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ELECTRIC FLUID HEATER AND RESISTANCE 
HEATING ELEMENT THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to heating elements, and more 

particularly to a heating element comprising a ceramic 
article having a positive temperature coef?cient of 
electric resistance (hereinafter referred to as PTC ce 
ramic article). The element is composed of a honey 
comb structural body and includes a pair of ohmic 
electrodes. The element is adapted to generate a large 
amount of heat radiation with a small volume without 
any risk of overheating and breaking. The invention 
also includes a heater comprising this heating element 
which is particularly useful as an air heater, dryers 
inclusive of a hair dryer, air towel, liquid heater, hu 
midi?er, volatilizer and the like. 

In the in the remainder of the speci?cation, the term 
honeycomb structural body shall be understood to 
mean a structural body having a multiplicity of chan 
nels extending therethrough and generally parallel‘ to 
each other and having high surface-to-volume ratios. 

2. Description of the Prior Art 
Heretofore, it has been the common practice to use 

metals and ceramics having a negative or a positive 
temperature coef?cient of electric resistance. 
Metal has a small speci?c resistance and hence is 

commonly used in linear form in the heating element. If 
such heating element is used, for example, in a hair 
dryer and a fan is used to feed air therethrough, and 
suction opening is clogged, the metal constituting the 
heating element becomes overheated, causing a ?re. 
Eventually there is a risk of the metal being oxidized 
and broken. _ 

The ceramic article having a negative temperature 
coef?cient of electric resistance, is commonly formed 
into a rod having a pair of ohmic electrodes mounted 
thereon and used as a heating element. A ceramic arti 
cle for example, silicon carbide, in order to generate a 
given amount of heat radiation without overheating the 
heating element per se, a number of these heating ele 
ments must be used simultaneously. Alternatively tem 
perature control means must be used, and as a result, 
the assembly becomes complex in construction and/or 
there is a risk of the heating element being broken. 
Thus, such a heating element is not suitable for use with 
domestic heaters. 

In addition, a PTC ceramic article made of semicon 
ductive barium titanate has commonly been formed 
into a disc-shaped pellet on which are mounted a pair 
of ohmic electrodes for use as a heating element. Such 
kind of heating element, however, can only generate 
the amount of heat radiation corresponding to a few 
watts from one heating element. As a result, in order to 
cause it to generate the amount of heat radiation corre 
sponding to several watts, a large heat radiating plate 
must be added thereto. Thus, this kind of heating ele 
ment is subjected to restrictions in its construction. 
Moreover, if it is desired to obtain a large amount of 
heat radiation with the aid of a high electric power of, 
for example, more than 1 KW, a number of heating 
elements each including the above described heat radi 
ating plate are required. The use of the measures de 
scribed is extremely uneconomical and results in con 
siderable constructional disadvantage as that it could 
not be applied to domestic heat radiators. 
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2 
In addition, a heating element comprising a cylindri 

cal PTC ceramic article which is provided at its inner 
and outer surfaces with ohmic electrodes has been 
known. If this heating element has its surface area of 
about 1,000 cm2 in order to obtain a suf?ciently large 
amount of heat radiation, for a the diameter of 5 cm it 
is necessary to make the length longer than 30 cm. As 
a result, the volume of the heating element becomes 
too large as compared with the volume of the custom 
ary type of heating element. Thus, the mechanical 
strength of the heating element becomes lowered and 
this type of heating element has not achieved any im 
portance in actual practice. 

SUMMARY OF THE INVENTION 

The invention is based upon recognition of the fact 
that a PTC ceramic article composed of a honeycomb 
structural body provides a heating element which is 
small in volume and which can generate a large amount 
of heat radiation without overheating and breaking. 
The invention thus provides a heater comprising the 

above described heating element and particularly use 
ful in air heater, dryers inclusive of a hair dryer, air 
towel, liquid heater, humidifer, volatilizer and the like. 
The principal object of the invention, therefore, is to 

provide a heating element comprising a PTC ceramic 
article composed of a honeycomb structural body. 
Another object of the invention is to provide a 

