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UNITED STATES PATENT 
BERNHARD ZWILLINGER, OF NEW YORK, N. Y. 

OFFICE. 
APPARA US FOR, converting BEEHWE-OWENS INTO BY-PRODUCT CORE-OWENS, 

1,269,895. Specification of Letters Patent. Patented J une 18, 1918. 
Application filed July 12, 1917, serial No. 180,112. 

To all whom it may concern: 
Beit known that I, BERNHARDZwnLLINGER, a citizen of the United States, residing in 

the city, county, and State of New York, 
have invented certain new and useful Im provements in Apparatus for Converting 
Beehive-Ovens into By-Product Coke-Ovens, of which the following is a specification. 
My invention relates generally speaking 

to beehive ovens, known in the art as stand 
aid bee hive ovens, for the production of 
metallurgical coke. As is well known, ovens 
of this class are operated in such manner 
that the raw gases evolved from the coal are 
burned by the aid of air entering into the 
interior of the oven to support the process 
of coke making, whereby all valuable by 
products are destroyed, and a considerable 
part of the coal, including its volatile con 
stituents, is consumed. 

It is also well known that beehive ovens can be specially constructed and operated 
to recover by-products but new ovens must be specially built for this purpose. 
By my novel construction, however, 1. avoid all the above disadvantages. The 

principal object of my invention is to change 
or convert any existing bee hive or simple 
coke oven which produces only coke and in 
which the gases issuing from the coal charge 
are burned in the interior of the oven in 
order to produce the required heat for cok 
ing, into an oven in which not only coke is 
made but all the by-products contained in 
the crude gases, such as ammonia, tar, ben 
zol, heating gas, emanating, from the coal are Elli and saved. 
Another object of my invention is to 

change any existing beehive oven into an 
oven with by-product recovery without de 
stroying its structure, or dismantling the 
plant or its general arrangement and to ac 
complish this quickly and at a low cost. 
Another object of my invention is to heat 

the bottom of the by-product bee hive oven 
in a manner to carbonize the material uni 
formly and heat the oven sole to a higher 
degree in those parts where more coal lies 
ES less in those parts where there is less 
coal. - - 

Another object pf my invention is to ap 
ply a method bustion to by-product 

burned gases can be registed and distributed over the entire/heating surface 
with higher efficiency than heretofore known 

s 

which the heat of the 

in beehive ovens, reducing the time, for car 
bonizing the coal charge and increasing the 
capacity of the oven and obtaining the by products from the coal. 
One or more embodiments of my invention 

are illustrated in the accompanying draw ing in which ; 
igure 1 shows a vertical cross section 

through one of the ovens, a portion of the 
back of the adjacent oven being likewise in dicated. 

Fig. 2 is a horizontal cross-section through Fig.1 showing more particularly the lis 
tribution of the flues under the floor of the 
OWe. 

Fig. 3 illustrates a battery of well known 
forms of beehive, coke ovels arraged back 
to back in rows which R. Yi by may 
invention into a by-product oven battery. 

Fig. 4 is a diagrammatic plan of a pi 
rality of ordinary bee hive ovens arranged 
in rows back to back and staggered as indi cated with means for supplying the heat 
ing mixture to and discharging the gases 
from the front of the ovens. 

Fig. 5 is a detail cross section of 
heater for the air on line X-X of Fig. 4. 

Fig. 6 is a cross section on line Y-Y of the preheater passageway in Fig. 4. 
Fig. 7 is a detail view broken away at tha 

elbow of the preheater waste gas passage way shown in Fig. 4. ... 
Fig. 8 is a view of one of the floor bricks provided with a gas tight tenon or joint. 
Fig. 9 is a cross-sectional view of a modi 

fied form of preheater hot air and waste gas flues. 
Fig. 10 is a front view of Fig. 9. 
Fig. 11 is a detail front view of the gas 

and air admission pipes shown in Fig.2. 
In carrying out my invention I convert the SE, 

as shown in Fig. 3 into by-product ovens 
as follows: The ordinary oven consists of 
vaulted fire brick chamber 1 with dome like 
circular walls 100 constructed on a suitable 
foundation 2 with an inclined flat tile bot tom 8 and an opening 4 through the top. 
An arched door 5 is provided at the bot 
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attery of beehive ovens such 
100 

