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This invention relates to the porous ceramic
plugs which are used in the fire box end of stay-
bolts to close the opening in said bolts and to a
method of making the same. Porous plugs of
the character to which the present invention gen-
erally . pertains are disclosed in United States
Patent No. 1,428,541 dated September 12, 1922, to
J. Rogers Flannery, and the present invention

constitutes an improvement over the invention .
‘10

disclosed in a prior application of William T.
Kilborn and Frederick K. Landgraf, Serial No.
77,186 filed April 30, 1936. In many boiler in-
_stallations hollow staybolts are used. These

so-called hollow staybolts have a longitudinally _.

extending passageway which extends almost but !

not entirely throughout the length of the bolt,
the passageway being open, however, at the fire
box end of the bolt. The purpose of the pas-

sageway or hole, which is commonly referred to
20

as a tell-tale hole, is for detecting a fracture or
break in the staybolt. If the staybolt is frac-
tured, the fracture will open when the boiler is
placed under hydrostatic pressure as it period-
ically is for the purpose of inspection, and the

water in the boiler will seep through the fracture &5

and out the tell-tale hole. These bolts are very
_extensively used in locomotive boilers, and the
TInterstate Commerce Commission requires that
porous plugs be inserted in the fire box end of

the tell-tale hole for the purpose. of allowing €80

water or steam that might enter the hole through
a fracture in the bolt during the operation of
the boiler to escape into the fire box and at the
same time serve to protect the tell-tale hole

from becoming filled with a deposit of ash, flue<3s

dust, and rust. The Interstate Commerce Com-
mission further requires that locomotive boilers
be periodically subjected fo hydrostatic tests
and that the porous plugs be removed from the

ends of the bolts during such hydrostatic_tests.(40

The testing procedure required by the Inter-
"state Commerce Commission also provides that
the tell-tale holes in the bolts shall be clean
and open throughout their length before the

boiler is tested so that the detection of a frac-*

fure in a tell-tale bolt will not be avoided by the
escape of water being closed off through any
accumulation of foreign material in the tell-tale
hole.

Several difficulties are encountered in the use !

of these porous plugs as heretofore manufac-
tured and generally used. They are of a ceramic
nature and hence very brittle. At the same time
they must be retained in the fire box end of the

bolt entirely by friction, This requires that 55

“tubes of the boiler,

‘they be strong enough that they can be driven

into the end of a bolt without being crushed or
broken when they are hammered into place and
yet they must be large enough so as to have a
sufficient frictional contact with the walls of the
tell-tale hole. to retain them in place. As a
matter of practice, a great deal of difficulty is
encountered because of the continuous vibration
that takes place in a boiler which is being op-
erated and also because of the vibration which
exists in a locomotive due to its operation. This
vibration causes the plugs fo fall out into the fire
box. The condition is aggravated also by the
expansion and contraction that takes place due
to changes in temperature. ) .

A second difficulty which is encountered is one
that has heretofore been thought to be unavoid-
able by virtue of the very necessity of having a
plug which is porous. This is the fact that as
heretofore made small particles of ash and for-
eign matter sift through the porous plug into the
tell-tale ‘hole and under the conditions of op-
eration this foreign material often cements it-
self into the hole to a point where it is neces-
sary to use a drill to remove it before the bolt
can be tested. This infiltration of foreign mat-
ter into the tell-tale hole through the porous
plug is attributed largely to “breathing” which
takes place in the tell-tale hole, especially with
the changes of temperature tending to expand or
contract the body of air within the tell-tale hole,
The choking up of the tell-tale holes is particu-

larly aggravated in that portion of a locomotive

fire box most remote from the fire door and in
the lower portion of the combustion chamber,
these bolts being located just rearwardly of the
plate which supports the rear ends of the fire
ler. 'These bolts are in a vertical
lposition with the plug substantially flush with
the bottom of the interior of the fire box. Soot
and dust naturally deposit in this part of the fire
box and steam blowers are provided for pe-
riodically blowing out the soot and ash dust
which accumulates at this point and in the fire
tubes. Condensation of steam always takes
place in this blowing apparatus when it is not in
use 5o that when the blower is first turned on,
water is discharged. This water mixes with the
soot and ash, is sucked or seeps through the
porous plug carrying with it foreign material. It
serves to cement foreign material which has pre-
viously entered the tell-tale hole and it is evap-
orated leaving a further deposit of the foreign
material which is washed into the hole with the
result that there is often found in fhe staybolls
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located in thls particular part of the boiler a
(dense compaction of fore1gn materials that has
to be drilled out.

