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LIKE 

Henry E. Craven,‘ Jr., Baltimore, and Frederick 
K. Knudsen, Govans, Md., assignors to The 
Porcelain Enamel & Manufacturing Company 
of Baltimore, Baltimore, Md., Maryland in. corporation of 

Application June 9, 1936, Serial No.v 84,382 
6 Claims. 

The present invention relates to the quenching 
of molten materials to shatter them, and more 
particularly to the quenching of vitreous-forming 
material, such as porcelain enamel. 
The object of quenching molten enamel is to 

produce particles su?iciently shattered for easy 
grinding. Heretofore, usually, the molten enamel 
has been quenched'by allowing it to run from the 
smelting furnace into a perforated metal basket 
or car suspended in a pit or trough of water. The 
molten enamel or'glass, upon ‘being brought in 
contact with thewater, is chilled, thereby causing 
the solidi?ed enamel glass or frit to break into 
discrete particles, ranging in size from about 
one-quarter of an inch to fine powders. If the 
glass is not properly quenched, large hard lumps 
of unshattered glass form in the tank. The 
larger particles are undesirable and are removed 
from the frit, after drying, by screening. 
In the quenching step, the initial portion of the 

charge falls the entire distance through relatively 
cold water to the bottom of the car. As the car 
?lls, the distance of fall of the solidi?ed enamel 
or frlt accordingly diminishes, and the severity of 

' the quenching action is automatically reduced. 
Simultaneously, the water in the quenching car 
becomes more and more heated until steam is 
generated around the molten glass, preventing by 
its outward rush, the proper immersion of the 
glass in the quenching water and resulting in the 
formation of large hard lumps, as above described. 
As a result, the frit from the top of the car is not 
exposed to a quenching action of identical sever 
ity with that in the bottom of the car, and there 
is thereby produced a product of non-uniform 
physical and/or chemical properties. In an eiTort 
to overcome this difficulty, a stream of water has 
been introduced into the top of the car with the 
stream of molten enamel. Since the incoming. 
water is introduced into the car, together with the 
molten material, the water is in a ‘highly heated 
state by the time it reaches the car and flows out 
through the perforations in the top sides thereof. 
In this manner, it has very little cooling eeffct 

“ upon the water already in the car. During the 
?nal stages of the pour, large lumps of glass form 
and it is necessary to break these by hand in the 
car. This is an expensive and inefficient method 
and is conducive to contamination of the mate 
rials by metal from the stirring rods. 
A further ‘defect in the present method lies 

in the quenching pits. In order that the quench 
ing cars may be manipulated therein, it is neces 
sary that these pits be large, holding one thousand 
(1000) or more gallons of water. The excess 
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water introduced during quenching is removed 
through over?ow pipes at the end of the pits. 
Since this over?ow comprises chie?y the heated 
water ?owing from the top of the quenching car, 
it is obvious that there is very little change in the 
actual pit water, since it does not come in con 
tact with the molten glass and is not heated. As 
a result, soluble salts dissolved from the enamel 
glasses and drained into the pits from the cars as 
they are removed, tend to build up, and these, in 
time, will affect the enamels being quenched. 
The prior art method is further defective in 

that the stream of molten material falls through 
the air for a considerable distance between the 
furnace discharge lip and the quenching tank. 
During the fall, the surface of said stream of ma 
terial is cooled and of greatly increased viscosity. 
Consequently, upon the immersion of the stream 
of molten material into the quenching medium, 
this skin of highly viscous material is resistant 
to the shattering action of the quenching medium 
and retards the penetration of the medium to the 
central portion 01' the stream. If the quenching 
car be well ?lled and the distance of fall of the 
molten material through the quenching medium 
in consequence short, the center portion of the 
stream will not be properly quenched, but will 
solidify in hard lumps and particles of widely dif 
fering consistency from the material in the lower 
part 01' the car. In accordance with the present 
invention, a method and apparatus is provided for 
continuously removing the frit so that, in general, 
substantially all the particles of the frit will have 
the same distance of fall and will be subjected to 
the same heat treatment. 
From the above it is clear that the hard parti 

