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The present invention relates to an improved process 
for burning fuel oil, and to improved furnace installations. 

Mineral fuel oil is widely used in the furnaces of boil 
ers both for inland and marine installations. Usually, 
residual fuel oils are used, by which term is meant the 
highest boiling fraction remaining after refinery distilla 
tion has been carried out on crude oil. Such residual oil 
may, however, be cut back with lighter boiling point frac 
tions to give a composition of lower viscosity, and hence 
improved pumpability. Mineral oil fractions of lower 
boiling point than residual fuel oils may also be used as 
fuel oils in boiler installations, e.g. mineral oils having 
a boiling point above 250 C. It is usual to classify the 
heavier oils according to their viscosity. Thus, mineral 
oils having a viscosity between 35 and 6,000 sec. Redwood 
No. 1 at 100 F. may be used. A commonly used fuel 
oil for marine use is the so-called "Bunker C” oil which 
has a viscosity of about 5,000 seconds. 
Commercial boiler and furnace installations vary in 

their efficiency to burn fuel oil completely without the for 
mation of Smoke. Smoke formation is undesirable be 
cause of fuel wastage, atmospheric pollution, and carbon 
deposition resulting in inhibition of heat transfer to heat 
exchange surfaces, etc. Such efficiency depends on fuel 
oil quality, burner design, and inherent design factors in 
the furnace or boiler itself. A 100% efficient installation, 
a theoretical entity, would be characterised by operating 
on a stoichiometric quantity of air entering the burning 
zone, resulting in complete combustion of the fuel. The 
divergence of installations from 100% efficiency is mani 
fested by the proportion of air which must be supplied to 
the burning zone in excess of the stoichiometric amount. 
Thus many installations require up to 25% or more by 
weight of excess air over that required for stoichiometric 
conibustion to avoid Smoke formation. 
One of the characteristics of fuel oils used in furnaces 

and boilers is that they contain sulphur, the proportion 
of sulphur generally increasing with viscosity. Thus 
"Bunker C” fuel oil may contain as much as 5% by 
weight of Sulphur. The pressure of sulphur in fuel oil 
has a limiting effect on the efficiency of boilers in which 
it is but it. Although it is desirable to use as little excess 
air as possible, as mentioned above it is common practice 
to use as much as 25% by weight of excess air in com 
mercial installations. Under stoichiometric conditions, 
the end products of complete combustion of hydrocar 
bons are carbon dioxide and steam. Under normal prac 
tical conditions of excess air combustion, however, the 
Sulphur dioxide is partially converted into sulphur tri 
oxide. The effect of this is twofold. The presence of 
sulphur trioxide in the combustion gases firstly encour 
ages fouling of low-temperature heat exchangers and 
other Surfaces, and secondly results in an elevation of 
the dew-point of the combustion gases so that corrosion 
takes place of surfaces below the dew-point. Thus, 
whereas the dew-points of SO2-containing combustion 
gases may be as low as 120 F., the dew-point of SO 
containing combustion gases may be elevated to as much 
as 350 F. Thus, in order to prevent fouling and corro 
sion, it is necessary to raise the back end temperature 
of furnaces and boilers using sulphur-containing fuel oils 
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to above the dew-point. This has the further effect of 
reducing the thermal efficiency of the installation. 
Numerous expedients have ben resorted to in an en 

deavour to reduce the acid dew-point of the effluent gases. 
Thus particulate compounds, such as dolomite metal 
powders or Soaps, or nitrogenous gaseous additives, such 
as ammonia, have been introduced to various parts of the 
system. Such prior attempts have varied in efficacy and 
have often been associated with higher operational costs. 
The present invention is directed to an improved 

method of operating an oil-fired furnace (which term 
includes boilers), and particularly furnaces operating on 
Sulphur-containing fuels, under conditions whereby the 
combustion is improved. Thus, when operating accord 
ing to the present invention the amount of excess air re 
quired for a given thermal output is reduced without a sig 
nificant increase in smoke generation, thereby increasing 
the therinal efficiency of the furnace, and the combus 
tion conditions within the burning zone are such that 
they approach, or may reach, stoichiometric conditions. 
A concomitant advantage of these conditions is that, 
when using Sulphur-containing fuel oils, the formation 
of SO3 in the fuel gases is inhibited, resulting in a lower 
ing of the dew-point of the effuent gases. A further 
advantage of the process of this invention is that gas in 
jection does not diminish the turbulence inside the furnace 
‘and, in fact, tends to enhance the turbulence, thus im 
proving combustion. 
To this end, the present invention provides aprocess 

for operating an oil-fired furnace to obtain heat, compris 
ing replacing a portion of the oil fuel with an extrane 
ously-produced reducing gas injected into the burning 
Zone of the furnace. By the term “extraneously pro 
duced is meant that the reducing gas is not generated 
within the combustion space of the furnace. 
The function of the reducing gas is twofold. First it 

provides part of the fuel requirements in combusting 
With OXygen in the burning Zone and secondly it reduces 
or eliminates the amount of excess air in the combustion 
gases, thus inhibiting the formation of SOs. 
The reducing gases used according to the present in 

vention may contain any gas capable of combusting with 
Oxygen, such as hydrogen, methane, and particularly 
carbon monoxide. In practice, mixtures of such gases 
may be used, for instance towns gas or natural gas, or 
gas mixtures containing such reducing gases. 

