US 20050024180A1

a2 Patent Application Publication (o) Pub. No.: US 2005/0024180 A1

a9 United States

Handa

43) Pub. Date: Feb. 3, 2005

(549) ORGANIC POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR AND
MANUFACTURING METHOD THEREFOR

(75) Inventor: Tokuhiko Handa, Ichikawa-shi (JP)

Correspondence Address:

OLIFF & BERRIDGE, PLC
P.O. BOX 19928
ALEXANDRIA, VA 22320 (US)

(73) Assignee: TDK CORPORATION, Tokyo (JP)

(21) Appl. No.: 10/873,105

(22) Filed: Jun. 23, 2004
(30) Foreign Application Priority Data
Jun. 24, 2003 (JP) ccoveveevecrrecreireireneccns 2003-180074

TSI TITITI T IITTI 4

IS S S NS NN Y

T TTIIETSTEITIISTIINIIILS,

MR

THIPISTETINII T IE T TP IS TG TEFTITITITIITTI I TITIIITS

Publication Classification

(51) TNt CL7 oo HO1C 7/10
(52) US.CL oo 338/22 R

(7) ABSTRACT

An organic positive temperature coefficient thermistor 10
having at least a pair of electrodes 2 and 3 positioned facing
each other and a thermistor element 1 having a positive
temperature coefficient of resistance which is positioned
between the pair of electrodes 2 and 3, wherein the ther-
mistor element 1 is a molded element consisting of a mixture
which contains a polymer matrix and conductive particles
having electronic conductivity, and wherein the thermistor
element 1 has an amount of oxygen calculated by subtract-
ing the amount of oxygen originally present in the various
components of the mixture from the amount of oxygen
contained in the thermistor element, which is 1.55 weight
percent or less of the mass of the thermistor element.
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ORGANIC POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR AND
MANUFACTURING METHOD THEREFOR

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an organic positive
temperature coefficient thermistor and a manufacturing
method therefor.

[0003] 2. Related Background Art

[0004] A positive temperature coefficient (PTC) ther-
mistor has a composition which comprises at minimum a
pair of electrodes positioned facing each other and a ther-
mistor element positioned between this pair of electrodes.
Moreover, this thermistor element has a “positive tempera-
ture coefficient of resistance,” meaning that within a specific
temperature range, its resistance rises sharply as the tem-
perature rises.

[0005] Taking advantage of these features, positive tem-
perature coefficient thermistors (hereunder “PTC ther-
mistors”) are used for example as self-regulating heat gen-
erators, temperature sensors, current limiting elements,
over-current protection elements and the like. For purposes
of use as an over-current protection element in particular, a
PTC thermistor needs to have low room-temperature resis-
tance when not in operation, a large rate of change from
room temperature resistance when not in operation to resis-
tance when in operation, a small change in resistance when
operated repeatedly (difference between resistance upon
initial use and resistance after repeated operation), excellent
breaking characteristics and a low heating temperature of the
element, and it must be capable of being made small,
light-weight and at low cost.

[0006] Conventional PTC thermistors have generally been
of the type equipped with a thermistor element made of
ceramic material, but this type of PTC thermistor has high
room-temperature resistance and a high heating temperature
of the thermistor element, and has been difficult to make
small, light-weight and at low cost.

[0007] Therefore, in order to meet the aforementioned
demand for lower operating temperature, lower room-tem-
perature resistance and the like, a type of organic positive
temperature coefficient thermistor is being studied which
comprises a molded element consisting of a polymer matrix
and conductive particles as the thermistor element (hereun-
der, “P-PTC thermistor”).

[0008] For example, a P-PTC thermistors of this sort has
been proposed which is equipped with a thermistor element
formed using low-density polyethylene as the polymer
matrix and carbon black as the conductive particles (con-
ductive filler) (see for example U.S. Pat. No. 3,243,758 and
U.S. Pat. No. 3,351,882). The operating temperature of this
thermistor element can be reduced by selecting an appro-
priate polymer matrix.

[0009] However, although such a P-PTC thermistor using
carbon black as the conductive particles has lower room-
temperature resistance than the aforementioned thermistor
using a thermistor element made of ceramic material, it is
becoming clear that its characteristics are still inadequate.
Namely, it has been shown that if the conductive filler
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(carbon black) content is increased in an effort to reduce
room-temperature resistance, the difference in resistance
(rate of change in resistance) between the non-operating and
operating states is reduced, and the thermistor cannot with-
stand actual use.

[0010] Therefore, these inventors and others have pro-
posed P-PTC thermistors using nickel powder or other spiky
particles as the conductive filler. Since the room-temperature
resistance of such a P-PTC thermistor can be made suffi-
ciently low, and the rate of change in resistance is high, the
aforementioned problems of conventional PTC thermistors
can be resolved. Moreover, it has been shown that it is also
possible to reduce the operating temperature by appropriate
selection of the matrix material as necessary, and that
addition of a low molecular weight organic compound is
effective as a method therefor.

SUMMARY OF THE INVENTION

[0011] However, after a close study of conventional
P-PTC thermistors, the inventors discovered that such con-
ventional P-PTC thermistors lack stability of resistance.
That is, it was found that when such a P-PTC thermistor is
operated and then returned to a non-operating state, its
resistance is different from the resistance before operation
(in most cases, higher than the resistance before operation),
and that its resistance becomes unstable if it is stored for
example for a long period of time.

[0012] Thus, with the foregoing in view it is an object of
the present invention to provide a P-PTC thermistor with
excellent stability of resistance.

[0013] After exhaustive research aimed at achieving the
aforementioned object by focusing on the components of the
thermistor element of a P-PTC thermistor, the inventors
discovered that the aforementioned object could be achieved
when the amount of a specific component contained in the
thermistor element could be kept at or below a certain level.

