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in general, this imwention is concerned with an im 
prowed method and associated apparatus for spraying a 
protective coating on the refractory lining of furnaces 
while the furnace is in operation. 
The refractory lining of furnaces, such as the open 

hearth electric and basic oxygen furnaces used in melting 
steel, are exposed to severe operating conditions. With 
the extensive use of oxygen, higher temperatures are now 
employed in the process of melting steel and there are 
also Sudden changes of temperature which require that 
the refractory linings withstand severe thermal shockS. 
In addition, the linings are attacked by iron oxide fumes 
as well as the iron and lime deposits which are thrown 
up on the lining. As a resuit of these more severe operat 
ing conditions, the lining deteriorates faster, such dete 
rioration taking the form of fuxing, peeling, spalling and 
burning. 
To preserve the lining, it is standard to spray it with a 

refractory-cement coat. This cement coat is Sprayed di-- 
rectly onto the hot face of the walls and roof of the fair 
nace while the furnace is in operation. Because of the 
high Operating temperatures, the cement, when it hits 
the furnace walls, Sinters and bonds to the lining, thereby 
building up the lining. 
A wide variety of refractory cements are used for this 

purpose, however most cements contain chrome ore or 
chrome and magnesite ores (chrome oxides and magnes 
ium oXides). These ores are ground to a powder con 
sistency and are mixed with certain additives to asSure 
proper adhesion and bonding to the furnace lining. So 
dium silicate is the additive normally employed for bond 
ing. These oXides plus the sodium silicate are mixed 
with water to form a slurry which siurry is then sprayed 
upon the hot face of the furnace wall to build up the 
protective coat. 

In this prior art technique, the ingredients are mixed 
in a Special mixing unit with water and hot steam for 
about an hour. The mixing takes as long as one hour in 
Order to insure that the bonding agent, the sodium sili 
cate, is properly dissolved in the water. 

In emergency cases, when the moltem steel threatens to 
break through the eroded areas of the lining, very often 
there was no spray material immediately available (due 
to the required one hour mixing time) and the furnace 
had to be taken off for rebuilding or repair. This cor? 
stituted heavy loss in production and expensive repair 
cOSt. 

In practice, the ingredients (the sodium Silicate as well 
as the ores) are premixed in dry form and shipped to 
the steel mill in paper bags. In the steel mill, this dry 
mix is in turn mixed with water to form a slurry. Heavy 
and expensive maixing equipment is required and such 
equipment is generally installed in the open-hearth floor 
far away from the furnaces. 

After the cement has been mixed with the water in 
the mixer, the resuiting sturry is dumped into a spray 
gurn. The gun is then transported by crane or forklift 
truck to the furnaces. Air under pressure is fed into the 
spray gun to force the slurry out of the gun, through a 
material hose and into the operating furnace where it is 
sprayed on the walls of the furnace to form the desired 
protective coating. 
There are a number of problems which arise in con 

10 

20 

30 

40 

5 5 

60 

70 

2 
nection with this prior art procedure. The major, but 
certainly not the only, consequence of these problems is 
that a large amount of the slurry fails to adhere to the 
furnace wall resulting in what is called *rebound loss.*? 
This rebound loss increases the cost of the spray operating 
and causes Some contamination of the molten metal being 
processed in the furnace. Any decrease in, or elimina 
tion of rebound loSS will result in an improved protective 
coating and efficiency of spraying. 

After the mixed slurry has been dumped into the spray 
gun, if there is any delay in the actual spraying, the re 
fractory cements will start to harden, to settle and to 
Separate. The critical time period is less than 1%2 hour. 
AS a consequence, there is lack of uniformity in the mix 
and uraeven flow of the material. At times, the gun will 
be jarnmed. Where the hardening has not gone so far as 
to jarin the gun, what occurs is that at the beginning of 
the Spraying the flow is of dense heavy mix from the 
bottom of the gum. Near the end of the Spraying there 
is mostly water from the top of the batch. This very 
Weak rmix and liquid which is Sprayed, near the end of 
Such an Operation, can do more damage to the hot wall of 
the fur?ace than good. 
A further Separation of refractory cement from liquid 

Occurs in the long hose that leads from the spray gun to 
the furnace opening. The heavy material tends to run at 
the bottom of the hose while the lighter fraction (liquid 
and air) tends to run faster on top of the heavier mate 
Tial. The Slower running heavier slurry at the bottom 
of the hCse is thus insufficiently atomized at the hose out 
let and consequently does not properly sinter and bond to 
the furnace wali. 
AS a conSequence of the Separation within the gun and 

cf the Separation in the long hose, as much as 30% to 
50% of the cement will be lost in rebound loss. This is 
not only unecoraomic in terms of refractory cement ma 
terial but alSO Creates a contamination problem for the 
Steel, and particularly for alloys, being manufactured. 

