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Abstract. In Ocaña, Colombia, a traditional ceramic industry has been developed using low 
efficiency kilns without controls in the combustion processes, which generate large heat losses. 
As a result, it was necessary to implement a virtual instrument to monitor temperatures in the 
firing process. For the study, a continuous Hoffman kiln, and the temperature acquisition was 
carried out in two combustion chambers and lasted twenty-four hours. In the kiln firing process, 
the energy supplied due to coal combustion was 22198×106 KJ, while the heat accumulated in 
the kiln roof, walls and floor was 14452.6×106 KJ, 1085.71×106 KJ and 164.72×106 KJ 
respectively. The total heat stored in the masonry was 15703.03×106 KJ, representing 70.73 % 
of the energy supplied. Due to the material used in the construction of the kiln, the accumulated 
heat is high, and it is necessary to implement coatings using ceramic fibers on the kiln walls, 
keeping the temperature constant in the firing process and leading to a decrease in heat 
accumulation of about 20 %. Also, air, fuel, temperature, and pressure injection systems should 
be implemented. 

1. Introduction 
In Ocaña, Colombia, there are many companies in the clay industry, most of which carry out their 
production processes by hand [1], due to their low construction and maintenance costs [2] and 
intermittent operation [3], except for Ladrillera Ocaña, Colombia, which has technician its processes 
and operates continuously. The lack of controls on combustion processes [4], high emission rates [5], 
the failure to generate new products and, in general, the lack of technology to improve production 
processes [6], have the region's ceramics industry in a major crisis. 

For this reason, strategies are required to ensure that the manufacturing process of ceramic materials 
in Ocaña, Colombia, is productive and efficient, to the point that it meets the standards of quality [7] 
and emissions of gases into the environment, to this also joins the national planning department that in 
its agenda of productivity and competitiveness for Norte de Santander department, Colombia, 
established that the ceramic sector should be the national leader in the field of production of high quality 
ceramic materials [8]. 
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In this research, a virtual instrument was designed, programmed, and implemented for the acquisition 
of temperature data, which generates temperature profiles, with which the evaluation of heat 
accumulation in masonry in the combustion process in the kilns is performed. This instrument will 
visualize the thermal behavior of the kiln, leading to a better combustion of the firing process, reducing 
fuel consumption, reducing the emission of gases into the environment, and improving the performance 
and competitiveness in the market. From this, implementations can be made with coatings using ceramic 
fibers on existing kiln walls that lead to less heat accumulation in masonry during the firing process. By 
using ceramic fibers on existing kiln walls, a decrease in heat accumulation of about 20% can be 
achieved. 

2. Methodology 
The research was carried out in the continuous Hoffman kiln of Ladrillera Ocaña, Colombia, is a highly 
productive continuous kiln that operates 24 hours a day, 365 days a year, which is an advantage over 
the traditional kilns used for the transformation of ceramic material in the municipality of Ocaña, 
Colombia. The Hoffman kiln consists of two combustion chambers in which the combustion gases are 
recirculated and utilized [9]. 

The cross section of the kiln is composed of an outer wall 1.80 m high and 0.90 m thick, where 9 
loading doors and an equal number of gas extraction doors are located. A solid central wall of 1.20 m 
thick and an elliptical dome of 2.70 m of semi-major axis and 1 m of semi-minor axis. From where the 
dome begins to the top where the furnace ends, there is a height of 1.90 m covered with brick [10]. 
Figure 1 shows the kiln roof as well as the orifices through which pulverized fuel is injected into the 
kiln. In total for the analysis, there are 168 holes with a diameter of 0.165 m and an average length of 
1.21 m, while the furnace floor is 2.70 m wide and 0.15 m thick. 
 

 
Figure 1. Combustion chambers in the kiln and combustion 
chambers in the kiln and cross-section combustion 
chambers, injection holes, and product stacks. 