105 tom of the oven through which the coke is removed and which in operation is tightly 
closed. A battery of these ovens is ar. 
ranged in rows back to back and may be 
staggered as shown in Fig. 4, the fronts of 
the ovens being incased in suitable walls 
on foundation 8, and the ovens beinggovered 
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by a Eggs, backing 9 which covers the sides between the ovens and covers 
their tops. Tracks 200 on suitable track 
supports or pillars are provided for the 
lorries used to charge the ovens. The oyens 
may be arranged in a single row, in which 
case a large non-heat-conducting backing 
is arranged on top of and in back of the 
ovens. It will be understood, therefore, that 
in the best embodiment of this invention the 
ovens which are converted are of the stand 
ard domed form and also of standard spac 
ing from center to center. 

in accordance with my invention I first 
excavate underneath the bottom of the ovens 
so as to provide a space to be used for the 
combustion flues. Denoting the place occu 
pied by the oven door as the front, the op 
posite end the rear, and the left and right 
as sides of the oven, I excavate at the front, 
rear and sides so as to leave underneath the 
shell of the bee hive oven a space for the 
combustion flues with the front of the ex 
cavation somewhat lower than the rear. 
This is clearly shown in Fig. 1. I cover the 
bottom of the excavation by a suitable fire 
brick floor 10, 
A series of flues for distributing and burn 

ing a mixture of air and gas is provided be 
neath the oven. Their form may be widely 
varied. These flues have their own inlets 
for hot air and gas and their own discharge 
for waste gases and are entirely separate 
from the interior of the oven, that is to say 
the coke chamber. In the particular em 
bodiment of the invention illustrated I make 
use of a floor 11 above the floor 10 to pro 
vide a space for the flues, the charge to be 
coked resting upon the floor 11. The floor 
11 is composed of fire brick, preferably 
made of silica material. In order to pro 
duce a gas tight flue so as to prevent leakage, 
the tiles are provided with tongues 12 and 
grooves 13, see Fig. 8, fitting into each other, 
the tongue and groove joints extending in a 
direction across the flue chainels, trans 
versely of the flue walls, 
The flue system is so arranged as to be 

divided substantially in the middle by a di 
vision wall 14 running down the center and 
separating the flue system into two separate 
or equal halves. A plurality of vertical 
walls 15 arranged as indicated on each side 
of the central wall provides a plurality of 
flues which carry the heating gases in a 
serpentine manner along the entire bottom 
of the ovens, compelling them to give up 
their heat so that the sole of the oven 
through its entire extent is subjected to the 
heating of the burning gases. 

In accordance with my invention and so 
as not to interfere with the backs of the 
oven and without altering the walls of the 
oven chambers or the spaces between , , ; c. 
ovens, I provide means for discharging ti, 2 
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waste, burnt gases at the front of the oven 
underneath the wharf of the oven. As illus 
trated I make use of flues 16, 17 one located 
at each side of the oven, the flues project 
ing underneath the wharf 18 at the front 
of the oven downwardly into the longitudi 
nal waste gas main 19, Air and gas are ad 
mitted to the combustion flues at the front 
through a sealing block 20, the block fitting 
against the ends of the walls 14 and 15 of 
the flues as shown in Figs. 1 and 2 and her 
metically sealing the ends, of the ?lues. A 
plurality of gas admission ports 21 pass 
through the block and are supplied with gas 
through a gas supply pipe 22, one on each 
side of the oven, the fuel gas coming from 
the gas main 23. 

