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This invention relates to an electric smelt 
ing furnace, particularly to a furnace for smelt 
ing phosphate rock, and has for one of its 
objects the provision of such a furnace with 
means for feeding the stock downwardly through 
the roof, and with inner walls so designed that, 
in Cooperation with the stock feeding means, 
the furnace in operation is completely filled 
with stock at all times, and there is no gas 
space or pocket formed in the upper part of 
the furnace. 
A further object of my invention is to pro 

vide an electric smelting furnace having stock 
feed openings in the roof extending downwardly 
into a hopper section, with the under side of 
the roof inclined toward and merging with the 
hopper section, and gas offtake means including 
ducts extending downwardly to connect with the 
furnace below the stock. 
A still further object of my invention is to 

provide an electric Smelting furnace for phos 
phate rock, together with means to filter the 
gases developed during the Smelting operation 
through the coarser part of the stock charge, 
and means to withdraw the gases from a point 
below the stock. 
Another object of my invention is to provide 

an electric furnace having stock feeding means 
which effectively seals the furnace against the 
ingress of air or outward leakage of gas during 
Operation. 
As is well known in the art to which my 

invention relates, one of the major problems 
encountered in the production of phosphoric acid 
and elemental phosphorus in an electric fur 
nace process is the carrying over of dust by the 
gases developed during the smelting operation, 
which dust contaminates the acid or elemental 
phosphorus collected and is difficult of separa 
tion. This difficulty is particularly hard to 
overcome in the production of elemental phos 
phorus, due in part to its highly combustible 
nature and low igniting point. The separation 
of dust from phosphorus thus collected has been 
found to be well nigh impossible. 

I have found, in the operation of electric fur 
naces as heretofore constructed, that the dust 
is formed and carried over with the gases prin 
cipally because the gas offtake means have been 
located in the furnace above the stock line. Also 
the furnaces have been so constructed that the 
gases collect in the upper part and the dust from 
each fresh dry charge of rock is free to pass 
Out with the stream of phosphorus bearing gas 
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formed in the smelting operation. Furthermore, 65 . Referring to 

at a point below the normal stock line. 

in event of a slip in the furnace, which fre 
quently occurs, there is always a large volume 
of dust formed which passes Out with the gases. 
This dust is collected with the phosphorus and 
contaminates it, as heretofore described. 

In accordance with my invention, I provide a 
furnace with a feed hopper in the roof and with 
an electrode extending downwardly through the 
feed hopper, with the stock forming a seal around 
the electrode. I incline the under side of the 
furnace roof toward the feed hopper at an angle 
greater than the angle of repose of the stock. 
The side walls of the furnace may be vertical, 
Or Substantially SO. In Operation, the fine par 
ticles of stock move downwardly toward the cen 
ter of the furnace, and the coarser particles 
roll to the outside against the side walls and 
the inclined under side of the furnace roof. 
The furnace is thus maintained full of stock 
at all times during Operation and no gas pockets 
can form in the upper part of the furnace, as 
has been possible with all furnaces heretofore 
known to me. I construct a gas header in the 
roof extending around the upper part of the 
furnace, and connect the gas header with the 
interior of the furnace by means of downward 
ly inclined ducts communicating with the fur 
nace through the inclined under side of the roof 

The 
gas header being formed in the roof of the fur 
nace is maintained at a temperature above the 
dew point of phosphorus when the furnace is 
in operation, thus preventing condensation of 
phosphorus. 
In my improved furnace the gas formed in 

the bottom around the arc filters upwardly 
through the stock into the ducts and out through 
the gas header to the Offtake. In this Way, more 
than 95% of the dust in the stock is filtered 
Out of the gases by passing through the coarse 
stock bed, and I overcome the dust difficulty 
by so constructing the furnace as to inhibit dust 
being carried over with the gases. 
A furnace embodying features of my inven 

tion is illustrated in the accompanying draw 
ings forming a part of this application, in which 

Fig. 1 is a view partly in section and partly 
in elevation, of said furnace; 

Fig. 2 is a sectional view taken along the 
line I-II of Fig. 1; and 

Fig. 3 is a partial plan view of the furnace 
showing the arrangement of the feed hopper, 
feed chutes, and poke holes in the top of the 
furnace. 

the drawings for a better un 
  



2 
derstanding of my invention, I show a furnace 
having end walls fo and , side walls 2 and 
3, and roof 4. The general support and stay 
ing of the furnace follows conventional lines, 
and need not be described. Also, the inner side 
and end walls are constructed of the usual re 
fractory materials employed in Such furnaces, 
which forms no part of my present invention. 

