of iron with tin or lead or both, 
the valuable properties of the iron in adher 



sion of heat from the veneer 14 to the steel. 
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ing to the steel and facilitating the transmis 

stem are retained, while the valuable "build 
ing up' properties of the amalgam, due to 
the presence of the tin or lead insure the per 
manence of the coating in use. 
I have also found that I am able to obtain 

satisfactory results by the use of a veneer 14 
of tin applied in any suitable manner to ad 
here to the steel; thistin becomestransformed 
into a tin amalgam when the valve has been 
in use, as a result of the action of the work 
ing mercury on the tin. , 
I may also use an amalgam veneer 14, for 

instance, iron amalgam, for the valve stem, 
and place in the working mercury a quantit 
of another amalgam, which may have "build 
ing up' properties, for instance, tin-lead 
amalgam, relying upon the action of the work 

20 ing mercury to carry the tin-lead amalgam 
to the iron amalgam veneer so as to builditu 
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continuously. The tin-lead amalgam is pref 
erably present in the working mercury in 
such quantity that the proportion of tin-lead 
therein is between 30% to 50%. 
The thickness of the coating or veneer may 

vary in practice; I find that a relatively thin 
layer is quite sufficient for the purposes of the 
invention. - 
The working mercury, may in some cases 

be replaced by a tin or lead amalgam, or tin 
lead amalgam, which, on account of its low 
boiling point, is able to act as a heat transfer 
medium in a manner somewhat similar to the 
working mercury; or the inside walls of the 
valve may be provided with an amalgam 
coating, employing an amalgam such as de 
scribed above, without the presence of the 
working mercury, and the valve will be there 
by cooled to a certain extent; but I find it 
always preferable to use the working mercury 
along with the amalgam. 
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The methods of applying the amalgam 
coating or veneer 14 to the valve stem are 
fully described and claimed in my divisional 
application Serial No. 256,530, filed October 
4, 1918 patented July 15, 1924, Patent Num 
ber 1,501,862. After the valve stem has been 
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provided with its amalgam coating, as there 
50 

ner. 
in described or in any other preferred man 
The working mercury is introduced into 

the valve in the desired quantity, (for exam 
ple, about five g") , and if it is desired to employ a quantity of amalgam for the pur 
pose of building up the coating or veneer in 
the manner herein described, then some of 
the desired amalgam, for instance, tin lead 
amalgam (about 3 grams), is also introduced 
along with the mercury. This may be pre 
pared by melting solder into the mercury, 
and heating, taking care to prevent the for 
mation of oxides. . . . 
After the valve has been provided with 

its amalgam coating and the mercury along 

welding operation, and I also take steps 

- saw this off even to the top of the 
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with the amalgam has been placed within the 
valve, it is necessary to seal it hermetically 
in order to prevent the escape of the vapor 
ized mercury when the apparatus is in use. 
I prefer to seal the valve by means of a 

to . 
avoid the permanent breaking down of the 
amalgam coating which would otherwise take 
place as a result of the welding operation. 
When the valve is ready for sealing, I 

drive a tapered plug 15 into the open end 
thereof, as shown in Fig. 2, until the tube is 
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practically hermetically sealed, and I then 
valve, as 

indicated by the dotted line. The valve is then placed within three so 
fourths of an inch of the top in water, and 
an oxy-acetylene flame is used to fuse over 
the entire end of the valve, after which two 
more layers of steel are added, as shown 
and indicated by the reference numerals 16 
and 17, and thoroughly fused. While this 
end of the valve is red hot, it is turned up 
side down and the mercury and amalgam 
with the mercury is allowed to boil until the 
boiling ceases. This applies amalgam to any 
part of the coating of the upper portion of 
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the stem which may have broken down due 
to welding, and also to the end of the plug 
15, so that when the valve. has cooled, the 
amalgam coating will be intact. The method 
of sealing the valve and of applying the 
amalgam coating to the upper portion of the 
stem and the plug after sealing is described 
and forms the subject matter of claims in my 
above-mentioned divisional application. 
Another advantage of carrying on this 

welding process in conjunction with a water 
bath, as described above, in order to cause 
the hermetic sealing of the valve tube, is the 
avoidance of any possibility of the air within 
the valve body becoming so heated as the 
result, of the heat of the welding operation, 
as to cause the blowing out of the plug, as 
the result of its expansion. The welding 
Ei of course, be effected electrically if de 
SeC. 

