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Fabrication of a Novel High Temperature Platinum

Resistance Thermometer
K. S. Gam”, J. C. Park’, and C. G. Chang™ "
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ABSTRACT

High® temperature platinum resistance thermometers(HTPRTs) were designed and fabricated using a

synthetic sapphire single crystal as sensor former, insulation and protection tube, and its characteristics
was investigated. Several fixed points measurement showed that the sapphire HTPRTs were satisfied
with the ITS-90 criteria as the interpolating thermometer. The temperature-resistance characteristics of
HTPRT was fitted to the quadratic relationship in the temperature range from 500 C to 1500 T. The
reproducibility of Cu freezing point realized using the sapphire HTPRT was *19.2 mK. The insulation
resistance of the HTPRT exponentially decreased as temperature increased, and showed to 63 kQ(~

315 mK) at 1500 TC.
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Table 1. Characteristics of synthetic sapphire single
crystal and silica glass.

Characteristics Sapphire Silica glass
Chemical formula ALOs Si0y
Crystallographic structure rhombohedral -
Crystal lattice parameters a=47589 A -

) c=12991 A -
Density(g/cm‘i) 3986 22
Chemical inertness high high
Melting point(T) 2060 1215(anneal point)
Specific heat(cal/g.T) 0.18 0.16
Thermal conductivity(cal/C + cm * sec) )

20T 0.08 33410
1700 C 0.013 -
Thermal expansion(T™") 20 T, n¢ 53x10 55x107
20 C,1c 4, 5x10
1000 €, Wc 89x10™
1000 T, Le| 79x10°
Hardness(Mohs} (diamond @ 10) 9 55~65
Young modulus(ke/en’) , 20 C 4710° 105x10°
Resistivity( 2 - cm) 0T 10" 710"
500 ¢ 10" -
Dielectric strength(V/cm) 60 Hz 5x10° 5x10'
Dielectric constant 20 C, 10° Hz
Ie 106 375
1c 86
Dielectric loss tangent 20 T, 10° Hz <10 <4x10"
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Fig. 1. Cross section of the sensor former of a
sapphire high temperature PRT
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insulation of platinum lead wire.
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Fig. 3. Photograph of sapphire parts(x-shaped former,

insulation tube, insulation disk).
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Fig. 4. Photograph of temperature sensing part
wound by high purity platinum wire.
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Table 2. Specification of sapphire high temperature
PRT.

Items Description

Sensing coil type single-layer bifilar

Coil frame x-shaped sapphire blade
Resistance at 0 C 014 @

Sensor's length 45 mn

Total length 60 cm

Sheath diameter 70+ 02 m

Sensor wire diameter | 0.5 mm

Leads and spacing 5 wires with sapphire spacers
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Table 3. Temperature*re&stance characteristics of
sapphire high temperature PRT at various
fixed points.

Resistance value(2) Resistance ratio W(t)
Fixed points
probe 1 probe 2 probe 1 probe 2
T.P. of water | 0.1441991 | 0.1394335
MP. of Ga 01609946 | 0.1556953 | 1.1164744 | 1.1166276
Annealing
(475 C 4 hours)
FP. of Sn 02693725 | 0.2605869 | 1.8926922 | 1.8921404
MP. of Ga 0.1591340 | 0.1539838 | 1.1181234 | 1.1180876
T.P. of water | 01423224 | 0.1377207
FP. of Zn 03656932 | 03537721 | 25687678 | 2.5687649
F.P. of Al 04804246 | 04649072 | 3.3763290 | 3.3757249
FP. of Ag 06099184 | 05903728 | 4.2855515 | 4.2867398
FP. of Cu 06583985 | 06371678 | 46261937 | 4.3273820
T.P. of water | 0.1423197 | 0.1376951
MP. of Ga 01591258 | 0.1539577 | 1.1180870 | 1.1181059
# T.P. : triple point, M.P. : melting point, F.P. : freezing point
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g FEsnyg A4