in a preferred modification of the present invention, a 
proportion of the oil fuel normally fed to the furnace is 
diverted to one or more gasifiers wherein it is converted 
into a carbon monoxide-containing gas, the gasified prod 
lucts being injected into the burning zone of the furnace. 
The hot CO-containing gases emerging from the gasi 

fiers supply the remainder of the final heat output by the 
furnace by virtue of their intrinsic heat content and their 
heat of connbustion with excess air present in the burning 
Zone. Thus, stoichiometric combustion of the fuel is, in effect, produced. 

It is important that the reducing gas be injected into 
the burning Zone of the furnace, i.e. that zone where the 
oil fuel is undergoing actual combustion. If the reduc 
ing gas is injected at too late a stage in the furnace the 
temperature within the furnace may not reach the igni 
tion temperature of the reducing gas with oxygen, which 
for carbon monoxide is approximately 600° C. 
The proportion of oil-fuel which is replaced by the 

reducing gas may be varied within limits depending on 
the efficiency of the furnace. To achieve the full advan 
tages of the present invention, the proportion of fuel re 
placed by the reducing gases should be equal to the pro 
portion of excess air that would otherwise have been 
used. Thus, where 20% of excess air is normally recom 

  



3. 
mended by the furnace designers, 20% of the fuel re 
quirements are preferably met by the reducing gas ac 
cording to the present invention. The overall amounts of 
excess air going into the furnace will be reduced com 
pared with that for conventional operation. 

Thus, in the instance outlined above, 120% of total air 
is conventionally supplied to the furnace. When operat 
ing the furnace with gasifiers, according to the preferred 
form of the present invention, 80% of fuel oil is intro 
duced into the furnace accompanied by 96% of stoichi 
ometric air required for total fuel used. The 20% of 
the fuel going to the gasifier is accompanied by Sub-stoi 
chiometric amounts of air to ensure the production of 
a reducing gas (i.e. a CO-containing gas). If, for in 
stance, 80% of stoichiometric air is introduced into the 
gasifiers, this corresponds to 16% of air based on Stoi 
chiometric air for total fuel combustion, the total air 
introduced thus being 112% of stoichiometric require 
ments. This reduction of excess air over conventional 
operations for complete combustion means increased 
thermal efficiency of the boiler and inhibition of SOs 
content of effluent gases when using a sulphur-containing 
fuel, without any significant increase in Smoke genera 
tion. 
The amount of reducing gas injected into the burning 

zone should not be greater than that required to combust 
with the excess air present. However, some excess of 
reducing gas may be tolerated without losing the advan 
tages of the invention. In practice, the amount of reduc 
ing gas actually introduced into the burning Zone may 
conveniently be somewhat below the actual amount re 
quired to react with all the excess air present, in order 
to avoid the effect of surges in the control systems up 
setting combustion in the furnace. 

Another aspect of the present invention provides appa 
ratus for burning fuel oil having means for injecting a 
reducing gas into the burning Zone, and particularly to 
such apparatus having means for diverting a proportion 
of the oil feed to one or more gasifiers, and means for 
injecting a reducing gas from the gasifiers into the burn 
ing Zone. 
The present invention may be further understood by 

reference to the following experiments and examples 
together with the accompanying drawings. 
FIGURE 1 of the accompanying drawing illustrates 

a cross sectional view of a refractory lined furnace. 
FIGURE 2 of the accompanying drawing illustrates a 
cross sectional view on a reduced scale of a gasifier for 
the extraneous production of a reducing gas. 

Referring to FIGURE 1 of the accompanying draw 
ing, a refractory lined furnace capable of burning up 
to 10 gallons of fuel oil per hour has a medium pressure 
atomising burner 2 and a gasifier 3 set into the side of 
the wall so that effluent gases from the gasifier impinge 
into the burning Zone of the furnace. A passage 7 leads 
from the furnace to the base of the stack 4. A sampling 
point 5 within the said passage is adapted to analyze the 
combustion products leading from the furnace to the 
stack, and to determine the smoke points, and a probe 6 
within the stack base is adapted to determine the dew 
point of the effluent gases. 

Metering means allow a proportion of the fuel oil 
flowing to the burner 2 to be diverted to the gasifier 3. 
The gasifier 3 is shown in more detail in FIGURE 2 

of the accompanying drawing, wherein a case 8 contains 
a refractory shell 9, constituting the gasifying Zone. A 
burner 10 leads into the zone, primary air being injected 
into the burner. Secondary air is lead through the tubes 
1 and jets 12 into the interior of the combustion Zone. 
The effluent gases containing carbon monoxide and other 
reducing gases flow through exhaust 13. 

Several experiments were conducted on the above ap 
paratus. Thus the furnace was operated in a normal 
manner with excess air and without the benefit of the 
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the furnaces, and finally the furnace was operated using 
fuel oil, part of which was gasified. 

