
O . 

United States Patent 1191 [11] 3,760,319 
Kawazoe [45] Sept. 18, 1973 

[54] TEMPERATURE DETECTING WIRE 2,863,035 12/1958 Vinson ................................ .. 338/26 
STRUCTURE ' 3,375,477 3/1968 Kawazoe ................ .., .......... .. 338/26 

{76] Inventor: Toshinobu Kawazoe, 863-1 Shiro, . . 
_ - - _ ‘' Primary. Exammer—-E. A. Goldberg 

Tokorozawa shl’asaltama ken’ Japan Attofney-Kemon, Palmer & Estabrook 
[22] Filed: - Mar. 14, 1,7972 _' . ' 

[211 Appl. No.: 234,517 2' [57] ABSTRACT 

7 Related US. Application Data Wire structures for detecting temperature rises above 
[62] Division of sari No. 881,425, Dec. ‘2, I969, Pat. No. v ‘a predetermined level ‘comprise 'a cylindrical core 

3,375,477. ' ' ' formed of non-conductive material, an electrically con 
’ ' ' i _ ductive first wire spirally wound around the core, a first 

[30] Foreign Application Priority Data thermosensitive layer coated on the first metal wire 
Dec. 17, 1968 Japan .............................. .. 43/92026 mad? °f a mixture of resin binder and fine crystals of 
mi. 21, 1969,‘ ‘Japan ................................ .. 44/3815 vanadium’ dioxide, an electrically Conductive Second a 

p ’ .. ' ' a wire spirally wound around the first thermosensitive 

[s2]. vu.s. c1. ..... ....... ..33s/26,'174/113 0, 174/215 layer, a'second theme-sensitive layer madwf the same 
[51:] Int. ........ 1101c 7/02 components as the. ?rst i-foated awund‘the Second 
[58] Field of Search ............................ .. 338/26, 215; metal wire and a. ‘mating of non-icondiictiveresin cov 

‘ 1 174/113 R’ 113 C, ering the second thermosensitive layer. 'A'rnethod for 
‘ _ ' making the temperature detecting wire structure is dis 

[56] ‘References Cited closed,‘ such method being claimed in a divisional pa 
' ,UNITED STATES PATENTS’ ‘ ‘em 

2,58l,2l3' H1952 _Spooner...., .......... .......... 338/261 12 Claims, 4 Drawing Figures 



PATENTEDSEP18|975 ' I 3.760.319 

WW1 W 2 

‘ CL 

E5 01 

S 
[L] 
O 
2 

a 
Q 
U) 
LU 
rr 
2. 

hi 
.._I 
LLI 

0 2o 40 60 so 100 

TEMPERATURE (°c) 

N 
6 



PATENTEUSEPTQIQB Y 3.760.319 
‘ sum 2 ur 2 

ELECTRIC RESISTANCE (n) 6 .b 

0‘ 20 40,60 so 100 

_ TEMPERATURE (°C) 



/ 
3,760,319 

I 
TEMPERATURE DETECTING WIRE STRUCTURE 

CROSS-REFERENCE‘ TO RELATED APPLICATION 
‘This application is a division of copending applica 

tionSer. No. 881,425, filed Dec. 2, 1969, now U.S. Pat. 
No. 3,375,477. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for manu 
facturing atemperature-detecting wire wherein, only in 
case‘ temperature rises above a predetermined‘ level, 
there ?owssignal current from onle conductive wire to 
the, other. 1 ' 

