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Abstract— In the present work silicon carbide is used in electrical resistance heating elements because of its high hardness, corrosion 

resistance, abrasion and high thermal conductivity. This material exhibits outstanding properties at high temperatures up to 1600°C, either 

in oxidizing or reducing atmosphere condition; the creep and strength is very high when compared to other materials. Silicon carbide 

heating element consists of a hot zone with a cold end. A range of sintered porous silicon carbide heating elements are prepared and 

analyzed. The results indicate that the push rate influenced the electrical resistance of the heat generation portion of heating element and 

saving of energy consumption with increase of production rate. 

Index Terms— Hot Zone, Heating Elements, Resistance, Silicon Carbide, Sintering. 

——————————      —————————— 

1 INTRODUCTION                                                                     

ILICON Carbide is polymorphic in nature and crystallizes 
at room temperature and atmospheric pressure into a dia-
mond lattice. The basic structure of silicon carbide is bond-

ed together by strong hybrid bonds and highly directional, 
composed of tetragonal units of silicon and carbon atoms. The 
silicon carbide bonds are essentially covalent. 

The impurities affect the stability of any polytype but it de-
pends mainly upon temperature for its formation. β-silicon 
carbide  is formed at  525°C and is stable up to 2100°C,  be-
yond which it begins a slow transformatiom  to α-silicon car-
bide at 2100°C, process is rapid at 2300°C and completes at 
this temperature, [1]. The electrical resistance of silicon carbide 
varies considerably when sintered in nitrogen atmosphere, [2]. 
Recrystallized silicon carbide is a porous constitute 20% of the 
structure. The theoretical density of recrystallized silicon car-
bide is approximately 2.9-3 g/cc and its strength is about 90 
MPa, [3].  

 
In powder compacts the surface of the grains is convex, 

while sharp concave surfaces are formed at the contact points 
between the grains. The difference in the vapour pressures 
between concave (low pressure) and convex (high pressure) 
surfaces of the silicon carbide particles is in the order of 10-6 to 
10-5 atmospheres [4][5]. 

 
Silicon carbide has been recognized as a high performance 

material for structural ceramics because of its unique combina-
tion of properties, such as high mechanical properties main-
tained at high temperature, high wear resistance, high thermal  
conductivity and low electrical resistivity 

[6],[7],[8],[9],[10],[11]. Silicon carbide is widely used as electri-
cal heating element, in spite of the electrical ageing (i.e. in-
crease of electrical resistivity) and non-linear electrical resistiv-
ity variation with running time and temperature 
[12],[13][14],[15]. They have different sections in which the 
central heat generation zone is called the hot zone and other 
two end segments are called cold zone [16],[17],[18],[19]. 

2 METHODOLOGY 

2.1 Preparing Ingredients and Blending:  

Variable Grit size of green silicon carbide. 

2.2 Extrusion: 

Lumps after mixing ingredients in a sigma mixing machine is 
placed in pressing machine then pressed into any required 
shape. 

2.3 Drying: 

After forming, it is dried at 20 ~ 40 °C for 24 hours at room 
temperature, then dried at 150 ~ 180 °C for 3 -4 hours depend-
ing on the diameter of element. 

2.4 Sintering:  

Dried extruded silicon carbide heating elements are sintered 
in high temperature continuous graphite tube furnace. Fig. 1 
shows the flow chart for processing SiC heat generating por-
tion of heating element. 

2.5 Testing:  

Sintered silicon carbide heating elements are tested for their 
electrical resistance by passing current with controlled volt-
age. 
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3 EXPERIMENTATION  

3.1 Preparing Ingredients and Blending 

Silicon carbide with green silicon carbide suitable purity of 
99% or more. The granularity is from 5 to 10% of coarse grains 
of 24 # to #36, 45 to 50% of medium grains of 80 # to 90 #, and 
fine grains of 1200 # or more account for 30 to 40%. The cellu-
losic material methylcellulose, preferred conditions for methyl 
cellulose are methoxy content 27-30%, viscosity range 3500-
5600 mPa. s (at 20 ° C, 2%). These ingredients are mixed in a 
sigma mixing machine for a period of 45 minutes to 1 hour to 
form lumps by adding 8-9% of water. Samples of heat genera-
tion portion are produced as shown in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Extrusion 