[0014] Namely, the P-PTC thermistor of the present inven-
tion comprises a pair of electrodes positioned facing each
other and a thermistor element positioned between the pair
of electrodes and having a positive temperature coefficient
of resistance, wherein the thermistor element is a molded
element consisting of a mixture which contains a polymer
matrix and conductive particles having electronic conduc-
tivity, and wherein the thermistor element has an amount of
oxygen, which is 1.55 weight percent or less of the ther-
mistor element, calculated by subtracting the amount of
oxygen originally present in the various components of the
mixture from the amount of oxygen contained in the ther-
mistor element.

[0015] The reason why this P-PTC thermistor element has
excellent stability of resistance is still not entirely clear, but
is believed by the inventors to be as follows.

[0016] First, the operating principles of the P-PTC ther-
mistor are believed to be as follows. That is, at low tem-
peratures a conductive path exists due to linkage of the
conductive particles contained in the thermistor element.
Current flows through the P-PTC thermistor via this con-
ductive path. However, if the P-PTC thermistor is subjected
to excess heat or current the temperature thereof rises, and
the polymer matrix contained in the thermistor element
expands, resulting in breakage of the conductive path (link-
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age of conductive particles). It is thought that since current
then ceases to flow along the conductive path, excess current
is controlled, and the danger of current flowing during
overheating is avoided. As the temperature of the P-PTC
thermistor subsequently drops, it is thought that the polymer
matrix which had expanded then shrinks again, so that the
conductive particles become linked again to form a conduc-
tive path along which the current then flows.

[0017] Next, the reason for the low stability of resistance
of a conventional P-PTC thermistor is considered. It is
thought that the polymer matrix contained in the thermistor
element of a conventional P-PTC is unable for some reason
to shrink adequately following a rise and then fall in
temperature, so that the conductive particles do not link
again to fully re-create the conductive path, and the resis-
tance of the P-PTC thermistor cannot return to its initial
condition. Another possibility is that when there is a rise and
fall in temperature or when the P-PTC thermistor is stored
for a long period of time, the surface resistance of the
conductive particles contained in the thermistor element of
the P-PTC thermistor rises so that the resistance of the
P-PTC thermistor cannot return to the initial condition.

[0018] Next, the reason why the resistance of the P-PTC
thermistor of the present invention is stable even following
operation with a rise and fall in temperature is considered.
Considering a case in which the thermistor element is
contaminated with oxygen, the oxygen contaminating the
thermistor element (hereunder, oxygen contamination) at
first exists in the thermistor element without binding to the
polymer matrix. However, it is thought that repeated opera-
tion with rising and falling temperatures or long-term stor-
age of the P-PTC thermistor results in gradual oxidation of
the polymer matrix due to the oxygen contamination. As the
polymer matrix oxidizes, the crystallinity of the polymer
matrix tends to fall or else the molecular weight tends to
drop. When the characteristics of the polymer matrix change
in this way the polymer matrix takes more time to crystallize
when the temperature falls, and does not shrink adequately.
As a result, re-creation of the conductive path through
linkage of the conductive particles does not occur, and the
initial resistance cannot be achieved.

[0019] A reason such as the following is also possible.
That is, oxygen contaminating the thermistor element oxi-
dizes the surface of the conductive particles. It is possible
that the surface conductivity of the conductive particles is
thus reduced, so that when returned to non-operating con-
dition, or in other words when the temperature falls, the
shrinkage condition of the polymer matrix is slightly differ-
ent from the initial condition, and the resistance cannot
return to a value equivalent to the initial value. In other
words, the resistance cannot return to a value equivalent to
the initial value by only slight difference of the shrinkage
condition of the polymer matrix from the initial condition.

[0020] However, the stability of resistance of the P-PTC
thermistor of the present invention is sufficiently high
because oxygen other than oxygen originally present in the
various components of the thermistor element, or in other
words oxygen which contaminates the thermistor element
during the P-PTC thermistor manufacturing process, is
limited to 1.55 weight percent or less of the mass of the
thermistor element.

[0021] Moreover, in the P-PTC thermistor of the present
invention the conductive particles are preferably metal par-
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ticles. Because metal particles are good conductors, the
room-temperature resistance is low during non-operation.

[0022] Moreover, the conductive particles are preferably
particles made of nickel and are preferably filamentous
particles. When such particles are distributed uniformly in a
polymer matrix, the reliability of the P-PTC thermistor with
respect to repeated operation and long-term storage (here-
under, simply “reliability”) tends to be higher.

[0023] Moreover, it is preferable in the P-PTC thermistor
of the present invention that the thermistor is element also
contain a low molecular weight organic compound. In this
way the hysteresis which appears in the resistance/tempera-
ture characteristics curve of the P-PTC thermistor can be
minimized, the rate of change in resistance is increased, and
the operating temperature can also be regulated.

[0024] In the method for manufacturing the P-PTC ther-
mistor of the present invention, the P-PTC thermistor is
manufactured with the oxygen removed from the atmo-
sphere to which the components of the thermistor element
are exposed in order to obtain the aforementioned P-PTC
thermistor. In this way it is possible to obtain the desired
P-PTC thermistor because oxygen contamination of the
thermistor element can be adequately controlled.