00 

OS 

O 

I believe that I am correct in describing 
the metallic coatings herein as amalgams or 
alloys of mercury, but it will be understood 
that I also use the term “amalgam' herein 
not only specifically, but generally, to indi 
cate the alloy or mixture of metals which are 
formed as a result of my improved methods 
of manufacture. 
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Tin and lead are known as tetrad metals, 
that is, they belong to a chemical series which 
forms the fourth group in the periodic classi 
fication table. Where the terms "tetrad 
metal' or 'tin' are used in the claims...it is 
to be understood that they include not only 
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tin but such equivalents as lead, or tin. 
lead. - . . t. 

While I have described herein some pre: 
ferred embodiments of my invention, it will 30 
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of course be understood that many modifica 
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tions and changes might be made by those 
skilled in the art without departing from the 
spirit or scope of my invention as defined by 
the appended claims. 
What is claimed is as follows: 
1. In a device of the kind described; a hol 

low metallic portion adapted to be exposed 
to high temperatures; a metallic working 
medium contained within said hollow portion 
which is capable of being vaporized at tem 
peratures to which said hollow metallic por 
tion is subjected when in use; and an inter 
vening building up heat-transmitting me 
dium on the inner wall of said hollow portion, 
said heat transmitting medium comprising 
metals common to said wall and to said work 
ing medium. . 

2. In a device of the kind described; a. 

working medium contained within said hol 
low portion which is capable of being vapor 
ized at temperatures to which said hollow 

5 portion is subjected when in use; and an in 
tervening heat-transmitting medium on the 
inner wall of said hollow portion, said heat 
transmitting medium comprising metals com 
mon to said ferrous metal wall and to said, 
working medium. ' 

3. In a device of the kind described, 
a hollow metallic portion adapted to be 
exposed to high temperature conditions; 
working mercury within said hollow por 
tion; and an intervening heat-transmitting 
medium on the interior walls of said hollow 
portion, said medium comprising an amal 
gam containing iron 
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4. In a device of the kind described, a 
hollow portion adapted to be exposed to high 
temperature conditions; a building up amal 
gam coating including iron and tin on the 
walls of said hollow portion; and working 
mercury contained within said hollow por 
tion. . - 

5. In a device of the kind described, a hol 
low portion adapted to be exposed to high 
temperature conditions; an amalgam coating 
including iron and a tetrad metal having 
building up properties; and working 
contained within said hollow portion. 

6. A body formed with a hollow portion 
adapted to be exposed to high temperatures; 
a metallic working medium contained within 

55 said hollow portion and capable of being 
vaporized at temperatures to which said hol 
low body is subjected when in use; and an 
intervening heat-transmitting medium on 

60 
the inner wall of said portion, said mediums 
Containing a quantity of ferrous metal. 

7. An engine valve formed with a hollow 

g mercury 
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ing a ferrous metaland working mercury and 
an amalgam of said metal within said hollow 
portions - 

8. A device of the kind described compris 
ing a hollow metallic member adapted to be 
exposed to a high temperature and formed of 
different metals of varying heat conducting 
characteristics, the metal forming the interior 
walls of said hollow portion being an alloy of 
the metal forming the exterior walls of said 
portion. 

In testimony whereof I affix my signature. 
THOMAS MIDGLEY, Jr. 

hollow portion of ferrous metal adapted to 
be exposed to high temperatures; a metallic 

portion adapted to be exposed to high tem 
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sperature conditions; an amalgam coating 
having building up properties on the walls 
of the hollow portion; said coating contain 
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