heater, which comprises a heating element comprising 
a PTC ceramic article composed of a honeycomb struc 
tural body and particularly useful as an air heater, dry 
ers inclusive of a hair dryer, air towel, liquid heater, 
humidifer, volatilizer and the like. 
A further object of the invention is to provide various 

types of heaters each having a preferable construction. 
A still further object of the invention is to provide a 

method of producing a heating element comprising a 
PTC ceramic article composed of a honeycomb struc 
tural body and to provide a method of forming ohmic 
electrodes therefor. 
Other objects, advantages and capabilities of the 

present invention will become apparent from the fol 
lowing description taken in conjunction with the ac 
companying drawings showing only a preferred em 
bodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a preferred embodi 
ment of the heating element according to the invention; 
FIG. 2 is a section along line II—II in FIG. 1; 
FIG. 3 is a perspective view of another embodiment 

of the heating element according to the invention; 
FIG. 4 is a section along line IV-IV in FIG. 3; 
FIG. 5 is a graph which illustrates the relation be 

tween the amount of heat radiated from the heating 
element according to the invention and the amount of 
air fed to the heating element; ‘ 
FIG. 6 is a perspective view of a preferred embodi 

ment of an air heater employing the heating element 
according to the invention, a part being broken away 
for clarity; 
FIG. 7 is a perspective view of a preferred embodi 

ment of a liquid heater employing the heating element 
according to the invention, a part being broken away 
for clarity; and 

FIG. 8 is a perspective view of a preferred embodi 
ment of a humidi?er employing the heating element 
according to the invention, a part being broken away 
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for clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred embodiments of the invention will now 
be described in greater detail with reference to the 
accompanying drawings. 

In FIGS. 1 and 2 a heating element 1 is shown ac 
cording to the invention which is composed of a honey 
comb structural body provided with a multiplicity of 
channels 2 extending therethrough and generally paral 
lel to each other. Each of these‘ channels 2 is bounded 
by a partition wall 3 which is substantially uniform in 
thickness. The honeycomb structural body constructed 
as above described insures extremely high surface-to 
volume ratios. The partition walls 3 are provided at 
their opposed end surfaces substantially perpendicular 
to the‘axial direction of the channels 2 with a pair of 
ohmic electrodes 4, 5, respectively. The thickness of 
both the partition wall 3 and ohmic electrodes 4, 5 is 
shown in enlarged scale in FIGS. 1 and 2 for clarity. 
A preferred method of producing the heating ele 

ment according to the invention will now be described. 
BaCo3, TiO2, SiO2 and La2O3 were weighed with mole 

ratios of l.00:1.02:0.02:0.003, respectively, mixed in a 
ball mill with rubber lining for 12 hours, dried and 
calcined at 1,100°C for 3 hours. The calcined raw ma 
terial was roughly pulverized by a double roll crusher 
with alumina rolls and then ?nely pulverized in a ball 
mill with rubber lining for 6 hours. The ?nely pulver 
ized particles were passed through a screen with a mesh 
of 149 microns and then dried. To 100 parts by weight 
of the dried powders were added 4 parts by weight of 
methyl cellulose, 16.5 cc of 12% polyvinyl alcohol 
water solution, 3 parts by weight of polyethylene glycol 
and 8.5 parts by weight of water. The mixture was well 
blended in a kneader and then subjeted to de-ain'ng 
while blending with the aid of a de-airing pug mill. The 
product thus obtained was extruded from the de-airing 
pug mill through a honeycomb structural body forming 
nozzle so as to form a green body composed of a honey 
comb structural body. The green body thus obtained 
was dried by means of a freeze drying method using dry 
ice and then ?red in a standard electric furnace using 
silicon carbide heaters at l,350° C for 2 hours. A col 
umn shaped honeycomb structural body having a diam 
eter of 4 cm and a thickness of 1 cm (length of chan 
nels) and provided with a multiplicity of channels each 
square in section having each side of 0.195 cm and 
bounded by a partition wall having a thickness of 0.03 
cm was thereby obtained. The honeycomb structural 
body has surface-to-volume ratios of about 16 cm2/cm3 
and total surface area of about 200 cm2. Ohmic elec 
trodes were provided for each end surface substantially 
perpendicular to the axial direction of the channel, thus 