Beneath the gas ports 21 are a plurality 
of air ports 25 which receive their supply 
of preheated air from the top air channel 
26 of a recperator, of which the waste-gas 
main 19 is a part. The air ports 25 are con 
nected with the recuperator by a flue 24 and 
a header or air-box 24". It will be observed 
that there are two air inlets 25 adjacent the 
center of each oven at opposite sides of the 
division 14, and two gas inlets 25 similarly 
situated. In addition to these other pairs of 
air and gas ports open into the two halves 
of the set of flues between the center inlets 
and the lateral waste-gas conduits 16. The 
top and bottom channels 26 of the recupera 
tor are connected at one end by passage 32 
(Fig. 4) and lie above and below the inter 
mediate chamber 19 receiving the waste 
gases. Referring to Fig. 2 it will be ob 
served that the gas inlets 21 are arranged 
above the air inlets 25 by means of which 
an intimate mixture is accomplished. The 
air being highly preheated before entering 
into the combustion flue is expanded to a 
large degree and its specific gravity is there 
fore considerably below the specific gravity 
of the heating gas which enters the combus 
tion flue at a comparatively low tempera 
ture. As a consequence thereof the gas mole 
cules will fall into the ascending highly 
heated air current producing a desirable 
mixture, thus effecting complete combustion. 
The end air ports 25 are inclined somewhat 
upwardly and are directed toward the end 
gas supply conduits-while the two central 
ports and the gas outlets run parallel to each 
other, thus producing a shorter flame at the 
endports and elongated flames at the inter 
mediate ports. By providing a number of 
gas and air inlets at the front of the oven I 
avoid a prejudicial accumulation of heat at 
one restricted space and divide and separate 
the air and gas into small quantities for bet 
termixing and combustion. Suitable valves 
and slides 300 are used in the air and gas 
admissis it passages and in the discharge 
pipes for waste gases for controlling the 
supply and discharge. . 
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Warious forms of preheaters may be used 
for preheating the air. Figs. 1,2 and 4 
show a preheating device in which the air 
from the atmosphere enters into the bottom 
air chamber 26 travels the entire length of 
the oven battery, ascends to the upper cham 
ber 26 from where it goes through distribut 
ing conduit 24 into the combustion cham 
ber. This preheater is of the recuperator 
type, the air and waste-gas passages being 
separate and distinct, and the heat being 
transferred from the gases to the air 
through the intermediate wall. The flow of 
burning gases through the two halves of the 
set of combustion flues beneath the floor of 
each oven is constant in direction, and it 
will be observed that the waste-gas educts 16 
are of greater aggregate area than the air 
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inlets 25, so as to allow for the expansion of 
the gaseous contents and to avoid back-pres 
sure. The combination of the divided set 
of combustion flues beneath the floor of each 
oven, the recuperator, and the arrangement 
of air and gas inlets and waste-gas outlets 
of the floor flues whereby the burning takes 
place from a plurality of points, enable me 
in a simple manner to secure a distributed 
uniflow heating for the ovens which is very 
advantageous for uniform coking. 
The recuperator extends longitudinally 

beneath the wharf, where its installation 
does not re?uire alteration of the oven struc 
ture and where it constitutes no obstruction 
to the operations which are carried out in 
front of the ovens, According to my in 
vention the heating system, which converts 
the ordinary simple internal combustion 
ovens into externally heated by-product 
oves, is practically in its entirety disposed 
below the floor levels, beneath and outside 
of the ovens, the construction being such as 
to enable the transformation to be inade at 
low cost and with the feast amount of change 
in the structure of the ovens, and to Secure highly efficient heating. 
A1 tention may be called to the fact that, as 

is customary, the floors of the ovens slope 
dowr, ward to the front to facilitate dis 
charge of the coke. Consequently, after the 
ovens are changed and the coal leveled 
paralll with the base, the layer is fron 6 
to 8 in thes higher at the fronts of the ovens 
than at the back. The hot air and gas for 
combustion being admitted to the under 
floor colnbustion flues at the front, the most 
intense heat is produced where the coal is 
deepest, thus further insuring uniform car 
bonization of the charges. 
While the air for combustion can be sup 

plied by chimney draft I prefer, for better 
regulation and in order to be independent of 
atmospheric conditions to use a fan 301 at 
tached in the lower air channel 26 to furnish 
the air. 
Means are provided for recovering the by 

products from the oven. As illustrated, I 
make use of a discharge pipe 27 connected 
by means of the charging conduit 28 with 
the top of the oven forming the charge open 
ing of the oven. The conduit 28 is covered 
by a removable cover 280 which is taken of 
when charging the oven through the charg 
ing conduit. A down-take pipe 29 dis charges the by-products into a hydraulic 
main 30 where they are led off for recovery. 

It will be observed by reference to the drawings that a battery of ordinary bee 
hive coke ovens are converted by my inven 
tion into closed by-product retort coke ovens 
without destroying or impairing the dome 
like walls of the ovens and without it being 
necessary to rebuild the ovens so as to make 
them of a special shape or special construc 
tion, and without dismantling the plant or 
its general arrangement. The space 31 be 
tween the adjacent backs of the oven is not 
interfered with nor is the bank or heat 
protecting material 9 on the top of the oven 
altered nor are the track pillars and tracks 
interfered with or displaced. By reference 
to Figs. 1, 3 and 4, the construction neces 
sary to convert a battery of bee hive ovens 
of the ordinary form into by-product ovens 
will be readily understood Referring more particularly to Fig. 4 preheated air is sup 
plied through pipes 24 to the fronts of the 
ovens and the waste gases are taken away 
from discharge pipes 16 and 17. The re 
cuperator is arranged along each side of the 
fronts of the ovens under their respective 
wharves, the top and bottom passages 26 of 
the recupaterator being connected at the end 
by an up-take pipe 32, Air is admitted from the atmosphere into the pre-heater by means 
of openings 33. In this way the air comes 
from one end of the heating passage of the 
recuperator travels its entirelength, passes 
upwardly through the up-take pipe 32 and 
then along the top passage 26 of the recup 
erator finding its way to the passage 24. 
The waste gases discharged in the in-be 
tween section 19 of the recuperator are car 
ried out by means of branch pipes 35 and the chimney 36. 

