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Thermocouples Reference Data (ITS90) mV v/s Temperature (Standard : ASTM E230-03)

Industrial Platinum Resistance Thermometer

TECHNICAL REFERENCES FOR
TEMPERATURE SENSORS

Tolerence Value of RTD Pt-100

TYPE ‘T’ | TYPE‘E’ [TYPE‘J’Fe{ TYPE‘K' | TYPE'‘N’ TYPE ‘S’ TYPE ‘R’ TYPE ‘B’ (R(0) =100 OHMS, a = 3850) (IEC-751:1983)
Cu-CuNi | NiCr-CuNi CuNi NiCr-NiAl | NiCrSi-NiSi | PtRh10%-Pt | PtRh13%-Pt | PtRh30%-PtRh6%
Standard | 0°COr | #1.7°Cor | #22°Cor | #22°Cor | #22°Cor | #1.5°Cor | *1.5°COr | .0 coc Gver 800°C C ITS90 OHMS CITs90 OHMS T‘ifgp- 110 gi“ 1’30'(3:‘" 1’30'2;‘“ C'ffg A C'jfg B
+0.75% +0.5% +75% +75% +75% +25% +25% =0 (°C) | (#°C) | (#°C) | (¥°C) | (*°C) | (*°C)
Tolerance Py oC T1C T1C T1C -200 18.52 -150 39.72
. $0.5°Cor | #1°Cor | #1.1°Cor | #1.1°Cor | #1.1°Cor |, ., orlego 0 o o -100 | 0.080 | 0.160 | 0.267 | 0.350 | 0.800
Special +0.4% +0.4% +0.4% +0.4% +0.4% +6°C or £0.1%[+6°C or £0.1%| +0.25°C Over 800°C 100 50.26 50 80.31
-100 -3.379 -5.237 -4.633 -3.554 -2.407 - - - -50 0.055 | 0.110 | 0.183 | 0.250 | 0.550
0 0 0 0 0 0 0 0 0 0 100 50 119.40
100 4.279 6.319 5.269 4.096 2.774 0.646 0.647 0.033 0 0.030 | 0.060 | 0.100 | 0.150 | 0.300
200 9.228 13.421 10.799 8.138 5.913 1.441 1.469 0.178 100 138.51 150 15733
300 14.862 21.036 16.327 12.209 9.341 2.323 2.401 0.431 50 | 0.055 | 0.110 | 0.183 | 0.250 | 0.550
400 20.872 28.946 21.848 16.397 12.974 3.259 3.408 0.787
%) 500 37.005 27.393 20.644 16.748 4.233 4.471 1.242 200 175.86 250 194.10 100 1 0.080 | 0.160 | 0.267 | 0.350 | 0.800
f 600 45.093 33.102 24.905 20.613 5.239 5.583 1.792
x 700 39.132 29.129 04,507 6.975 6.743 2431 300 212.05 350 229.72 150 | 0.105 | 0.210 | 0.350 | 0.450 | 1.050
= 800 45.494 33.275 28.455 7.345 7.95 3.154
<
P 900 37.326 32.371 8.449 9.208 3.957 400 247.09 450 264.18 200 | 0130 ] 0.260 | 0433 | 0.550 | 1.300
o 1000 41.276 36.256 9.587 10.506 4.834
250 | 0.155 | 0.310 | 0.517 | 0.650 | 1.550
= 1100 45.119 40.087 10.757 11.85 5.78 500 280.98 550 297.49
- 1200 48.838 43.846 11.951 13.228 6.786 300 | 0.180 | 0.360 | 0.600 | 0.750 | 1.800
1250 50.644 45.694 12.554 13.926 7.311 600 313.71 650 329.64
1300 52.41 47.513 13.159 14.629 7.848 350 0.205 | 0.410 | 0.683 | 0.850 | 2.050
1400 14.373 16.04 8.956 700 345.28 750 360.64
1500 15.582 17.451 10.099 400 | 0.230 | 0.460 | 0.767 | 0.950 | 2.300
1600 11.263
800 375.70 850 390.48
1700 12.433 Also Available in ¥4, 1/3, 1/5, 1/10 DIN Class B
Wire Insulation Identification and Application Guide International Color Code & Tolerances of Compensating Cables & Sheath Material
RESISTENCE TO: Melting | Usable