Age] AXWMFAHYLEAE AEHIL2E(1100 T)
o g7 2 ngoAe B dAHgeE FESnAE HE
oA AME 4 gloh B dATdA AgE Atglele] 1
WEAGLEAE WADAAT Ao ALgd nex A
F49 Aol 05 mm B T2oXe AREI} HE
neEFHGLEAEY L5 JOE qJHHERE
genyd HEE Foo AEYL FAHEE st
AAAZSE ALY P& nd 4" e 1F Thermeraft

Abll A Az dakheat pipe) d712el Fastn, 4
ARE 13749 #F 2 g2y 238 1 on 7

E=4
o
2 24 5 garz YR Jdd fiberfraxd A9 @

dAZRT d¢ #VEE BT 1 CY *Exd7
(OmronAt model ESEK)E AH43t9 2%& Aofstd
t}, A712 JYEo)E DynathermAlel @88 #Aasln
dod, AALHIR2TE 1100 Coldh A7j2e 2&x

275 AFsly] Yste 2x247)9 auto-tunning
71%& AHEste PID#E wlE setting gk A7z
& s st TS EAE FA s,
Ao gAY 12U FATLEA(Yunnan 90723)
& & PYgnERT 2 TE 1082 CoA 3
] 7| AdARE SRS A EE 16
el £0.1 THew, @ritdss 001 T2
debgnk™ Feleunne 48] At 471w &
EE 1090 Col settingdle] FEARE &3] w9t
FEANEF $Hs] sEdE 2
dAB7L gAE =L Aede &
SEE Snerrrl 26 T 1082 TE setting 3
gk ol FIPANEE 05~10 T/min AL Y&
55 7HAY, 04~14 CREY FP4E Bole $1F
Mol ettt £ AFodMe MY (slow freeze
method)?'E ARgete] TS AFsATh L&
A A=A Ea5o] 001 mK AC HBA(ASL
F13)& AMg-3t9tt. AgEA Fo 2= & AR/
= 10 mAgen, 01 Hz9 wZ(bandwidth)E A}-&3}
A ACERA= A" REASH 2EALY AF
HlE ZAste HaEA7IZA 249 HFLE FA5
7l dMe BEATY AR FogT 2
A8 ¥4 31 Tinsley model 5685A)& &3 A &gkol
1 Qo2A FZATgATHY A7) Hany
don, EZTE 02 ppm k=2)°|t}t. EFEAT Y &
Wste] Mg Qg Fol7] Hate] 25001001 T2
E7t AolH E AAgLze REAFE BHF)
o FESnE-e F 53 H¥Esidon g
Lo} Apmpolo] 1 WF AL A
7] gate 2o A AdgE 3
2RGL E 49 Azslged,
r192 mKez Jebgt o) e
Hell A Mg 5o AEHEAAY
dolo w2 Hd7ad ¥ SHAFA 93

it
o,
ol

—?—I—“

kd
pacA
j
ol
Ml ¥ rjo M1

k1
I —— X

e -

oX, ol
Ht

dob o
[
ol

o

X
ol
o
R
o
b

o ?—13 y
Mo
A lo
42
R}
Mo rin

flo
Kok oo ox
o ki

>

EiEs

rsh
N
N
e,
foi

i



30 NE$ RLRFAGE

[+ 3

zeete] AL golth Tl nHAAY Ao
Re AFHWCWE AN ot e aAAS

ALg-st ).
W(Cu)=R(Cu)/R(TP) 4
Hghe T8k Bargk

A3 W(Cw#ez FH

o EFUAE 58 AW FULTY AUYom

Aehstdrt, olm o= 0000052218 252 AAE
d FH$2Y LRoA Abgolo] neUFAYLE
o a5 2AdolHeRE d¥doz Je LR
W& Aguje ujEg  dw/dt 2716 x 10° ¢!
& A&s9t.

F 4 ZA g FEg

Table 4. Reproducibility of copper freezing point
measured by sapphire high temperature

PRT.
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Fig. 6. Temperature-resistance characteristics of two
sapphire high temperature PRT.
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