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(57) ABSTRACT 
A heat treatment furnace is sub-divided by an internal 
wall into an ante-chamber and a treatment chamber 
arranged so that workpieces pass through an entry of 
the furnace into the ante-chamber, and thence 
through the treatment chamber to an exit of the fur 
nace. Fuel-fired heating tubes are provided in the 
treatment chamber to radiate heat to workpieces 
therein and the tubes are arranged to discharge into 
the ante-chamber so that the hot products of combus 
tion contact the workpieces in the ante-chamber. The 
ante-chamber itself is sub-divided into front and rear 
parts, and the front part is provided with a gas outlet 
through which the products of combustion from the 
heating tubes can leave the furnace. Air may be drawn 
through the entry into the front part of the ante 
chamber to burn off oil from the workpieces therein. 

7 Claims, 2 Drawing Figures 
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3,857,553 
HEAT TREATMENT FURNACE AND METHOD 

SUMMARY OF THE INVENTION 
This invention relates to a furnace and method for 

the continuous heat treatment of workpieces in a non 
oxidising atmosphere, which furnace comprises an 
entry through which workpieces are conveyed into the 
furnace, an exit through which workpieces leave the 
furnace, and a treatment chamber through which the 
workpieces are conveyed between the entry and exit 
and in which the workpieces are heated to the required 
treatment temperature. - 
The term "heat treatment' embraces tempering, 

hardening, normalizing, annealing, carburising, carbo 
nitriding, sintering and brazing. Thus, in certain cases 
the furnace exit would be a chute leading in a quench 
tank. - 

When such heat treatment operations are carried out 
it is generally necessary to avoid contact between the 
workpieces and oxygen, and in many cases the pres 
ence in the treatment chamber atmosphere of other 
gases, for example water vapour, carbon-dioxide and 
hydrogen, must be avoided, or the concentrations of 
such gases must be carefully controlled. Thus in a case 
where heat is supplied by combustion of a fuel, the fur 
nace is so arranged that the mixture of fuel and air and 
the products of combustion thereof are separated from 
the workpieces. In many furnaces combustion of the 
fuel occurs in heating tubes which extend through one 
or more walls of the furnace into the treatment cham 
ber, the interior of the tubes being sealed from the inte 
rior of the treatment chamber. 
Heat released by combustion of the fuel is radiated 

from the tubes to the workpieces and to the walls of the 
treatment chamber. Since the rate of radiation of heat 
from a body decreases rapidly with decreasing temper 
ature of that body, the heating tubes must be main 
tained at a high temperature, e.g. 1,000°C or more, to 
enable heat energy to be radiated to the workpieces at 
the required rate. Since heat is transferred to the tubes 
from the gases passing therethrough, the gases ex 
hausted from the heating tubes will be at an even higher 
temperature, and accordingly these gases carry away 
from the furnace to the ambient atmosphere a consid 
erable proportion of the heat energy released by com 
bustion of the fuel. - 

It has previously been proposed that, in order to in 
crease the overall efficiency of a furnace of the kind 
specified wherein heat is supplied by combustion of a 
fuel, heat should be exchanged between gases ex 
hausted from the heating tubes and the incoming air 
supply. However, the amount of heat which can thus be 
transferred is relatively small, and the overall efficiency 
of the furnace is not much improved. 
In order to achieve a sufficiently high rate of heat 

transfer to the workpieces a fairly large number of 
heating tubes is normally provided and a consequence 
of this is that the heating tubes must normally be ar 
ranged transversely of the length of the furnace. It is 
thus generally necessary to leave a fairly wide unob 
structed space along one or each side of the furnace to 
enable the heating tubes to be withdrawn for replace 
ment or maintenance. This is generally inconvenient 
and wasteful of floor space. The provision of a rela 
tively large number of heating tubes also contributes 
significantly to the capital cost of the furnace. 
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Alternatively, furnaces of the kind specified are pro 

vided with electrical heating elements. However, in 
order to attain the required rate of radiation of heat to 
the workpieces, a fairly large number of electrical heat 
ing elements must be provided and these contribute sig 
nificantly to the capital cost of the furnace. Further 
more, electrical energy is more expensive than heaten 
ergy derived directly from the combustion of a fuel, 
and the running costs of an electrically-heated furnac 
are correspondingly high. 