In all instances, measurements were taken of the 
smoke point, CO, and SO content, and the dew-point 
of the effluent gases. 
The smoke point measurements were taken with a 

Von Brandt continuous recording smoke meter. On this 
scale, a reading of 1 means no smoke recorded at all, 
2 a barely perceptible smoke record and 9 a dense smoke 
record corresponding to dense smoke appearing at the 
stack. Dew-point values were determined using the 
BCURA type water cooled probe, described in the Jour 
nal Inst. Fuel, vol. XXV, No. 146, page 246, and SO3 
determinations carried out using a modified Corbett meth 
od, described in the Journal Inst. Fuel, vol. XXIV, No. 
140, page 247. 
The result of these runs are shown in the accompanying 

table: 

Flue gas analysis 
Won 

Fuel supply (200 seconds Red- Brandt 
wood viscosity, 2.8% S content) Percent SOs Dew. Smoke No. 

CO2 p.p.m. point, 
o F. 

Through burner only (30% excess 
air)---------------------------- 1.8 24 300 1 

73% by wt. through burner, 27% 
by Wt, through gasifier--------- 115.4 12 260 2 

Through burner only (20% exceSS 
air)--------------------------- 12.8 28 -------- 

78% by wt. through burner, 22% 
by Wt, through gasifier--------- 15.4 9.8 -------- 2 

Stoichiometric equivalent, 

It will be observed that passing a proportion of the 
fuel through the gasifier causes complete combustion of 
the fuel reflected in the high CO content of the corn 
bustion gases, without the production of significant smoke, 
and accompanied by a substantial reduction in the SOs 
content of the effluent gases, and a diminution of the dew 
point, 

It is to be understood that the invention is particularly 
applicable to boilers of steam-raising plant, and is not 
confined to any specific type of gasifier or other generator 
for producing a reducing gas, nor is it restricted to hav 
ing the gasifier or gasifiers or other injecting means for 
reducing gases in any particular position provided they 
are adapted to inject their effluent gases into the com 
bustion zone, and not to a region in the furnace wherein 
the reducing gases cannot pass to the combustion Zone, 
but pass out of the furnace unignited. 
What claim is: 
1. A process for operating a furnace fired with a Sul 

phur-containing fuel oil by which the formation of sulfur 
trioxide is inhibited, which process comprises, feeding fuel 
oil into the combustion zone of the furnace, feeding con 
bustion air into the furnace in an amount in excess of 
that required to effect stoichiometric combustion of the 
fuel oil, feeding fuel oil into a gasifier and combusting 
said oil in said gasifier to produce a carbon-nonoxide 
containing gas, and injecting said gas into the burning 
Zone of the furnace to combust with excess air therein, 
whereby hot combustion gases from the fuel oil and the 
said carbon-monoxide-containing gas, are produced. 

2. A process as claimed in claim 1 wherein the total 
amount of combustible gases produced by the gasifier 
is not greater than the amount required to combust with 
the excess air present in the burning zone of the furnace. 

3. A process as claimed in claim 1, wherein the pro 
portion of excess air based on the fuel oil fed to the 
furnace is that required to effect substantially complete 
combustion when operating the furnace without the 
gasifier. 

4. A process as claimed in claim 1 wherein said gas 
is injected into a burning Zone having a temperature of 

gasifier injecting reducing gases into the burning Zone of 75 at least 600. C. 
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5. A process as claimed in claim 1 wherein said fuel 
oil is Bunker C oil. 

6. A process for operating a furnace fired with sulfur 
containing fuel oil of from 35 to 6000 seconds Redwood 
No. 1 viscosity at 100 F. by which the formation of 
sulfur trioxide is inhibited, which process comprises feed 
ing about 73% by weight of said fuel oil into the com 
bustion zone of said furnace, feeding combustion air into 
the furnace in an amount in excess of that required to 
effect a stoichiometric combustion of the fuel oil, feed 
ing about 27% by weight of said fuel oil into a gasifier 
and combusting said oil in said gasifier to produce a 
carbon monoxide-containing gas, and injecting said gas 
into the burning zone of the furnace to combust with the 
excess air therein, said burning zone having a tempera 
ture of at least 600 C., whereby hot combustion gases 
from the fuel oil and the said carbon monoxide-contain 
ing gas are produced. 

7. A process for operating a furnace fired with sulfur 
containing fuel oil of from 35 to 6000 seconds Redwood 
No. 1 viscosity at 100 F. by which the formation of 
Sulfur trioxide is inhibited, which process comprises feed 
ing about 78% by weight of said fuel oil into the com 
bustion zone of said furnace, feeding combustion air into 
the furnace in an amount in excess of that required to 
effect a stoichiometric combustion of the fuel oil, feed 
ing about 22% by weight of said fuel oil into a gasifier 
and combusting said oil in said gasifier to produce a 
carton monoxide-containing gas, and injecting said gas 
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into the burning zone of the furnace to combust with the 
excess air therein, said burning zone having a tempera 
ture of at least 600° C., whereby hot combustion gases 
from the fuel oil and the said carbon monoxide-contain 
ing gas are produced. 
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