[0025] In the method for measuring oxygen content of the
present invention, a sample containing an organic compound
is impulse heated and melted and the oxygen contained in
the sample is converted to carbon monoxide or carbon
dioxide gas, after which the carbon monoxide or carbon
dioxide gas is analyzed by infrared absorption spectrometry
in order to measure the oxygen content of the aforemen-
tioned sample. In this way it is possible to measure not only
the oxygen originally present in the chemical structure of the
organic compound, but also oxygen which has contaminated
the structure of the organic compound. Moreover, it is also
possible to measure the total content of oxygen contained in
a mixture of an inorganic compound and an organic com-
pound. Consequently the oxygen content of the thermistor
element provided in the P-PTC thermistor of the present
invention can also be measured. In addition, the oxygen
from the atmosphere, to which the components of the
thermistor element are exposed, can be removed while the
results of the measurements are consulted. In this way, the
P-PTC thermistor of the present invention can be obtained
efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a typical cross-sectional diagram show-
ing the basic configuration of one embodiment of the P-PTC
thermistor of the present invention.

[0027] FIG.2 is a graph showing the relationship between
oxygen content and resistance after thermal shock for P-PTC
thermistors of examples and comparative examples.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Preferred embodiments of the P-PTC thermistor of
the present invention are explained in detail below with
reference to figures.

[0029] FIG. 1 is a typical cross-section showing the basic
composition of an embodiment of the P-PTC thermistor of
the present invention.
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[0030] The P-PTC thermistor 10 shown in FIG. 1 consists
of a pair of electrodes, an electrode 2 and an electrode 3,
which are positioned facing each other, a thermistor element
1 which is positioned between the electrode 2 and the
electrode 3 and has a positive temperature coefficient of
resistance, a lead 4, which is connected electrically to the
electrode 2 as necessary, and a lead 5, which is connected
electrically to the electrode 3.

[0031] The electrode 2 and the electrode 3 have a plate
shape for example, and are not particularly limited as long
as they have the electronic conductivity to function as
electrodes of a P-PTC thermistor. There are also no particu-
lar limitations on the lead 4 and the lead 5 as long as they
have the electronic conductivity to emit or inject electrical
charge externally from the electrode 2 and the electrode 3,
respectively.

[0032] The thermistor element 1 of the P-PTC thermistor
10 in FIG. 1 is a molded element consisting of a mixture
containing a polymer matrix and conductive particles having
electronic conductivity (hereunder called simply “conduc-
tive particles™). In addition, this thermistor element 1 has the
following composition so as to give the P-PTC thermistor 10
sufficiently high stability of resistance.

[0033] In the thermistor element 1, the amount of oxygen
calculated by subtracting the oxygen originally present in
the various components of the mixture from the amount of
oxygen contained in the thermistor element 1 is 1.55 weight
percent or less of the mass of the thermistor element 1.

[0034] In these specifications the “oxygen contained in the
thermistor element” signifies all oxygen contained in the
thermistor element, which is divided into the oxygen origi-
nally present in the Various components of the thermistor
element and other oxygen contained in the thermistor ele-
ment.

[0035] The “oxygen originally present in the various com-
ponents of the thermistor element” signifies the oxygen
present in the chemical structures of the polymer matrix, the
conductive particles and other components of the thermistor
element. Consequently, if for example straight chain, low
density polyethylene is used as the polymer matrix, the
oxygen originally present in this polymer matrix is none. If
polymethyl methacrylate is used as the polymer matrix, the
oxygen originally present in this polymer matrix is the
oxygen of the ester bonds (two per ester bond) in the
polymethyl methacrylate molecule.

[0036] “Other oxygen contained in the thermistor ele-
ment” signifies for example oxygen which contaminates the
components of the thermistor element by adsorption,
absorption or the like when such components of the ther-
mistor element are stored before the P-PTC thermistor is
manufactured. Another example is oXygen in the atmosphere
to which the thermistor element or components thereof are
exposed in the P-PTC thermistor manufacturing process, or
oxygen present in equipment, liquids and the like with which
they come into contact, which contaminates the thermistor
element or the like by adsorption, absorption or the like.
When metal particles are used as the conductive particles,
oxygen which forms a surface oxide film (passive film) on
the metal particles is included as “other oxygen contained in
the thermistor element.” The state of this oxygen may be an
atomic, molecular or ionic state.
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[0037] Consequently, the “amount of oxygen calculated
by subtracting the oxygen originally present in the various
components of the mixture from the oxygen content of the
thermistor element” is the aforementioned “other oxygen
contained in the thermistor element.”

[0038] If this amount of oxygen is 1.55 weight percent or
less of the mass of the thermistor element 1, the P-PTC
thermistor 10 equipped with this thermistor element 1 can
have sufficiently high stability of resistance.

[0039] From the standpoint of lowering the resistance
upon initial use and ensuring excellent stability of resis-
tance, this amount of oxygen should preferably be 1.50
weight percent or less or more preferably 0.50 weight
percent or less or still more preferably 0.34 weight percent
or less.

[0040] This amount of oxygen and the amounts of oxygen
originally present in the various components of the ther-
mistor element can be calculated by the following method.

[0041] First, a solid sample or the like containing an
organic compound, such as the thermistor element used in
the present invention, is melted by heating the sample to
about 2000° C. in an impulse furnace with flowing helium
gas, argon gas or other inactive gas. In this specification, this
heating and melting is called “impulse heating and melting.”
The oxygen contained in the aforementioned sample is thus
converted to carbon monoxide or carbon dioxide, and is
isolated and extracted as carbon monoxide/carbon dioxide
gas from the heated and melted product. This carbon mon-
oxide/carbon dioxide gas is supplied to an infrared absorp-
tion spectrometer by the aforementioned inactive gas. By
using the infrared absorption spectrometer to analyze the
carbon monoxide/carbon dioxide gas, it is possible to mea-
sure the amount of carbon monoxide/carbon dioxide. The
amount of oxygen contained in the sample is then derived by
conversion from this amount of carbon monoxide/carbon
dioxide gas.