> completing a heating element. 
_The,vceramic compositions are not restricted to the 
above described ceramic composition and any other 
customary compositions which can obtain a positive 
temperature coef?cient of electric resistance may also 
be used. Examples of such ceramic compositions are 
those described in U.S. Pat. Application Ser. No. 
431,397 ?led on Jan. 7, 1974 which is a continuation 
in-part of Application Ser. No. 256,368 ?led on May 
24, 1972; now abandoned and those described in U.S. 
Pat. No. 2,981,699, No. 3,373,120 and No. 3,441,517, 
respectively. 
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4 
In addition, the honeycomb structural body may be 

formed by any methods other than the above described 
extrusion method. Examples of these methods are a 
press method, a method of producing a bundle of a 
number of green ceramic ‘ pipes and then ?ring the 
bundle, or a method of forming a honeycomb structural 
body comprising coating ceramic raw material particles 
suspended in an organic binder on the surface of sheet 
of paper and the like, corrugating the coated sheet of 
paper and the like, accumulating the corrugated sheet 
of paper and the like and ?ring the accumulated sheet 
of paper and the like as disclosed‘in U.S. Pat. No. 
3,112,184. ' ' ~ 

In addition, the sectional con?guration of the chan 
nels may be formed into any con?gurations other than 
square as shown in FIGS. 1 and 3, such, for example, as 
triangular, hexagonal or any other polygonal, circular 
and the like sectional con?gurations (not shown). 
The outer con?guration of the honeycomb structural 

body constituting the essential part of the heating ele 
ment is shown as columnar in shape in FIG. 1 and 
rectangular parallelepipe in shape in FIG. 3, but if 
necessary the outer con?guration of the honeycomb 
structural body may be of cube, polygonal columnar in 
shape (not shown). 

In the embodiment shown in FIGS. 1 and 2, the hon 
eycomb structural body is provided at its each end 
surface substantially perpendicular to the axial direc 
tion of the channels with the ohmic electrode. But, 
these ohmic electrodes may be mounted on any posi 
tions other than end surfaces of the honeycomb struc 
tural body. 
For example, the honeycomb structural body may be 

provided at its each side surface 6, 7 which is substan 
tially parallel to the axial direction of the channels and 
opposed to each other with a pair of electrodes 8, 9 as 
shown in FIGS. 3 and 4. Whether the ohmic electrodes 
should be mounted on the surfaces substantially per 
pendicular to the axial direction of the channels or 
mounted on the outer surfaces of the honeycomb struc 
tural body substantially parallel to the axial direction of 
the channels may be determined depending on the 
outer con?guration of the honeycomb structural body 
its mechanical strength, the purpose to which the hon 
eycomb structural body is used, the amount of heat 
radiation, the restriction in design of the heater into 
which the honeycomb structural body is incorporated 
as a heating element and any other various conditions. 

In FIGS. 2 and 4, the thickness of the partition wall 3 
and ohmic electrodes 8, 9 is shown in enlarged scale for 
clarity. 
The ohmic electrodes may be formed on the outer 

surfaces of honeycomb structural body by means of 
such a common method as those described, for exam 
ple, in U.S. Pat. No. 3,676,211, British vPat. No. 
1,252,490, “Electrodes for Ceramic Barium Titanate 
Type Semiconductors” by H. M. Landis, Journal of 
Applied Physics, 1965, Vol. 36, Nos. 6, pages 2,000 to 
2,001 and the like. But, it is preferable to form the 
ohmic electrodes on the outer surfaces of the honey 
comb structural body by means of the following 
method in order to produce the heating element ac 
cording to the invention. 