cles result from the failure of the quenching me 
dium to penetrate the fallen molten material and 
entirely break it up before it cools.‘ Generally 
stated, variation in ‘the conditions of quenching 
will produce ‘large lumps and particles of hard 
consistency. The large lumps cause excessive 
loss on the dryer screen or passing the latter will 
be too hard for satisfactory grinding. The pres 
ence of such particles greatly increase the time 
,of grinding and decrease the ei‘liciency. Further, 
the presence of hard particles in the enamel is 
particularly undesirable, since it causes the pro 
duction of enamels of variable composition and 
gives rise to hard particles and lumps on the sur 
face of the enameled ware. 
The present invention provides a suitably 

shaped vessel, preferably in the form of a trun 
cated cone or pyramid mounted in the quenching 
pit, under the furnace over?ow lip or tapping 
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spout in an inverted 
ameter end positioned 

position with the larger di 
iust above the surface of 
and'the bottom or lesser 

diameter end positioned lust above a conveyor of 
any suitable type located on the pit ?oor so that 
the molten material in fallingthrough the vessel 
is guided onto the conveyor and continuously re 
moved. The vessel is further provided at the 
top with an outlet or over?ow conduit which con 
tinuously removes the heated quenching medium 
from the top of the vessel and induces a continu 
ous flow of the medium in a direction counter 
current to the direction of the falling molten and 
quenched material, removing dissolved substances, 
and the induced in?ow at the bottom of the ves 
sel assists in preventing the washing of the .frit 
out of the vessel and conveyor into the pit proper, 
giving a uniformly quenched material, free from 
large and/or hard lumps and adsorbed or en 
trapped soluble salts. 
In accordance with the present invention, it is 

preferred to provide positive means for prevent 
ing fine frit material from being washed from 
the buckets of the frit removal device, which may 
be in the form of a conveyor. This may be ac 
complished by attaching a ?exible sleeve or the 
like to the bottom of the quenching vessel, said 
sleeve being adapted to extend into suicessive 
conveyor buckets as the buckets pass beneath the 
quenching vessel. This arrangement will insure 
that the material will be deposited in the buckets 
well below the rim of the conveyor. 

In order that the present invention may be 
clearly understood, it will be described in connec 
tion with the accompanying drawings, in which: 

Figure l is a vertical transverse section of the 
quenching apparatus. 

Figure 2 is a longitudinal vertical cross-section 
on the line 2--2 of Figure 1. 
Figure 3 is a vertical transverse section of a 

modified form of quenching apparatus in which 
thermostatic means are provided to function in 
connection with the cold water inlet to control 
the amount of cold water fed to the quenching 
vessel. ‘ - ' 

Figure 4 is a cross sectional view taken on the 
line l--4 of Figure 3. 

Figure 5 is a plan view of that form of the in 
vention shown in Figure 3. 

Figure 6 is a detail view of the over?ow nipple. 
Figure 7 is a side view partially in section show 

ing the quenching vessel synchronized with the 
discharge of a rotary smelter so that as the 
smelter is tilted, the quenching vessel continues 
to move under the tapping lip of the, smelter. 
In the form of the invention shown in Figures 1 

and 2, there is provided a truncated cone i suit 
ably supported in any desirable manner in the 
pit 2 having flowing therethrough in a direction 
counter-current to the falling quenched material, 
a quenching medium I‘, which is usually water. 
The. cone i is positioned in the pit 2 between the 
discharge lip or tapping spout 5 of the smelter 6, 
so as to trap the molten enamel fali issuing from 
the discharge lip, the enamel forming frit par 
ticles ‘l as it strikes the water. The upper portion 
8 of the cone extends slightly above the surface 
of the water. The cone is of sumcient height to 
give a suitable quenching action to the falling 
frit particles 1 under the conditions of counter 
current flow, as hereinafter set forth. 
The base portion I of the cone l is sufficiently 

constricted to trap the frit enamel, and guide it 
onto' a conveyor l0, shown as the bucket type, 
but which may be of any type, the conveyor func 

2,187,981 
tioning to remove the frit from the cone base. 
The conveyor i0 is spaced from the base 9 of the 
cone vjust suiliciently to allow the ?owing water 
to pass therebetween and into the cone. The con 
veyor l0, preferably, although not necessarily. dis 
chargesv onto ‘a conveyor ll. The cone adjacent its 
base 9 may be provided, if desired, with water 

I intake holes or perforations Ii. 
Extending into the cone l adjacent its upper 

portion 8 is an exit conduit it having its lower 
end I! dipping below the water line. 
A thermostatic valve it may be inserted in the 

exit pipe II. This valve functions to control the 
temperature of the outgoing water. when the 
temperature of the outgoing water is too high, the 
valve opens and allows more water to leave the 
cone I. 

