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This invention relates to drying and the like ovens of 
the general type wherein the oven atmosphere contains 
an oxidizable mixture of air and a combustible gas. Ovens 
of the type adapted to volatilize the solvents of paints, 
enamels and the like in which the mixture of air and 
solvents is exhausted to the atmosphere are one type of 
oven to which the principles of the invention can be 
applied. 

In a conventional drying oven of the type, for example, 
in which enamel, paint or ink is baked or dried, the work 
in the form of wire, strip, or sheet metal, paper or cloth, 
travels through the oven continuously. For wire or strip 
material, the work is usually pulled through the oven 
while in the case of plates or sheets the material is 
carried through the oven on an endless conveyor. The 
atmospheres of such ovens are maintained at a suitable 
drying temperature which is usually in the range of 400 
F-500 F, although higher or lower temperatures may be 
employed for specific operations requiring other than ordi 
nary conditions. While passing through the oven the 
solvents contained in the enamel are volatilized and inter 
mix with the air in the oven to produce an air-Vapor mix 
ture. The mixture is continuously exhausted from the 
'oven by means of a fluid impeller such as a fan which 
draws the air-vapor mixture through an oven exhaust duct 
and forces it through a stack to the atmosphere. In most 
cases the rate of exhausting gases from the oven atmos 
phere is rigidly controlled in accordance with the require 
ments of insurance underwriters for the reason that safety 
requirements dictate that the concentration of vapors in 
the oven be maintained below the lower limit of explosa 
bility. If the concentration is allowed to rise to the point 
at which it attains the lower limit of explosability, an im 
'minent danger of a serious fire or explosion arises. For 
:this reason the concentration of vapors in the oven atmos 
phere is generally maintained at a level at which it is about 
sthirty percent or less of the concentration of the lower 
limit of explosability. 

In conventional drying ovens, the oven atmosphere is 
internally recirculated continuously at a relatively high 
velocity during the drying operation. This recirculation 
is usually accomplished by withdrawing gases from the 
soven atmosphere and reintroducing then into the oven 
by means of a fan. Such recirculation assures a relatively 
tuniform temperature in all parts of the oven and thereby 
avoids the possibility of hot spots which impair the quality 
of the work. Furthermore, internal recirculation main 
tains the concentration of solvent vapors relatively uni 
form throughout the oven atmosphere and thereby avoids 
areas of high concentration which might constitute a po 
tential explosive hazard. The volume of gases recirculated 
as noted above is relatively high, and may be as much as 
ten times the volume of gases exhausted although for some 
'operations a recirculation rate equal to only about three 
times the exhaust rate may prove satisfactory. 
The heat required to maintain drying ovens at their 

operating temperature is generally supplied from either 
liquid or gaseous fuel burners. These burners are pref 
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2 
erably but not necessarily incorporated into the recircula 
tion system of the oven so that the rapidly moving re 
circulating gases are heated and immediately distributed 
throughout all parts of the oven. In this manner the heat 
required to operate the oven is uniformly distributed and 
undesirable hot spots are avoided. In conventional prac 
tice the oven burners are modulated by means of con 
trollers to maintain a constant oven temperature. The 
amount of fuel required to operate Such ovens is in general 
comparatively high for the reason that the heat losses 
due to exhausting and to the work itself are relatively high. 
For example, in addition to the usual radiation losses a 
conventional drying oven will lose heat by exhausting 
gases to the atmosphere and will lose additional sensible 
heat in the work which continuously moves from the 
oven. For this reason fuel costs constitute one of the 
major items of expense in operating these ovens. 

it has been previously proposed that the vapors con 
tained in the exhausts from drying and the like ovens 
might be catalytically oxidized, and that at least a por 
tion of the oxidized effluent might be returned to the 
oven. This proposal presents obvious advantages in that 
Oxidation of the combustible vapors in the exhaust results 
in a considerable increase in the temperature of the ex 
hausts so that reintroduction of the oxidized exhausts 
into the oven can result in substantial fuel savings. How 
ever, the practice of Such exhaust oxidation and recircula 
tion Schemes presents engineering difficulties which detract 
from their advantages. These difficulties, which concern 
the effective rate of exhausting from the oven, the heat 
balance of the oven, the flow of drying medium within 
the oven, and the instrumentation and ducting required, 
are discussed in the following paragraphs in the interest 
of a more thorough understanding of the present inven 
tion. 
As previously mentioned, the rate of exhausting from 

drying ovens is rigidly controlled in order to avoid the 
danger of the concentration of combustible vapors attain 
ing explosive proportions. Where, as with previously pro 
posed Systems, the exhaust gases are passed through an 
oxidation catalyst and subsequently recirculated into the 
oven, it is obvious that combustible vapors will be con 
tinually removed from the oven atmosphere only so long 
as the catalyst performs its intended function of effecting 
the oxidation of the vapors. Obviously, if the combustible 
components of the exhaust are entirely eliminated by 
catalytic oxidation, the exhausts may be introduced into 
the oven without danger of explosion. However, if the 
catalyst were to become inactive, as by poisoning or by 
the deposition of a coating of inert material from the ex 
hausts, the gases reintroduced into the oven would effect 
an increase in the concentration of combustibles in the 
oven atmosphere and thereby create an explosive hazard. 
Such contingencies must be provided for in view of the 
hazards of drying oven operation. 
One solution to the above discussed problem is to pro 