2.1. Temperature data acquisition and generation of temperature profiles 
The research work begins with the design, development, programming, and validation of a virtual 
instrument for the acquisition of temperature data and generation of temperature profiles for the firing 
process in kilns to produce ceramic materials [11]. Temperatures were measured inside and outside the 
wall, roof, and floor of the kiln. For the measurement of internal temperatures, chrome aluminum alloy 
bulb thermocouples type K with ceramic insulation were used [12], and for the measurement of external 
temperatures, wire thermocouples type K were used. Once the thermocouple assembly was completed, 
the thermocouple terminals were connected to the NI 9213 I/O module attached to the NI 9184 chassis, 
and the program was tested and executed, starting the temperature data acquisition. 
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The research aims to estimate the heat exchange taking into account the heat generated by fuel 
combustion and heat accumulation in the kiln masonry, which will allow improving the thermal 
processes in the kilns, ensuring greater thermal efficiency, which will reduce fuel consumption. 

2.2. Heat input 
The heat input is the energy released by the combustion of the coal used during the burning process and 
is equal to the calorific value of the coal multiplied by the coal consumption during the firing process 
[13], for the evaluation of this heat, the following expression is used see Equation (1). 
 

Q! = P" ∗ m", (1) 
 

where Q! is heat input in (KJ); P" is calorific value of coal in (KJ/Kg); and m" is fuel mass in (Kg). 

2.3. Heat storage in masonry 
The heat released inside the furnace is transferred to the roof, walls, and floor of the kiln [14]. For the 
evaluation of this heat, the following expression is used see Equation (2), Equation (3), Equation (4), 
and Equation (5). 
 

Q𝐨 = Q$!" + Q$#$% + Q$!&'	, (2) 
 

Q$!" = ρ$ ∗ C$ ∗ V%& ∗ T')", (3) 
 

Q$#$% = ρ$ ∗ C$ ∗ V()" ∗ T'#$%, (4) 
 

Q$!&' = ρ$ ∗ C$ ∗ V*&' ∗ T')&', (5) 
 

where Q$ is heat storage in masonry in the kiln in (KJ); Q$!" is heat stored in the kiln wall in (KJ); 
Q$#$% is heat stored in the kiln roof in (KJ); Q$!&' is heat stored in the kiln floor in (KJ); V%& is kiln wall 
volume in (m3); V()" is kiln roof volume in (m3); V*+, is kiln floor volume in (m3); T')" is average kiln 
wall temperature in (°C); T'#$% is average kiln roof temperature in (°C); and T')&' is average kiln floor 
temperature in (°C). To evaluate the heat storage in the masonry, the maximum temperatures during the 
test are taken [15], with the temperatures of the outer surface T- and inner surface T.	of the wall, the 
average temperature of the kiln wall T')" 	is evaluated; with the temperatures of the outer surface T/ and 
inner surface T0 of the kiln roof, the average kiln roof temperature T'#$% 	is evaluated, and with the 
temperatures of the outer surface T1 and inner surface T2 of the kiln floor, the average kiln floor 
temperature T')&' is evaluated. 

A working length of 44.10 m was taken for the heat storage analysis. The volume of the exterior wall 
will be evaluated by subtracting the volume of the 9 loading and unloading doors and the 9 smoke doors 
from the volume of the exterior wall. To evaluate the volume of the kiln wall, the following expression 
is used (see Equation (6)). 
 

V*& = V*$ +	V*% − V** −	V*+, (6) 
 

where V*& is kiln wall volume in (m3); V*$ is outer kiln wall volume in (m3); V*% is volume of the 
kiln center wall in (m3); V** is volume of the product loading and unloading doors in (m3); and V*+ is 
volume of flue doors in (m3). To evaluate the volume of the kiln’s outer wall, the following expression 
is used Equation (7). 
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V*$ = L ∗ h ∗ t*$. (7) 
 

To evaluate the volume of the kiln's central wall, the following expression is used Equation (8). 
 

V*% = L ∗ h ∗ t*%	. (8) 
 

To evaluate the volume of the kiln loading and unloading door wall, the following expression is used 
Equation (9). 
 

V** = 		a ∗ H ∗ t*$. (9) 
 

To evaluate the volume of the flue door wall, the following expression is used Equation (10). 
 

