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1. 
This invention relates to methods of lining fur 

naces and the like. It has special utility in re 
pairing the worn or eroded linings of furnaces 
which have been in use for a period of time. 
In general the larger furnaces, such as are used 

for steam power boilers, anrealing furnaces, 
forges, metallurgical work, and the like, are con 
structed of refractory firebrick and are equipped 
With grates or burners, as the case may be, for 
the combustion of coal or oil with a Suitable type 
of draft. The ordinary operating temperature 
of such a furnace is likely to be between 2,000 and 
3,000 degrees Fahrenheit and after a period of 
time the exposure of the refractory bricks to such 
continuous heat is likely to result in Spalling, 
eroding, or decomposition of the inner brick 
surfaces. It has been customary in the past, from 
time to time as the need arose, to shut the fur 
nace down and, after it had cooled, to apply a 
patching or coating material to the Surface areas 
which had been impaired by the heat. Often 
the entire interior Wall surfaces were relined. 
Such repairs necessitated the conplete cool 

ing of the furnace in order that an operator 
might enter to work therein. When the patch 
ing or coating had been completed the furnace 
was refired and after a short period of full heat 
operation the lining material vitrified and thus 
served to prolong the life of the furnace. Often 
the furnace Was relined Several times. 
One method of restoring furnaces which has 

heretofore been known and practiced was de 
scribed in Schwarz, Patent No. 1,125,741. Ac 
cording to the Schwarz process the furnace was 
allowed to cool and its interior was examined. 
Those areas requiring restoration were then 
coated with a heavy liquid consisting usually of 
an oil or water vehicle in which a refractory 
powder was carried. The heavy liquid was blasted 
under pressure from a gun which was played di 
rectly upon the areas selected for coating. The 
gun included as a part thereof an oxyacetylene 
torch intended partially to vitrify the refractory 
powder as it was blasted against the Wall. The 
equipment necessary for carrying out the 
Schwarz process was cumbersome and heavy. 
Moving it into a building to the place where it 
Was to be used was troublesome and time-con 
Sunning. And of Course the treatment called for 
a Cornplete cessation of furnace Operation and a 
Cooling off period before restoration could begin. 
I have discovered a way of repairing and re 

storing a furnace Wall which does not require 
that the furnace be shut down and allowed to 
cool but which, on the contrary, can be carried 
Out Substantially without interruption to normal 
Operations. In addition, my process can be used 
to apply a Smooth coating of varying thickness 
to the interior walls of a working furnace which 
thickness is related to the need for restoration 
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so that those portions which require the most re 
inforcement receive the heaviest coating and 
the entire interior of the furnace is Smoothly 
lined with a continuous vitreous refractory skin 
like layer which may even extend a short dis 
tance from the furnace into the Stack. An ad 
vantage of my process is that it can be per 
formed with the use of very simple, easily carried 
equipment. Accordingly I can repair a worn 
lining without shutting down the furnace, with 
out moving in heavy equipment and materials, 
and without otherwise disrupting normal opera 
tions in the area where the furnace is located. 

It is an object of my invention to provide a 
method of and compound for lining furnaces and 
the like of the character described having to a 
notable extent the capabilities and properties set 
forth. A further object resides in the provision 
of a method of lining furnaces as well as a fur 
nace lining each of Which Overcomes certain of 
the disadvantages inherent in the processes and 
linings heretofore known and used. Another ob 
ject is to provide a commercially satisfactory, 
Simple and efficient imanner of restoring the lin 
ing of a Working furnace which can be carried 
out without interfering with normal furnace op 
eration. Another object is to provide a better 
furnace lining and a better furnace lining ma 
terial. Other objects will in part be pointed out 
as the description proceeds and will in part be 
Corne apparent therefrom 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
methods of operation and arrangements of parts 
as will be exemplified in the structure and se 
quences and groups of related steps to be here 
inafter described and the scope of the application 
of which will be set forth in the accompanying 
claims. 
In this Specification I have described a pre 

ferred embodiment of my invention and sug 
gested various modifications thereof; but it is to 
be understood that these are not intended to be. 
exhaustive nor limiting of the invention but, on 
the contrary, are given for purposes of illustra 
tion in order that others skilled in the art may 
fully understand the invention and the principles 
thereof and the manner of applying it in various 
forms, each as may be best suited to the condi 
tions of a particular use. 