In the modification shown in Figs, 9 and 
10, the oven 40 is shown back to back to a 
(corresponding oven 41 partly shown. The 
oven is excavated to a lesser depth than in 
the main figure and the bottom 42 provided 
as before. The top of the heating flue sys 
tem 43 is raised above the wharf line 44. 
The floor 43 and the bottom of the oven may 
be placed at any convenient heights within 
the oven. The discharge pit clicts are car 
ried through pipes, 45, 46,47, 48 as before, 
pipe 48 being supported on its shelf 49. The 
front of the oven is closed by a suitable door 
50. The reinerator passau's are arranged 
side by side, the central cane 51 receiving the 
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14. . 

two side sections 53 of the recuperator are 
connected to and carry the air from the at 
mosphere around the heating chamber 51 
on its way to the front of the oven. Gas is 
supplied to the front of the oven through 
a horizontal gas main 54 to which are coil 
nected a suitable number of gas pipes 5u. 
The air is fed to the front of the oven from 
the branched conduit 56. 

Having thus described the construction 
the operation will be clear. The atmospheric 
air enters at the ports 33 passes through the 
low air connecting channel 26 and along the 
length of the bench ovens underneath the 
wharf, flows to the uptake passage 32 to the 
upper air distributing channel 26, this being 
connected by air conduits through orifices in 
the front wall of the oven as indicated and 
from this point the air is led into the com 
bustion flues. The heating gas is conducted 
through the gas pipes 23, 22 and 21 into the 
front of the oven so that when the gas and 
air meet they are burned and their products 
circulated through the flues escaping up the 
discharge pipes 16 and 17 into the common 
discharge flues 19. In beginning the operation of a battery of 
ovens one or a small number of ovens is first 
heated by burning coal or producer gas so 
that the wall of the oven and a part of its 
shell retains sufficient heat. The oven is 
then charged with coal through the door, the 
gases are expelled from the coal and pass out 
through the passageways 27, 28 at the top of 
the oven, are collected in a suitable holder 
after having been deprived of their tar and 
ammonia contents may be conducted to the 
return gas main 23. At this time air is ad 
mitted to produce combustion. After a few 
ovens have been put into operation in the 
described manner the remaining number of 
ovens can be prepared for permanent opera 
tion by charging coal through their charging 
conduits at the tops of the oven or through 
the oven doors. For permanent operation 
the ovens are of course tightly closed against 
the entrance of air, acting wholly as retorts 
with external heating. Heating gas may be 
obtained from the first ovens in actual opera 
tion instead of preparing for distillation by 
the combustion of fuel in the interior of the 
oven. When the ovens are in regular opera 
tion the gases from the distilled coal then 
escape through the take off pipe on top of 
the dome and are worked up in the usual 
manner for by-products. 
What I claim and desire to secure by 

Letters Patent is: 
1. The combination with th wi... is of a 

row of coke ovens of bee hive design, and 
a wharf extending longitudinally in front 
of the same, of means for taking off by 
products from the ovens, sets of combustion 
flues arranged beneath the floors of the ovens 
with their passages separate from the in 
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teriors thereof, a preheater extending length 
wise beneath the wharf, pipes for supplyin 
said combustion flues with heating gas, an 
hot-air and waste-gas conduits extending 
outward and generally forward from the 
floor flues of the respective ovens to the pre 
heater beneath the wharf, whereby the row 
of bee hive ovens is constituted a row of 
closed, by-product retort ovens. 

