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ABSTRACT: This paper is intended as an investigation of study on the thermal and electri-
cal characteristics of the carbon heating element. In this experimentation, the electric material
used is the crystalline graphite a kind of natural graphite. The bentonite is used to solidify
the heating element and the vacuum furnace is used for sintering it. It is noted that the na-
tural drying time should be at least 58 hours. The plating of the electric pole with the elec-
troless nickel showed the lowest contact resistance among others. The resistance shows linear
variation with regard to length. For the insulation and resolution, the glaze coating is best
with 80% of water content. The temperature rising characteristic of the heating element is
better than sheath heater saving 43% of rising time. The correlation equation for temperature
was obtained with the electric power.

Key words: Heating element(:X <€ A), Crystalline graphite($143 %), Bentonite(l E1}o}E), Pla-
ting(=3), Glaze coating(F 2k ®)
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Table 1 Property of various natural graphites

Praers | e [l Ao
Carbon (%) 90 96 81
Sulfur (%) 0.1 0.7 01

Density (g/cm®)| 2.29 2.26 231
Graphitization | 99.9 100 28
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(a) Disperser (b) Drying apparatus

(c) Extractor

Fig. 1 Experimental apparatus for manufacture.
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Fig. 2 Process for manufacture.

Table 2 Kinds of heating rod by ingredients

Ingredient (wt%)

Kind
o Bentonite| Graphite Methyl Water
cellulose
#1 carbon 100 27 2 50
#2 carbon 100 30 2 50

Table 2= 4% %757 e ulas 2
TP e EAY Rolu WEUo|Ee] Fol
dulste) the RS Tuwol AAUG. B
AYl = 5A9 FFo G2 F A W
% wAAE AR,

G-P={B- T(g)}x0.27

M-C={B-T(g)+G- P(g)}x0.02 o))

W-T={B-T(g)+G-P(g)+M-C(g)}
x0.5
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Table 3 The effect on the natural and furnace

drying
Natural T
drying | SPP- Conditions Results
(C)
(hr.)
1. Uprising (4 hours)
150 |2. Support (2 hours) Crack
11 ) (for length)
3. Cooling (1 hour)
200 Experimentation stop
1. Uprising (4 hours)
150 |2. Support (2 hours) | Anticrack
a5 3. Cooling (1 hour)
1. Uprising (4 hours)
200 2. Support (2 hours) Crack
) (for length)
3. Cooling (1 hour)
1. Uprising (2 hours)
68 150 |2. Support (6 hours) | Anticrack
3. Cooling (1 hour)

200 Experimentation stop
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Fig. 4 Distribution for the resistance variation
by lengths.
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Fig. 5 Distribution for current by using the
electric ink at 95 V.
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Fig. 6 Process for the electroless plating with
nickel.
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Fig. 7 Distribution for current by using the
nickel plating at 110 V.
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(b) 80 wi%

(c) 100 wt%

Fig. 9 Photographs for coating by using the
glaze according to the water content.
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Table 4 Constants for a correlation equation

Constants
Heater
a b
#1 carbon 2.09 152.83
#2 carbon 1.97 124.76
Sheath heater 1.98 86.91
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