In carrying out the invention inv the apparatus 
shown in Figures 1 and 2, the smelter B is tapped 
and the molten enamel passes over the discharge 
lip 5 and falls in a stream 4 into the ~water I flow 
ing through the cone i. The molten enamel 4 
upon coming in contact with the water, becomes 
chilled and shatters in the form of frit of small 
particle size 7. The water in the upper portion 
of the cone i becomes heated due to its contact 
with the molten enamel, and this heated water 
is pumped or siphoned off through the exit con 
duit i3, thereby inducing an upward counter- 
current flow of cold water from the bottom of 
the pit 2. The incoming cold water passes be 
tween the bottom 9 of the cone I and the conveyor 
l0, and in one form of the invention, through the 
holes or perforations ii in the lower part of the 
cone I, the flow of water being so regulated as to 
give a maximum quenching action without suck 
ing the ?ne particles of frit into the exit conduit 
i3. Due to the combined action of the upward 
counter-current flow of the cold water through 
the cone l and the uniform fall of the frit ‘I 
through the cone, the enamel frit passing from 
the bottom 9 of the cone onto the conveyor III is 
uniformly quenched to a small particle size of 
uniform hardness, thus eliminating the variable 
particle size and the hard particles which result ' 
from the ordinary method of water quenching. 
The continuous removal of the frit particles by 

the conveyor prevents accumulation of the frit 
in the cone or pit and the removal of the water 
through the exit pipe is prevents the accumula 
tion of soluble salts in the quenching water, and 
maintains a more nearly uniform temperature in 
the quenching medium. 

In the form of the invention shown in Figures 
3 to 6 inclusive, there is substituted for the cone l 
a truncated pyramid it having inclined side walls 
i1, i8, i9 and 20 provided with bottom edges i1’, 
i8’, i9’ and 20' forming a base portion 2i. The 
upper portion of the vessel 16 extends slightly 
above the surface of the water. Extending into 
the vessel It is an overflow outlet conduit 22pm 
vided with an adjustable nipple 23. The level of 
the water in the vessel i6 may be adjusted by 
means of this nipple. 
A ?exible extension member or sleeve i6a is at 

tached to the bottom ii of the pyramid is, said 
extension member being adapted to extend into 
and almost- to the bottom of successive buckets 
Ilia of the conveyor III as the latter moves length 
wise of the pit. This prevents the washing of 
frit ‘I from the buckets i?a by currents in the 
quenching medium 3, which may well occur if the 
bottom end II of the vessel l6 and the buckets Illa 
are separated by an appreciable amount of space. 
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the ?exible extension I 8a readily shifts its posi 
tion to allow the free passage of the buckets. This 
arrangement insures (1) the frit will be deposited 
in the buckets well below the rim of the conveyor, 
(2) that the flow of frit between buckets will be 
reduced to a minimum, and (3) it will be exceed 
ingly di?lcult to wash material out of the con 
veyor as the latter passes through the water in 
the pit. ‘ ' 

Thermostatic means are provided to control the 
amount of colder quenching water entering the 
lower portion of the quenching bath, said means 
being controlled by the temperature of the water 
in the upper portion of the quenching bath. 

Suitably located without the pit is a water inlet 
conduit 24. A thermostatic regulator bulb 25 hav 
ing a gas therein extends into the top portion of 
the quenching medium present in the vessel IS, 
the bulb 25 being connected by a pipe 26 to the 
regulator 21 on inlet pipe 24, the latter being pro 
vi ded with a diaphragm 28 operating a water valve 
29. The inlet water passes through inlet pipes 30 
and 3|, the latter being positioned, preferably, 
adjacent to the ?oor of the pit. The exit end of 
the pipe 3| is provided with a nipple 32. It is 
preferred ‘that the exit nipple be positioned'di 
rectly under the conveyor l0. . ‘ 

It is preferred that the molten material 4 fall 
ing from the tapping spout 5 strike the quenching 
water 3 in the quenching vessel It in the center of 
the vessel. 
As the temperature of 1the water of the quench 

ing medium adjacent the over?ow 23 increases, 
the gas pressure in the bulb 25 rises and this in 
creased gas pressure is communicated through 
conduit 26 to diaphragm 28, springing the latter 
out and opening the valve 29 to increase the flow 
of cold water into the pit 2. . 