The present invention has for its purpose to
provide a porous plug which will meet the re-
quirements of the Interstate Commerce Commis-
sion and yet -which will practically prevent
foreign material from entering the tell-tale hole
_through the plug and which will provide a plug
that will remain in the hole much better than
plugs heretofore provided for the purpose. - It has

10

heretofore been considered necessary for the
"~ This dried material is preferably in the nature

plugs in order to have sufficient porosity, to be
formed of granular material,- all particles of
which are about the same mesh. Heretofore it
has been common to make the plugs of 3 material
‘in which all of the particles are between 80 and
~90 mesh. ‘With the present invention, the mate-=

rial employed is not graded to eliminate the fines,

and furfhermore the largest grain size .is ‘very
substantially less than any heretofore employed.

- T may. use.a maximum grain size of 150-‘mesh;

‘but I prefer that the maximum grain size shall
not exceed 240 meskies to the inch. The basic
‘mixture contains particles from 240 -grains- down
to powder.  After a ceramic. mix has-been pre-
‘pared from particles of the grain sizé above men-
tioned, the plugs are formed into rods from it.
_The usual method is to make the material in rod-
like form; fire the rods and eut the rods into
.pieces which are then ground to tapered form.
‘When the plugs are otherwise completed they are
placed in-a vacuum chamber and subJected to a
relatively high degree of vacuum which removes
most of the air from the porous mass and while
still in.a vacuum . chamber they are immersed
‘in -a-.material such as water glass which -pene-
trates the porous mass. The plugs are then re-
moved. from the vacuum chamber and baked and
then treated with an.acid which tends to render
the water glass more resistant to dissolution in
water. .The resulting plug.has a porosity ade-
quate to meet the requirements of the Interstate
Commerce Commission. and to enable water to:

seep.therethrough, but the pore spaces are very Ly

much finer than in plugs of the type presently
‘being used. :In other words, an adequate pore
ares exists, but the individual cells or spaces are
very much smaller,

rials. of the -character which have heretofore
caused difficulty cannot get into the tell-tale hole
| and water which is carrying solid material will

- be-filtered. Moreover, the water which-is present
when the blow-out jets are turned on will flow

most.of it will be evaporated before it gets to the-
‘interior of the bolt.. On the other hand, water
which has leaked into the tell-tale hole from a
i fracturein the bolt will be readily forced through :
- the plug: by the pressure within the boiler. -

My invention may be more readily understood
: 'by reference to the accomnany*ng drawmg in
. which -
: Figure -1 111ustrates a. tell~ tale bolt hamng a:
porous plug therein;

Figure 2 is a detailed view of the plug; and

- Figure-3 is a more or less schematic view of an
apparatus for treating the plugs.

Referring first to Pigure 1, 2 rpprosents a typl—
i .cal hollow staybolt joining two boiler plates. It
is provided with a-tell-tale hole 3 and the porous

15
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vention is in the form of a truncated cone having

“a very slight taper. It is of a ceramic nature of
-bonded granular material.

The coarsest grain
size is preferably considerably smaller than 150
meshes per square inch and preferably is of a
screen mesh of the order of 240.° From a maxi-

-mum grain size of 240 mesh the material contains

varying grain sizes down to and including the ex-~
treme fines. The porous interstices of the plug
are further restricted by having deposited in situ
therein a dried substance in the pores after the
article has been otherwise formed and completed.

of a silicate such as sodium silicate or potassium
silicate or a combination of these two silicates

“which has been treated to render the same less

20

soluble in water.

.. In preparing: the porous plugs, a ceramic mix
is prepared in the usual way except that extreme-
ly:-fine mesh material which is ungraded: except
to eliminate particles over 240 mesh size is pre-
pared, molded into rods, and fired. The porous

_ plugs are then formed from the rods by grinding,
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‘subjected ‘to treatment to remove air from the’ y

pores thereof and after the entrapped air has
been removed, the plugs are immersed in a sili-

.cate solution -or like liquid filling. materlal and

then’dried by baking.
One method of treating the plugs is disclosed
in Figure 3 wherein I8 designates a receptacle

- having a removable cover 11 which can be sealed

thereon to form an air-tight seal.” Leading from

.the receptacle 19 is a pipe 12 ‘having a two-way

-valve 13 therein.. Leading from ofie -passage of
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The plugs, therefore, more
.effectively filter the air stream so that solig ‘mate- 50}

55,

-+ _.through the porous plugs less rapidly; therefore
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plug 4 embedying- the. present invention has a

driven fit in the end of the tell-tale hole. :
- The porous plug 4 embodying the present in-

75

‘may be admitted to the receptacle.

the valve 13 is a pipe 14 connected to a vacuum
pump, not shown. The arrangement is such that
when the valve 13 is turned .in one direction the

interior of the container 18 will be in communi-

cation with a vacuum pump, and when the valve

13 is turned to another position, atmospheric air
Within the
receptacle- 18 is a wire basket 15 into which
several thousand of the plugs 4 are charged at
a-time. "At {6 is an open receptacle that is adapt-
ed to hold a solution of sodium silicate or water

.glass or like treating material. At (8 is indicated

a pipe having a valve 19 therein leading from the
bottom of the vessel 10 into the receptacle 1§ and
terminating well below the top of the norma],'
liquid level therein.