A‘ temperature-detecting wire heretofore known in 
cludes the type prepared ‘by inserting a material having 
negative temperature ‘coefficient of resistance into the 
interspaces between‘ a plurality of conductive wires. 
Andra:knownrthermosensitive material having said‘ neg 
ative’ temperature coefficient of resistance is largely 
formed: of approximately tetravalent vanadium oxide. I 
A’ granular sintered product prepared by moulding and 
sintering;ahmaterial‘mainly consisting of said vanadium 
oxide‘ is“ used as a semiconductor element displaying 
varying; negative resistance. This granular sintered 
product has indeed favorable‘characteristics as a ther 
mosensitive" material, but is handicapped" by the fact 
that when inserted into the interspaces between con 
ductivezwires, the powdered form of said‘ granular sin 
tered. product fails to provide a practically effective 
thermosensitive layer. A powdered thermosensitive 
material makesv it possible» to produce in vquantity a 
temperature-detecting wire having a, thermosensitive 
layer interposed between itsconductive wires by‘ coat 
ingI1the~entire~ length‘ of‘ said conductive wires with a 
mixture of said powdered‘ material and‘ binder, thus of 
fering industrial. advantage. However, a thermosensi 
tive layer prepared by‘ inserting a-mixture of powders 
obtained by, grinding said‘ granular sintered‘ material 
and. synthetic resin loses the aforesaid favorable prop 
erties if said layer has a- thickness of more than 30 mi‘ 
crons, namely, has the disadvantage that its resistance 
varieso‘nly slightly over a broad range‘ of temperature. 
Ontheother hand, if reduced to below 30 microns in 
thickness, said‘ thermosensitive layer decreases in me 
chanical strength, failing to be put to practical applica 
tion. ' 

With another known type of temperature detecting 
wire,- there" are‘ used. large single crystals of vanadium 
dioxide as a thermosensitive material. However, formu 
lation ‘of- said single crystals is‘ effected by a time 
consum‘inggrowth process, so‘that it‘ is unadapted for 
industrial. production. Moreover, there are. encoun 
tered extreme-difficulties in securely interposing a ther 
mosensitivematerial‘in- the‘form of such single crystals 
between. therconductive wires of'a temperature detect 
ing .wire. 

SUMMARY OF THE INVENTION 

The present“ invention is characterized by heating a 
mixture of vanadium pentoxideand ammonium com 
pounds at a‘tirst stage to a temperature of 500° to 550° 

iritantatmosphere ofv inert gas, reducing most of‘ the 
vanadium- pentoxide to vanadium dioxide by hydrogen 
evolved-through thermal-decomposition of the ammo 
niumv compound, allowing a reaction mixture to cool in 
amat-mosphere of inert gas, heating. it at a second stage 
to awtemperature of l,l00° to 1,200° C in an atmo 
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sphere of inert gas to complete the reaction of ‘reduc 
tion, quenching the resultant product to form a lump of 
fine crystals of vanadium dioxide, grinding said lump of 
fine crystals of vanadium dioxide to form powders of a 
thermosensitive material, adding a binder mainly con 
sisting of synthetic resin to said powders, and interpos 
ing a thermosensitive layer’ consisting of a mixture of 
said'powders and binder between a plurality of conduc 
tive wires. - 

According to the present invention, quenching after 
completion of the aforesaid reaction of reduction al 
lows'vanadium dioxide to be produced‘ in a lump of sta 
ble' ?ne crystals of tetragonal system, so that thermo 
sensitive powders prepared form such lump display ex 
cellent negative temperature coefficient of resistance 
which present little variation. A temperature detecting 
wire prepared by inserting a thermosensitive layer con 
sisting of a mixture of the aforesaid powders‘and‘binde'r 
between a plurality of conductive wires varies in resis 
tance sharply to an extent of I/1,000 to l/ 10,000 with 
respect to a prescribed range ‘of temperature, even if 
said layer increases to hundreds of microns in thick-. 
ness, and moreover displays such a greatvr‘nechani‘cal 
strength as withstands more than 100,000 bending 
tests. Further, the present invention is characterized in 
that it provides a temperature detecting wire whose 
resistance-temperature properties little vary in its‘ 
lengthwise sections and enables such excellent temper 
ature detecting wire to be industrially manufactured in‘v 
quantity. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

FIG. Us a perspective view of a temperature detect 
ing wire prepared by an embodiment of the present in 
vention; 
FIG. 2 is a‘ diagram showing the resistance~ 

temperature properties of the temperature detecting 
wire illustrated in FIG. 1; 
FIG. 3 is a perspectiveview of a temperature detect 

ing wire prepared by another embodiment of the pres 
ent invention; and I 

FIG». 4 is a diagram showing‘, the resistance 
temperature properties of the temperature detecting 
wire presented in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