‘ Since the only outlet for the over?ow water is 
over?ow conduit 22, the Opening 23 of which is - 
located within the quenching vessel, as cold water 
is introduced into the pit, the hydrostatic balance 
is disturbed and cold water ?ows into the buckets 
Illa around the extension member |6a and forces 
the heated water at the top of the quenching 
vessel out through the outlet nipple 23. 
The presence of the ?exible extension member 

l6a acts to constrict the opening into the quench 
ing vessel l6 and generates an upward current, 
which also aids in preventing the passage of frit 
from the buckets into the pit. The thermostatic 
valve 21 is so regulated that there will always be 
some ?ow of fresh quenching medium into the pit. 
The use of a thermostatic arrangement, such 

as set forth, or a similar arrangement, which 
may be non-thermostatic, permits the mainte 
nance of the quenching bath at its‘ zone of con 
tact with the molten material at a substantially 
constant temperature. " 

The cone shown in Figures 1 and 2 ‘may also 
be equipped with an extension member similar to 
the extension member lGa. . 

It will be at once evident to those skilled in the 
art of quenching molten materials that the proper 

“ functioning of the invention will be in no way 
limited to the type or design of inlet or outlet 
for the quenching medium used, their sole pur 
pose being to maintain a continuous flow counter= 
current to the, falling quenched material of sum 
,cient strength and volume to maintain the de 
sired temperature in the quenching vessel. Thus, 
for example, the flow may be controlled by a ther 
mostatic or other valve in the outlet conduit, as 
in Figures 1 and 2, where the ?ow is induced by 
meansof a pump or-syphon, or, as in Figures 3 

3 
to 5, where the outlet conduit may consist of an 
over?ow pipe and the in?ow is controlled. It 
will be apparent that the means of flow control 
may be either manual or thermostatic, the latter, 
of course, being preferable. Further, it is ap 
parent that the position of the inlet pipe in the 
pit has no direct bearing on the proper function 
ing of the invention, although it is evident that 
the positioning of the inlet conduit fairly close 
to the bottom of the vessel, thus providing a 
colder quenching medium for the vessel, may be 
more economical than a more distant location. 
The present invention may be utilized in con 

nection with a rotary smelter. For example, 
using a one thousand (1000) pound rotary smelter 
33, the quenching vessel l or It may be ‘mounted 
on a car synchronized with the discharge gear 
of the smelter and moved through the pit towards 
the smelter as the smelter approaches its extreme 
position. For example, the vessel I or IE and the 
conveyor III is mounted on a car frame 34. mount 
ed on wheels 36 adapted to run on a track 36 on 
the pit edge. A'cable 31 is secured to the smelter 
33 in the frame 34 at any suitable points, as at 
38 and 39, respectively. The cable 31 passes over 
a pulley 40. ' 

As the smelter 33. is tilted upwardly, the cable 
31 pulls the car frame 34 and vessel i or iii under 
the smelter lip 5. The discharge end of the con 
veyor Ill is mounted on a slotted bar ll to allow 
the conveyor to move as an entirety as the car 
frame 34 moves. ' A hand wheel 42 is attached to 
the pit wall and runs into the slot. The primary 
requirement of the apparatus is that the point 38 
move in the vertical plane the same distance the 
car 34 moves laterally through the water. 
A one thousand (1000) pound charge is poured 

from the smelter into the vessel l or ii at the 
rate of approximately one hundred (100) to two 
hundred (200) pounds per minute, the conveyor 