Located centrally from side to side, and set 
into the roof of the furnace at regular inter 
vals, are precast concrete feed hoppers 6, which 
may be made of high temperature cement and 
crushed fire brick in order to withstand the 
heat. The hoppers 6 are formed with an inner 
shoulder near the top, on which rests a pre 
cast Concrete hopper top 8 made of the same 
materials as the hopper. Fitting within the 
hopper top 8 is a circular cast iron seal ring 
support 9, which is preferably made of two 
pieces and is of Z-shape in Cross section to Sup 
port a refractory Seal ring 2. The sea ring 
2 is preferably cast in four segments, as shown 
in Fig. 3, which rest on the lower flange of the 
seal ring Support 9. Extending downwardly 
through the seal ring 2 is an electrode 22, and 
an asbestOS air Seal packing 23 is interposed be 
tween the electrode and the seal ring 2. In 
Fig. 1 of the drawings I show a three-electrode 
furnace With three feed hoppers constructed as 
just described, but it will be apparent that my 
invention is applicable to a furnace having one 
or more electrodes. 

Each of the feed hoppers f6 has a plurality of 
feed chutes 24 and 26 connected thereto. The 
end chutes 24 are single chutes, while the inter 
mediate chutes 26 may be arranged as double 
chutes, with insulators 2 between then. It 
will be seen by reference to the drawings that 
the hoppers form a solid covering for the fur 
nace except for the feed chutes and electrode 
openings. Immediately within the furnace, the 
feed hoppers 6 have inwardly converging walls 
28 forming a constricted hopper section to in 
Sure that the stock being fed through the feed 
chutes 24 and 26 will effectively fill and seal the 
Space between the electrode 22 and the feed hop 
per. The lower portion of the feed hoppers 6 
diverge outwardly at 29 to merge with the con 

. Verging under side 3 of the furnace roof. Poke 
holes 32 are provided in the hopper top 8, 
whereby to dislodge stock in event it should hang 
in the hopper or the furnace. As is understood, 
these poke holes are usually covered by caps 33 
When the furnace is in operation. As will be seen 
in Figs. 1 and 3, the feed hoppers f6 abut each 
other along the length of the furnace and form 
a part of the furnace roof. The inner side walls 
30 which join to the under side 3 of the fur 
nace roof are preferably vertical or Substantial 
ly So. 

Built into the upper part of the end and side 
walls of the furnace is a header 34 terminating 
on the outside at one end of the furnace in an 
offtake 36, where an offtake fle, not shown, may 
be connected. 
As already pointed out, the under side of the 

furnace roof, both at the sides and the ends, 
inclines towards and merges with the diverging 
under sides 29 of the feed hopperS. The ange 
of inclination is in portant and should be greater 
than the angle of repose of the rock being Smelt 
ed. As the stock is fed down through the hop 
pers 6 it naturally assumes a position against 
the inclined under surface of the roof, and thus 
effectively precludes the formation of gas pockets 
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in the upper part of the furnace. Extending 
through the inclined under side 3 of the fur 
nace roof, below the stock line, are a plurality 
of gas ducts 3 connecting the interior of the 
furnace to the gas header 34. The gas ducts 
3, as may be seen in Fig. 1, are spaced at regul 
lar intervals around the furnace whereby the 
gas formed in the Smelting operation may find 
a ready exit to the gas duct 34. Poke holes 35 
having relatively large cleanout covers 35", which 
in turn have relatively small covered openings 
38 therein for the insertion of rods, are provided 
Over the gas header above each of the ducts 37 
to give access to the interior of the furnace 
when necessary for loosening a hanging charge 
Or ceaning out. Slag is removed from the fur. 
nace through a tap hole 39 and trough 4. Any 
showing of the electrode Supports and electrical 
connections has been omitted for the reason that 
they are well understood and form no part of 
the present invention. r 