In known furnaces of the kind specified, whether 
heated electrically or by combustion of a fuel, elabo 
rate precautions are taken to reduce the ingress of air 
into the treatment chamber. Thus the furnace is nor 
mally operated with a protective atmosphere in the 
treatment chamber at a pressure slightly above that of 
the ambient atmosphere so that the protective atmo 
sphere continuously flows through the furnace entry to 
the outside of the furnace. The protective atmosphere 
normally comprises combustible gases and these gases 
burn on reaching the outside of the furnace when the 
protective atmosphere mixes with ambient air. Such 
combustion occurring outside the furnace is wasteful of 
heat energy, is inconvenient in that it leads to uncom 
fortable working conditions near to the furnace, and 
also causes a pollution problem since the combustible 
gases burn in an uncontrolled manner and frequently 
with a smokey flame. 
Notwithstanding the elaborate precautions taken in 

known furnaces of the kind specified to avoid ingress 
of air to the treatment chamber, air does pass through 
the furnace entry and thus contaminates the protective 
atmosphere within the treatment chamber. 
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A further problem which arises in connection with 
known furnaces of the kind specified is that the atmo 
sphere within the treatment chamber does not support 
combustion of oils and grease commonly present on 
workpieces which are to be subjected to heat treat 
ment. If the surface layer of oil or grease is not removed 
before a workpiece enters the treatment chamber, the 
treated workpiece will at best be coated with a layer of 
carbon, and in many cases surface properties of the 
workpiece would be substantially modified. Thus it is 
generally necessary to degrease workpieces by washing 
in a solvent before the workpieces enter the furnace. 

It is an object of the present invention to reduce or 
overcome one or more of the problems hereinbefore 
referred to. 
According to one aspect of the present invention 

there is provided a furnace of the kind specified com 
prising an ante-chamber in addition to the treatment 
chamber, these chambers being arranged to communi 
cate through an opening so that workpieces entering 
the furnace can pass through the ante-chamber and 
then through the treatment chamber, at least one heat 
ing tube disposed at least partly within the treatment 
chamber, means for supplying fuel and air to the inte 

60 

65 

rior of the heating tube to burn therein so that the heat 
ing tube radiates heat to the contents of the treatment 
chamber, said heating tube being so arranged that gases 
are exhausted therefrom into the ante-chamber to 
contact any workpieces therein, and the ante-chamber 
being provided with a gas outlet so that gases can leave 
the ante-chamber other than through the furnace entry 
or the opening into the treatment chamber. 

In a furnace according to the invention direct contact 
between workpieces in the ante-chamber and gases ex 
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hausted from the heating tube is permitted so that the 
temperature of these gases when they leave the furnace 
is much lower than the temperature of the exhaust 
gases leaving the known type of furnace hereinbefore 
described. A larger proportion of the heat released by 
combustion is transferred to the workpieces, and the 
running costs of the furnace are reduced accordingly. 
Furthermore, the workpieces are heated before they 
enter the treatment chamber to a temperature between 
that within the treatment chamber and the ambient 
temperature. Accordingly, the amount of heat which is 
required to be imparted to the workpieces within the 
treatment chamber is reduced and a smaller number of 
heating tubes can be employed, as compared with the 
known type of furnace. Thus, the capital costs of the 
furnace are reduced. Also the smaller number of heat 
ing tubes can be arranged more conveniently for main 
tenance. 
A furnace according to the present invention also 