‘ There will now be described the 'sequentialsteps‘of‘ 
manufacturing a temperature detecting wire according 
to an embodiment of the present invention; Vanadium 
pentoxide (V205) and ‘an ammonium compound, for 
example, ‘diammonium hydrogenphosphate ( 
(NI-I4)2I-IPO4) are mixed with. water. After agitation‘ 
and drying,‘ the mixture is used as a starting material. 
When heated to 500°‘ro 550° C in an atmosphere‘ of 
inert gas such as nitrogen gas~(N2), the mass releases 
ammonia due-to thermal decomposition of diammo 
nium hydrogen-phosphate and further evolves hydro 
gen to reduce most of the vanadium pen'toxide. When 
allowed to cool, amorphous product is obtained. When 
heated again to l,l00° to 1,200° C in an atmosphere of’ 
inert gas such as nitrogen gas and then quenched, said 
product is turned into a very pure vanadium dioxide‘ 
where there can not be detected any other form of ‘vai 
nadium than the one of ‘tetravalence even'by X’~rayl dif 
fractometer. vThis product‘ is a bluish black lumpco'n 
sisting of numerous ?ne crystals and relatively easy to‘ 
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grind. When ground, it is made into thermosensitive 
powders having negative temperature coefficient of re 
sistance. Said powders and a binder mainly consisting 
of synthetic resins such as polyurethane resin, polyester 
resin ‘or acrylic resin and containing additives such as 
a plasticizer, softener, or hardener are mixed into a 
pasty form. This paste is coated on the conductive 
wires constituting a temperature detecting wire in the 
manner described below so as to form a thermosensi 
tive layer. Through said paste is passed a conductive 
wire prepared by spirally winding a foil of copper or 
cadmium containing copper about a‘core formed of a 
bundle of glass ?ber coated with insulating synthetic 
resins such as polyamide resin, polyester resin, or poly 
ethylene. After passing through the paste, the conduc 
tive wire is heated to harden the binder contained in 
said paste. Thereafter, the conductive wire is again in~ 
troduced through said paste to allow it to be deposited 
thereon, followed by heating to harden the binder. This 
cycle of steps is repeated several or dozens of times to 
form a thermosensitive layer. Around said thermosensi 
tive layer is spirally wound a foil of copper or cadmium 
containing copper and, if required, said foil is‘again 
coated with the aforesaid paste, and further heated to 
harden the binder contained therein. Where necessary, 
there ‘is applied on said coated foil or layer an electrical 
insulating material such as polyamide resin or polyvinyl 
chloride resin to form a temperature detecting wire 
having a thermosensitive layer consisting of powders of 
?ne crystals of vanadium dioxide and a binder inter 
posed between the conductive wir'es. ‘ 
Ammonium compoundsused in the method of the 

present invention include, in addition to the aforemen 
tioned diammonium hydrogenphosphate, any other 
type which vis slowly decomposed to produce an atmo 
sphere having a lastingweak reducing property, such as 
ammonium amidosulfate (NH,SO3NH2), ammonium 
chromate ( (NH,)2CrO4), ammonium thiosulfate ..( 
(NH4)2Sz03), ammonium sul?de ( CNH,),S), ammo 
nium sulfate ( (NH,),SO,), ammonium hydrogen sul 
fate (NH,HSO,) and ammonium phosphate ( 
(NI-l4)3PO,-3 H2)). Further, addition, if required, of cal 
cium carbonate (CaCO3) to a reaction system acceler 
ates the progress of reducing reaction to elevate a yield 
of ?ne crystals of vanadium dioxide. 
For the purpose of the present invention, heating in 