Lumps after mixing ingredients in a sigma mixing machine 
are placed in an extrusion machine and then pressed into the 
required shape (diameter and length) of hot zones and dried 
in oven. 
      Weigh green silicon carbide 24 # 1500 grams, 80 # 4500 
grams, 300 # 1000 grams, 420 #1750 grams, 1200#3000 grams, 
dry mixed for 15 minutes, 1000 grams of methyl cellulose of 
2% after mixing with water by 8-9% and mixing for 45 
minutes, the blended lumps pressed at the pressure 85Mpa. 
Diameter of 25mm is extruded for the length of 500 mm.  

 

3.3 Drying 

Extruded tube shape elements are dried at 20 ~ 40 °C for 24 to 
48 hours at room temperature, then dried at 150 ~ 180 °C for 3 
-4 hours depending on the diameter of element. 
 
3.4 Sintering 
 
Dried extruded silicon carbide heating elements are sintered 
in the continuous high-temperature carbon tube furnace firing. 
The furnace conditions are: preheating zone temperature 
350°C-800°C, High temperature zone temperature of 2350°C - 
2450°C, carbon tube length 1950 mm; advancing variable 
pusher ramp speed by nitrogen protection. 
 
3.5 Testing 
 
Sintered silicon carbide heating elements are tested for its elec-
trical resistance by passing current with controlled voltage. In 
this work Ø25mm silicon carbide heating elements have been 
produced by controlling the process parameters with con-
trolled atmosphere. 
       After sintering, resistance has been measured and uniform 
glow of hot zone portion of silicon carbide heating elements. 
The standard resistance with attained allowable resistance 
tolerance of ±15% as tabulated below in table 1 to 4. The volt-
age supplied to the elements being tested, the current indi-
cates based on elements porosity, uniform red hot evenness. 
Fig. 3 is the sample of SiC Heating Element having Heat Gen-
erating (Hot Zone) Portion. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. 3.  SiC Heating Element having Heat Generating (Hot Zone) Portion 

Fig. 2. Block Diagram of Heat Generation Portion of SiC 
Heating Elements 

 

Fig. 1. Flow Chart for Processing of Silicon Carbide Heating Ele-
ments 
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TABLE 2 
RESISTANCE OF HOT ZONE DIAMETER 25MM, 

 LENGTH 500MM, PUSHER RATE 22MM/MIN. 

Sample 
 

Voltage 
(V) 

Current 
(A) 

Resistance 
(Ω)  

1 50 75.12 0.665 

2 50 77.3 0.646 

3 50 78.43 0.638 

4 50 75.53 0.661 

5 50 76.8 0.651 

6 50 75.93 0.658 

7 50 74.95 0.667 

8 50 77.15 0.648 

 
 

From the Tables 1 to 4, the measured resistivity for an 
overall length of hot zone of different samples tested at 
temperature range from 30°C to 900°C as tabulated in Ta-
ble 5 by varying ramp rate. And Table 5 is a value of resis-
tivity Ohm per cm, temperature o C of sintered silicon 
carbide heating elements by passing through a high tem-
perature continuous graphite tube furnace at different 
speeds explained in results and discussion. The resistivity of 
the hot zone material sintered at various push rates ranging 
from 18 mm/min to 24 mm/min at a furnace temperature 
of 2390°C to 2410°C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
 RESISTANCE OF HOT ZONE DIAMETER 25MM, 

 LENGTH 500MM, PUSHER RATE 24MM/MIN. 

Sample 

 

Voltage 

(V) 

Current 

(A) 
Resistance (Ω)  

1 50 53 0.943 

2 50 51 0.980 

3 50 49 1.02 

4 50 52 0.961 

5 50 49.11 1.01 

6 50 52.18 0.958 

7 50 48.1 1.039 

8 50 48.55 1.029 

 
TABLE 4 

RESISTANCE OF HOT ZONE DIAMETER 25MM, 

 LENGTH 500MM, PUSHER RATE 18MM/MIN. 