[0042] When it is clear that the components contained in
the thermistor element do not have any of the aforemen-
tioned “oxygen originally present in the various components
of the thermistor element” (for example, polyethylene is
used as the polymer matrix), only the amount of oxygen
contained in the thermistor element is measured, and the
resulting amount of oxygen can be taken as the “amount of
oxygen calculated by subtracting the oxygen originally
present in the various components of the mixture from the
oxygen content of the thermistor element.”

[0043] When the components contained in the thermistor
element have “oxygen originally present in the various
components of the thermistor element,” the amounts of
oxygen originally present in these various components are
measured by the aforementioned measurement method, and
the total is given as the amount of “oxygen originally present
in the various components of the thermistor element.”

[0044] The amount of oxygen in the structure of an
organic elemental substance can be calculated by specifying
the structure using spectroscopic methods (infrared absorp-
tion, nuclear magnetic resonance or the like) or mass spec-
trometry. An elementary analysis device can also be used. In
addition to the aforementioned impulse heating and melting
measurement method (hereunder, “impulse heating and
melting measurement”), the amount of oxygen in an inor-
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ganic conductive filler or inorganic non-conductive filler
added as an additive which contains oxygen in its structure
can also be calculated by specifying the structure by X-ray
analysis or the like. The amount of oxygen in the structure
of the aforementioned organic elemental substance is pref-
erably measured from the starting raw material, but it is also
possible to isolate the various components by various extrac-
tion and isolation methods from the manufactured thermistor
element or the like, and measure the amount of oxygen in
their structures.

[0045] Next, the “amount of oxygen contained in the
thermistor element” is measured by the aforementioned
impulse heating and melting measurement method for a
thermistor-element prepared using these components, and
the value derived by subtracting the aforementioned
“amount of oxygen originally present in the various com-
ponents of the thermistor element” from this amount of
oxygen is given as the “amount of oxygen calculated by
subtracting the original oxygen content of the various com-
ponents of the mixture from the oxygen content of the
thermistor element.”

[0046] Examples of devices for measuring the oxygen
content of a sample or the like containing an organic
compound in this way include the LECO Corporation
TC-600 (trade name) and the like.

[0047] The polymer matrix contained in the thermistor
element 1 may be either a thermoplastic resin or a thermo-
setting resin, and may be either a crystalline resin or a
non-crystalline resin. “Crystalline resin” here signifies a
resin whose melting point can be observed by ordinary
thermal analysis, while a “non-crystalline resin” signifies a
resin whose melting point cannot be observed by ordinary
thermal analysis.

[0048] For example, an olefin polymer, halogen polymer,
polystyrene, epoxy resin, unsaturated polyester resin, dial-
lylphthalate resin, phenol resin, thermosetting polyimide
resin, melamine resin or the like can be used as the polymer
matrix. Examples of olefin polymers include polyethylene,
ethylene-vinyl acetate copolymer, polyethyl acrylate and
other polyalkyl acrylates, polymethyl acrylate and other
polyalkyl acrylates, polymethyl methacrylate and other
polyalkyl methacrylates and other olefins or copolymers
thereof. Examples of halogen polymers include fluorine
polymers such as polyvinylidene fluoride, polytetrafluoro-
ethylene, polyhexafluoropropylene or copolymers thereof,
and chlorine polymers such as polyvinyl chloride, polyvi-
nylidene chloride, chlorinated polyvinyl chloride, chlori-
nated polyethylene or chlorinated polypropylene or copoly-
mers thereof and the like one of these may be used alone or
two or more may be used in combination.

[0049] Of these it is desirable to use an olefin polymer, and
more desirable to use polyethylene, and it is particular
desirable to use straight chain, low density polyethylene
manufactured using a metallocene catalyst.

[0050] Straight chain, low density polyethylene manufac-
tured by a polymerization reaction using a metallocene
catalyst offers the feature of a narrower molecular weight-
distribution than that manufactured using a conventional
Zeigler-Natta catalyst. The “metallocene catalyst” here is a
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bis (cyclopentadienyl) metallic complex, a compound which
is expressed by the following general formula (1):

M(CsHss), XY @

[0051] In formula 1 above, M represents a metal or metal
ion which is the center of 4 coordination, and X and Y
represent halogens or halide ions which may be the same or
different. Ti, Zr, Hf, V, Nb or Ta are desirable as M, with Zr
being most desirable. Cl is desirable for X and Y. One kind
of compound represented by general formula 1 may be used
alone, or any combination of two or more can be used.

[0052] Straight chain, low density polyethylene can be
manufactured by well-known techniques of low density
polyethylene manufacture, using the metallocene catalyst of
formula 1 above. In addition to ethylene as the raw material
monomer, butene-1, hexene-1 and octene-1 can be used as
€O-monomers.

[0053] The compounds represented by general formula 2
and general formula 3 below can also be used together with
the metallocene catalyst.

@
R? R? R

— — —A—RS
Rl—Al—-0—AI3—0—AlI—R

3)
R’

6— — —A—RS
R6— Al—-0— Al3—0—Al—R

(0]

[0054] Informula?2 above, R*,R% R R*and R” represent
alkyl groups with 1 to 3 carbon atoms each which may be the
same or different, and n represents an integer between 2 and
20. Methyl groups are preferred for RY, R?, R, R* and R®.
In formula 3 above R®, R”7 and R® represent alkyl groups
with 1 to 3 carbon atoms which may be the same or different,
and m represents an integer between 2 and 20. Methyl
groups are preferred for R®, R7 and R

[0055] The type, the average molecular weight, the melt-
ing point, the density and the like of polymer matrix can be
selected as necessary in order to keep the operating tem-
perature of the P-PTC thermistor within the desired range.
For example, polyethylene with a weight average molecular
weight of 50,000 to 500,000 or more preferably 80,000 to
300,000, a melting point of 100 to 140° C., and a density of
0.910 to 0.970 g/cm® can be used as the polymer matrix.