inert gas should be conducted in two steps in order to 
increase the formation of ?ne crystals of vanadium di 
oxide. The ?rst stage heating is carried out at a temper 
ature of 500° to 550°C, and the second stage heating at 
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l,000° to l,200°C. If performed at a temperature of less ~ 
than 500°C, the ?rst stage heating will not allow reac 
tion of reduction fully to proceed, whereas, if con 
ducted at a temperature beyond 550° C, said heating 
will unduly accelerate said reaction. Again, if carried 
out at a temperature of less than l,l00° C, C, the sec 
ond stage heating ‘will not fully complete reaction of re 
duction, whereas'heating to over l,200° C will not dis 
play‘ any particularly favorable effect and sometimes 
conversely decrease the yield of the aforesaid ?ne crys 
tals. It is generally preferred that heating at both stages 
be continued for about 10 to 20 minutes. 7 
According to the present invention, quenching of a 

product obtained after heating to l,l00° to l,200° C in 
an atmosphere of inert gas may be effected by cold 
water or blowing streams of cold inert gas such as nitro 
gen gas or argon gas. In this case, the cold water or 

4 
inert gas is desired to have a temperature of 5° to 10° 
C. As compared with the cold water progress, the latter 
process applying streams of cold inert gas is several 
times more effective in obtaining uniform ?ne crystals 
of vanadium dioxide and realizes a far greater yield of 
said crystals, namely, produces a bluish black lump al 
most entirely consisting of ?ne crystals and in conse 
quence easy to grind. Accordingly, quenching by 
streams of cold inert gas results in a product having 
particularly excellent properties. For this purpose of 
the present invention, it is preferred that the particle 
size of ?ne crystals be 200 mesh max. 
When a temperature detecting wire of the present in 

vention involving a thermosensitive layer is used as an 
attachment to the heating wire of an electrically heated 
blanket, said thermosensitive layer is desired to have a 
thickness of about 70 to 200 microns from the stand of 
practical application. 
Now returning to the subject, the conductive wires of 

a temperature detecting wire of the present invention 
may consist of any known material such as ?at wires of 
copper or cadmium containing copper. With a temper 
ature~ detecting wire manufactured by the method of 
the present invention, its thermosensitive layer can be 
impressed with a withstand voltage of several to dozens 
of volts, so that one of the conductive wires is allowed 
to be concurrently used as a heating wire. 
Powders of ?ne crystals of vanadium dioxide and a 

binder are preferably mixed in the ratio by weight of 80 
to 95 to 20 to 5, though said ratio may somewhat vary 
with the kind of the latter used. It is required that said 
?ne crystals be so arranged as to contact each other in 
the direction of the thickness of a thermosensitive layer 
and that the binder be used in such amounts as are suf 
?cient to ?ll up the gaps between said ?ne crystals thus 
arranged. 

It will be apparent that the means of arranging both 
conductive wires and interposing a thermosensitive 
layer therebetween as involved in the method of the 
present invention may be replaced by any others than 
what is described herein. 
The present invention will be more clearly under 

stood from the examples which follow. 

EXAMPLE 1 

There were mixed with water 2 mols of vanadium 
pentoxide (V205) and 0.5 mol of diammonium hy 
drogenphosphate. When stirred 2 hours at a tempera 
ture of 100° C and then dried, the mixture was formed 
into reddish brown powders. The powders were placed 
in a furnace in a dish of stainless steel. The furnace was 

- ?lled with an atmosphere of nitrogen gas (N2) and 
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heated 15 minutes at 550° C to reduce the mixture. 
Then the mass was allowed to cool to normal tempera 
ture in said nitrogen atmosphere. The furnace still ?lled 
with nitrogen gas was again heated 15 minutes at a tem 
perature of l,200° C to complete the reaction of reduc 
ing thevanadium pentoxide (V205) to vanadium diox 
ide (V0,). Immediately upon being taken out of the 
furnace, the reduced product'was quenched several 
seconds to 300° to 350° C in cold water at 5° to 10° C, 
and again allowed to cool in the nitrogen atmosphere. 
The resultant lump consisting of ?ne crystals of vana 
dium dioxide (V02) was ground into coarse particles 
by crusher, and further pulverized to 325 mesh max. in 
a ball mill sealed with nitrogen gas (N2), followed by 
screening, to obtain powders of a thermosensitive ma 
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terial havingnegative temperature coef?cient of resis 
tance. 