vide instrumentation and control mechanisms to the oven 
operative to detect any inactivity on the part of the cata 
lyst and to shut down the oven in the event of failure of 
the catalyst. This solution, however, requires relatively 
complex and expensive apparatus and is not readily ap 
plicable to existing oven installations without exhaustive 
engineering Surveys and modifications. 
Where an attempt is made to modify an oven in ac 

cordance with previously-proposed systems of catalytic 
exhaust treatment and recirculation of the exhausts, it is 
necessary to consider the problems of heat balance of the 
oven. It must be remembered that under many circum 
stances catalytic oxidation of the combustible vapors in 
oven exhausts will result in a temperature rise of about 
500 F. So that where the oven is maintained at a tem 
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perature of about 450 F. the exhaust gases, after catalytic 
oxidation, will be at a temperature of approximately 
950 F. Obviously, to rebalance the oven on the basis 
of a stream of oxidized exhausts at such a temperature 
would require extensive and time-consuming studies. 
Furthermore, under most circumstances the temperature 
of the oxidized gases would necessarily have to be reduced 
before introduction into the oven since a stream of gases 
at a temperature of 950 F. might impair the quality of 
the work where, as is usually the case, the optimum dying 
temperature is in the range of 400 F. to 500 F. 

Finally, it should be pointed out that where a catalytic 
exhaust treatment and recirculation system of the present 
ly known type is incorporated into an oven, expensive 
and time-consuming structural changes to the oven are 
required in order to provide the necessary ducting op 
erative to recirculate the oxidized gases and to maintain 
the necessary rate of internal recirculation. Such struc 
tural changes naturally discourage modification of exist 
ing ovens. 

It has been found that the above-discussed difficulties 
can be obviated by incorporating oxidation catalyst in 
the internal recirculation system of the oven in accord 
ance with the principles of the present invention. 
The invention is concerned with a drying oven in which 

the gases comprising the oven atmosphere are continu 
ously internally recirculated at a relatively high rate while 
a predetermined volume of effluent is continuously ex 
hausted from the oven in order to maintain the concen 
tration of solvent vapors at a safe level. The rate of 
recirculation is relatively high relative to the rate of ex 
hausing and the rate of exhausting is maintained at a rate 
such that the concentration of solvent vapors will be 
maintained at a safe level regardless of the effect of the 
catalyst. In the practice of the invention the stream of 
internally recirculating gases is divided into a minor por 
tion and a major portion. The minor portion of this 
stream is passed over an oxidation catalyst to effect 
catalytic oxidation of the oxidizable vapors therein with 
concomitant liberation of their heat of oxidation. This 
oxidation step raises the temperature of the minor por 
tion of the stream to a level considerably above the op 
erating temperature of the oven. Therefore this minor 
portion after oxidation is not suitable for introduction 
directly into an oven atmosphere for the reason that hot 
spots would be created and thereby impair the quality of 
the work. However, when the oxidized gases are inter 
mixed with the major portion of the recirculating stream 
of gases a resultant gaseous mixture is obtained which 
is at a temperature above that of the oven atmosphere 
but which at the same time is not so high as to be un 
suitable for introduction into the oven. 
As will be apparent from the more detailed descrip 

tion of the invention presented hereinbelow, the present 
invention can be incorporated into existing ovens with 
out disturbing either the previously existing heat bal 
ance or the flow pattern of the oven. Furthermore, the 
invention requires no expensive instrumentation or com 
plex ducting. Finally, it should be noted that the prac 
tice of the invention increases the margin of safety of 
combustible vapor concentration in the oven and con 
tributes materially to the abatement of the air pollution 
problem created by drying and the like ovens. 

In the annexed drawings: 
Fig. 1 is a cross-sectional view with parts broken away 

showing a drying oven constructed in accordance with 
the principles of the invention and adapted to operate 
in accordance with the method of the present invention. 

Fig. 2 is a sectional view taken along the lines 2-2 
of Fig. 1. - 

Fig. 3 is a curve illustrating one of the principles of 
the invention. 

Fig. 4 is a perspective view with the parts broken away 
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4. 
of a catalytic unit of a type usable in the practice of the 
invention. - 

The embodiment of the invention shown in Figs. 1 
and 2 is particularly adapted to an enamelling opera 
tion in which a coated strip is provided with a coating 
of enamel and the volatile solvents therein are volatilized 
with in the oven atmosphere. It is realized however that 
this embodiment is described by way of example only 
and that the principles of the invention are generally ap 
plicable to ovens in which volatile solvents are evolved. 