In operation, the furnace charge of phosphate 
rock, coke and silica is fed downwardly into the 
feed hoppers 6 around the electrodes 22. The 
Stock forms an effective air Seal around the elec 
trodes and prevents the escape of gas from the 
furnace or the ingress of air into the furnace, 
thus permitting the furnace to be operated either 
above or below atmospheric pressure. Also, the 
effective seal provided by the feed hopper and 
the stock prevents the oxidation of the electrode 
22 around the feed opening. 
As the stock passes into the furnace, the fines 

which constitute the main dust forming portion 
of the charge tend to move straight down, while 
the coarser portions of the charge roll to the 
outside and against the converging under side 
3 of the furnace roof. The Smelting Zone of the 
furnace is in the lower part below the electrode 
22, and the gases formed in the Smelting opera 
tion pass upwardly through the stock, being 
filtered through the slowly moving charge into 
and through the gas ducts 3 into the gas header 
34 leading to the gas offtake. The chutes 24 and 
26 are kept full of stock, so that there is always 
stock against the inclined under side 3 of the 
furnace roof to provide the filtering action just 
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described. 
From the foregoing it will be apparent that II 

have devised an improved electric Smelting fur 
nace which is so constructed as to be completely 
filled with stock during operation, and no gas 
space is formed in the upper part of the fur 
nace; and One in Which the gases generated are 
filtered through the slowly moving stock charge 
before entering the gas Outlet ducts. 
While I have described my improved furnace 

in particularity in connection with the Smelting 
of phosphate rock, it will be apparent that it is 
adapted for any smelting operation in which 
such a furnace has heretofore been employed, 
and that it is of particular value in Snelting 
operations in which the dust carried over with 
the gases produced is a problem. I wish it to 
be further understood that I do not desire to be 
limited to the exact details of construction shown 
and described, for obvious modifications will oc 
cur to a person skilled in the art. 
What I claim is: 
1. In an electric furnace for the continuous 

Smelting of phosphate rock comprising side and 
end walls and a roof with an electrode mounted 
to feed downwardly through the roof, a feed 
hopper surrounding the electrode and having, a 3. 
constricted portion therein to cause the stock to 
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form a gas seal around the electrode, feed chutes 
connected to the hopper to maintain the furnace 
full at all times, the under side of the roof of the 
furnace being inclined toward the electrode for 
the stock to lie thereagainst, and a gas header 
formed in the roof with openings into the furnace 
located below the stock line. 

2. In an electric furnace for the continuous 
smelting of phosphate rock having side and end 
walls, a roof, and an electrode extending d???? 
wardly through the roof, a feed hopper surround 
ing the electrode, means to feed stock into the 

3 
the hoppers to maintain them full at all times, an 
electrode extending centrally downward through 
each of the feed hoppers in a position for the 
stock to form a gas seal around the electrode, the 
under side of the roof converging toward the 
hoppers at an angle greater than the angle of 
repose of phosphate rock to cause the charge to 
roll against the under side of the roof and fill the 

0. 

hopper and maintain it full at all times, the 
under side of the roof converging toward and 
merging with the side of the feed hopper in the 
upper part of the furnace, a gas header formed 
in the roof and extending around the furnace, 
and gas ducts in the roof connected to the header 
and opening into the furnace below the stock line, 
to give access to the interior of the furnace. 

3. In an electric furnace for the continuous 
Smelting of phosphate rock having substantially 
vertical side and end walls, a roof, and an elec 
trode mounted for free movement downwardly 
through the roof, a feed hopper surrounding the 
electrode, means to feed stock continuously into 
the feed hopper, the under side of the roof con 
Werging in the upper part of the furnace toward 
the feed hopper at an angle greater than the 
angle of repose of the stock being smelted, gas 
offtake ducts formed in the roof and communi 
cating with the furnace through the converging 
walls, and a gas header in the roof extending 
around the furnace and connecting with the gas 
Offtake ductS. 