2. The combination with the walls of 3. 
row of coke ovens of beehive design, and a 
wharf extending longitudinally in front of 
the same, of Imeans for taking off by-prod 
tets froin the ovens, sets of combustion flues 
arranged beneath the floors of the ovens with 
their passages separate from the interiors 
thereof, a preheater extending lengthwise be 
neath the wharf and having separate and 
distinct passages in heat-exchange relation 
for air and waste gases, pipes for supplying 
said combustion flues with heating gas, and 
hot-air and waste-gas conduits extending 
outward and generally forward from the 
floor flues of the respective ovens and con 
necting the same with the air and waste-gas 
passages respectively of the preheater be 
neath the wharf, the area of the waste-gas conduits discharging from the combustion 
flues being greater than that of the hot-air 
supply conduits, whereby the row of beehive 
ovens is constituted a row of closed, by 
product retort ovens having uniflow heat 
1ng. 

3. The combination with the walls of a 
row of coke ovens of bee hive design, and 
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a wharf extending longitudinally in front 
of the same, of means for taking off by 
products from the ovens, sets of combustion 
flies arranged reneath the floors of the 
ovens with their passages separate from the interiors thereof, a preheater extending 
lengthwise beraath the will: rif, hot air aid 
waste-gas conduits extending oit wai'i and 
generally or wai'i fr; this fir fluf's of the 
respective overs t ) the preheater is cleath the 
wharf, there being waste-gas elict (litiuits 
toward both sides of each oven aii lot-air 
supply conduits approximately at file con 
ter and pipes for supplying heating gas to 
the coin}ustion flues adjacent the outlets 
thereto of the lot-air conduits, whereby the 
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rew of ye hive (veins is constituted a row of 
closed, by-product retort ovens having di 
vided iniflow heating. 

4. The combination with the walls of a 
row of coke ovens of bee hive design, and a 
wharf extending longitudinally in front of 
the same, of means for taking off by-prod 
acts from the ovens, sets of combustion flues 
arranged beneath the floors of the ovens 
with their passages separate frt , the inte 
riors thereof, a preheater extenig length 
wise beneat he wharf, there being wastigas 
educt condulus toward both sides of each oven, hot-air supply conduits approximately at the 
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center and additional hot-air supply con 
duits between these and the lateral waste-gas 
conduits and pipes for supplying heating 
gas to the combustion flues adjacent the out 
lets thereto of the several hot-air conduits, 
whereby the row of bee hive ovens is con 
stituted a row of closed, by-product retort 
ovens having distributed uniflow heating. 

5. The combination with a bee hive coke 
oven structure, of a set of combustion flues 
beneath the floor of the oven, said set of 
flues being divided in lateral halves and hav 
ing their passages separate from the inte 
rior of the oven, an external preheater, hot 
air and waste-gas conduits extending out 
ward from the floor flues to the preheater, 
there being waste-gas educt conduits toward 
both sides of the oven and hot-air supply 
conduits approximately at the center at op 
posite sides of the division, and pipes for 
supplying heating gas to the combustion 
flues adjacent the outlets thereto of the hot 
air conduits, whereby the oven is constituted 
a closed, by-product retort oven having di 
vided uniflow heating. 

6. The combination with a bee hive coke 
oven structure, of a set of combustion flues 
beneath the floor of the oven, said set of 
flies being divided in lateral halves and 
having their passages separate from the in 
terior of the oven, an external preheater, 
hot-air and waste-gas conduits extending 
outward from the floor flues to the pre 
heater, there being waste-gas educt conduits 
toward both sides of the oven, hot-air supply 
conduits approximately at the center at op 
E. sides of the division and additional 
ot-air supply conduits between these and 

the lateral waste-gas conduits, and pipes for 
supplying heating gas to the combustion 
flues adjacent the outlets thereto of the sev 
eral hot-air conduits, whereby the oven is 
constituted a closed, by-product retort oven 
having distributed uniflow heating. 

7. The combination with the walls of a 
row of hee hive coke ovens, of sets of com 
bustion flues arranged beneath the floors of 
said ovens and sealed from the interiors 
thereof, pipes for supplying heating gas to 
said flues beneath the ovens, a recuperator 
comprising separate and distinct air and 
waste-gas passages located outside of and 
along the battery, hot-air conduits entering 
the floor flues of the ovens from the air 
passage of said external recuperator, con 
duits of greater capacity for discharging 
the products of combustion from the floor 
flues outside the row and into the waste-gas 
passage of the recuperator, and an offtake 
conduit connected to the top of each oven 
for delivering by-products from said oven, 
whereby said beehive ovens are constituted 
closed, by-product retort ovens having uni 
flow heating. 