Sample 

 

Voltage 

(V) 

Current 

(A) 
Resistance (Ω)  

1 50 83.23 0.600 

2 50 83.96 0.595 

3 50 84.3 0.593 

4 50 83.51 0.598 

5 50 82.86 0.603 

6 50 83.0 0.602 

7 50 83.71 0.597 

8 50 83.31 0.600 

 

TABLE 5 
RESISTANCE OHM (Ω).CM OF HOT ZONE DIA 25MM, LENGTH 500MM, 

VARIABLE PUSHER RATE IN MM/MIN AT  

Temp 

erature 

in O C 

Pusher Ramp Speed 

24mm/min 22mm/min 20mm/min 18mm/min 

Resistance in Ohm (Ω).cm 

30 0.029 0.023 0.019 0.0155 

200 0.0265 0.021 0.0175 0.0147 

400 0.025 0.019 0.0165 0.014 

600 0.023 0.016 0.0143 0.013 

800 0.0205 0.014 0.013 0.0125 

900 0.02 0.013 0.0125 0.012 

TABLE 3 
 RESISTANCE OF HOT ZONE DIAMETER 25MM, 

 LENGTH 500MM, PUSHER RATE 20MM/MIN. 

Sample 

 

Voltage 

(V) 

Current 

(A) 
Resistance (Ω)  

1 50 80 0.625 

2 50 79.36 0.63 

3 50 81.32 0.614 

4 50 78.65 0.635 

5 50 79.53 0.628 

6 50 80.22 0.622 

7 50 79.94 0.625 

8 50 80.54 0.62 
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4 RESULTS AND DISCUSSION 

In order to investigate the effects of hot zone recrystalliza-
tion time, a continuous graphite tube furnace was used. By 
varying the push rate through the furnace, the duration at 
the sintering time can be varied thereby controlling the 
push rate. The faster the push rate, the shorter the sintering 
time and similarly the lesser the push rate longer is the sin-
tering time. 

Fig. 4 is a plot of resistivity versus temperature for hot 
zone of heating element produced from green silicon car-
bide of constant grain size formed by passing through a 
continuous graphite tube furnace at different pusher 
speeds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The resistivity of the hot zone portion of silicon carbide 

material varies at various push rates from 24 mm/min to 18 
mm/min at a constant sintering furnace temperature range 
of 2390-2410°C. A push rate of 18mm/min possesses mini-
mum resistivity. Fig. 1 shows a graph of resistivity of hot 
zone of heating portion material versus temperature when 
sintered at different push rates. The reduction in resistivity 
achieved by slowing the push rate from 20mm/min to 
18mm/min is small compared with that when the push rate 
is reduced from 22mm/min to 20mm/min. Although the 
push rate of 18mm/min showed the highest reduction in 
resistivity, such a slow push rate limits the production. The 
rate of production can thus be made the duration of sinter-
ing temperature and bathing time. With the particular fur-
nace used, a push rate of 20mm/min was considered opti-
mum. 

5 CONCLUSION 

The following conclusions were drawn; 

The present work is aimed to provide a hot zone portion of 

silicon carbide electric heating element and a production 

process, which has the advantages of high resistance value 

stability, good quality performance, shortening the produc-

tion process cycle and improving the yield of the silicon 

carbide electric heating element. 

 

The reduction in resistivity achieved by slowing the push 

rate of 18mm/min - the highest reduction in resistivity- 

limits the production. The rate of production can thus be 

made the duration of sintering temperature and bathing 

time. With the particular high temperature continuous 

graphite tube furnace used, a push rate of 20 mm/min was 

considered optimum. This saved the energy consumption 

of furnace and improved the production rate by reducing 

push rate to 120mm/hr. This also saved energy due to low-

er resistance of hot zone of heating element to generate 

high temperature upto 1600oC in the furnace. 
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Fig. 4. Resistivity versus temperature at different ramp speeds. 
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