V*+ = 		b ∗ z ∗ 	 t*$, (10) 
 

where V*$ is outer kiln wall volume in (m3); V*% is volume of the kiln central wall in (m3); V** is 
volume of the product loading and unloading doors in (m3); V*+ is volume of flue doors in (m3); L is 
kiln working length in (m); h is kiln wall height in (m); t*$ is outer wall thickness in (m); t*% is center 
wall thickness in (m); a is width of kiln loading and unloading door in (m); H is kiln loading and 
unloading door height in (m); b is width of flue door in (m); and z is flue door height in (m). To evaluate 
the kiln roof volume, the following expression is used Equation (11). 
 

V()" =	V,4% −	V"4% − V(45, (11) 
 

where V()" is kiln roof volume in (m3); V,4% is kiln top volume in (m3); V"4% is kiln dome volume in 
(m3); and V(45 is volume of fuel supply pipes in (m3). To evaluate the kiln loading and unloading door 
wall volume, the following expression is used: to evaluate the kiln top volume, the following expression 
is used Equation (12). 
 

V,4% = L ∗ h,4% ∗ d,4%. (12) 
 

To evaluate the kiln dome volume, the following Equation (13) is used. 
 

V"4% =
6∗&%*!∗	5%*!∗8

2
. (13) 

 
To evaluate the volume of the fuel supply pipes, the following expression is used Equation (14). 

 
V(45 = 	π ∗	r2 ∗ 	L(	 ∗ 	n, (14) 

 
where V,4% is kiln top volume in (m3); V"4% is kiln dome volume in (m3); V(45 is volume of fuel 

supply pipes in (m3); L is kiln working length in (m); h,4% is kiln top wall height in (m); d,4% is width 
of kiln cross section in (m); a"4% is semi-major axis parabola of the dome in (m); b"4% is semi-minor 
axis parabola of the dome in (m); r is radius of the fuel supply pipes in (m); L(	 is length of fuel supply 
pipes in (m); and n is number of fuel supply pipes. To evaluate the kiln floor volume, the following 
expression is used Equation (15). 
 

V*+, = L ∗ s ∗ 	 t%+,, (15) 
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where V*+, is kiln floor volume (m3); s is width of the kiln floor cross section; and t%+, is kiln floor 
thickness (m). 

3. Results 
The temperature data acquisition lasted twenty-two hours and 38 minutes. The virtual instrument was 
programmed to record temperatures every 3 minutes, so each thermocouple recorded 441 data for a total 
of 2646 temperature records. Figure 2 shows the temperature profiles inside and outside the kiln roof, 
wall, and floor. 
 

 
Figure 2. Temperature profiles inside and outside the kiln roof, wall, and floor. 

 
The kiln walls begin to reach temperature 10 hours after the start of firing, with a maximum 

temperature on the internal and external walls of 800 °C and 200 °C respectively, and the temperature 
gradient is in the range of 200 °C to 700 °C. Since fuel is injected through the roof for combustion, the 
phenomenon of heat transfer by convection and radiation of the flame means that this position acquires 
temperature faster and has higher temperatures than in other positions of the kiln, with a maximum 
temperature inside and outside the roof of 850 °C and 400 °C respectively, with a temperature gradient 
in the range of 100 °C to 450 °C, resulting in a better temperature distribution for this position. 

The maximum temperature inside and outside the floor is 600 °C and 150 °C respectively. The 
temperature difference between the inside of the roof and the kiln floor is approximately 200 °C, which 
means that the products in the lower part of the kiln do not achieve complete firing, resulting in deficient 
firing and a decrease in the quality of the products.  In the firing process, the energy supplied to the kiln 
from coal combustion was 22198×106 KJ. To determine the heat stored in the kiln masonry, radial heat 
flow in a transient state was considered, the results of the external and internal temperatures of the kiln, 
the properties of the clay [16], the dimensions of the kiln and for the calorific value of the coal were 
considered. For the calorific value of the coal, a sample was pulverized and analyzed in the metallurgical 
laboratory of Universidad Industrial de Santander, Colombia, which was tested according to ASTM 
D5865 standard [17]. 