‘ speed and the upward ?ow of water through the 
vessel I or I 6 being regulated to give proper 
quenching to the stream of molten'enamel. The 
conveyor is only actuated and the water stream 
circulated while the furnace is being discharged. 
When the apparatus is used with a reverbatory 

or so-called -“box-type" smelting furnace, no 
movement of the cone during tapping will be 
necessary. In a furnace of the continuous smel 
ter type, the vessel i or .16 is placed under the 
discharge lip and the conveyor is operated and ' 
the water circulated continuously during the 
period the smelter is in operation. ' 
When using the cone I in connection with a 

continuous smelter, the cone receiving the dis 
charge from the smelter at the rate of approxi 
mately twenty (20) to fifty‘ (50) pounds per 

. minute, the cone should, preferably’, be thirty-. 
six (36) inches high with a twenty-four (24) 
inch maximum diameter, and an eight (8) inch 
minimum diameter. The distance from the‘lip 
5 of the smelter to the top of the cone should 
be, preferably, about two (2) feet, and the fall 
through .the water should be preferably about 
three (3) feet. The temperature of the enamel 
?owing from the lip will vary between approxi 
mately 1800° and 2200° F. _ ‘_ 

The quenching bath will be maintained at a 
maximum temperature most feasible for the pro 
duction of satisfactory frit. v ‘ 

Some of the factors which in?uence the maxi 
mum temperature at which it is desired to main 
tain the quenching bath are the viscosity of the 
,enamel, the temperature of the molten enamel. 
the amount of enamel ?owing through the 
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quenching medium per unit of time, and the heat 
transfer rate of the enamel. Broadly stated, the 
temperature must be 'suflicient to produce a satis 
factory product. of uniform size and vdevoid of 
large and hard particles. It has been found that 
in each frit, there is a fairly definite temperature 
below which a satisfactory product having the 
characteristics specified will be obtained and 
above which a non-uniform improperly quenched - 
product‘ will result. 
For example, a white enamel smelted at a tem 

perature ranging from 1900’ to 2000° F. may be 
' properly quenched in a medium with a maximum 
temperature of from 150° to 160° F'., while a 
ground coat enamel smelted at temperatures 200° 
to 800° F. higher than the white enamel should 
be quenched in a medium whose maximum tem 
perature lies in the neighborhood of 120° F. It 
will be understood that the above examples are 
merely for purposes of illustration and in no way 
limit the invention, since the quenching tempera 
ture of each product must be determined experi 
mentallyv for that product, depending upon the 
characteristics thereof. ' . 

Under the conditions specified, when quench 
ing a ground coat enamel the quenching-bath 
at its zone of contact with the molten material is 
maintained at a temperature of approximately 
150° F. It has been ascertained that to maintain 
a temperature of 150° F. at the surface of the 
quenching bath, it is necessary to pass approxi 
mately twenty (20) gallons of water per minute 
through the system. Here again, this figure is 
illustrative and is not by way of limitation. ' 
The following shows the temperature of ‘the 

feed water, and that of the vwater in the pit, and 
the quenching cone at different levels. 
Referring to Figure 3, the temperature of the 

pit water along and adjacent the line T—-T' is 
about 50° F. The temperature of the water at 
the top of the pit along the line TsTs is ‘about 
100° F. v 
The quenching cone temperatures are as fol 

lows: 

Position Depth Temperature _ 

°F. 
Over?ow .......................................... __ 120 
Adjacent cone wall at point Tl __________ .. Surface _ 115 
Adjacent molten frit column at point T4- _ Buriaoe._ 120 
Adjacent descending frit column at point 2’ .... ._ 100 

‘ 

In the above example, it is to be noted that 
there is a difference of 40° between the water sur 
face in the cone, or truncated pyramid, and the 
water entering the bottom of the device. The 
rise in temperature through the quenching cone 
will be gradual. 

It may be pointed out that the control of the 
surface temperature, or the temperature closely 
adjacent the surface of the quenching medium 
present in the quenching vessel automatically 
gives proper quenching. v 

It is desired to point out that the herein 
described method _of and apparatus for quench 
ing enamel may be used with any of the ex 
isting types of enamel smelting furnaces. Fur 
ther, the method and apparatus may be ,used ' 
for the quenching not only of glasses and porce 
lain enamel body frits, but also for clinker from 
rotary cement kilns, pottery glazes, and wherever 
it is desirable to shatter or divide materialinto a 
product having as a result of quenching, uniform 

physical and chemical characteristics. ' 

ans-ass: 
inv accordance with the present invention,‘ 

there is provided a method of continuously 
quenching molten materials including porcelain 
enamel and the solidified frlt resulting'from the 
contact of the molten material with the quench 
ing bath. _ ' ' 