In practicing my invention Trely upon the heat 
of the Working furnace to vitrify a powdered ma-. 
terial which I blow into the hottest regions with 
in the furnace. The composition of the powdered 
material which I blow into the furnace usually 
depends, at least in part, upon the highest ten 
peratures reached within the furnace. By using 
a fine powder having a melting range slightly be 
low the upper temperatures reached within the 
furnace I aSSure that the minute individual com 
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ponent particles of the powder will be converted 
almost instantly in the furnace to gas-borne fluid 
or semifluid refractory material which will be dis 
posed by the Swirling furnace gases upon the 
walls of the furnace. When I speak of furnace 
“walls' herein it will be appreciated that I intend 
an interpretation including floors and ceilings, 
As is well known, the walls of the Ordinary fur 

nace will not be at a uniform temperature nor in 
general at as high a temperature as the hottest 
regions where combustion is occurring. Accord 
ingly a droplet of fused, vitreous lining material 
will adhere to the relatively slightly cooler walls 
upon contact therewith. A Wall area, at a ten 
perature slightly below the melting range of a 
molten droplet will have a hardening effect on 
the droplet which will cause it to adhere upon 
contact with the area. In most furnaces the 
draft supply is such that the furnace gases Swirl 
through the interior of the furnace with a fair 
velocity and I rely upon this fact to a certain ex 
tent to distribute gas-borne droplets of liquid 
vitreous refractory material upon the interior 
furnace Walls. 
Thus my coating material is laid down upon 

the Walls when the pores of the Walls are in their 
most open condition and when the heat of expan 
Sion has opened the various cracks and orifices to 
the maximum. The gas-borne powder particles 
of fused, vitreous material are deposited in all of 
these open cracks and pores and are laid down in 
a continuous coating over the entire interior of 
the furnace. Some of the gas-borne droplets Will 
even be carried a Short distance from the furnace 
into the stack before coming into contact with 
and adhering to any wall. 
Certain politions of the furnace Walls are Sub 

jected to a greater degree of heat erosion than 
others. For example, where a blast of an oil jet 
impinges constantly upon a certain area of a 
Wall that area is likely not only to be Somewhat 
more heat-worn than elsewhere but also to be at 
substantially the same temperature as the hot 
blast and accordingly the droplets of the refrac 
tory powder Would not accumulate on this area 
because of any relative coolness. However, the 
blast effect of the burner itself would have a 
tendency to project the fused droplets forcibly 
against this particular area of the Wall and to 
cause the droplets to adhere over the regions 
which are most in need of restoration. Thus by 
blowing a quantity of suitable refractory material 
into the hottest region of the furnace, the furnace 
itself serves to spread a continuous coating of 
fused droplets upon the entire interior of the 
Walls, in some instances because of the relative 
coolness of the walls, in others because of the 
blast effect of the flames themselves which forci 
bly project the droplets into adhering contact 
with the walls, and in still others because of ran 
dom motion of the particles which brings them 
into adhering contact with the walls. In this 
Way the same agents which caused deterioration 
are employed to Spread the restorative coating 
automatically and to apply it more heavily in 
those areas where greater heat resistance will be 
most needed. 
I have discovered that in many instances the 

best results are achieved by first blowing into the 
furnace under treatment a charge of fusible pow 
der having a melting range somewhat lower than 
the highest temperatures reached inside of the 
furnace, and thereafter blowing a second charge 
of fusible powder into the hottest regions of the 
furnace which second charge has a melting range 
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4. 
somewhat higher than the highest furnace tem 
peratures commonly reached. Preferably the 
second charge will become fully fused at a tem 
perature around 3600 F.; this temperature is not 
ordinarily reached except in electric furnaces. 
By laying down two coatings in this fashion a 
better result is sometimes achieved. The refrac 
tory powder having the lower melting range at 
once assumes a liquid droplet condition and read 
ily adheres to the entire interior of the fulnace. 
The refractory powder having the higher melt 
ing range will readily adhere to the fresh coating 
laid down by the lower melting range material 
and even if not fused when deposited upon the 
sticky undercoating it will admix with the under 
coating to produce a very good result. In this 
fashion I am able to coat the interior of the fur 
nace with a relatively high melting point Com 
posite refractory coating which is firmly secured 
to the walls of the furnace. 