provides that contamination of the treatment chamber 
atmosphere can be avoided without losing protective 
atmosphere from within such chamber at a high rate. 
Furthermore, it is not necessary to cause hot or com 
bustible gases to flow out of the furnace entry. Any air 
passing into the furnace through the entry mixes with 
the exhaust gases delivered into the ante-chamber from 
the heating tube. Normally all of such exhaust gases 
would pass through the gas outlet and thus carry 
through the gas outlet any air which enters the ante 
chamber. Any moderate leakage of gas which occurs 
from the ante-chamber into the treatment chamber 
does not result in a significant increase in the concen 
tration of oxygen in the treatment chamber, since the 
concentration of oxygen in the ante-chamber is much 
smaller than in the ambient atmosphere. 
A further advantage provided by a furnace according 

to the present invention is that it is unnecessary to de 
grease workpieces before they enter the furnace. Air 
can be admitted to the ante-chamber through the fur 
nace entry to burn oil and grease from the workpieces 
whilst in the ante-chamber. Conditions in the ante 
chamber can readily be so controlled that oxidation is 
substantially complete and the production of smoke is 
negligible. In this way not only is the cost of degreasing 
by means of a solvent avoided, but at least some of the 
heat released by combustion of the oil or grease will be 
absorbed by the workpiece and will therefore contrib 
ute to lower fuel requirements of the furnace. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows in horizontal cross-section a heat treat 

ment furnace according to the invention, and 
FIG. 2 shows the furnace of FIG. in vertical cross 

section. 

DETAILED DESCRIPTION 

The exterior walls of the furnace shown in the ac 
companying drawings may be constructed in a conven 
tion manner, for example they may consist of a sheet 
metal outer skin lined with refractory material. A front 
wall 10 is formed with an entry opening 11 through 
which workpieces can be conveyed into the furnace. 
The conveying means would be supported on a bottom 
wall 12 of the furnace and may be of any known form, 
for example a shaker or roller hearth, a walking beam 
conveyor, or a mesh belt or cast link conveyor. The 
conveying means (not shown) would extend from a po 
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sition in front of the furnace through the furnace to an 
exit of the latter, and possibly beyond the exit. In the 
particular example shown in the accompanying draw 
ings the exit is in the form of a chute 13 which extends 
downwardly through the bottom wall 12 for delivering 
workpieces to a quench tank (not shown) situated be 
neath the furnace. Alternatively, the exit opening could 
be formed in a rear wall 4 of the furnace. The dimen 
sions of the entry opening 11 are such that clearances 
will always exist between the boundaries of the entry on 
the one hand, and the conveying means and workpieces 
carried thereon on the other hand. It is not necessary 
for such clearances to be small since ingress of air 
through the entry 11 is not disadvantageous. The entry 
is made no larger than necessary in order to avoid ex 
cessive loss of heat from the interior of the furnace 
through the entry, since such loss of heat would reduce 
the overall efficiency and would contribute to inconve 
nient or uncomfortable working conditions in the vicin 
ity of the front end of the furnace. 
The furnace is divided by an internal wall 15 into an 

ante-chamber 16 and a treatment chamber 17. The 
conveying means extends through an opening 18 at the 
bottom of the internal wall. Again, the clearances be 
tween the conveying means and workpieces on the one 
hand, and the boundaries of the opening 18 on the 
other hand are not critical, but the opening is made no 
larger than necessary. With certain kinds of conveying 
means it would be possible to provide a door to close 
the opening 18 when no workpiece is moving there 
through, but such a door is not considered necessary in 
a furnace in accordance with the present invention. . . 
The ante-chamber 16 is sub-divided by a wall 19 into 

front and rear parts 20 and 21 respectively. At the bot 
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tom of the wall 19 is an opening 22 through which the 
conveying means extends, this opening being similar to 
the opening 18. 
A pair of heating tubes 23 and 24 extend longitudi 