The powdersof'said ‘thermosensitive:material and a 
binder inainlyconsisting of polyurethane were mixed in‘ 
the‘ratio'by*weight'of‘90 to 10 while being‘subjected to 
ultrasonic wavevvibration‘s so as to be'made into apasty 
form. There was used,‘ .as shown‘ in FIG. 1, a core 1 
formed of ‘a bundle of glass fiber coated ‘with polyamide 
resin. Aroundisaid ‘core 0.5 mm in diameter was spirally 
wound‘a foil 2 of cadmium containing copper 0.05-‘mm 
thick and'0.4'mm‘ wide to form‘one of the conductive 
wires‘indicated‘by‘l‘a. The entire length of said‘conduc 
tive wire was'passed through‘said paste to allow it to be 
coated‘ thereon. The coated conductive wire 3 was 
pressed by‘being drawn‘th'rough‘a die so as to adjust the 
thickness of coated paste to about 10‘ microns. The 
conductive wire was heated to harden the polyurethane 
used’ as a binder. The above-mentioned cycle of steps 
was repeated eight times to form a- thermosensitive 
layer 4 80 microns thick. Around said thermosensitive 
layer 4 was wound the other conductive wire 5 consist 
ing of a copper foil‘ wire 0.05 mm thick and 0.4 mm 
wide. The assembly was passed through the same paste 
as mentioned above to allow it to be coated thereon. 
The coated mass was heated to harden the polyure 
thane contained in the paste. The foregoing cycle of 
steps was repeated twice to form another thermosensi 
tive layer 4a to stabilize contact resistance between the 
conductive wire 5 and thermosensitive layer 4. Around 
the second thermosensitive layer 4a was extruded poly 
vinyl chloride resin as the outer coating 6 to form a 
temperature detecting wire 2 mm in outer diameter. 
‘ One meter of a temperature detecting wire prepared 
by the ‘aforementioned process was put in a thermostat 
and the electrical resistance between both conductive 
wires was measured by wheatstone bridge to determine 
the resistance-‘temperature properties of the thermo 
sensitive layer used in said temperature detecting wire. 
It was ‘disclosed that the resistance varied, as shown in 
FIG. 2, in an approximately vertical direction to anex 
tent of ‘1/l.,000 with respect to a temperature range of 
65° to’ 75° C. ‘ 

EXAMPLE 2 

There were'mixed ‘with water 2 mols of vanadium‘ 
pentoxide (V205) and 0.5 mol of diammonium hy 
drogenphosphate ( (NI-I4),I-IPO.,) and 0.5 mol of cal 
cium carbonate ‘(CaCOa). When stirred 2 hours at a 
temperature of 100° C and then‘ dried, the mixture was 
formed into'reddish brown powder. The powders were 
placed‘ in a furnace in‘a'ldish of titanium‘. The furnace 
‘was filled with an atmosphere of nitrogen gas (N2) and 
heated l5 minutes at 550° C to reduce the mixture. 
Then the‘ mass was allowed to cool to normal tempera 

‘ turein said nitrogen atmosphere. The furnace still?lled 
with nitrogen gas wasag‘ain heated 15 minutes at a tem 
perature of ,1 ,200°C to complete the reaction of reduc 
ing the‘vanadium pentoxide (V205) to vanadium diox 
ide (V0,). The reduced product‘ was quenched ina ni 
trogen atmosphere from l,200° C to normal tempera 
ture by strongly'blowin‘g streams of cold nitrogen gas 
‘(‘N',I)‘at 5° to‘ ‘10°- C upon said product for 10 to 15min 
utes. The‘ resultant lump consisting ‘of ‘fine crystals of 
vanad‘ium'dio'xide (V0,) was ground into coarse parti-, 
cles by crusher and ‘further pulverized to 325 mesh 
max. in a ball mill sealed with nitrogen gas (N2), fol 
lowed by screening, to'obtain powders of a thermosen 
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sitive material having negativetemperature coefficient 
ofresistance. v i. _ . 