In order to project my refractory material into 
the selected hot regions of the furnace I have 
found it advantageous to employ an air blast 
which entrains the powdered refractory material 
from a supply and which discharges the air and 
powder mixture from a pipe which may be ap 
plied to deliver at any desired point in the in 
terior of the furnace. In using this apparatus the 
operator has only to insert a lightweight pipe for 
a minute or two through an opening in the 
furnace wall and to direct the dry blast from the 
pipe into the hottest regions of the furnace. The 
pipe may be inserted either through a peephole, 
if one is located at a suitable point, or through 
a partly open furnace door. In so doing the op 
erator will, of course, be protected by asbestos 
coverings as are commonly available and used in 
routine observations of the interior of the fur 
nace. Further, it will be observed that the oper 
ator need not examine the entire interior of the 
furnace and predetermine special areas for spe 
cial treatment. All that is required is that he 
direct the discharge from the pipe into the hottest 
regions of the flames. 
I have found that a satisfactory fusible re 

fractory powder may be compounded from a con 
siderable variety of known furnace lining mate 
rials including the following: 

Powdered glass 
Feldspar 
China, clay 
Silica, 
Aluminum oxide-alumina 
Lead oxide-litharge 
Basic lead carbonate 
Calcium fluoride-fluorspar 
Bentonite 
Calcium carbonate-whiting 
Zirconium Silicate-zircon 
Graphite 
Copper oxide 
Manganese dioxide 
Cobalt oxide 
Ball clay 
Sodium metaborate 
Chrone ore 
Titanium dioxide 
Red lead 
Borax 
Boric acid 
Magnesium oxide 
Magnesium carbonate 
Silicon carbide 

Ordinarily the material should be of a fineness 
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Such as to pass through at least a 100 mesh screen 
and in some instances sufficiently fine to pass 
through a 300 mesh screen. The finer the par 
ticles the more rapidly they will vitrify. And if 
the hottest part of the furnace is only slightly 
hotter than the melting range of the refractory 
powder a finel powder will ordinarily be more ap 
propriate than a coarser powder so as to assure 
that the various particles will be sufficiently vit 
rified. Also if the furnace is of the type which 
has a high velocity of furnace gases therethrough 
a larger particle can satisfactorily be carried by 
the gases than would be the case if only a low gas 
velocity were present in the furnace. 

I have found one particularly satisfactory lin 
ing compound consists of flint 45 parts, kaolin 45 
parts, feldspar 56 parts, whiting 25 parts and 
white lead 155 parts; the compound should be fine 
enough to pass through a 200 mesh screen. A 
chemical analysis of the components is as follows: 

White lead, 2PbCO3, PbOH2 
Whiting, CaCO3 
Feldspar, 7SiO2, 2Al2O3, K2O 
Kaolin, 4Al2O3, 4.5SiO2, 1.5H2O 
Flint, SiO2 

From the foregoing it will be seen that a method 
of lining furnaces and the like in accordance with 
the present invention is well adapted to attain 
the ends and objects hereinbefore set forth and 
to be economically practiced since the method is 
Suited to common production operations and is 
Susceptible to a wide latitude of variations as may 
be desirable in adapting the invention to differ ent applications, 
As various embodiments may be made of the 

above invention and as changes might be made 
in the embodiments above set forth, it is to be 
understood that the matter hereinbefore set forth 
is to be interpreted in the first instance as illus 
trative rather than in a limiting sense. 
I claim: 
1. In the art of applying a smooth and con 

tinuous refractory coating to a wall of a furnace, 
that improvement which includes the steps of: 
Operating the furnace within the upper reaches 
of its normal temperature range, blowing into 
those regions within the furnace where the hot 
gases are at Substantially their highest tempera 
tures a finely-divided fusible refractory powder 
of melting range slightly below the highest tem 
peratures reached within the furnace and thus 
forming finely-divided fused gas-borne particles, 
and employing the draft-induced Swirling action 
of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent coating on the Walls thereof. 