8. The combination of the walls of a bat 

ing beneath the wharf in front of the ovens 

tery of circular beehive coke ovens of stand 
ard design arranged in two rows with their 
backs adjacent, means for recovering by 
products from the tops of said ovens, sets of 
combustion flues beneath the floors of the 
ovens and sealed from the interiors thereof, 
conduits arranged outside of said ovens for 
supplying air and gas to said flues from the 
front to be burned under the floors of the 
ovens and means for discharging the burnt 
gases from said flues outward at the fronts 
of the respective ovens, whereby said bee 
hive ovens are constituted closed, yed 
retort Owens. 

9. The combination with a non-recovery 
beehive coke oven, of means for recovering 
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by-products from said oven, air passages for... 
supplying air to the front of the oven, gas 
passages for supplying gas in proximity to 
the outlets of the air passages, means for pre 
heating air arranged at the front of the oven, 
flues for burning air and gas mixture under 
the floor of the oven, and discharge flues for 
discharging the burnt gases at the front of 
the oven, into the air preheating device. 

10. The combination with an original bee 
hive coke oven structure with its original 
walls, of combustion flues arranged beneath 
the floor of the oven and sealed from the in 
terior thereof, extermal dupts for supplying 
said flues at the front with air and gas for 
combustion, conduits for discharging the 
waste gases from said combustion flues at the . 
front and outside of the oven, and an offtake 
connected with the top of the oven for de 
livering by-products therefrom, the oven be 
ing sealed, whereby the coke oven structure 
is converted into a closed, by-product retort 
OWe 

11. The combination with the walls of a 
bank of coke ovens, of sets of conbustion 
fues arranged in the bottoms of the ovens 
and having a division between the lateral 
halves of the set of flues of each oven, gas 
and air inlets at the fronts of the ovens and 
at both sides of said divisions, waste-gas 
files extending forward from the two halves 
of each set of flues at opposite sides of the 
air and gas inlets, and a preheater extend 
and connected with said air inlets and for 
wardly extending waste-gas flues. 

12. The combination with a battery of 
original internal combustion coke ovens with 
their original walls, of conduits for carrying 
off by-products from their tops, sets of com 
bustion flues beneath their floors, an air pre 
heater extending lengthwise exterior to the 
battery and below the floor levels, under 
ground hot-air and waste-gas conduits con 
necting said combustion flues with the ex 
ternal preheater and pipes for supplying 
heating gas to said combustion flues in prox 
imity to the ointlets thereto of the hot-air 
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ovens is converted into a bank of closed, by 
product retort ovens, the ovens being sealed. 

13. The combination with a double row 
battery of original beehive coke ovens with 
their original walls, and wharves extending 
lengthwise of the battery in front of the 
ovens, of sets of combustion flues arranged 
beneath the floors of the ovens and sealed 
from the interiors thereof, a preheater ex 
tending lengthwise outside, in front of each 
row of ovens and beneath the oven wharf, 
hot-air and waste-gas connections at the base 
of the battery extending from each preheater 
to the forward part of the combustion flues 
of the several ovens of the correspondin 
row, gas pipes likewise entering the forwar 
parts of said flues from the front, and means 
for taking off by-products from the ovens, 
the ovens being sealed, whereby the battery 
of beehive ovens is converted into a battery 
of closed, by-product retort ovens. 

14. The combination with a battery of two 
rows back-to-back of original beehive coke 
ovens with their original walls, of sets of 
combustion flues arranged under the floors 
of the ovens, conduits for supplying said 
flues with air and gas for combustion and conduits for conducting away the waste gases 
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therefrom, said air supply and waste-gas 
educt gonduits extending at the front aid ex 
teriorly of the ovens, means for taking off 
by-products from the ovens, and means for 
Elysis the air, whereby the battery of 
eehive ovens is converted into a battery of 

closed, -by-product retort ovens, the ovens 
being sealed. 

15. The combination with an original non 
recovery bee hive coke oven structure with 
its original walls, of a floor and a system of 
combustion flues arranged thereunder, means 
for taking off by-products from the top of 
the oven, external conduits for supplying 
the floor flues with air and gas for combus 
tion and for conducting away the waste gases 
therefrom, and means for preheating the air, 
whereby the coke oven structure is converted 
from a non-recovery bee hive coke oven 
structure into a closed by-product retort 
oven, the oven being 

In testimony whereof... I have signed my 
name to this specification, in the presence of 
two subscribing witnesses. 

BERNHARD ZWILLINGER. 
Witnesses: 

LoUELLA. F. LITTLE, 
W. F. BIssING, 

30 

40 

50 