INSULATION INSULATION APPEARANCE OF TEMP. RANGE | ABRASION FLEXIBILTY WATER Thermocou ples Sheath Point °C | Temp .°C
CODE CABLE INSULATION |RESISTANCE SUBMERSION| FLAME | HUMIDITY THERMOCOUPLE AMERICAN JAPANESE CONDUCTOR TOLERANGE CLASS
i i - INTERNATIONAL 0 0 IEC 584.3 CABLE SS-304 1430 800
P I AR —— -40t0105°C | GOOD |EXCELLENT| GOOD GOOD GOOD CONDUCTOR | " /10 copE | ANSMCS6.1 | JsC 1610-1981 EXTENSION | COMPENSATING TEMPERATURE
(e | COMBNATION |11 sorsgone| = | | @ CABLE | CABLE  |Giass1)ciassz| RANGE°C | |SS-316 1430|900
S Silicon == | -40t0200°C | GOOD GOOD | EXCELLENT | GOOD  |EXCELLENT TYPE ' KX $15°C | #25°C | 25°CTO+200°C | |gg 304 1400 900
‘K + C@+ m + KCA +2.5°C 0°C TO +150°C
EF ETFE pem— | _185 to 150°C | EXCELLENT | GOOD | EXCELLENT |EXCELLENT | EXCELLENT K ; ; ; KCB $2.5°C 0°C TO +100°C SS-310 1410 1100
T m _ m_ m_ TX $05°C | #1.0°C | -25°CTO+00°C | | 4RS-446 1400 1150
EF FEP e =T | -200t0200°C | EXCELLENT | GOOD | EXCELLENT |EXCELLENT | EXCELLENT + + + JX $15°C | #25°C | -25°CTO+200°C
- J m = m_ Cﬁ = NX +15°C | #25°C | -25°CTO+200°c | | Inconel 600/800 | 1400 1100
Poly Ether Ether R i . v v " " " "
PEEK Ketone (Peek) — 60 to 260°C EXCELLENT GOOD EXCELLENT | EXCELLENT | EXCELLENT N C@ _ m_ EX RCA +1.5°C +2.5°C -25°C TO +200°C High Alumina 610 1500
¥ ¥ ¥ £25°C | 0°CTO+100°C — .
Sintering Alumina
T PTFE —_— -267 t0 260°C | EXCELLENT | GOOD | EXCELLENT |EXCELLENT | EXCELLENT E &= = | e’ RCB £50°C | 0°CTO+200°C 710/C-7%9 1800 1500
+ + + =
— R m B m_ m B SCA #25°C | 0°C TO+100°C §$cwstgllls§g 1850 1500
PF PFA —-———--:';: -260 to 260°C | EXCELLENT | GOOD | EXCELLENT | EXCELLENT | EXCELLENT S m + m+ er SCB $5.0°C 0°C TO +200°C ficon L-arbide
" - - - BC 0°C TO +100°C Silicon Nitride - -
B = Oes’ | (= GC £45°C | 0°CTO+100°C e
K Kapton e | 26710310°C | EXCELLENT | GOOD GOOD | EXCELLENT | EXCELLENT = = = =+ Other sheath material like titanium, tantalum,
DC +4.5°C 0°C TO +100°C Monel, Hastalloy, Tungsten Carbide,
C m * ik - - Molybdenum, Graphite, Aluminium, Cast Iron
F Fiber Glass — ~— | -73t0600°C GOOD GOOD | EXCELLENT | EXCELLENT | EXCELLENT - cC $44°C | 0°CTOH00°C | etc. are available against specific requirement
. ) 'f - - -
CF/SF Cerar:i'lcic';'ber/ —tTy -72 to 800°C POOR GOOD POOR | EXCELLENT | EXCELLENT ANSI B16.5 Flange Details Melting Point of Some
Refrasil/Nextel NOMINZIITE THICK:III_EANGE NO. OF Important Metals
errasi exte . . . .
RE/NF/AL | = Silicayarn/ | i ™ | -73101200°C | POOR GOOD POOR | EXCELLENT |  FAIR SIZE 0.D. | ib/sq.in | O.D. RF. ss RFT | HoLes [HOLEDIAl PCD
umina
INCH mm mm mm mm mm mm mm
172" 213 150 88.9 35.1 11.2 1.6 4 15.7 60.5 ITS - 90
Conductor Size Equ|va|ents (D|ameter) 3/4” 26.7 150 98.6 429 12.7 1.6 4 15.7 69.9 .