In the embodiment of Figs. 1 and 2 the reference nu 
meral 1. denotes a conventional drying oven having an 
interior oven chamber 3. Material 4 in the form of 
metallic strip passes continuously through the oven in 
the direction of the arrows through an inlet port 6 and 
an outlet port 8 provided at each end of the oven. An 
exhaust duct 8 provided in communication with the oven 
chamber 3 leads to a fan 12 which draws the air-vapor 
mixture from the oven chamber 3 and continuously ex 
hausts it through a stack 14 to the atmosphere. Internal 
recirculation of the air-vapor mixture is achieved by 
means of a series of ducts 6, 17, 7a, 32, and 26. As 
shown by Fig. 1, the stream of recirculating gases flows 
from the oven chamber into duct 16 from whence a por 
tion of the stream flows through duct 17 while a second 
portion flows through a by-pass duct 32. Duct 17 leads 
to a burner box 20a within which a suitable number of 
primary or first burners 20 are mounted. Burners 20 
are supplied with fuel from a line 2, the amount of fuel 
supplied being regulated by a controller 22 which is re 
sponsive to a temperature sensing means 24 disposed with 
in oven chamber 3. Duct 7a leads from burner box 
20a to a fan 18 which is in turn connected to a return 
duct 26 and a distributor duct 28. 
Duct 32 permits the flow of gases from duct 6 to a 

catalyst chamber 33 having burners 34 (herein referred 
to as “secondary burner') and a plurality of catalytic 
units 40 therein. Burners 34 are supplied with fuel from 
a line 35, the amount of fuel supplied being controlled 
by a controller 36 actuated by a temperature sensing means 
38 disposed downstream from the catalytic units 48. The 
catalytic units 46 may be of any suitable type although a 
particular oxidation catalyst which has been found to 
be particularly satisfactory in installations of the disclosed 
type will be described in detail below. For reasons which 
will be explained below, the secondary burners 34 are 
mounted upstream from catalytic units 40. Dampers 
42, 44 disposed within ducts 7 and 32 permit adjustment 
of the relative flow rates of gases through burner box 
20a and through catalytic chamber 33. By-pass duct 32 
merges with duct 7a at a point upstream from fan 18 
so that the gases flowing through this duct are intermixed 
with the gases flowing through burner chamber 20a. 

In the operation of the embodiment shown in Fig. 1 
the material 4 which has previously been coated with 
enamel passes continuously through the oven chamber 3. 
While in the oven the solvent contained in the enamel is 
volatilized and intermixes with air in the oven atmosphere. 
As a result the oven atmosphere at all times is composed 
of a mixture of air and solvent vapors at a temperature 
which is usually within the range of about 400 F. to 
500 F. The exhaust fan 12 continuously draws a por 
tion of the air-vapor mixture through conduit 10 and 
exhausts it to the atmosphere through stack 14. At the 
same time the fan 18 continuously internally recirculates 
a large volume of air-vapor mixture through ducts 16, 
17, 17a, 32, 26 and distributor duct 28. As noted above, 
the volume of gases recirculated per unit time is generally 
much greater than the volume exhausted per unit time 
through exhaust duct 10. The ratio of gases recirculated 
to gases exhausted may be as high as 10 to 1, although 
in some circumstances ratios as low as 3 to 1 will suffice 
to produce a satisfactory product. 
The heat required to maintain the oven at its operating 
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temperature is supplied by the primary or first burners 
20 and by the second burners 34 in conjunction with the 
catalyst 40. The major portion of the recirculating gas 
stream flows through duct 17, burner box 20a and duct 
17a and is heated by means of the primary or first burn 
ers 20. A minor portion of the recirculating stream 
flows through duct 32 and catalytic chamber 33. This 
minor portion of the recirculating gas stream is, of neces 
sity, heated to a relatively high temperature by the cumu 
lative effect of the second burners 34 and catalyst 40 
for the following reasons. Practical, presently availabie 
oxidation catalysts are operative only if the reactants in 
volved are maintained at a temperature equal to or 
greater than the operating temperature of the catalyst. 
This operating temperature will vary with different cata 
lysts or operating conditions but in general it can be 
stated that the reactants should be at a temperature of 
700 F. or above. Since the required oven temperatures 
for conventional enamelling or similar operations are in 
the range of 400 F. to 500 F., it is obvious the air-vapor 
mixture evolved must be preheated before catalytic oxi 
dation of the solvents can be accomplished. In the 
practice of the instant invention the minor portion of the 
recirculating gas stream is heated to about 700 F. by the 
burner. Upon subsequent passage of the minor portion 
of the gases through the catalytic chamber 33 their tem 
perature is further increased to about 950 F. or 1000 
F. by the heat of oxidation of the solvents. Controller 
36, which is responsive to temperature sensing means 38 
operates to maintain the temperature of this portion of 
the gas stream within relatively close limits and assures 
a relatively constant temperature of these gases after 
heating and oxidation thereof. With this arrangement 
the cumulative heating effect of the burners 34 and 
catalyst remains constant although the proportional con 
tributions of the burners and catalyst may vary. 
The major portion of the stream of recirculating gases 

is heated by burners 20 to the extent necessary to supply 
any additional heat required to maintain the oven at its 
operating temperature. These burners are controlled by 
controller 22 which is responsive to temperature sensing 
means 24 and is therefore directly responsive to the tem 
perature of the oven. As will be demonstrated below, 
the burners 20 may supply only a small portion of the 
total heat required to maintain the oven at its operating 
temperature. The temperature rise of the major portion 
of the recirculating gases effected by burners 20 is rela 
tively small by comparison with the temperature rise in 
the minor portion of the gas stream. As will also be dem 
onstrated below, this temperature rise may be less than 
10° F. 
Upon intermixing of the minor portion of heated and 