nally of the furnace through the treatment chamber 17. 
An end portion of each heating tube is disposed within 
and sealed within a respective aperture in the rear wall 
14. An opposite end portion of each heating tube is dis 
posed within a respective aperture in the internal wall 
15, which wall supports this end of the heating tube. 
The heating tubes would not normally be tightly sealed 
within their respective openings in the internal wall al 
though a packing would normally be provided to pre 
vent free flow of gases through these openings. A 
burner 25 is provided for each of the heating tubes, 
these burners being disposed outside the rear wall 14 
and communicating with the ducts defined by the heat 
ing tubes. When the furnace is operating, fuel and air 
are supplied to the burners and a burning mixture of 
fuel and air is directed along the duct defined by each 
of the heating tubes, thereby raising the temperature of 
the latter so that they radiate heat to the interior of the 
treatment chamber and to workpieces disposed 
therein. 
At their ends remote from the burners 25, each of the 

heating tubes 23 and 24 communicates directly with a 
respective extension tube 26. One end portion of each 
extension tube lies within the opening in the internal 
wall 15 into which the associated heating tube extends. 
The extension tubes extend from the wall 15 horizon 
tally through the rear part 21 of the ante-chamber, 
through respective openings in the internal wall 19, 
through the front part 20 of the ante-chamber to the 
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front wall 10. End portions of the extension tubes are 
received in respective sockets formed in the internal 
face of the front wall 10. 
The heating tubes 23 and 24 and the extension tubes 

26 are each fixed at their respective end portions which 
engage external walls of the furnace, and thermal ex 
pansion and contraction of the tubes is accommodated 
by movement of adjacent end portions situated within 
the openings of the internal wall 15. The adjacent end 
portions of each heating tube and its associated exten 
sion tube are arranged telescopically so that relative 
longitudinal movement of these end portions can occur 
without impairing the substantially gastight character 
of the junction between the extension tube and heating 
tube. The relative diameters of these tubes would be 
selected to provide a substantially gas-tight junction at 
the normal operating temperature which, nevertheless, 
permits of relative longitudinal movement without the 
tubes being subjected to large stresses. 
As shown, the openings in the wall 15 may taper to 

wards the treatment chamber, in a case where end por 
tions of the heating tubes are received within end por 
tions of the extension tubes. A packing (not shown) 
may be provided in each of these openings, which 
packing will be compressed when the extension tubes 
expand longitudinally. 
Each of the extension tubes 26 is formed with two up 

wardly presented openings, one of which, 27, is dis 
posed within the rear part 21 of the ante-chamber, and 
the other of which, 28 is disposed in the front part 20 
of the ante-chamber. Thus, hot gases can be discharged 
from the heating tube 24 through the associated exten 
sion tube 26 into both parts of the ante-chamber. 
Discharge control means is provided for controlling 

the relative rates of discharge from each heating tube 
into the front and rear parts 20 and 21 respectively of 
the ante-chamber. This discharge control means com 

6 
In a further alternative arrangement, automatically . 

operated drive means may be provided for controlling 
the settable adjustment means. Such drive means may 
comprise a motor, operation of which is controlled by 
a signal derived from a temperature-sensing means situ 
ated at the bottom of the ante-chamber 16, preferably 
in the rear part 21 thereof. The motor may be an elec 
tric motor in a case where the settable adjustment 
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prises control tubes 29 disposed one either on or, as 
shown, within each of the extension tubes 26 and slid 
able therealong. The control tubes fit within the exten 
sion tubes with sliding clearance and each have a length 
such that in one extreme position, shown in FIG. , the 
associated opening .28 is closed and the associated 
opening 27 is completely unobscured. Each control 
tube can be moved along the associated extension tube 
by settable adjustment means to partly open the open 
ing 28 and partly obscure the opening 27, and eventu 
ally into a further extreme position in which the open 
ing 28 is completely unobscured and the opening 27 is 
closed. In this further extreme position, a machined 
end face of the extension tube abuts a machined end 
face of the associated heating tube and forms a fairly 
gas tight junction which is made even more gas tight by 
the extension tube which embraces adjacent end por 
tions of the control and heating tubes. 
The settable adjustment means comprises a rod 30 