The volume of the outer wall, center wall, kiln loading and unloading door wall and flue door are 
71.44 m3, 95.26 m3, 1.76 m3 and 0.083 m3 respectively, so the volume of the kiln wall is 150.11 m3. The 
volume of the top, kiln dome and fuel supply pipes is 402.19 m3, 93.52 m3 and 17.39 m3 respectively, 
so the volume of the roof is 291.28 m3 and the volume of the kiln floor is 17.86 m3. The heat stored in 
the roof, walls and floor of the kiln was 14452.6×106 KJ, 1085.71×106 KJ, and 164.72×106 KJ 
respectively, for a total storage in the masonry of 15703.03×106, representing 70.73% of the energy 
supplied. 
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On the other hand, comparing the heat accumulation in masonry in the continuous furnace of 
157.03×108 KJ with the data reported for a beehive kiln of 2.172×108 KJ [18], which was built with 
refractory brick, indicates that using refractory reduces heat accumulation by 72.36%. In similar studies 
using a three-row conventional brick wall of 345 mm thickness, which is exposed to an internal 
temperature of 1000 °C and an external temperature of 120 °C, a heat accumulation of 67100 Kcal/m2 

is obtained. On the other hand, in a three-row conventional brick wall of 345 mm thickness covered with 
ceramic fiber of 50 mm thickness and density 128 Kg/m3 exposed to an internal temperature of 1000 °C 
and an external temperature of 99 °C, a heat accumulation of 52895 Kcal/m2 is obtained, reaching a 
decrease in heat accumulation of 20% [18]. 

4. Conclusions 
In the temperature profiles located inside the kiln, it can be observed that in the first instance the kiln 
accumulates heat in the roof, because through the holes located in the roof the coal is injected for 
combustion and as the flame descends, the temperatures on the walls and floor increase due to the 
phenomenon of heat transfer by convection and radiation. This means that in this position the 
temperature rises faster, and the temperatures are higher than in other positions of the kiln, with a 
maximum temperature inside the kiln of 850 °C, a temperature gradient in the range of 100 °C to           
450 °C, and a better temperature distribution for this position. 

The temperature difference between the inside of the floor and the ceiling of 200 °C, makes the 
current firing deficient, as the products that are closer to the fuel injection ducts may melt and the 
bricks on the floor may not be fired. To maintain a constant temperature during the kiln firing process, 
it is essential to use thermal insulation through ceramic fibers that have low thermal conductivity and 
reduce the flow of heat. An important operating variable in the firing process was the rate of descent of 
the combustion gases, which has a determining influence on both the average temperature and the 
distribution of the temperature profiles of the brick in the kiln. 

In the firing process in the kiln, the energy supplied to the kiln due to coal combustion was  
22198×106 KJ. The heat stored in the roof is 14452.6×106 KJ which means 92.03% of the heat 
accumulation in masonry, followed by the walls with 1085.71×106 representing 6.9% of the heat 
accumulation in masonry and the floor with 164.72×106 KJ representing 1.07% of the heat accumulation 
in masonry of the kiln. The total heat accumulation in masonry is 15703.03×106 kJ, which is equivalent 
to 70.73% of the energy supplied. This heat accumulation in masonry does not occur in practice, since 
the firing process in this kiln is continuous, operating 24 hours a day, 365 days a year, and this heat 
should be considered as a loss of energy only when the kiln was turned on. 

For this reason, ceramic fibers should be used on the current kiln walls, which will lead to less heat 
accumulation in masonry, due to their low density, and low flame propagation index. Also, their 
physical-chemical properties do not alter throughout their use nor do they tend to react chemically with 
other materials during their use, and they have low hygroscopocity. The Hofmman kiln takes advantage 
of the residual heat coming from the firing of the previous chambers to preheat the adjacent chambers 
and dry the products loaded in this chamber, saving time and energy in this initial stage of the firing, 
generating savings in fuel consumption. 

Future research can implement an air injection system necessary for the firing process to improve 
the combustion process, reducing the amount of fuel used, thermal losses in the kiln and maintain 
constant temperature in the kiln. Another implementation is to automate the fuel supply and continuous 
monitoring system in the firing process through acquisition sensors and monitoring through 
thermocouples in the kiln, improving fuel dosing conditions, as well as recording firing curves for the 
products and the combustion pressure of air in the process. 
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