catalyzed gases (from conduit 32) with the major portion 
of recirculating gases, a resultant stream is produced 
which is at a temperature suitable for introduction into 
the oven. As previously mentioned, hot spots in a drying 
oven can seriously impair the quality of the finished 
product. In the operation of the drying ovens it is there 
fore preferable to supply the required heat by raising a 
relatively large volume of recirculating oven gases 
through only a relatively small temperature differential 
rather than by raising the temperature of a small volume 
of recirculating gases through a large differential. In 
the practice of the present invention the cumulative effect 
of the burners 34, the burners 20 and the catalyst 40 is 
to raise the temperature of the total volume of recirculat 
ing gases through a suitably limited temperature differen 
tial as will be also shown by example below. 
A salient feature of the invention concerns the relative 

rates of flow of gases through the recirculation duct 17 
and the by-pass duct 32. As previously mentioned, the 
major portion of the recirculating stream flows through 
the duct 17 and only a minor portion of the gases flow 
through duct 32 and across the catalyst 40. The sig 
nificance of this aspect of the invention stems from the 
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6 
fact that the volume of gases catalyzed in the practice 
of the invention is limited (1) by the heat requirements 
of the oven and (2) for economic reasons by the amount 
of catalyst required. The latter factor will be treated in 
more detail below. With reference to the heat require 
ments of the oven it is obvious that the amount of heat 
Supplied to the oven must not be in excess of the amount 
required to maintain the oven at its operating tempera 
ture. To supply an excess of heat to the oven would 
tend to increase the oven temperature above the optimum 
operating temperature and thereby impair the quality of 
the work. 
As noted above, the vapor laden gases which are oxi 

dized at the catalyst 40 must in most cases be pre-heated 
by the burners 34 in order to render them amenable to 
the oxidation process. As a result, a substantial amount 
of heat will be supplied to the oven by this burner during 
the process. Furthermore, the amount of heat supplied 
by the burners 34 will be directly proportional to the rate 
of flow of the gases over the catalyst and will increase 
if the rate of flow over the catalyst is increased. From 
these considerations, it follows that for a given set of 
operating conditions, the rate of flow of gases over the 
catalyst (or the amount of heat supplied to the oven from 
catalytic oxidation) must be limited in such manner that 
the total heat supplied by the preheating of these gases 
plus the heat liberated by catalytic oxidation will not ex 
ceed the requirements of the oven. As will be shown by 
example hereinbelow, for an oven operating under ordi 
nary conditions (as regards temperature and vapor con 
centration in the oven gases), this factor will limit the 
rate of flow of gases over the catalyst to approximately 
the rate of exhausting from the oven. 
The amount of catalyst required to recover the heat of 

oxidation of the vapor-laden gases must also be taken 
into consideration in determining the rate of flow of gases 
over the catalyst. Before considering the significance of 
this factor, however, it must be realized that the maxi 
mum amount of chemical heat theoretically recoverable 
from the exhaust gases produced in the operation of a 
drying oven is determined not by the volume of gases 
which flow across the catalyst but rather by the ratio of 
the volume of gases which flow through the catalyst per 
unit time to the volume of gases exhausted per unit time. 
This fact can readily be appreciated from a consideration 
of the following conditions of operation of the disclosed 
preferred embodiment of the invention. 
The strip 4 will, for a given set of conditions, volatilize 

a relatively constant amount of solvent during its travel 
through the oven. In other words, for a constant rate 
of travel of work, a relatively constant volume of vapor 
will be evolved in the oven per unit time. In conventional 
oven operation this vapor is dissipated entirely through 
the exhaust duct 10 and the rate of exhausting from the 
oven will therefore determine the concentration of vapor 
in the oven atmosphere under operating conditions. 
With the present invention, however, the solvent which is 
vaporized is dissipated not only by exhausting, but also 
by oxidation since catalytic oxidation destroys substanti 
ally all of the solvent contained in the gases which flow 
over the catalyst. In so far as vapor concentration of the 
oven atmosphere is concerned, flowing the recirculated 
gases through the catalyst 40 has the same effect as ex 
hausting these gases through the stack 14. Therefore, for 
a constant rate of exhausting and a constant rate of 
solvent volatilization, the catalyst 40 will reduce the con 
centration of vapors in the oven atmosphere below the 
equilibrium level which would exist without use of the 
catalyst. For example, if it is assumed that the volume 
of gases flowing in by-pass conduit 32 and across catalyst 
40 is equal to the volume of gases exhausted through 
duct 10, then the equilibrium concentration of vapors in 
the oven atmosphere will be about one-half of the con 
centration which would exist in the absence of the catalyst 
(assuming that initially the concentration of vapor in the 
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exhaust was equal to the concentration of vapors in the 
recirculating gases). Under these circumstances one-half 
of the total solvent vaporized in the oven will be dissi 
pated through the stack to the atmosphere while the 
other half will be dissipated by catalytic oxidation in the 
catalytic chamber 33. It follows then that where the 
above conditions obtain (i. e., if volume of catalyzed 
gases equals volume of exhausted gases) a maximum of 
fifty percent of the chemical heat of the volatilized 
solvents can theoretically be recovered by the catalyst 
and utilized to heat the oven chamber. By the same 
reasoning process it is apparent that if the volume of gases 
catalyzed per unit time is twice as great as the volume 
exhausted, two-thirds of the chemical heat of the vola 
tilized solvent can theoretically be recovered and the 
other third will be lost up the stack 14. This principle is 
clearly illustrated by Fig. 3 wherein the abscissa repre 
sents the ratio of the volume of gases catalytically oxi 
dized per unit time to the volume of gases exhausted 
per unit time. The ordinate of Fig. 3 represents the 
percentage of the heat of oxidation of the volatilized 
solvent which can theoretically be recovered. From this 
curve it is evident that where a ratio is 1:1 fifty percent 
of the heat content of the volatilized solvent can be re 
covered; where the ratio is 4:1 (i. e., four times the 
volume of gases are sent through the catalyst as are 
exhausted through the stack) eighty percent of the heat 
content of the solvent can be recovered. In other words, 
if the volume of gases which flow through the by-pass 
conduit 32 is multiplied by a factor of 4, the amount of 
heat which can be recovered is increased only from fifty 
percent to eighty percent of the theoretical maximum. 