[0056] The “melting start temperature” of the polymer
matrix is a temperature defined as follows using a DSC
curve obtained by differential scanning calorimetry (DSC)
analysis using the polymer matrix as the measurement
sample. Namely, it indicates the temperature at the intersec-
tion of the baseline and the tangent at the inflection point
which appears at the lowest temperature of the first endot-
hermic peak on a DSC curve obtained by raising the
temperature of a measurement sample and a standard sub-
stance from room temperature (25° C.) at a fixed program-
ming rate (2° C./min.). In the present invention, a powder
consisting of a-Al,O5 is used as the standard substance
(thermally stable substance) in the aforementioned differen-
tial scanning calorimetry.
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[0057] There are no particular limitations on the conduc-
tive particles contained in the thermistor element 1 as long
as they have electronic conductivity, and for example carbon
black, graphite or metal particles or ceramic conductive
particles of various shapes can be used. One kind thereof can
be used alone or two or more kinds can be used in combi-
nation.

[0058] Of these, conductive metal particles are used by
preference for applications in which both low room tem-
perature resistance and an adequate rate of change in resis-
tance is required, such as over-current protection elements.
Conductive metal particles which can be used include cop-
per, aluminum, nickel, tungsten, molybdenum, silver, zinc,
cobalt or the like, with silver or nickel being used by
preference. Examples of shapes thereof include spheres,
flakes, rods or the like, but those having spiky projections on
the surface are preferred. Such conductive metal particles
may be in the form of powder in which each particle
(primary particle) exists independently, but preferably they
should form filamentous secondary particles in which the
primary particles are linked in chains. Preferably the mate-
rial is nickel, the specific surface area is 0.4 to 2.5 m?/g, and
the apparent density is about 0.3 to 1.0 g/cm>.

[0059] “Specific surface area” here signifies specific sur-
face area as derived by gaseous nitrogen absorption based on
the one-point BET method.

[0060] When carbon black or ceramic conductive particles
are used as the conductive particles, the oxygen in their
crystal structures is included in “oxygen originally present in
the various components of the thermistor element,”while
oxygen which forms a surface oxide film is included in
“other oxygen contained in the thermistor element.”

[0061] The thermistor element 1 can also contain a low
molecular weight organic compound. Using this low
molecular weight organic compound has the effect of
increasing the rate of change of resistance, regulating the
operating temperature and reducing hysteresis which
appears in the resistance/temperature curve.

[0062] Examples of low molecular weight compounds
include waxes, fats, oils, crystalline resins and the like.
Examples of waxes include petroleum waxes such as par-
affin wax, microcrystalline wax and the like, and natural
waxes such as plant waxes, animal waxes, mineral waxes
and the like. Examples of fats and oils include those nor-
mally called fats or solid fats and the like.

[0063] Examples of crystalline resins include polyolefin
crystalline resins such as polyethylene crystalline resin or
polypropylene crystalline resin, and polyester crystalline
resin, polyamide crystalline resin, fluorine crystalline resin
and the like. One of these can be used alone or two or more
can be used in combination. Crystalline resins here include
not only those which are wholly crystallized but also those
which are partially crystallized. The degree of crystallization
is preferably 10 to 80% or more preferably 15 to 70%.

[0064] The molecular weight (weight average molecular
weight) of this low molecular weight organic compound is
preferably 100 to 5000 or more preferably 500 to 2000 in
order to regulate the operating temperature of the P-PTC
thermistor 10 within a suitable range. The melting point is
preferably 60 to 120° C.
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[0065] The oxygen in the structure of the aforementioned
low molecular weight organic compound is included as
“oxygen originally present in the various components of the
thermistor element.” For example, if polyester crystalline
resin or polyamide crystalline resin is used as the low
molecular weight organic compound, the oxygen in the ester
bonds or amide bonds is included as “oxygen originally
present in the various components of the thermistor ele-
ment.”

[0066] The content of conductive particles in the ther-
mistor element 1 should be 20 to 45% by volume with the
volume of the thermistor element 1 as the standard. If the
content of conductive particles is less than 20% by volume
it is not possible to keep the room temperature resistance
sufficiently low during non-operation. If it exceeds 45% by
volume, the change in resistance as the temperature
increases is less, uniform mixing is difficult and it becomes
difficult to obtain a reproducible resistance.

[0067] When the thermistor element 1 contains a low
molecular weight organic compound, the content of the low
molecular weight organic compound is preferably 5 to 50%
by volume of the content of the polymer matrix. If the
content of the low molecular weight organic compound is
less than 5% by volume, it is difficult to obtain an adequate
rate of change in resistance. If the content of the low
molecular weight organic compound exceeds 50% by vol-
ume, the thermistor element 1 is greatly deformed when the
low molecular weight organic compound melts, and it is
difficult to knead with the conductive particles.

[0068] In addition to what is mentioned above, the ther-
mistor element 1 of the P-PTC thermistor 10 may contain
various additives which are conventionally added to ther-
mistor elements.

[0069] When various additives are used, the oxygen in the
chemical structures of the additives is included as the
aforementioned “oxygen originally present in the various
components of the thermistor element.”

[0070] In order for the amount of the aforementioned
“other oxygen contained in the thermistor element” to be
1.55 weight percent or less of the mass of the thermistor
element 1, it is preferable to prevent the components of the
thermistor element 1 from being contaminated with oxygen
by adsorption, absorption or the like when they are stored in
storage containers or the like before being used in the
manufacturing process of the P-PTC thermistor 10. Conse-
quently, these components should preferably be stored so as
to have no direct contact with oxygen.