- In using the apparatus shown in Fig. 3, sev-

‘eral hundred or several thousand of the formed

plugs 4 are placed in the basket 15 which is then
placed in-the receptacle {9 and the cover Il is
clamped -on.. With valve 18 closed, valve (3 is
operated to evacuate the-interior of the recep-
tacle. This causes the. air or most of the air
trapped within the porous- plugs 4 fo-be evacu-
ated. After a desired degree of vacuum has been
reached in the receptacle 10 as indicated for ex-
ample by a gauge {7, valve 18.is opened-allow-

ing liguid solution in- the. reservoir 16 to flow

under - atmospheric pressure up the pipe. 18 into

-the receptacle 10 and immerse the porous plugs.

Since the air has been removed from the porous
plugs, “the solution-will rapidly and thorough-
ly permeate the porous interiors of the plugs.
After the plugs have thus been immersed, valve
13 is operated to allow air to enter the recep-
tacle and the liquid to drain back through pipe
18 to receptacle §8. When the vacuum in the
vessel -10 has been relieved, the cover If may be
removed.. . After the excess liguid ‘has drained
out of the vessel, the basket I5 may be removed -
after which the plugs are emptied into a haking
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apparatus of any suitable kind and heated and
baked until thoroughly dry. A typical baking
apparatus for accomplishing this operation may
e a rotary drum in which there is a gas burner
and in which the articles are tumbled as the
drum is rotated, the tumbling of the plugs pre-
venting their sticking together.

After the plugs have been dried, they may be
immersed in a weak solution of an acid such as
sulphuric acid which is capable of rendering the
water glass resistant to dissolution by water.
The step of immersing the articles in the treat-
ing bath after they have been evacuated is an
important step in securing substantially uniform
porosity in the articles and uniform porosity be-
tween the same articles of a bath. If the air
were not first removed from the pores, the treat-
ing solution would not penetrate to a uniform
depth in different parts of the same article or
to a uniform depth in different articles. By
evacuating the plugs the silicate solution or other
treating solution is enabled to penetrate freely
through the mass of the plugs. When this sili-
cate dries, it of course shrinks in volume so as
to leave the article still porous but with the in-
dividual pore spaces or interstices more restrict-
ed than they were in the article before treat-
ment. Moreover, the film of silicate which dries
on the exterior of the plugs tends to fill in the
small spaces between the grains on the exterior
of the plug and thereby increase the area for
frictional contact between the surface of the
plug and the bore of the bolt into which the
plug is driven. Vibration tests on plugs made in
accordance with the present invention show that
under severe conditions of vibration the plugs
will remain in the bolt holes. The superior abil-
ity of these plugs to remain in the bolts is due
not only to the increase in the frictional area
provided by the added film of sodium silicate, but
also by the use of small size grains. Where the
plug is made of coarse grains as has heretofore
been the practice, relatively few edges of ouf-
standing grains on the surface of the plug con-
tact with the metal to hold the plug in place.
By using smaller grains and by using grains
which are not graded as to grain size, more
grains contact with the surface of the metal and
more edges are provided to frictionally engage
the metal, and the area for frictional contact
with the metal is very enormously increased.

An important advantage of the present inven-
tion is the accurate control over the porosity
which the invention secures. The ceramic mix-
ture assures a uniform porosity in the plugs, the
presence of fines in the mixture avoiding the
formation of pores or fissures of appreciable size.
Then, by varying the gravity or viscosity or con-
centration of the water glass and water mixture,
any desired reduction of porosity down fo prac-
tically none is obtainable. I can thereby choose
a, viscosity which will give an optimum porosity
for the purpose; that is, one which will have the
pores just sufficiently large to allow steam gen-
erated under pressure to issue through the pores
and no greater.

While the plugs made in accordance with the
present invention have an adequate degree of
porosity to meet all of the requirements of the
Interstate Commerce Commission for porous
plugs, the individual pores in a plug are very
much smaller and therefore the plugs more ef-
fectively prevent the passage of foreign sub-
stances through them. Extensive tests have
shown that the interior of the bolts will remain
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clean for a vastly longer time than where the
old forms of plugs were used and that the ne-
cessity for drilling out the holes prior to test-
ing has been eliminated through the use of plugs
made in accordance with the present invention.
The slight amount of fine material that does get
through is readily dissipated by blowing a cur-

rent of air under pressure into the tell-tale holes.