which is secured to and projects forwardly from the 
control tube through an aperture in the front wall 10. 
The rod 30 may be displaced longitudinally by an oper 
ator pushing or pulling the rod as appropriate. Alterna 
tively, a portion of the rod which lies outside the front 
wall 10 may be formed with a screw thread engaged 
with a screw-threaded bush fixedly mounted outside 
the front wall. A hand wheel may be rigidly secured to 
the front end of the rod 30 to enable the latter to be ro 
tated and thereby screwed through the bush to slide the 
control tube in an appropriate direction. 
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means comprises a screw-threaded rod co-operating 
with a screw-threaded bush as aforementioned. Alter 
natively, the motor may be a pneumatic or hydraulic 
piston and cylinder unit in a case where the settable ad 
justment means comprises a longitudinally slidable rod 
secured to the control tube. The arrangement would be 
such that when the temperature at the bottom of the 
ante-chamber reaches a predetermined value, which 
may be varied in accordance with the nature of the 
workpieces being treated, the control tubes 29 are dis 
placed towards the internal wall 15 to further obscure 
the openings 27 and thereby divert a greater proportion 
of the hot gases exhausted from the heating tubes to 
flow directly to the gas outlet 31, instead of flowing 
through the rear and front parts of the ante-chamber. 
This would have the effect of reducing the amount of 
heat imparted to the ante-chamber and workpieces 
therein, thus lowering the temperature therein. In this 
way, the temperature within the ante-chamber can be 
controlled automatically to ensure that the tempera 
ture does not rise to a value at which the workpieces 
would be adversely affected by free oxygen or other 
gases present in the ante-chamber. - 
A gas outlet 31 leads upwardly from the front part 20 

of the ante-chamber. Control mean is provided for con 
trolling the rate of gas flow through the outlet 31, this 
control means being in the form of a damper 32 which 
is slidable between a position shown in FIG. 2 in which 
it closes the outlet 31 and a further position in which 
the outlet is fully open. The damper is displaceable by 
means of a rod 33 attached to the damper and project 
ing therefrom through an aperture in the front wall 10. 
The damper 32 may be adjusted by an operator pushing 
or pulling the rod 33, or screw means as hereinbefore 
described in connection with the rod 30 may be pro 
vided. 
A protective atmosphere for the treatment chamber 

17 is produced from gases exhausted from the heating 
tube 24. An outlet duct 34 is provided to convey some 
of the gases leaving this heating tube from a position 
within the extension tube 26 to a heat exchanger (not 
shown) outside the furnace. Such cooling causes the 
precipitation of water and the de-watered gases thus 
produced are pumped through an inlet 36 into an annu 
lar passageway 37 which surrounds the heating tube 24. 
If required, additional fuel gas may be introduced into 
the de-watered gases before the latter are passed into 
the passageway 37, such addition being made accord 
ing to the nature of the atmosphere required in the 
treatment chamber. 
The passageway 37 is conveniently defined by a fur 

ther tube 38 arranged concentrically with the tube 24 
and extending along a part of the length of the latter. 
The heating tube 24 will thus radiate heat to the further 
tube 38 when the furnace is operating. The gaseous 
mixture introduced into the passageway 37 will thus 
pass over the external surface of the heating tube 24 
and the internal surface of the further tube 38 so that 
the gases will be heated and, in a case where additional 
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fuel gas has been introduced, will undergo further reac 
tion which may be exothermic if any free oxygen is 
present or may be endothermic. The hot protective at 
mosphere thus produced issues from the end of the fur 
ther tube 38 which is remote from the burner 25 into 
the interior of the treatment chamber. 
When the furnace is operating the damper 32 would 

normally be so positioned that all of the gases ex 
hausted from the heating tubes 23 and 24 into the ante 
chamber 16 pass through the gas outlet 31 to a flue. It 
will be noted that hot or burning gases do not normally 
issue from the entry 11, and therefore working condi 
tions adjacent to the furnace will be significantly im 
proved, as compared with known furnaces of the kind 
specified. 