4. In an electric furnace for the continuous 
Smelting of phosphate rock, side and end walls 
and a roof, a feed hopper in the roof, an electrode 
mounted to move, freely downwardly through the 
feed hopper in a position for the stock to form a 
Seal therearound, means for feeding stock into the 
hopper to maintain it full at all times, the under 
side of the roof converging inwardly at the top 
at an angle greater than the angle of repose of 
phosphate rock, a gas header in the roof, and gas 
ducts formed in the roof and extending down 
Wardly from the gas header to open into the fur 
nace at a point below the stock line, 

5. In an electric furnace for smelting phos 
phate rock, a roof, a feed hopper in the roof 
having downwardly contracting inner wall por 
tions, an electrode disposed centrally of the feed 
hopper and extending downwardly into the fur 
nace in a position for the stock to form a seal 
around the electrode, the under side of the roof 
converging toward and merging with the lower 
end of the feed hopper, gas ducts communicating 
With the interior of the furinace through the con 
Verging Walls, a gas header formed in the roof 
and connected to the gas ducts, and a plurality 
of feed chutes connected to the hopper and dis 
posed to feed stock downwardly thereinto to 
maintain the hopper and furnace full of stock at 
all times and form an effective seal about the 
electrode. . 

6. In an electric furnace for smelting phos 
phate rock, a roof, a plurality of feed hoppers in 
the roof disposed one adjoining another at regu 
lar intervals in the roof, feed chutes connected to 
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furnace completely, a gas header formed in the 
roof, and gas ducts communicating with the 
header and the furnace through the roof below 
the Stock. V. - 

7. In an electric furnace for smelting phos 
phate rock, a roof, a plurality of feed hoppers in 
the roof disposed one adjoining another at regul 
lar intervals in the roof, feed chutes connected to 
the hoppers to maintain them full at all times, an 
electrode extending centrally downward through 
each of the feed hoppers and so disposed in rela 
tion to the hopper that the stock forms a gas seal 
therearound, the under side of the roof converg 
ing toward the electrodes and merging with the 
lower ends of the hoppers at an angle greater 
than the angle of repose of phosphate rock to 
cause the charge to roll against the under side 
of the roof and fill the furnace completely, a gas 
header formed in the roof and gas ducts in the 
roof communicating with the header and the 
furnace below the stock. 

8. In an electric smelting furnace for the con 
tinuous Smelting of phosphate rock embodying 
side and end walls and a roof, a feed hopper 
located centrally between the side walls, an elec 
trode extending centrally downward through the 
feed hopper and spaced therefrom for the stock 
to form a gas seal in the hopper, feed chutes con 
nected to the feed hopper, said hopper being 
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closed at the top except for the feed chute con 
nections and electrode opening, the under side of 
the roof inclining from opposite sides of the fur 
nace towards the feed hopper at an angle greater 
than the angle of repose of the stock being 
Smelted and merging with the lower end of the 
hopper to cause the stock to move from the feed 
hopper against the roof and fill the furnace com 
pletely. 

9. In an electric smelting furnace embodying 
side and end walls and a roof, a feed hopper 
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located centrally between the side walls, an elec 
trode extending centrally downward through the 
feed hopper and spaced therefrom to cause the 
stock to form a gas seal therearound, means to 
feed stock into the hoppers and maintain them 
full at all times, the under side of the roof being 
inclined from opposite sides of the furnace to 
Ward the feed hopper at an angle greater than 
the angle of repose of the stock being smelted and 
merging with the lower end of the feed hopper 
to cause the stock to move from the feed hopper 
against the under side of the roof and fill the 
furnace completely, a gas header formed in the 
roof around the upper part of the furnace, a plu 
rality of gas ducts formed in the roof and con 
necting the header with the furnace below the 
stock, and means giving access to the interior of 
????nace through the gas header and the gas 

C.S. 
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