In place of using water glass as the treating
solution it is contemplated that various kinds
of glazing substance may be used, for example,
the plugs may be immersed in a concentrated
salt solution and then dried and fired or baked
to glaze the salt inside the plugs. This is merely
typical of one type of glazing solution other than
water glass. It will also be understood that the
apparatus for carrying out my invention may
be variously constructed and modified and that
the invention is not limited to the particular ap-
paratus shown and described.

I claim as my invention:

1. A porous plug for staybolts comprising a
porous ceramic body having an applied filling
material permeating the same throughout the
mass thereof and partially and materially re-
strieting the natural pore spaces within the body.

2. A porous plug for staybolts comprising a
porous ceramic body having the original pore
spaces therein partly and materially restricted
throughout the entire mass of the body by a dry
deposit of water glass permeating throughout
the mass of the ceramic body.

3. A porous plug for staybolts comprising a
porous ceramic body having dried water glass
deposited in situ in the pore spaces thereof
throughout the body in an amount sufficient to
substantially reduce the porosity thereof and to
a controlled degree.

4. A porous plug for staybolts comprising a
porous ceramic body having dried water glass
deposited in situ in the pore spaces thereof
throughout the body in an amount sufficient to
substantially reduce the porosity thereof, the
water glass having been rendered resistant to
water.

5. A porous plug comprised of ceramic parti-
cles ranging from not larger than 150 mesh down
to fines ahd having deposited material in the
pores throughout its mass for restricting the
porosity thereof and having such material on the
S}lrface thereof for increasing the effective fric-
tion surface thereof whereby the plug is more
effectively retained in the hole of the staybolt
intc which it is driven.

6. A porous plug comprised of ceramic parti-
cles ranging from a maximum not substantially
exceeding 240 mesh and finer having deposited
therein throughout the mass thereof a material
which restricts the natural pore space of the
ceramic body, said material also being on the
surface of the plug. ’

7. The method of preparing porous plugs for
use in staybolts which comprises forming the
plugs from a granular ceramic mass containing
coarse and fine particles wherein the coarsest
particles are of a mesh not substanailly exceed-
ing 240 and wherein the other particles range
from 240 mesh down, evacuating the entrapped
air from the plugs so formed and while the plugs
are under vacuum, immersing them in a water
glass solution whereby the water glass thoroughly
penetrates the same and thereafter drying dry-
ing the plugs in the air so that the plugs have a
controlled porosity.

8. The method of preparing porous plugs for
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use in staybolts which .comprises evacuatmg air
from ‘porous ceramic plugs, immersing them in-a
salt solution while they are evacuated for suffi-
cient time that the solution will thoroughly pene-
trate the same under conditions which will force
the solution into the pore spaces of the article,

and thereafter drying the plugs and baking them-
to-glaze the salt which has been depositéd in the

pore spaces thereof, the solution being of a density
sufficient upon. the evaporation of the solvent to
form a depesit. capable of ma.tenally dlmlmshlng
the porosity of the ceramiic. :

9..A ceramic plug for closmg the tell- tale hole
of a staybolt and having a- substantially pre-
determined .porosity characterized by having a
highly uniform pore distribution therethrough
obtained from the use of ceramic particles of
selected size and in which the pores throughout
the mass are restricted to a controlled and pre-

- determined extent through the replacement of

air.in the pores with a water glass deposit.
10; The method of making porous plugs for
use_in- staybolts. which comprises forming the

5
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plugs from a ceramic mass prepared from vary-
ing-grain sizes selected .to produce a relatively

dense mass with minute- portions. substantially

uniformly distributed therethrough, removing air
from the pores of the plug and replacing it with
a viscous water glass solution of a high gravity
to insure the introduction into the internal pore
spaces of a:solid equivalent: of silicate sufficient
to materially alter the original porosity of the
article, and then drying the water-glass to de-
posit the silicate in the pore spaces as. a solid, .. .
11. A porous ceramic plug of the class de-
scribed, chatracterized by having the pore spaces
thereof of closely uniform size and uniformly dis-
tributed throughout the ceramic mass, such pore
structure obtaining from the selection of the

grain sizes of the particles from which the ceramic

is formed, said body having pore spaces through-
out the mass. thereof partially filled to a pre-

determined extent with a foreign deposit to con--

trellably reduce the permeability of the mass.

GROVER R. GREENSLADE,