[0071] There are no particular limits on such storage
methods as long as they do not cause damage to the
components, and examples include such methods as storage
in storage containers with an inactive gas such as argon gas
or helium gas substituted, storage in storage containers
under vacuum or reduced pressure, storage in storage con-
tainers containing an oxXygen scavenger, or storage in a
petroleum solvent if the material is insoluble in petroleum
solvents and the like.

[0072] Moreover, in order for the amount of the afore-
mentioned “other oxygen contained in the thermistor ele-
ment” to be 1.55 weight percent or less of the thermistor
element 1, it is desirable that oxygen which has already
contaminated the components of the thermistor element 1 be
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removed before they are used in the manufacturing process
of the P-PTC thermistor 10. Any conventionally known
method can be used as this oxygen removal method, without
any particular limitations. Examples of methods of remov-
ing oxygen contaminating a polymer matrix include meth-
ods of heating the polymer matrix under reduced pressure or
in an environment of flowing inactive gas. When metal
particles are used as the conductive particles, oxygen on the
surface of the metal particles can be removed by a known
chemical treatment method such as with a reducing agent, a
known electrical-treatment method such as reduction
removal of the oxide film by cathode treatment, or a known
physical treatment method such as removal of the oxide film
with an abrasive.

[0073] Next, the method for manufacturing the P-PTC
thermistor 10 is explained. In order for the amount of the
aforementioned “other oxygen contained in the thermistor
element” to be 1.55 weight percent or less of the mass of the
thermistor element 1, it is desirable that the various com-
ponents of the thermistor element 1 also not be brought into
contact with oxygen in the manufacturing process of the
P-PTC thermistor 10.

[0074] First, the polymer matrix and conductive particles
together with a low molecular weight organic compound or
additives as necessary are mixed and kneaded (mixing and
kneading step). The device used in this mixing and kneading
step may be for example a thermal kneading mill, thermal
roll, single axis extruder, double axis extruder or homog-
enizer, or any other kind of shaking or dispersion device.

[0075] In this mixing and kneading step, because the
various components of the thermistor element 1 are easily
and frequently exposed to the surrounding atmosphere, the
oxygen contaminating the thermistor element 1 can be
effectively limited by adjusting the atmosphere surrounding
the components so that these materials do not contact
oxygen. Specific methods include for example constantly
passing an inactive gas such as nitrogen, argon gas or helium
gas in and/or around the device used in the mixing and
kneading step so as to remove the oxygen present there, or
improving the seals in and/or around the device in order to
prevent inflow of oxygen and other gases from the outside.

[0076] Because the polymer matrix is particularly subject
to oxidation when it is heated and kneaded at a temperature
above its melting point (softening point) in the mixing and
kneading step, it is preferable that the mixing and kneading
step be performed with the temperature of the kneaded
material below this melting point.

[0077] However, it is desirable that the polymer matrix be
heated and kneaded at a temperature above its melting point
for purposes of uniform mixing and kneading of the various
components. Consequently, by raising the temperature of the
kneaded material to a temperature above the aforementioned
melting point and applying the aforementioned methods of
removing oxygen from in and/or around the device, the
resulting the thermistor element 1 is made to have various
properties uniformly throughout the whole and a high sta-
bility of resistance.

[0078] The time required for the mixing and kneading step
is normally about 5 to 90 minutes, but it is preferable to keep
it as short as possible to the extent that the physical prop-
erties of the thermistor element 1 are not affected.
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[0079] Next, the kneaded material (mixture) obtained in
the aforementioned mixing and kneading step is sandwiched
between electrode materials on both sides and crimped to
prepare a sheet or film of molded product (mixture) with a
thickness of about 300 to 350 um (molding step). A metallic
foil of Ni or the like can be used as the electrode material.
The thickness thereof is about 25 to 35 um. Crimping can be
performed for example using a thermal press at a tempera-
ture of about 130 to 240° C.

[0080] Because in this molding step the kneaded material
is heated to about 130 to 240° C. as mentioned above, the
kneaded material is liable to oxidation. Consequently, it is
desirable in this molding step as in the mixing and kneading
step above to remove oxygen from in and/or around the
device by a method such as constantly passing an inactive
gas such as nitrogen, argon gas or helium gas in and/or
around the device so as to remove the oxygen present there,
or improving the seals in and/or around the device in order
to prevent inflow of oxygen and other gases from the
outside.

[0081] Moreover, because the electrode materials and the
kneaded material (which will become the thermistor element
1) contact each other under pressure in this molding step,
oxygen which has formed an oxide film on the surface of the
electrode materials may migrate to the kneaded material due
to contact under pressure during crimping. Consequently,
the surface of the electrode materials which contacts the
kneaded material should be covered with a film or the like
up to the point of contact under pressure so as to prevent
contact with oxygen.

[0082] Next, the polymer material of the molded product
obtained in the aforementioned molding step is cross-linked
as necessary (cross-linking step). Cross-linking methods
include chemical cross-linking by means of a cross-linking
reaction in which an organic peroxide is mixed into the
molded product and radicals are generated by heat treatment,
water cross-linking in which a condensable silane coupling
agent or the like is bound to the polymer and cross-linking
is accomplished by a dehydration condensation reaction in
the presence of water, or radiation cross-linking in which
cross-linking is accomplished using electron beams or
gamma rays, but of these electron beam cross-linking is
preferred. In this electron beam cross-linking the appropriate
acceleration voltage and electron beam dose can be set as
necessary using an electron accelerator. For example, if
uniform bridging across the entire molded product is
desired, electron beams with an acceleration voltage of 250
kV or more or preferably 1000 kV or more are applied at a
dose of 40 to 300 KGy or preferably 40 to 200 KGy to
cross-link the molded product.