As the molten material falls through the bath, 
the quenching medium is caused to flow cou'nter 
currently to the falling material, and is removed 
through an outlet conduit located in the top por 
tion ‘of the quenching device while the quenched 
molten material is continuously removed from 
the bottom of the device, thus providing a mate 
rial uniformly quenched. and free from hard 
lumps and particles and adsorbed or entrapped 
soluble salts. ' ' 

-While it is desired to thermostatically maintain 
the temperature of the bath, other methods may 
be employed to control the volume of cold water 
fed to the quenching bath, this volume being of 
such a quantity as to maintain the optimum 
quenching temperature in the upper part of the 
quenching bath. The invention, therefore, in its 
broadest form, is not limited to a method or ap 
paratus using thermostatic means, although this 
is preferred. 
, Thermostatic means, or equivalent means, may 
be associated with either the intake means for 

, delivering cold water to the bath or exit means 
for the hot quenching medium. . 
While a truncated pyramid or cone is the pre 

ferred shape for the quenching vessel, vessels of 
other shapes may be used, the vessel being of 
such a shape or having associated with it a sepa 
rate element which, in connection with the vessel; 
is adapted to‘trap the soliditledproduct. The 
quenching vessel may be made in various sizes 
and may receive more than one stream of molten 
material, such asmolten porcelain enamel for 
use in a rotary type smelter. However, in the‘ 
preferred form of the invention, the quenching 
vessel receives a single stream of molten material, 
or several streams which are positioned closely 
adjacent one another. 

If desired, during the time the enamel is ?ow 
ing from the lip I into the quenching vessel l or 
it, the enamel may be bathed in combustion 
gases and the temperature of the enamelilmain 
tained. This is shown diagrammatically in Fig 
ure 1, wherein the stream 4 is enclosed in refrac 
tory shield la. The gases of combustion pass 
from the smelter I and protect the molten enamel 
4 from the chilling in?uence of the outside air. 
This enables the enamel to reach the quench 

, ing vessel at a higher temperature than is now 
common‘ practice. Further, the discharge and 
quenching may take place inside of a completely 
enclosed furnace rather than outside, as is now 
the practice in all other types of smelters. 

It may be pointed out that ordinarily when 
the enamel is allowed to leave the furnace at 
about 1900’ F. a temperature drop of 200° or more 
occurs immediately upon the flow of the enamel 
into'the cold air. This increases the viscosity of 
'the enamel and makes proper quenching di?icult, 
since the heavy stream becomes cold and sluggish. 
Therefore, the‘ shock in entering the quenching 
medium or water is not so great and the shatter 
ing effect of the quenching action is not as pro 
nounced or uniform as it might be. If the 
stream of molten material is bathed in combus 
tion gases ?owing from the furnace, the ?owing 
enamel is maintained at a temperature of around 

70 

'1900' to 2000° F. until the very moment the 
molten enamel is quenched. If the discharge 75 
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and quenching arrangement is not enclosed in a 
furnace, there ,may be some excess of outside 
air vwhich may somewhat decrease the tempera 
ture of the combustion gases. However, even in 
thlsvcase, the temperature of the ?owing‘ enamel 

' stream 4 will be greatly increased. This control 
of the temperature of the ?owing enamel will as 

- sist in giving a more superior product. . ' 
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What is claimed is: 
1. The method oftreating molten porcelain 

enamel comprising feeding the molten enamel to 
a quenching bath, ?owing the quenching, bath‘ 
counter-currently in contact with the3>enamel, 
correlating the‘ contact temperature’ or the 
quenching medium with the viscosity, tempera 
ture andheat-conductivity of. the enamel to-be 
quenched, and constantly maintaining said 
quenching medium at ‘its initial zone of contact 
with the molten enamel substantially at said cor—_ 
related temperature during quenching to shatter‘ 
the enamel and produce a frit of substantially 
uniform particle size and composition; . 