For the Sintering and bonding process to operate prop 
erly so that there will be a minimum of rebound loss, it 
is neceSSary that the cement ores be finely mixed through 
out the Slurry So that each particle is thoroughly exposed 
to the high heat of the furnace, which exposure is re 
quired for proper Sintering and bondirig. 

In brief, this invention involves a new approach to 
Wards the preparation and application of protective coat 
ingS to the refractory lining of furnaces. This new meth 
Od cails for a preliminary mixing of the bonding material 
With Sufficient water SO as to dissolve the bonding mate 
rial. This premixed bonding agent can then be readily 
mixed with the protective coating powders. Because the 
mixing may be more readily done (5-10 minutes as con 
trasted with 1 hour) it becomes possible to have the 
rnixing occur in the gun which is used to spray the pro 
tective coating on the furnace walls. Accordingly, this 
invention also provides an improved gun which includes 
an agitator So that the final material may be mixed in 
the gura before 8praying. The agitator has the further ad 
vantage that it prevents the protective powders from set 
tiing Out of the rimixed material during the time it takes 
to use up a single charge for the gun. In this fashion, 
the combination of a partial premixing of binder with 
water and the use of an agitator within the pressure gun 
provides a more uniform, better mixed spray which flows 
more evenly and which makes it possible to greatly in 
crease the efficiency of use of the spray materials. 

This inVention further prowides a small noZZle pipe 
mixer attached to the steel pipe nozzle near the end of 
the Spraying hose So that the advantages gained by the 
partial premixing of bonding material and the use of an 
agitator are not partially lost through the settling out of 
the protective material during travel from the gun through 
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the spraying hose to the exit noZZle from the Spraying 
hose. 

Other objects and purposes of this invention will be 
come apparent from a consideration of the following 
drawings and detailed description, in which : 
FiG. 1 is a partially broken away mechanical Schematic 

of the apparatus involved in this invention; 
FiG. 2 is a longitudinal cross section of the nOVei 

noZZle pipe maiXer employed in this invention; and 
FiG. 3 is an iSometric view of the mixer of FlG. 2. 
F!G. 1 illustrates the container or weSSel of a spray gun 

1|{ which in many respects is similar to the prior art Spray 
gun but which has been modified in certain reSpects for 
use in this invention. To this gum 1 there is connected 
a main air supply iine 2 and a long hoSe 14 for spraying 
the inside of the furnace walls with the Siurry from which 
the refractory cement coat is formed. x 
The gum 1 itself is mounted on a frame 6, which 

frame 16 is designed so that the gun may be carried by 
or maintained on a forklift truck. Alternatively, the gun 
may be transported by means of a crane and chain which 
lifts the spray gun 14 by the eyes 18. The Opening 2} 
that is shown is used to feed a charge of powdered OreS 
and additives together with the specially prepared com 
centrated sodiurn silicate liquid. The Opening 26 is Simply 
adapted from the prior art gunS where Such an Opening 
is a marthole provided for the purpose of cleaning Out the 
spray gum. A standard water feed and Overflow 22 is 
shown, which water feed includes a water meter, for the 
purpose of adding a measured amount of Water to the 
charge that is added through the opening 20. A plug 23 
which is shown at the base of the gum 11 is also used for 
clearning purposeS. 
More important to the particular Operation. Of this in 

vention is the inclusion of a means for mixing the mate 
rial, the agent and Water while in the Spray gun 11. The 
mixing means illustrated involves two propellerS 24 which 
are mounted on a shaft 2ö in such a fashion that they can 
be adjusted longituidinally along that Shaft 26. A ranotOr 
28 drives the shaft 26 through a speed reducer 29. To 
obtain maximum efficiency of mixing, it has been found 
preferable to maintain the propeller shaft 26 at an angle 
~somewhere between 30 and 35° to the vertical. TwO 
propellers 24 are shown as it has been found that two 
propellers provide adequate mixing in the Standard Size 
spray gum 11. In one preferred embodiment each pro~ 
peller has a tip to tip span of approximately eight inches. 
As may be seen in FIG. 1, the agitation provided by the 