The powders‘of-said thermosensitive material and a 
binder mainly consisting of polyurethane weremixed in 
the ratio by weight of 90 to 10 while being‘subjected to 
ultrasonic. wave vibrations so as to .be made into apasty 
form.‘ In FIG.‘ ‘3; one of the conductive wires indicated 
byv 31was prepared asinrExam'ple l by‘spirally. winding 
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a‘foil 2.around a core I. The entire length‘of saidgcon 
ductive wire 3 was passed through the aforementioned 
paste to allow it to be coated-thereon, thereby forming 
on said conductive wire a thermosensitive layer 4. 80 
microns thick by the‘same process as used inExample 
1. Further around said thermosensitive layer 4. was 
wound the other conductive wire 5. Aroundthe assem 
bly was extruded‘ a first. outer coating 7 0.2 mm thick 
consisting of polyamide-base synthetic resin so as to 
stabilize contact resistance between. said thermosensi 
tive layer 4 and conductive wire 5 and increase the 
bending strength thereof. Further around said ?rst 
outer coating 7 was extruded polyvinyl chloride resin 
as a second outer coating 6 to form. a temperature de 
tecting wire 2 mm in outer diameter. 
One meter of a temperature detecting wire prepared 

by the aforementioned process wasput in a thermostat, 
and the electrical resistance between‘both conductive 
wires was measured by wheatstone bridge to determine 
the resistance-temperature properties of the thermo 
sensitive layer used in said temperature detecting wire. 
It was found that the resistance varied, as shown in FIG. 

‘ 4, in an approximately vertical direction to an extent of 
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l/ 10,000 with respect to a temperature range of 70° to 
75° C. 
What is claimed is: 
1. ,A temperature detecting wire structure which 

comprises: 
A. a cylindrical core formed of non-conductive mate 

rial, I 

B. an electrically conductive first metal wire spirally 
wound around said core, ~ : 

C. a first thermosensitive layer‘coated on said first 
‘ metal wire consisting‘ essentially of a mixture of a 
resin binder and ?ne crystals of vanadium dioxide, 

D. an electrically conductive second metal wire spi 
rally wound around said ?rst thermosensitive layer, 

E. a second thermosensitive layer consisting essen 
tially of the samecomponents as said first thermo 
sensitive layer coated on said second metal wire, 
and _ 

F. a coating of non-conductive resin covering said 
second thermosensitive layer. ‘ 

2. A wire structure of claim 1 that. exhibitsabout a 
1000 fold change in electrical resistance as the temper 
ature of the wire structure risesthrough the range of 
65° to 75° C. 

3. A wire structure of claim 1 that has a secondouter 
coating of non-conductive resin encasing said coating 
that covers said second thermosensitive layer. 

4. A wire. structure'of claim. 1 wherein said first metal 
wire is a strip of metal foil about 0.05 mm. thick andv 
about 0.4 mm. wide. ‘ 

5. A wire structure of claim 4 wherein said second 
metal wire is a strip of metal foil about 0.05 mm. thick 
and about 0.4 mm. wide. a . 

6. A wire structure of claim 1 wherein said second 
metal wire is spirally wound opposite to the direction 
of spiral winding of said first metal. wire. 
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7 
7. A wire structure of claim 6 wherein said ?rst metal 

wire is spirally wound in an anti-clockwise direction 
and said second metal wire is wound in a clockwise di 
rection. 

I 8. A wire structure of claim 1 wherein said metal 
wires are narrow strips of copper metal foil. 
7 9. A wire structure of claim 1 wherein said metal 
wires are ‘narrow strips, of copper-containing cadmium 
metal foil. . " 

10. A wire structure of claim 1 wherein said coating 
of non-conductive resin covering said second thermo 

"5% are. 
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sensitive layer is polyamide resin or polyvinyl chloride 
resin. , 

11. A wire structure of claim 1 wherein said cylindri 
cal core comprises a bundle ‘of glass ?bers. 

12. A wire structure of claim 1 wherein said first and 
second thermosensitive layers have a thickness of 
about 70 to 200 microns and the wire structure is for 
use as an attachment to the heating wire of an electri 
cally heated blanket. 
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