' When forming the ohmic electrodes on the surfaces 
substantially perpendicular to the axial direction of the 
channels as shown in FIGS. 1 and 2, it is preferable to 
use the silver paste baking method, the aluminum hot 
spraying method or electroless nickel plating method. 
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When forming the ohmic electrodes on the outer sur 
faces of the honeycomb structural body substantially 
parallel to the axial direction of the channels as shown 
in FIGS. 3 and 4, it is preferable to use the aluminum 
hot spraying method. These methods will now be de 
scribed, respectively. 
The silver paste baking method comprises coating 

silver paste on the ceramic article by means of a screen 
printing method and-baking the coated surfaces. How 
ever, silver paste having the typical composition used 
with a customary condenser, for example, Silver Paste 
7095 made by E. I. Du Pont de Nemours and Company, 
could not provide the ohmic electrodes which are well 
suited for the PTC ceramic article. Such a disadvantage 
can be obviated by the use of a silver paste containing 
indium. On the other hand, such indium containing 
silver paste is expensive. 
The silver paste developed by the invention consists 

of silver and zinc with a range of weight ratios of 2:1 to 
40:1, glass powder, and an organic solvent. This silver 
paste after coating is baked at a temperature of 420° to 
550°C. 

It is preferable to apply such silver paste baking 
method to a PTC ceramic article whose Curie Temper 
ature (Tc) is lower than a temperature of about 150°C. 
This is because of the fact that silver is subjected to 
surface diffusion at a temperature higher than 200°C so 
that there is a risk of the silver coated surfaces being 
shortcircuited to each other at a temperature higher 
than 200°C after long use. 
The aluminum hot spraying method is capable of 

providing electrodes which can eliminate the above 
described difficult problem which has been encoun 
tered with the silver paste baking method. In the alumi 
num hot spraying method, it has been the common 
practice to spray aluminum against surfaces of a ce 
ramic article in a direction substantially perpendicular 
thereto so as to expedite adherence of aluminum to 
those surfaces, as described in the US. Pat. No. 
3,676,211. If aluminum is sprayed from a direction 
perpendicular to the surfaces which is substantially 
perpendicular to the axial direction of the channels of 
the honeycomb structural body, that is, from the direc 
tion substantially parallel to the axial direction of the 
channels, aluminum becomes adhered 'to the inner wall’ 
surfaces of all of the channels, thereby shortcircuiting 
the sprayed surfaces. In order to obviate such disadvan 
tage, the invention provides an improved method 
wherein aluminum is sprayed in a direction inclined 
from the surfaces which is substantially perpendicular 
to the axial direction of the channels by an angle of 10° 
to 60°, preferably, 15° to 45°. 

In the electroless nickel plating method, the ceramic 
article is plated with nickel as a whole. Such method, 
therefore, could not be applied to the invention. Thus, 
the invention provides an improved electroless nickel 
plating method by which nickel is plated on surfaces 
only substantially perpendicular to the axial direction 
of the channels and which comprises immersing the 
honeycomb structural body into silicon resin or wax, 
for example,,to mask the total body with the resin or 
wax, grinding the surfaces substantially perpendicular 
to the axial direction of the channels to remove the 
mask, subjecting activating treatment only to the mask 
removed surface, and immersing the body into nickel 
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salts solution to form ohmic electrodes on the surfaces . 
only substantially perpendicular to the axial direction 
of the channels. In this method, it is important to mask 

6 
the honeycomb structural body with the resin or wax 
such that each channel is made- round in shape at its 
corner edges. These masked round corner edge por 
tions can prevent a penetration of the activating treat 
ing liquid into the channels due to surface tension and 
hence prevent an electroless plating against the inner 
walls of the channels, thereby preventing shortcircuit 
across the electrodes. . - 

A heater employing the heating element according to 
the invention will now be described in greater detail. 
As an example, use is made of a heating element 

comprising a PTC ceramic article composed of a hon 
eycomb structural body which is provided with a multi 
plicity of channels each square in cross section with a 
side of 0.125 cm and bounded by partition walls whose 
thickness is 0.02 cm. The particulars of the PTC ce 
ramic article are as follows. The diameter is 4 cm, 
thickness (length of each channel) 1 cm, Tc=l90°C, 
the surface-to-volume ratios about 24 cmz/cmi‘ and the 
total surface area about 300 cm2. The heating element 
is provided at its surface substantially perpendicular to 
the axial direction of :each channel with ohmic elec 
trodes. - 