It should be mentioned that the curve of Fig. 3 as 
sumes that the concentration of solvents in the gases 
which are exhausted is equal to the concentration of 
solvents in the gases which are catalyzed. If it is as 
sumed that the concentrations of solvents in the oxidized 
gases and in the exhausted gases are not equal, the curve 
will be of the general form shown in Fig. 3 but will have 
a somewhat different slope. Therefore, the general 
principles set forth above regarding the amount of heat 
theoretically recoverable from the recirculated gases by 
catalytic oxidation apply where the concentration of 
solvents in the exhausts is higher or lower than the con 
centration of solvents in the gases which are catalyzed 
although the precise values recoverable for a given ratio 
might be somewhat different than the values shown in 
Fig. 3. 
With reference to the present invention the phenome 

non discussed in the above paragraphs must be considered 
in relation to the amount of catalyst required to recover 
the theoretically recoverable heat in the recirculated 
gases. Under given conditions the amount of catalyst 
required to efficiently oxidize the vapors contained in 
these gases will be directly proportional to the rate of 
flow of the recirculated gas stream. For example, the 
amount of catalyst required for a gas flow of 10,000 
S. C. F. M. (cubic feet per minute reduced to standard 
conditions of temperature and pressure) will in general 
be ten times the amount required for a gas flow of 1000 
S. C. F. M. assuming a constant inlet temperature. 
Furthermore, the amount of catalyst required for a 
stream of gases of constant flow rate is relatively inde 
pendent of the concentration of combustibles in the gas 
stream. The amount of catalyst required does vary 
slightly with concentration of combustibles in the strearn 
but this variation is relatively insignificant, particularly 
(as with drying ovens operated at a constant temperature) 
if the inlet temperature is held constant. 
From the foregoing discussion it is apparent that if, in 

the operation of an internally recirculating drying oven, 
operated at a constant temperature, it is desired to 
catalytically oxidize the vapors contained in the recircu 
lating gases, the amount of catalyst required for the op 
eration will be directly proportional to the rate of re 

circulation while the amount of heat which can be re 
covered is limited by the factor: 

Volume of gases tn rough catalyst 
5 Volume of gases through catalyst -- volume of gases 

exhausted 
XH 

where H represents the heat oxidation of all of the 
solvents vaporized. Fig. 3 illustrates this relationship 

0. since the abcissa is an indication of the amount of cata 
lyst required to recover a given percentage of the heat 
of oxidation, H., of the solvent. Thus it can be seen 
that if one unit of catalyst (i. e., one catalytic unit of a 
type described below) is required to recover 0.5 H, four 

15 units of catalyst will be required to recover 0.8 H and 
nine units of catalyst will be required to recover 0.9 H. 
From the foregoing discussion it is believed to be 

evident that a process of catalytic recovery of the heat 
of oxidation of solvent vapors evolved in the operation 

20 of a recirculating drying oven requires that the amount 
of gases catalyzed be limited in the light of the heat 
requirements of the oven and the economic use of the 
catalyst. With the present invention these conditions can 
be readily satisfied and the recirculating gas stream can 

25 be subjected to catalysis only to the optimum extent. 

EXAMPLE 

The following example illustrates the application of 
the invention to a specific set of circumstances and illus 

80 trates the considerations discussed above with relation 
to the amount of catalyst required, the amount of heat 
recovered, and volume of gases oxidized. 

In an oven operated at a temperature of 470 F. and 
exhausting to the atmosphere at a rate of 3,200 S. C. F. M. 