propellers 24 and shaft 26 avoids one of the major prob 
lems in the prior art. That problem arose Out Of the 
settling and separation of the solids in the Shurry Which 
settling becomes significant as a problem in aboutten 
minutes after the gum is loaded. Because of the Settling, 
the initia1 flow from the gun is of a dense heavy mix from 
the bottom of the gun and the final flow of Slurry is exceS 
sively 1|iquid. The excessively liquid slurry frequently 
does more damage to the hot wall of a furnace than good. 
Since the settling and separation of the material startS to 
take place in about ten minutes after the mixing is com 
pleted, any delay in the use of the gun results in Some 
??ndesirable separation unleSS the agitation provided by 
this invention is present. 
The hose 14 is made of a flexible material and gener 

ally runs 40 to 50 feet long. At the end of the hose 14 
a rigid meta1 pipe nozzle 31 is attached. This noZZle 3 
generally runs between 12 and 16 feet in length and is the 
portion of the equipment that projects into the furnace 
which is to be sprayed. Between the nOZZle 31 and the 
hose 14 there is a standard valve 32. There is added by 
this invention a mixer pipe assembly 34 between the valve 
32 and the pipe noZZle 31. The purpose of this mixer 
assembly 34 is to mix the slurry after it is paSSed through 
the rather long hose 14 and thus after the Solids harwe had 
a chance to partially separate out. The mixer aSSembly 
34 is illustrated in greater detail in FiGS. 2 and 3 and 
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described below in connection with those two figures. The 
major point to be made here is that Such a mixer aSSemi 
bly 34 is one of the improvements added by this inven 
tion to assure that the slurry which is sprayed from the 
pipe noZZle has an appropriate uniform. atomized con 
sistency in which the particles of ore or cement are car 
ried in fine suspension. So that they will properly bond to 
the furnace wall on which they are Sprayed. • 
The spray gun i1 end of the flexible hose 14 is con 

nected to a discharge pipe 36; which extends to near the 
bottom of the gura 11. When the slurry has been prop 
erly mixed in the gun 11 and the air walves 38 and 39 are 
Opened, compressed air with a preSSure of approximately 
80 to 100 p.S.i. is fed into the top of the gun 1 and forces 
the mixed slurry up through the discharge pipe 36 and 
into the material hose 14. An additional opening at the 
T-shaped elbow 42 permits a portion of the compressed 
**jet'' air to be directly fed into the hose 14, when the jet 
air valve 4{} is turned on, So as to enhance the flow of 
Slurry down the hose 14 and pipe noZZle 3. 
As the siurry passes down the long hose 14 there is a 

tendency for the solids to settle out to the bottom of the 
hose and for the air and water to run ahead faster on top 
of the denser material that is settled down. As a conse 
quence of this settling, the material that is sprayed from 
the pipe nozzle is inadequately atomized. This inveration 
adds a noZZle pipe maixer assembly 34. As may be seen 
in FIG. 2, the noZZle mixer assembly 34 constitutes a 
sleeve 44 in which there is contained a diverging come 45, 
a mixer unit 46 and a converging cone 47. The sleewe 
44 is Screwed onto a connector 48 So that the interior units 
45, 46 and 47 are held tightly within the sleeVe 44. 
The connector 48, in turn, is Screwed onto a pipe mipple 

4% on which the valwe 32 operates aid which leads to the 
fiexible hose 14. The outlet portion of the sleeve 44 is 
screwed onto the pipe noZZle 31 as shown in FIG. 2. 
Thus slurry under high pressure is fed through the diverg 
ing come 45 into the mixer 46 where the stationary blades 
5? cause the slurry to swirl around sufficiently to provide 
an even mix. The slurry then proceeds through the con 
verging come 47 into the pipe noZZle 3i and then into the 
furnace where it is sprayed onto the furnace walls in a 
properly atomized and properly distributed form. 
The rrhixer unit 46 has a number of curved blades 509 

which are mounted on a hub 51 (see also FIG. 3). The 
hub 51 and blades 50} cause the effective cross sectional 
area of the mixer unit 46 to be less than the required croSS 
sectional area of the spray pipe and thus the inner diam 
eter of the mixer unit 46 is made sufficiently larger than 
the diameter of the hose 14 or pipe noZZle 31 So that the 
effective open cross sectional area of the mixer 46 is equal 
to the cross sectional area of the hose 14 (and of the pipe 
noZZle 31). Accordingly, the diverging cone 45 and con 
verging come 47 are provided so that there will be a con 
trolled and relatively even fiow of slurry through the mixer 
assembly 34 in spite of the restrictions. 
With reference to the spray gum 11 and associated items 

described above, the spraying method of this invention 
can be described as follows. All the solids, except the 
Sodium silicate, that are required for the appropriate 
siurry are mixed together in powder form. The impor 
tant operative solids are chrome oxides and magnesium 
oxides which are generally referred to as chrome ore and 
rmagnesite ore and are broadly referred to as the cement 
ores. Hn this fashion a dry powder is obtained which can 
be packaged as such for direct loading into the gun 11. 