2. In the art of applying a smooth and con 
tinuous refractory coating to a wall of a furnace, 
that improvement, which includes the steps of: 
operating the furnace Within the upper reaches 
of its normal temperature range, blowing into 
those regions within the furnace where the hot 
gases are at Substantially their highest tempera 
tures a finely-divided fusible refractory powder 
of melting range somewhat below the highest 
temperatures reached within the furnace and 
thus forming finely-divided fused gas-borne par 
ticles, employing the draft-induced swirling ac 
tion of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent adhesive coating on the Walls thereof, 
thereafter blowing into those regions within the 
furnace where the hot gases are at substantially 
their highest temperatures a finely-divided fusi 
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S 
ble refractory powder of melting range higher 
than that of the previously used powder and thus 
forming finely-divided gas-borne particles of 
the higher melting range material, and employ 
ing the draft-induced swirling action of the fur 
nace gases to carry the particles throughout the 
furnace and deposit them in an adherent coating 
over the coating formed by the particles of lower melting range material. 

3. In the art of applying a smooth and con 
tinuous refractory coating to a wall of a furnace, 
that improvement Which includes the Steps of: 
operating the furnace Within the upper reaches 
of its normal temperature range, blowing into 
those regions within the furnace where the hot 
gases are at substantially their highest tempera 
tures a finely-divided fusible refractory powder 
Of melting range somewhat below the highest 
temperatures reached Within the furnace and 
thus forming finely-divided fused gas-borne par 
ticles, employing the draft-induced swirling ac 
tion of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent adhesive coating on the walls thereof, 
thereafter blowing into those regions within the 
furnace where the hot gases are at Substantially 
their highest temperatures a finely-divided fusi 
ble refractory powder of melting range around 
3600 F., and thus forming finely-divided gas 
borne particles of the higher melting range ma 
terial, and employing the draft-induced SWirling 
action of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent coating over the coating formed by the 
particles of lower melting range material. 

4. In the art of applying a Smooth and con 
tinuous refractory coating to a Wall of a furnace, 
that improvement which includes the steps of: 
Operating the furnace Within the upper reaches 
of its normal temperature range, blowing into 
those regions within the furnace where the hot 
gases are at substantially their highest tempera 
tures a finely-divided fusible refractory powder 
of melting range somewhat below the highest 
temperatures reached within the furnace and 
thus forming finely-divided fused gas-borne par 
ticles, employing the draft-induced swirling a C 
tion of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent adhesive coating on the Walls thereof, 
thereafter blowing into those regions within the 
furnace where the hot gases are at substantially 
their highest temperatures a finely-divided fusi 
ble refractory powder of melting range higher 
than the highest temperatures reached within 
the furnace and thus forming finely-divided gas 
borne particles of the higher melting range ma 
terial, and employing the draft-induced Swirling 
action of the furnace gases to carry the particles 
throughout the furnace and deposit them in an 
adherent coating over the coating formed by the 
particles of lower melting range material. 

5. In the art of applying a Smooth and COn 
tinuous refractory coating to a Wall of a fur 
nace, that improvement which includes the steps 
of: operating the furnace within the upper 
reaches of its normal temperature range, and 
blowing into those regions. Within the furnace 
where the hot gases are at Substantially their 
highest temperatures a 200 mesh powder consist 
ing of 45 parts flint, 13 parts kaolin, 56 parts 
feldspar, 25 parts whiting and 155 parts white 
lead. 

6. A furnace lining composition consisting of 
a 200 mesh powder inade up of 45 parts flint, 13 
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parts kaolin, 56 parts feldspar, 25 parts whiting 
and 155 parts white lead. 

JACK FARNSWORTH GOWAN. 
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