In FIG. 5, a curve 101 graphically illustrates the rela 
tion between the amount of air Q (ma/min) fed into the 
channels of the heating element at 20°C and the 
amount of heat P (watt) radiated from the above men 
tioned heating element. As seen from the curve 101, 
the amount of heat radiation is about 230 watts when 
the amount of air fed is 0.1 mil/min, whereas if the 
amount of air fed is increased to 0.5 ma/min which is 5 
times larger than 0.1 ms/min, the amount of heat radia 
tion becomes also increased to about 450 watts. If the 
amount of air fed is substantially zero, that is, if the 
forced draft is stopped and use ‘is made of natural con 
vection air caused by the heat radiated from the heat 
ing element, the amount of heat radiation becomes 
only 20 watts. 
As described above, when various kinds of ?uid in 

clusive of air pass'through a multiplicity of channels of 
the heating element according to invention, the heating 
element with a small volume can radiate a large amount 
of heat. Thus, a heater comprising the heating element 
according to the invention and means for feeding ?uid 
through the heating element such, for example, as'a’ 
fan, pump, water pressure of city water and the like can 
prevent an overheating of the heating element‘ when 
the ?uid feeding means becomes stopped without in-’ 
tentionally providing a safety device such as a tempera-' 
ture fuse, thermostat and the like. ' _ 

In addition, in the heater of this invention ‘(when use 
in combination with means for feeding ?uid through‘ 
the heating element) is capable of changing the amount 
of heat radiation by varying the amount of ?uid. It is 
possible, therefore to control a large electric power 
with the aid of a small electric power. ' 
For example, if use is made of air as ?uid, the amount 

of air on the order of 0.2 ms/min can be fed by‘ means 
of a fan driven by an electric motor of about 20 watts. 
As a result, as seen from FIG. 5, the control of the 20 
Watts motor in its rotating speed ensures a control of 
the amount of heat radiationscorresponding to electric 
power of 300 Watts which is about 15 times larger than 
20 Watts. - - - " 

In the heating element according to the'invention, it 
is important to make the surface~to-volume_ ratios'of 
the honeycomb structural body large. Even when the 
amount of passingv air per unit volume of the heating 
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element is the same, the larger the surface-to-volume 
ratio the larger the amount of heat radiation. For com 
parison, use is made of another heating element com 
prising a PTC ceramic article composed of a honey 
comb structural body which is provided with a multi 
plicity of channels each square in cross section with a 
side of 0.195 cm and bounded by partition walls whose 
thickness is 0.03 cm. The particulars of the PTC ce 
ramic article are as follows. The diameter is 4 cm, 
thickness (length of each channel) 1 cm, Tc-—~190°C, 
the-surface-to-volume ratios about 16 cm2/cm3 and the 
total surface area about 200 cm2. This element is made 
of the same ceramic composition as those of the body 
from which the curve 101 was derived. The heating 
element is provided at its surface, substantially perpen 
dicular to the axial direction of each channel, with 
fohmic electrodes. In FIG. 5, a curve 102 graphically 
illustrates the relation between the amount of air Q 
(ma/min) fed into the channels of the above mentioned 
heating element at 20°C and the amount of heat P 
(Watt) radiated from the heating element. A compari 
son between the curves 101 and 102 clearly shows that 
the amount of heat radiation P (watt) shown by the 
curve 101 which is plotted when the surface-to-volume 
ratios are about 24 cm2/cm3, is larger than that shown 
by the curve 102, which is plotted in the case of the 
surface-to-volume ratios are about 16 cm2/cm3. 
The frictional resistance of the ?uid passing through 