8 the amount of solvent volatilized is assumed to be 15 
gallons per hour or 0.25 gallon per minute. The oven 
atmosphere is recirculated at the rate of 32,000 S. C. 
F. M. of which 3,200 S. C. F. M. are by-passed in the 
recirculation system through the catalyst. A rate of 

40 volatilization of about 0.25 gallon per minute will yield 
lander these circumstances an oven atmosphere contain 
ing a concentration of solvents within the generally ac 
cepted safe operating range. This oven is assumed to 
have heat losses of 2,000,000 B. t. u. per hour divided as 
follows: material losses, 300,000 B. t, u, per hour, radia 
tion losses 300,000 B. t. u. per hour, and exhaust loss 
1,400,000 B. t, u, per hour. 
The solvents volatilized, 15 gallons per hour, are ca 

pable of providing approximately 120,000 B. t. u. per gal 
lon or 1,800,000 B. t. u. per hour to the oven if they are 
completely oxidized. Where 50% of this available heat 
is recovered, the heat supplied by these solvents will ap 
proximate 900,000 B. t. u. per hour. Fig. 3 shows that 

55 this amount of heat can be recovered where the concen 
tration of solvents in the recirculating gases is equal to 
the concentration of solvents in the exhausted gases and 
the volume of gases catalyzed per unit time (3,200 
S. C. F. M.) is approximately equal to the volume ex 

(30 hausted per unit time. Where these conditions obtain 
then, it is necessary to provide an additional 1,100,000 
B. t. li. per hour from extraneous sources such as the 
burners 20 and 34 of the embodiment of Fig. 1. In the 
operation of an oven of this type, of the 1,100,000 B. t. u. 

65 per hour provided from extraneous sources, most of this 
heat would be imparted by the burner 34 since in heating 
a relatively Small volume of gases to catalytic oxidation 
temperatures relatively large quantities of extraneous 
heat would be needed. The additional heat supplied 

to would be provided through the burner 20 and would be 
varied somewhat in accordance with minor variations in 
oven operating conditions as sensed by thermocouple 24 
and the fuel input would be correspondingly changed by 
controller 22. In normal operation the oven will have 

5 the following heat balance: - 

45 

50 
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Heat Supplied B. t, u?hr. Heat Distributed B. E. L.far. 

From Primary Burner. 250,000 Radiation loSS.--------. 300,000 
From Secondary (pre- 850,000 Material loss.--------- 300,000 
heat) Burner. 

From oxidation of 900,000 Exhaust 10SS.---------- 1,400,000 
vapors. 

2,000,000 2,000,000 

Under the foregoing conditions of operation the by 
passed gases flowing in conduit 32 will be heated to about 
975 F. while the main stream of recirculating gases will 
be heated by about 8 F. to 478 F. The temperature 
of the resultant stream (which is reintroduced into the 
oven) will then be about 528 F. which is suitable for 
introduction into the oven. 
The above example illustrates the fact that under ordi 

nary operating conditions by oxidizing a volume of gases 
equal to the volume exhausted from the oven approxi 
mately fifty percent of the heat available in the solvents 
can be recovered and that under ordinary operating con 
ditions this heat will provide almost one-half of the total 
heat required to maintain the 'oven at its operating tem 
perature. It is therefore apparent then that Substantial 
fuel savings can be effected by the practice of the inven 
tion. The above example also illustrates that while a 
total of 1,800,000 B. t. u. per hour might theoretically be 
recovered from the vaporized solvent, it would be neces 
sary to pass an enormous volume of gases over the cat 
alyst in order to recover this much heat. This would be 
obviously impractical because it would be necessary to 
provide an enormous amount of pre-heat and the total 
amount of heat supplied by oxidation of vapors plus pre 
heat would far exceed the requirements of the oven. Fur 
thermore, the amount of catalyst required would render 
the process highly uneconomic. For example, to recover 
1,620,000 B. t. a. per hour of the available 1,800,000 
would require that the amount of gases passed over the 
oxidation catalyst per unit length of time be equal to nine 
times the volume of gases exhausted per unit length of 
time. Furthermore, it would be necessary to provide 
about 8,100,000 B. t. LI./hr. in preheat which would greatly 
exceed the requirements of the oven (2,000,000 B. t. u./ 
hr.). 

Particular attention is called to the fact that the inven 
tion can be incorporated into existing drying ovens with 
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only slight structural modifications thereof and without 
disturbing the oven's previously existing heat balance. 
The embodiment shown in Figs. 1 and 2 constitutes a 
conventional type of existing oven with the by-pass con 
duit 32, secondary burners 34, and catalyst 40 added 
thereto. The heat supplied by the catalyst and the burn 
ers 20 and 34 is equal to the heat which in conventional 
operation would be supplied entirely by the primary 
burners 20. 
The present invention is not limited to a particular 