in addition there is separately packaged a mixture of 
sodium silicate with just enough water So as to dissolve 
the sodium silicate. The amount of water used to dis 
solve the desired quantity of sodium silicate is to some 
extent a matter of choice but economy in shipment costs 
dictates that as little water as possible be used and the 
purpose of this invention which is to provide a ready mix 
in the spray gun li dictates that as much water as is nec 
esSary to dissolve the sodium silicate is used. 
The sodium silicate that is thoroughly pre-mixed with 
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a minimum amount of water necessary to dissolve it forms 
a sodium siiicate liquid concentrate which can be shipped 
in plastic containers to the furnace site, along with the 
dry cement in Separate paper bags, from whatever piant 
or source manufactured the furnace coating material. 

This dissolved sodium silicate is then also loaded into 
the gun, 11 through the opening 29. The rest of the Water 
needed to make the appropriate slurry is then added 
through the water feed 22 or charge opening 20, while 
the motor 28 is turned on to aSSure a proper mixing of 
the water, dissolved sodium silicate and dry powder ce 
ment mix. 

In preparing the slurry in the spray gun 11, the sodium 
silicate liquid concentrate is added to the total amount of 
additional water required for the spray mix. The addi 
tional amount of water required is approximately three 
to four times as much as is present in the concentrate. 
After the sodium silicate concentrate has been properly 
diluted, the dry cement mix is added to the solution and 
agitated for approximately five to ten minutes, after which 
time the slurry is ready for spraying. 

There is accordingly a considerable time sawing ower 
the one hour mixing time required by the prior art meth 
od, which prior art method involved having to mix and 
dissolve the sodium silicate and the refractory cements in 
dry form, on the job site. In addition, since it becomes 
possible to mix the materials inside the gun 1, it becomes 
possible to eliminate the need for the heavy and expensive 
mixing machinery that was hitherto required and the 
necessity of using hot steam for the dissolving of sodium 
silicate. Economy of time and in the use of equipment 
thus become major advantages of the method taught by 
this invention. 
One advantage obtained by the teachings of this inven 

tion is that the spray gum 11 does not have to be trans 
ported between the mixing equipment and the furnace for 
loading and for use. Thus the cranes which are frequently 
used for transporting the spray gun need not be diverted 
from their normal use in loading the furnace. In this 
fashion, there is an additional facet to the speeding up 
of the operation of the steel mill. 
What is clairmed is: 
A spray gun assembly for spraying a siurry of refractory 

cement on the inner walls of an operating refractory fur 
nace, said assembly comprising in combination with: 

a Spray gun container, having an opening for receiving 
a charge, 

a main air supply line connected with said container, 
a Water and owerflow feed connected with said con 

tainer, 
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a plug closing an opening at the base of said container, 
a Shaft extending through another opening at the top 

of Said container Substantially close to the bottom 
thereof, said Shaft extending at an angle of substan 
tially 30° to 35° to the vertical, 

tWo propellers mounted upon said shaft and rotatable 
therewith, said propellers being longitudinally adjust 
able upon said Shaft, 

a walve member located outside of said container, 
means opening and closing said valve member, 
a pipe connecting said air Supply line with said walve 

member, 
a walve carried by said pipe, 
a discharge pipe connected to Said valve member and 

extending through a further opening at the top of 
Said container Substantially close to the bottom 
thereof, 

a hose having one end connected to said walwe member, 
and 

an elongated pipe nozzle, 
a mixer assembly comprising a sleeve, 
means connecting one end of said sleewe with said hose, 

said pipe nozzle being connected with the other end 
of said sleeve, 

a diverging cone located within said sleeve adjacent 
the last-mentioned means, 

a converging cone located within said sleeve adjacent 
said pipe nOZZle, 

and a mixer unit located within said sleeve between 
said comes and consisting of 

a plurality of curved blades, and 
a hub carrying said blades. 
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