a multiplicity of channels against the honeycomb struc 
tural body is proportional to the surface-to-volume 
ratios under the same configuration of the channels, so 
that the'surface-to-volume ratios should be determined 
in association with the kinds of ?uid and means for 
feeding ?uid through the heating element. It is prefera 
ble to determine the surface-to-volume ratios to a 
range from 10 to 60 cm2/cm3 with ‘respect to the honey 
comb structural body of the heating element according 
to the invention. Any structural body having some 
holes made, for example, by boring could neither make 
the thickness of the partition will bounding the holes 
substantially uniform, nor obtain the surface-to-volume 
ratios in the range of 10 to 60 cm2/cm3. 
‘The Curie Temperature (Tc) of the PTC ceramic 
article of the heating element according to the inven 
tion is determined according to what purposes the heat 
ing element is used. If the heating element is used for a 
handylhair dryer, the heating element is restricted in its 
size. As a result, the Curie Temperature (Tc) of the 
PTC ceramic article is made relatively high that a heat 
ing element small in volume can radiate a desired 
amount of heat. The amount of heat radiation is associ 
ated not only with the Curie Temperature (Tc) of the 
PTC ceramic article, but also with the surface-to 
volume ratios of the honeycomb structural body. It is 
preferable to make the Curie Temperature (Tc) 150° 
to, 200°C for the handy hair dryer. 
As will be described later, if the heating element 

according to the invention is used for a heater, a plural 
ity of heating elements may be used according to the 
desired amount of heat radiation and to the other de 
signs. In this case, a customary heating element made 
of nickel-chrome wire, for example, may be included in 
a plurality of heating elements. 
.Though these heating elements may electrically con 

nected in series and/or in parallel with each other by 
techniques known in the art, it is-found to be preferable 
to connect in parallel from our investigation. 
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8 
In FIG. 6 is shown a preferred embodiment of the 

heating element according to the invention as applied 
to an air heater. ‘ ' 

Referring to FIG. 6, an air heater 10 comprising a 
heating element 1, and means for feeding ?uid through 
the heating element 1 such as a fan 12 driven by a 
motor 11. Such means can feed air into a multiplicity of 
channels of the heating element 1. Means for feeding 
?uid through the heating element 1 is settled to be 
aligned with the channels of the honeycomb structural 
body of the heating element 1 and the assembly is en 
closed in a housing 13. In the present embodiment, 
arrangement and electrical connections are so designed 
that the heating element 1 is provided at its opposed 
surfaces substantially perpendicular to the axial vdirec 
tion of the channels with ohmic electrodes, and that the 
heating element 1 is sandwiched between a pair of 
terminal plates 14 and 15. It is a matter of course that 
insulating spacersv(not shown) are inserted-between 
these terminal plates 14, 15 and the housing 13 so as to 
electrically insulate the former from the latter. ' 
The air heater 10 shown in FIG. 6 will operate as 

follows. If a switch 16 is turned ON, the fan 12 is ro 
tated to suck air through an inlet opening 17 adapted to 
control the amount of air passing therethrough into the 
heating element 1. At the same time, electric current is 
supplied to the heating element 1 to bring it into a heat 
radiating condition, and as a result, the air passing 
through the channels is heated and blown out of the air 
heater 10. 
Between ON and OFF, a state which the fan 12 con 

tinues its air feeding operation and the heating element 
1 stops its heating operation may be employed. 
During heating of the heating element 1 by the cur 

rent supplied thereto, even if the fan 12 becomes 
stopped or the air inlet opening 17 gets clogged‘by a 
towel, a curtain or the like, to cause no air to pass 
through the multiplicity of channels of the heating 
element 1, the amount of heat radiated from the heat 
ing element 1 becomes small in the manner‘ as de 
scribed above. As a result, there is no risk of the heat 
ing element 1 being overheated or of a ?re being 
caused without intentionally providing a safety device 
such as a temperature fuse, thermostat and the like. 
The air heater shown in FIG. 6 with or without any 
modi?cation may be used as a hair dryer, domestic or 
industrial dryers, air towel, room heater and the like. 