catalyst and the principles thereof are applicable to vir 
tually all suitable oxidation catalysts. However, a par 
ticular catalyst which will yield satisfactory results con 
sists of a unit 40 of the type shown in Fig. 4 to consist 
of a pair of end plates 46 which are rigidly secured to 
each other in spaced relationship by a spacer bar 48. A 
plurality of rod-like elements 50 are supported between 
end plates 46 in apertures 52 provided on the opposing 
faces of the end plates. At least one end of each of the 
rod-like elements 50 is freely mounted in its aperture 52 
for the purpose of providing sufficient clearance to per 
mit thermal expansion and contraction without stressing 
or fracture. The unit 40 is preferably constructed of a 
ceramic material such as high quality porcelain of the 
grade used in the manufacture of spark plugs. The rod 
like elements 50 are superficially coated with catalytic 
alumina, beryllia, zirconia or a suitable mixture of such 
materials, which is impregnated with about one percent 
to two percent platinum or other catalytically active metal 
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based on the weight of the alumina coating. Catalysts 
of this type are described more fully in the co-pending 
application of Eugene J. Houdry, Serial No. 312,152, 
filed September 29, 1952 for "Catalytic Structure and 
Composition.” 
While I have disclosed the invention with reference to 

the particular apparatus set up of Figs. 1 and 2, it is 
obvious that the invention might be practiced with drying 
ovens of other types. For example, the gases exhausted 
to the atmosphere might be extracted from the recircu 
lating system rather than from the oven chamber directly 
as in the disclosed embodiment. If the exhaust gases 
were extracted from the recirculating system it would, of 
course, be preferable to provide an exhaust duct to the 
duct 16 upstream from the burners 20 since the gases 
exhausted would not be heated by the burner. It should 
also be noted that the invention is applicable to ovens 
which might be planned with the principles of the inven 
tion in mind. Where the principles of the invention are 
applied to an oven constructed specifically for the prac 
tice of the invention, the primary burner 20 might be 
omitted and the secondary burner relied upon to supply 
all of the heat required in excess of the amount liberated 
by catalytic oxidation. With this arrangement the tem 
perature sensing means for the preheat burner 34 would 
be located in the oven chamber rather than in the by 
pass conduit. 

Other modifications within the scope of the appended 
claims will be obvious to those skilled in the art. 

claim: 
1. In a drying oven of the type wherein an oxidizable 

mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber, a 
recirculation duct and heating means in said duct, said 
duct and said heating means being operative to continu 
ously withdraw a stream of air-vapor mixture from said 
oven, raise the temperature of said stream and return said 
stream to the oven chamber, the improvement compris 
ing: a by-pass duct leading from said recirculation duct 
at a point upstream from said heating means and leading 
into said recirculation duct at a point downstream from 
said heating means, an oxidation catalyst disposed within 
said by-pass duct, whereby a portion of said stream flows 
through said by-pass duct, across said oxidation catalyst, 
and is subsequently returned to said stream, said oxidation 
catalyst being operative to raise the temperature of said 
portion by oxidation of the combustible vapors therein 
and thereby provide a substantial portion of the heat re 
quired to maintain said oven at its operating temperature, 
control means for said heating means, said control means 
being operative to control said heating means in such 
manner as to provide the additional heat required to main 
tain said oven at its operating temperature. 

2. In a drying oven of the type wherein an oxidizable 
mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber, a 
recirculation duct and a first heating means in said duct, 
said duct and said first heating means being operative to 
continuously withdraw a stream of air-vapor mixture from 
said oven chamber, raise the temperature of Said stream 
and return said stream to said oven chamber, the improve 
ment comprising a by-pass duct leading from said re 
circulation duct at a point upstream from Said first heat 
ing means and leading into said recirculation duct at a 
point downstream from said first heating means, a second 
ary heating means and an oxidation catalyst in said by 
pass duct, said catalyst being disposed downstream from 
said secondary heating means, said secondary heating 
means being operative to heat a stream of air-vapor mix 
ture flowing in said by-pass duct by at least an amount 
sufficient to render said stream amenable to catalytic 
oxidation, said catalyst being operative to oxidize the 
oxidizable vapors of said stream and thereby further raise 
the temperature thereof whereby a substantial portion of 
the heat required to maintain said oven at its operating 
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temperature is supplied by said secondary heating means 
and said catalytic oxidation. 

3. In a drying oven of the type wherein an oxidizable 
mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber, 
a recirculation duct and heating means in said duct, said 
duct and said heating means being operative to continu 
ously withdraw a stream of air-vapor mixture from said 
oven, raise the temperature of said stream and return 
said stream to the oven chamber, the improvement com 
prising: a by-pass duct leading from said recirculation 
duct at a point upstream from said heating means and 
leading into said recirculation duct at a point downstream 
from said heating means, an oxidation catalyst disposed 
within said by-pass duct, whereby a portion of said stream 
flows through said by-pass duct, across said oxidation 
catalyst, and is subsequently returned to said stream, said 
oxidation catalyst being operative to raise the temperature 
of said portion by oxidation of the combustible vapors 
therein and thereby provide a substantial portion of the 
heat required to maintain said oven at its operating tem 
perature, said heating means being operative to supply the 
additional heat required to maintain said oven at its operat 
ing temperature. 