If there is present on the surface of workpieces to be 
treated in the furnace grease, oil or other combustible 
material which is required to be removed preparatory 
to treatment in the treatment chamber 17, the damper 
32 would be so positioned that ambient air is drawn 
into the ante-chamber 16 through the entry 11. The at 
mosphere within the ante-chamber, at least in a zone 
adjacent to the entry 11, would thus include a small 
proportion of oxygen. Workpieces entering the ante 
chamber would be heated by radiation from the walls 
of this chamber and by direct contact with hot or burn 
ing gases issuing from the heating tubes 23 and 24. 
Thus any combustible material on the surface of the 
workpieces would be burnt therefrom. Conditions 
within the ante-chamber can readily be controlled so 
that such combustion is complete and little or no 
Smoke is produced. 
The temperature to which workpieces are heated 

within the ante-chamber 16 is such that the properties 
of the workpieces are not affected adversely, notwith 
standing that the atmosphere within the ante-chamber 
will include considerable proportions of water vapour, 
carbon-dioxide, and possibly oxygen. Thus, for exam 
ple, workpieces passing from the ante-chamber into the 
treatment chamber 17 may be at a temperature of ap 
proximately 500°C. Whilst travelling through the treat 
ment chamber, the workpieces are heated further by 
heat energy radiated from the heating tubes 23 and 24. 
As a result of the preheating carried out in the ante 
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gration of a small quantity of this atmosphere into the 
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treatment chamber will result in an exceedingly low 
concentration of oxygen within that chamber. 
The heating tubes 23 and 24 may be withdrawn from 

the furnace, for maintenance or renewal, in a direction 
longitudinally of the furnace. Alternatively, provision . 
may be made for withdrawing these tubes upwardly, 
the roof of the furnace first having been removed. The 
accessibility of the heating tubes is good, as compared 
with known designs of furnace of the kind specified. A 
small number of heating tubes of simple form is suffi 
cient to provide the required amount of heat in the 
treatment chamber 17. 
The arrangement illustrated in the accompanying 

drawings provides for a better heat process pattern 
compatible with metalurgical requirements in all zones 
of the furnace, as compared with the heat process pat 
tern achieved with known furnaces of the kind speci 
fied. Furthermore, we have found that with the furnace 
illustrated in the accompanying drawings we can 
achieve better control over the composition of the pro 
tective atmosphere within the treatment chamber than 
is possible with known funaces of the kind specified. 
Thus treatment such as carbo-nitriding and carburising 
where the avoidance of contamination of the atmo 
sphere is critical, can readily be carried out without the 
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chamber, the required treatment temperature can 45 
readily be reached with a moderate rate of radiation of 
heat from the tubes 23 and 24. Thus a smaller number 
of heating tubes can be provided than would be pro 
vided in a furnace of known design intended for the 
same duty. It will be noted that it is not necessary to 
place heating elements beneath the conveying means in 
the furnace shown in the accompanying drawings. 
The respective pressures within the ante-chamber 16 

and treatment chamber 17 would normally be main 
tained at values such that the protective atmosphere 
tends to migrate from the treatment chamber into the 
ante-chamber. However, it would not be necessary to 
maintain a rapid flow of atmosphere in this direction, 
since some migration of atmosphere from the rear part 
21 of the ante-chamber into the treatment chamber can 
be tolerated. Although ambient air may be permitted to 
enter the front part 20 of the ante-chamber through the 
entry 11, all or almost all of such ambient air will be 
carried upwardly from the entry 11 through the gas 
outlet 31. Thus the concentration of oxygen in the at 
mosphere of the rear part of the ante-chamber adjacent 
to the internal wall 15 will be very low. Accordingly mi 
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use of means such as a fan for establishing a predeter 
mined circulation of atmosphere within the treatment 
chamber. Furthermore, carbo-nitriding can be carried 
out at a similar rate to that at which simple hardening 
can be effected. 