In FIG. 7 is shown another preferred embodiment of 
the heating element according to the invention as ap 
plied to a liquid heater. 
Referring to FIG. 7, a liquid heater 18 which com 

prises a heating element 1 comprising a PTC ceramic 
article composed of a rectangular parallelepiped hon 
eycomb structural body provided with a multiplicity of 
channels each square in cross section with a side of 
0.18 cm and bounded by partition walls whose thick 
ness is 0.04 cm, the honeycomb structural body having 
a side of 4 cm, a thickness (length of each channel) of 
6 cm, Curie Temperature (Tc) of 120°C, surface-to~ 
volume ratios of about 15 cm2/cm3 and total surface 
area of about 1,500 cm2, and ohmic electrodes pro-' 
vided on the side surfaces of the honeycomb structural 
body which is substantially parallel to the axial direc 
tion of each channel, and heat insulating material 21 
covering the heating element 1 and enclosed in a hous 
ing 22. In this embodiment, a pipe 20 is also provided‘ 
for feeding water to the channels. The inlet pipe 19 is 
connected to, for example, a city water faucet (not 
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shown) to feed water into-the pipe 20, so that the water 
passing through the multiplicity of channels is heated 
and ?ows out of an outlet pipe 23. ' “' ' 

. The liquid heaterv 18 shown inFlG. 7 will-operate as 
follows..If the switch 16 is turned ON, heat is radiated 
from the heating element 1 and hot water ?ows outrof 
the outlet pipe 23. > ' ‘ "- f ‘ a 

If the liquid heater 18 was fed with city water at 20°C 
at a rate of about-l ‘l/min and atvthe same time the pair 
of electrodes were applied "with voltage-of 240 volts, 
the city water heated to about 60°C ?owed from the 
outlet pipe 23. In this case, the amount of heat radia 
tion was 2.9 kilowatts. The amount of heat radiated 
when the water supply was stopped became smaller 
than 100 watts, thereby involving no danger due to 
overheating of the heating element 1. 
The electrical insulation of both the electrodes 

against an electric conductive liquid such as water may 
be effected by coating the heating element 1 as a 
whole, exclusive of the lead wires led out of the elec 
trodes, with corrosion resistant materials such as ?uo 
rine resin (Te?on made by E. I. Du Pont de Nemours 
and Company, Poly?on, Dai?on and Neo?on made‘ by 
Daikin Kogyo Co., Ltd. Osaka, Japan and the like), 
?uorine rubber (Viton made by Du Pont), silicone 
resin, silicone rubber, silicone varnish and the like. 

In addition, such coating can protect the heating 
element 1 from being corroded by corrosive liquid such 
as acids, alkalis and the like. 

Alternatively, as means for preventing the heating 
element 1 from being corroded by the corrosive ?uid, 
provision may be made for a pipe having a small diame 
ter and made of anti-corrosion material such as stain 
less steel and this pipe may be inserted into each of the 
channels of the heating element whereby the corrosive 
?uid can pass through the pipe without making contact 
with the inner surface of each of the channels. 
The liquid heater shown in FIG. 7 is not provided 

with means for feeding ?uid through the heating ele 
ment, such as provided for the air heater shown in FIG. 
6, but the city water pressure or gravity serves as means 
for feeding liquid through the heating element. In addi 
tion, the liquid heater shown in FIG. 7 is connected to 
the city water faucet and adapted to heat the city water. 
But, the liquid heater shown in FIG. 7 may also be used 
as a heater for drinks such as Japanese Sake and the 
like, and an oil preheater for heating liquid fuel and the 
like. 

In FIG. 8 a further preferred embodiment of the 
heating element according to the invention is shown as 
applied to a humidi?er. 
Referring to FIG. 8, a humidi?er 24 comprising a 

housing 26 enclosing water 25 contained therein and a 
heating element 1. In the present embodiment, it is 
important that one of the surfaces substantially perpen 
dicular to the axial direction of the channels of the 
honeycomb ‘structural body is always in contact with 
the water 25. In order to make one of the surfaces 
substantially perpendicular to the axial direction of the 
channels of the honeycomb structural body always 
contact with the water 25, provision is made for a water 
absorbing mat 27 which is supported in a space above 
the water 25 and on which is disposed the heating ele 
ment 1. The water absorbing mat 27 is provided at its 
periphery with a bundle of ?bers 28, such as woven 
cloth secured at its one end to the mat 27, the other end 
being immersed into the water 27. The fiber bundle 28 
and mat 27 permit the water to be supplied to the sur 

25 

30 

35 

45 

50 

60 

65 

10 
face substantiallyperpendicular to the axial direction 
of the channels of the honeycomb structuralbody with 
the aid of capillary phenomenon of the ?ber bundle 28 
and the mat 27; ' " ’_ " ' _ 

> ‘The humidi?er ‘shown in FIG. '8 'will operate as fol 
lows; If the switch 16 is ‘turned ON, the water in contact 
with one of the surfaces substantially perpendicular to 
the axial directionof the channels of the honeycomb 
structural body of the heating element _1 is heated by 
the heating element 1 and converted into steam which 
is exhausted from an opening 29 provided at the'top of 
the housing 26 and arranged above the heating element 
1. 