2. The method: of treating molten porcelain 
enamel comprising ?owing the molten enamel 
through an inert heating medium adapted to pre 
vent the air fromunduly cooling the molten 
enamel prior to its‘ entry to a quenching bath, 
feeding the enamel to a quenching, bath, ?owing 
the quenching bath counter-currently in contact 
with the enamel, correlating the ‘contact temper 

' ature-oi the quenching ‘medium with the viscos 
ity, temperature and heat-conductivity oi’ the 
enamel to be quenched, and ‘constantly maintain 

- ing said quenching medium at its initial zone of 
35 
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contact with the molten enamel substantially at 
said correlated temperature during quenching to 
shatter the enamel and produce a irlt of substan 
tially uniform particle size and composition. 

3. The method of treating molten porcelain 
enamel comprising feeding the molten enamel to 
a quenching bath, ?owing the quenching bath 
counter-currently in contact with theenamel, 
correlating the contact temperature of the 
quenching medium with the viscosity, tempera 
ture and heat-conductivity of the enamel to be 
quenched, constantly maintaining said quench 
ing medium at its initial zone of contact with the 
molten enamel substantially at ‘said correlated 
temperature during quenching to shatter the 
enamel and produce a irit of substantially uni 
form particle size, and composition, maintaining 
said quenched enamel in contact‘ with the 

' quenching bath through a'unitorm distance of 

60 

fall, and thereafter continuously removing said 4 
quenched enamel from the bath. 

4. In a quenching apparatus adapted to treat 
molten material, a substantially imperiorate 
quenching vessel having a material inlet" at the 
top and a material outlet at the bottom. said ves 
sel being located in a pit and in communication 
with the pit at its bottom opening and positioned 
to receive the molten'material and trap the latter, 
as it falls in a solidi?ed state through the quench 

ior removing heated quenching medium from the 
top of the vessel, means for feeding colder 
quenching medium to the pit adjacent the lower 
portion of the vessel, means in the pit adjacent 
to the bottom outlet of the quenching vessel for 

5. 
ing medium ?owing ‘through said ‘vessel, ‘means 

continuously removing solidi?ed material from , 
the quenching vessel, and valve means for con 
trolling the in?ow of the quenching medium to 
maintain the ?ow of quenching medium into the 
quenching vessel through the bottom opening 
under a pressure permitting the material to settle 
from the bottom of the quenching vessel and onto 

_ the removal means while preventing the washing 
of the material from the‘ vessel and the removal 
means into the pit. 

5. In a quenching apparatus adapted tovtreat 
molten material, a. quenching vessel in a pit hav 
ing an outlet for quenched material open to the 
pit and‘ positioned to receive the molten material 
and trap the-‘latter as it falls in a shattered state 
through the quenching medium, means for re 
moving heated quenching medium from one por 
tiongof said vessel, means for feeding colder‘ 
quenching medium counter-currently to another 
portion thereof, means associated with one of said 
means to controlthe volume of cold quenching 
medium entering said vessel, means in the pit ad-‘ 
jacent the outlet of the quenching vessel for con 
tinuously' removing the solidi?ed material from 
the quenching vessel, and means to direct the ?ow 
of material to said removal means and to prevent 
the washing of solidi?ed material from the re 
moval means into the pit by the motion of the re 
moval means, said means‘ including a ?exible 
member substantially surrounding the outlet of ' 
the quenching vessel and extending into the re 
moval means. ' 

6. In a quenching apparatus adapted to treat 
molten material, a quenching vessel in a pit hav 
ing an outlet 'for quenchedmaterial .open to the 
pit and positioned to receive the molten material 
and trap the latter as it falls in a shattered state 
through the quenching medium,‘ means for re 
moving heated quenching medium from one por 
tion of said vessel, means for feeding colder 
quenching medium counter-currently to another 
portion thereof, means associated with one of said 
means to control the volume of cold quenching 
medium entering said vessel, a series of buckets 
ior continuously removingthe solidi?ed ‘material 
from the quenching vessel, means for moving the 
buckets in communicative connection with the 
outlet for quenched material, means to prevent 
washing of said material fromthe buckets into 
the pit by the motion 01 the buckets, said means 
comprising a ?exible member substantially sur 
rounding the outlet of the‘quenching vessel and 
extening into each successive bucket as the latter 
pass beneath the outlet of the quenching vessel. 
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