[0083] In this cross-linking step, the temperature of the
molded product tends to rise due to irradiation with the
electron beam. Since this temperature rise is a cause of
increased oxygen contamination of the molded product, it is
desirable to divide a single dose into at least multiple doses
in order to control the temperature rise. Moreover, from the
standpoint of achieving uniform cross-linking it is desirable
that the molded product be irradiated from both sides with
the electron beam. It is also desirable to keep the molded
product from direct contact with oxygen during irradiation.

[0084] Next, once the cross-linked molded product has
been stamped or cut into a specific shape, the leads 4 and 5
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are joined to the respective surfaces of the electrodes 2 and
3 as necessary to obtain the P-PTC thermistor 10 consisting
of the pair of the electrodes 2 and 3 positioned facing each
other, the thermistor element 1 with a positive temperature
coefficient of resistance which is positioned between the
electrode 2 and the electrode 3, the lead 4, which is elec-
trically connected to the electrode 2 and the lead 5, which is
electrically connected to the electrode 3. It is desirable here
to keep the various parts away from direct contact with
oxygen by for example passing an inactive gas or the like in
and/or around the processing unit.

[0085] Contamination of the resulting the thermistor ele-
ment 1 or the P-PTC thermistor 10 by adsorption, absorption
or the like of oxygen should be prevented until it can be
incorporated into an electronic device. Consequently, it is
desirable to appropriately control contact with oxygen using
a storage method or the like such as those described above.

EXAMPLES

[0086] The present invention is explained in more detail
below using examples, but the present invention is not
limited by these examples.

[0087] A graph showing the relationships between the
oxygen contents of the thermistor elements provided in the
P-PTC thermistors of examples 1 through 10 and compara-
tive examples 1 and 2 below and the resistances of the
thermistors after thermal shock is shown in FIG. 2.

Example 1

[0088] 57% by volume of straight chain low density
polyethylene manufactured using a metallocene catalyst as
the polymer matrix (Evolu2520, Mitsui Chemical, trade-
name), 35% by volume of filamentous particles made of
nickel as the conductive particles (Type 210, INCO, trade
name) and 8% by volume of polyethylene wax as the low
molecular weight organic compound (PW655, Baker Petro-
lite, trade name) were placed in a Laboplast mill (Toyo
Seiki, trade name). The mill had a chamber capacity of 60
cm®, while the total volume of the materials used was 45 cm?
when converted to true density.

[0089] Next, the interior of the kneading chamber of the
mill was decompressed to about 6.7 kPa (about 50 Torr)
using a vacuum/purge unit (Toyo Seiki), after which the
chamber was sealed.

[0090] Next, heating and kneading was performed for 60
minutes at a temperature of 150° C. to obtain a kneaded
product.

[0091] After completion of kneading, the resulting
kneaded product was sandwiched between nickel foils (elec-
trodes) having a thickness of 35 um, and the kneaded
product and nickel foils were crimped in a thermal press at
150° C. to obtain a molded product having overall dimen-
sions of 6 cmx6 cmx0.35 mm. Then both sides of the
molded product were irradiated with electron beams having
an acceleration voltage of 2 MeV at a dose of 100 KGy in
order to promote the cross-linking reaction of the polymer
material inside the molded product and render it thermally
and mechanically stable.

[0092] Next, it was stamped into rectangles with vertical
and horizontal dimensions of 10 mmx3.6 mm. In this way,
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a P-PTC thermistor was obtained having a structure in which
a kneaded molded sheet (thermistor element) containing a
polymer matrix, conductive particles and a low molecular
weight organic compound was positioned (sandwiched)
tightly between two electrodes formed from nickel foil.

[0093] [Measurement of Amount of Oxygen Contained in
Thermistor Element]

[0094] The amount of oxygen contained in the thermistor
element obtained by peeling the electrodes from the afore-
mentioned P-PTC thermistor was measured by the measure-
ment method for oxygen content described above. A LECO
Corporation TC-600 (trade name) was used for this mea-
surement. The results are shown in Table 1. The oxygen
content of the thermistor element provided in the aforemen-
tioned P-PTC thermistor was 0.217% by mass.

TABLE 1
Oxygen Initial Resistance
content resistance after thermal
(% mass) (mQ) shock (m€)
Example 1 0.217 0.3 5.0
Example 2 0.235 0.3 4.8
Example 3 0.228 0.2 6.1
Example 4 0.308 0.3 6.5
Example 5 0.296 0.4 5.9
Example 6 0.332 0.3 6.7
Example 7 0.368 0.5 8.9
Example 8 0.554 1.0 11.7
Example 9 0.654 1.1 12.6
Example 10 1.362 1.6 285
Comparative 1.629 1.9 59.2
example 1
Comparative 1.923 3.7 158.9
example 2

[0095] [Measurement of Resistances]

[0096] The resistance upon initial use and the resistance
after thermal shock testing are standards for whether or not
a P-PTC thermistor is suited for use, and these standards can
be determined appropriately according to the electronic
device into which the P-PTC thermistor is incorporated. For
example, the compatibility standards for a P-PTC thermistor
used as a battery current limiting device or over-current
protection device are a resistance of 3 mQ upon initial use
and a resistance of 50 m€2 after thermal shock testing.

[0097] Such “thermal shock testing” is normally as stipu-
lated by JIS C 0025 or MIL-STD-202F107, and this testing
is accomplished by subjecting the PTC thermistor to a heat
treatment cycle consisting of steps i through iv below
repeated 200 times, after which the resistance (value mea-
sured at room temperature (25° C.)) is measured. That is,
one heat treatment cycle consists of (i) a step of holding the
PTC thermistor for 30 minutes under temperature conditions
in which the temperature of the thermistor element thereof
is =40° C., (ii) a step of raising the temperature of the
thermistor element to 85° C. within 10% of the aforemen-
tioned holding time (3 minutes), (iii) a step of holding for 30
minutes with the temperature of the thermistor element at
85° C,, and (iv) a step of lowering the temperature of the
thermistor element to —40° C. within 10% of the aforemen-
tioned holding time (3 minutes).