In certain cases the relative amounts of heat required 
to be imparted to the workpieces in the ante-chamber 
and in the treatment chamber may be such that the 
gases which are exhausted from the heating tube or 
tubes which extend through the treatment chamber do 
not carry sufficient heat into the ante-chamber. In such 
cases further heating elements may be provided in the 
ante-chamber. Such further heating elements could be 
electrical heating elements, radiant fuel burning tubes 
or fuel burners delivering burning fuel directly into the 
ante-chamber to contact the workpieces. 

In some applications, for example in furnaces having 
relatively long treatment chambers to provide for a 
long residence time of workpieces therein, the heating 
tubes may be arranged to extend transversely of the 
length of the treatment chamber. Conveniently in such 
cases the treatment chamber and ante-chamber would 
extend side-by-side, a number of heating tubes extend 
ing from an outer side wall of the treatment chamber 
across such chamber and through a wall dividing the 
treatment chamber from the ante-chamber so that hot 
gases will be exhausted from these tubes into the ante 
chamber. A transfer chamber would be provided across 
the ends of both the ante-chamber and the treatment 
chamber, the conveying means being arranged to con 
vey workpieces along the ante-chamber and into the 
transfer chamber, across the transfer chamber to a po 
sition adjacent the treatment chamber and then 
through the treatment chamber. The conveying means 
may conveniently include three hydraulically-operated 
pushers, one to push workpieces through the ante 
chamber into the transfer chamber, a second pusher to 
push workpieces across the transfer chamber and a 
third pusher to push workpieces into and through the 
treatment chamber. 

I claim: 
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1. In a furnace of the kind used for heat treatment of 

workpieces and comprising an entry through which the 
workpieces enter the furnace, an exit through which 
workpieces leave the furnace and a treatment chamber 
through which the workpieces are conveyed between 
the entry and exit and in which the workpieces are 
heated to the required treatment temperature, 
the improvement wherein the furnace comprises: 
an ante-chamber adjacent to the treatment chamber 
and into which ante-chamber the furnace entry 
leads, 

means defining an opening affording communication 
between the ante-chamber and the treatment 
chamber; 

at least one heating tube disposed at least partly 
within the treatment chamber and communicating 
with the ante-chamber; 

means for supplying fuel and air to the heating tube; 
and a gas outlet leading out of the ante-chamber; 
whereby fuel can be burned inside the heating tube 

to cause the tube to radiate heat to the contents of 
the treatment chamber, and the products of com 
bustion pass from the heating tube into the ante 
chamber and thence through the gas outlet. 

2. The improvement according to claim 1 wherein: 
the ante-chamber is sub-divided into front and rear 

parts, 
the gas outlet and furnace entry communicate di 

rectly with the front part, 
and said opening communicates directly with the rear 

part. 
3. The improvement according to claim 2 wherein: 
the heating tube communicates with the ante 
chamber through means defining first and second 
discharge apertures, 
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10 
said first discharge aperture is situated in the front 
part of the ante-chamber, 

said second discharge aperture is situated in the rear 
part of the ante-chamber, 

and discharge control means is provided for adjusting 
the relative rates of discharge from the heating 
tube through the first and second discharge aper 
tures respectively. 

4. The improvement according to claim 3 wherein: 
the ante-chamber is divided from the treatment 
chamber by a first internal wall, 

the rear part of the ante-chamber is divided from the 
front part thereof by a second internal wall, 

the heating tube is supported at one end in an exter 
nal wall of the furnace and at the other end in said 
first internal wall, 

there is further provided an extension tube which ex 
tends from that end of the heating tube supported 
in said first internal wall through the rear part of 
the ante-chamber, through the second internal wall 
and into the front part of the ante-chamber, 

and said first and second aperture means are formed 
in the extension tube. 

5. The improvement according to claim 4 wherein; 
said discharge control means comprises a control 
tube slidable along the extension tube between po 
sitions in which it obscures one or other of said first 
and second aperture means. 

6. The improvement according to claim 3 wherein 
said first aperture means faces towards the gas outlet. 

7. The improvement according to claim 1 wherein 
control means is provided for controlling the rate of 

35 flow through the gas outlet. 
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