In the present embodiment, use was made of a heat 
ing element comprising a PTC ceramic article com 
posed of a column shaped honeycomb structural body 
provided with a multiplicity of channels each square in 
cross section with a side of 0.125 cm and bounded by 
partition walls whose thickness is 0.02 cm, the honey 
comb structural body having a diameter of 3.5 cm, a 
thickness (length of each channel) of 1 cm, Curie Tem 
perature (Tc) of 190°C, surface-to-volume ratios of 
about 24 cm2/cm3, and total surface area of about 240 
cm2, and ohmic electrodes provided on both surfaces 
substantially perpendicular to the axial direction of 
each channel. Water at 20°C was treated by applying 
voltage of 100 volts across the ohmic electrodes. The 
water was evaporated at a rate of 4 cc/min. The hous 
ing 26 is provided at its side wall with a window 30 
through which can peep the change in liquid level and 
provided at its cover with an opening 31 through which 
is added liquid when the liquid level becomes lower 
than a desired level. 
The humidi?er shown in FIG. 8 with or without mod 

i?cations may be used as a volatilizer, distillator, frac 
tionator and the like for use with domestic or industrial 
water and any other liquids such as oil. 
While several examples have been herein disclosed, it 

is obvious that various changes can be made without 
departing from the spirit and scope of the invention as 
set forth in the appended claims. Further, it is to be 
understood that all matter hereinbefore set forth is to 
be interpreted as illustrative and not in a limiting sense. 
What is claimed is: 
_l. A heating element consisting essentially of: 
a. a column-shaped honeycomb structural body of 

electrically conductive ceramic material, said body 
having a multiplicity of substantially uniform paral 
lel channels extending therethrough with each of 
said channels being bounded by a partition wall 
which is substantially uniform in thickness, said 
structural body also having a surface-to-volume 
ratio in the range of 10 to 60 cm2/cm3 and having a 
positive temperature coef?cient of electrical resis 
tance; 

b. a pair of ohmic electrodes mounted on the oppo 
site surfaces of the body and in electrical contact 
therewith; 

0. Means for feeding ?uid through said channels. 
2. The heating element of claim 1 in which the ohmic 

electrodes are mounted on opposite surfaces substan 
tially perpendicular to the axial direction of the chan 
nels. 

3. The heating element of claim I in which the sur~ 
face to volume ratios are 10 to 40 cm2/cm3. 

4. The heating element of claim 3 in which the sur 
face to volume ratios are 12 to 30 cmz/cmi‘. 

5. A ?uid heater which comprises: 



3,927,300 
1 l 

a. a column-shaped body of electrically conductive 
ceramic material said ceramic body having a multi-’ 
plicity of substantially uniforms parallel channels 
extending therethrough with each of said channels 
being bounded by a partition wall which is substan 
tially uniform in thickness, said body having a sur 
face to volume ratio in the range of 10 to 60 
cmz/cma, said ceramic material having a positive 
temperature coef?cient of electrical resistance; 
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b. A pair of ohmic electrodes mounted on the oppo 

site surface of the body; 
c. Means for feeding ?uid through said channels. 
6. The heater of claim 5 in which the ohmic elec 

trodes are mounted on the opposite end surfaces sub 
stantially parallel to the axial direction of the channels. 

7. The heater of claim 5 in which the surface to vol 
ume ratios are 10 to 40 cm2/cm3. _ 

8. The heater of claim 7 in which the surface to vol 
ume ratios are 12 to 30 cmz/cma. 

* * * * * 
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