[0098] First, the resistance of the P-PTC thermistor of
Example 1 upon initial use (initial resistance) was measured
at room temperature (25° C.) by the four-terminal method.
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[0099] Next, a thermal shock test was performed on the
P-PTC thermistor as stipulated in JIS C 0025, and the
resistance after testing (resistance after thermal shock) was
measured. More specifically, each P-PTC thermistor was
subjected to the previously described thermal treatment
cycle consisting of steps 1 through iv repeated 200 times, and
the resistance (value measured at room temperature (25°
C.)) was then measured. The results are shown in Table 1. An
ESPEC TSV40ht (trade name) was used as the device for
performing the thermal shock test.

Example 2

[0100] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, the kneading chamber of
the mill was first decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, and then nitrogen was
introduced until the pressure inside the chamber reached
atmospheric pressure and the chamber was sealed. The
results for oxygen content of the thermistor element and
resistances are shown in Table 1.

Example 3

[0101] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, the kneading chamber of
the mill was first decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, and then argon gas was
introduced until the pressure inside the chamber reached
atmospheric pressure and the chamber was sealed. The
results for oxygen content of the thermistor element and
resistances are shown in Table 1.

Example 4

[0102] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, nitrogen was steadily
passed through the chamber using a purge cover without
decompression (nitrogen flow 1 L/minute). The results for
oxygen content of the thermistor element and resistances are
shown in Table 1.

Example 5

[0103] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, argon gas was steadily
passed through the chamber using a purge cover without
decompression (argon flow 1 I/minute). The results for
oxygen content of the thermistor element and resistances are
shown in Table 1.

Example 6

[0104] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, nitrogen was steadily
passed through the chamber using a purge cover without
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decompression (nitrogen flow 0.5 L/minute). The results for
oxygen content of the thermistor element and resistances are
shown in Table 1.

Example 7

[0105] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, the chamber was left in
atmosphere without decompression and without being
sealed. The results for oxygen content of the thermistor
element and resistances are shown in Table 1.

Example 8

[0106] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, air was passed steadily
through the chamber using a purge cover without decom-
pression (air flow 0.1 L/minute). The results for oxygen
content of the thermistor element and resistances are shown
in Table 1.

Example 9

[0107] A P-PTC thermistor was prepared as in
Example 1 except that instead of the kneading cham-
ber of the mill being sealed after being decompressed
to about 6.7 kPa (about 50 Torr) using a vacuum/
purge unit, air was passed steadily through the cham-
ber using a purge cover without decompression (air
flow 0.2 L/minute). The results for oxygen content of
the thermistor element and resistances are shown in
Table 1.

Example 10

[0108] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, air was passed steadily
through the chamber using a purge cover without decom-
pression (air flow 0.5 L/minute). The results for oxygen
content of the thermistor element and resistances are shown
in Table 1.

Comparative Example 1

[0109] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, air was passed steadily
through the chamber using a purge cover without decom-
pression (air flow 1 I/minute). The results for oxygen
content of the thermistor element and resistances are shown
in Table 1.

Comparative Example 2

[0110] AP-PTC thermistor was prepared as in Example 1
except that instead of the kneading chamber of the mill being
sealed after being decompressed to about 6.7 kPa (about 50
Torr) using a vacuum/purge unit, air was passed steadily
through the chamber using a purge cover without decom-
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pression (air flow 2 I/minute). The results for oxygen
content of the thermistor element and resistances are shown
in Table 1.

[0111] As explained above, with the present invention it is
possible to obtain a P-PTC thermistor having excellent
stability of resistance such that a resistance similar to the
resistance before operation is retained when the P-PTC
thermistor is first operated and then returned to a non-
operating state.

What is claimed is:

1. An organic positive temperature coefficient thermistor,
comprising a pair of electrodes positioned facing each other
and a thermistor element positioned between said pair of
electrodes and having a positive temperature coefficient of
resistance,

wherein said thermistor element is a molded element
consisting of a mixture which contains a polymer
matrix and conductive particles having electronic con-
ductivity, and

wherein said thermistor element has an amount of oxygen
calculated by subtracting the amount of oxygen origi-
nally present in the various components of said mixture
from the amount of oxygen contained in said thermistor
element, which is 1.55 weight percent or less of the
mass of said thermistor element.

2. The organic positive temperature coefficient thermistor
according to claim 1, wherein said conductive particles are
metal particles.

3. The organic positive temperature coefficient thermistor
according to claim 1, wherein said conductive particles are
made of nickel.
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4. The organic positive temperature coefficient thermistor
according to claim 1, wherein said conductive particles are
filamentous.

5. The organic positive temperature coefficient thermistor
according to claim 1, wherein said thermistor element fur-
ther contains a low molecular weight organic compound.

6. A method for manufacturing the organic positive tem-
perature coefficient thermistor, said thermister comprising a
pair of electrodes positioned facing each other and a ther-
mistor element positioned between said pair of electrodes
and having a positive temperature coefficient of resistance,

wherein said thermistor element is a molded element
consisting of a mixture which contains a polymer
matrix and conductive particles having electronic con-
ductivity, and

wherein said thermistor element has an amount of oxygen
calculated by subtracting the amount of oxygen origi-
nally present in the various components of said mixture
from the amount of oxygen contained in said thermistor
element, which is 1.55 weight percent or less of the
mass of said thermistor element,

said method comprising a step for manufacturing said
organic positive temperature coefficient thermistor,
wherein the oxygen is removed from the atmosphere to
which said components of said thermistor element are
exposed.
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