4. In a drying oven of the type wherein an oxidizable 
mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber, a 
recirculation duct and a first heating means in said duct, 
said duct and said first heating ineans being operative to 
continuously withdraw a stream of air-vapor mixture from 
said oven chamber, raise the temperature of said stream 
and return said stream to said oven chamber, the improve 
ment comprising a by-pass duct leading from said recir 
cuiation duct at a point upstream from said first heating 
means and leading into said recirculation duct at a point 
downstream from said first heating means, a second heat 
ing means and an oxidation catalyst in said by-pass duct, 
said catalyst being disposed downstream from said second 
heating means, control means for said second heating 
means operative to control said second heating means in 
ing means and an oxidation catalyst in said by-pass duct, 
are heated by a relatively constant amount by the cumula 
tive effect of said second heating means and said catalyst 
to a temperature substantially in excess of the operating 
temperature of said oven whereby a substantial portion of 
the heat required to maintain said oven at its operating 
temperature is supplied by said second heating means and 
by catalytic oxidation of the oxidizable components of 
said oxidizable mixture. 

5. In a drying oven of the type wherein an oxidizable 
mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber, 
a recirculation duct and a first heating means in said 
duct, said duct and said first heating means being operative 
to continuously withdraw a stream of air-vapor mixture 
from said oven, raise the temperature of said stream and 
return said stream to the oven chamber, the improve 
ment comprising: a by-pass duct leading from said recir 
culation duct at a point upstream from said first heating 
means and leading into said recirculation duct at a point 
downstream from said heating means, a second heating 
means and an oxidation catalyst disposed within said by 
pass duct, said catalyst being disposed downstream from 
said second heating means, control means for said second 
heating means operative to control said second heating 
means in such manner that gases flowing through said by 
pass duct are heated by a relatively constant amount by 
the cumulative effect of said second heating means and 
said catalyst to a temperature substantially in excess of 
the operating temperature of said oven to thereby provide 
a substantial portion of the heat required to maintain 
said oven at its operating temperature, said first heating 
means being operative to supply the additional heat re 
quired to maintain said oven at its operating temperature, 
and control means for said first heating means operative 
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to control said first heating means in Such manner as to 
supply the heat requirements of said oven which are in 
excess of the heat supplied by said second heating means 
and the catalytic oxidation of said vapors. 

6. A method for the operation of a recirculating type 
drying oven wherein combustible vapors are evolved 
which intermix with air within the oven chamber com 
prising the steps of continuously withdrawing a stream 
of vapor containing air from the oven chamber, heating 
said stream and recirculating it to the oven chamber, 
continuously exhausting a stream of vapor-containing air 
from the ovel chamber to the atmosphere at a tempera 
ture substantially equivalent to the temperature of the 
stream withdrawn from said oven chamber for passage 
through said recirculation duct and at a rate Sufficient to 
maintain the vapor concentration in said oven at a safe 
level, the rate of recirculation being high relative to the 
rate of exhaust to the atmosphere, dividing said recircu 
lating stream into a major and a minor portion, pre 
heating said minor portion to an elevated temperature at 
which catalytic oxidation of its vapor content effectively 
takes place, passing said preheated minor portion in con 
tact with oxidation catalyst to effect catalytic oxidation of 
its vapor content and to further increase its temperature, 
recombining the thus heated minor portion with said major 
portion to produce a mixture at a temperature suitable 
for reintroduction into the oven chamber, and adjusting 
the rate of flow of the minor portion of said recircu 
lating stream over said catalyst with respect to the rate 
of exhaust of said air-vapor mixture from said oven cham 
ber to the atmosphere such that the ratio of flow of the 
catalyzed stream to the exhaust stream does not exceed 
3:1 whereby a substantial portion of the theoretically 
recoverable heat of said vapors is recovered for utiliza 
tion in said oven with the use of a relatively small amount 
of oxidation catalyst. 

7. In a drying oven of the type wherein an oxidizable 
mixture of air and solvent vapors is evolved during the 
drying process, said oven comprising an oven chamber 
and a recirculation duct having an inlet end for with 
drawing an air-vapor mixture from said oven chamber 
and an outlet end for returning heated gases to said oven 
chamber, the improvement comprising: a by-pass duct 
having its inlet and outlet connected into said recircu 
lation duct between the inlet and outlet ends thereof, oxi 
dation catalyst disposed within said by-pass duct, heat 
ing means disposed within said by-pass duct upstream 
from said oxidation catalyst to heat the air-vapor mixture 
passing through said duct to a temperature sufficient to 
render it amenable to catalytic oxidation, means for 
regulating the flow through said recirculation duct and 
said by-pass duct such that a minor portion of the gas 
mixture entering said recirculation duct from said oven 
chamber is withdrawn therefrom, flows through said by. 
pass duct, is heated by said heating means, passes in con 
tact with said catalyst whereby its temperature is further 
raised through catalytic oxidation of the combustible 
vapors present therein and is returned to said recircula 
tion duct and mixed with the gases flowing therein, the 
flow through said by-pass duct being controlled such that 
the heat Supplied by said heating means and the catalytic 

65 

70 

75 

oxidation of said combustible vapors supplies at least a 
Substantial portion of the heat required to maintain said 
oven at its operating temperature, and means for ex 
hausting from the system to the atmosphere a stream of 
air-vapor mixture at substantially the same temperature 
as the stream entering said recirculation duct to main 
tain the vapor concentration in said oven at a safe level. 
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