1.0° 33.4 150 108.0 50.8 14.2 1.6 4 15.7 79.2 < 2000°C
No SWG B & S(AWG) No SWG B & S(AWG) 11147 42.2 150 112.3 63.5 15.2 16 4 15.7 88.9
Inches mm Inches mm Inches mm Inches mm 1-1/2 483 150 127.0 73.2 17.5 1.6 4 15.7 98.6
2" 60.3 150 152.4 91.9 19.6 16 4 19.1 120.2
0 0.324 8.23 0.3249 8.25 26 0.018 0.457 0.0159 0.404 2112 73 150 177.8 104.6 22.4 1.6 4 19.1 139.7
1 0.300 7.62 0.2893 7.35 27 0.0164 0.417 0.0142 0.361 3.0° 88.9 150 190.5 127.0 23.9 1.6 4 19.1 152.4
2 0.276 7.01 0.2576 654 | 28 0.0148 0.376 | 00126 | 0320 12 213 | 300 | 952 | 350 | 14.2 1.6 4 15.7_| 60.9 . .
= PEER oG T N o6 R OETE OTE e 3/4 26.7 300 17.3 42.9 15.9 1.6 4 19.1 82.6 Platinum » <« 1772°C
: : : : : : : : 1.0 33.4 300 124.0 50.8 17.5 1.6 4 19.1 88.9
4 0.232 5.89 0.2043 5.19 30 0.0124 0.315 0.0100 0.254 T8 422 300 1333 635 19 16 7 191 986
5) 0.212 5.38 0.1819 4.62 31 0.0116 0.295 0.0089 0.226 1-1/2” 483 300 155.4 73.2 20.6 16 4 223 114.0 &
6 0.192 4.88 0.1620 411 32 0.0108 0.274 0.0080 0.203 2’ 60.3 300 165.1 91.9 22.3 1.6 4 19.0 127.0 4
7 0.176 4.47 0.1443 3.67 33 0.0100 0.254 0.0071 0.180 2-1/2" 73 300 190.5 104.6 254 1.6 4 22.3 149.4 §
8 0.160 4.06 0.1285 3.26 34 0.0092 0.234 0.0063 0.160 3.0° 88.9 300 209.6 | 127.0 284 1.6 4 22.3 1684 | |a Palladium » < 1554.5°C
9 0.144 3.66 0.1144 2.91 35 0.0084 0213 | 00056 | 0.142 172" 21.3 | 400/600 | 95.2 35.0 20.6 6.4 4 15.7 66.5 °
10 0128 305 01019 59 6 00076 0.193 0.0050 0127 3/4 26.7 | 400/600 | 117.3 42.9 22.0 6.4 4 19.1 82.6 g
: ' ' : - ' ' : 1.0” 33.4 | 400/600 | 124.0 50.8 23.9 6.4 4 19.1 88.9 2
11 0.116 2.95 0.0907 2.3 37 0.0068 0.173 0.0045 0.114 T4 422 1 400/600 | 1333 635 57.0 64 ) 9.1 986 N
12 0.104 2.64 0.0808 2.05 38 0.006 0.152 0.0040 0.102 1-1/2” 48.3 400/600 155.4 73.2 28.8 6.4 4 224 114.3 g
13 0.092 2.34 0.0720 1.83 39 0.0052 0.132 0.0035 0.089 2’ 60.3 | 400/600 | 165.1 91.9 30.8 6.4 8 19.1 127.0 o
14 0.080 2.03 0.0641 1.63 40 0.0048 0.122 0.0031 0.079 2-1/2 73 400/600 | 190.5 104.6 34.8 6.4 8 22.4 149.4 2
15 0.072 1.83 0.0571 145 | 41 0.0044 0.112 | 0.0028 | 0.071 3.0 889 | 400/600 | 2096 | 1220 | 388 64 8 224 | 1681 | g Copper .
16 0.064 163 0.0508 129 42 0.0040 0.102 0.0025 0.064 172" E 900/1500 | 120.65 35.1 22.35 6.4 4 22.35 82.55 ©  Freezes pomt” < 1084.5°C
17 0.056 1.42 0.0453 1.15 43 0.0036 0.091 0.0022 0.056 34 - 900/1500 | 130.04 42.9 254 6.4 4 22.35 88.9 5
: : : : : : : : 1.0 - 900/1500 | 149.35 50.8 28.44 6.4 4 25.4 101.6 E:
18 0.048 1.22 0.0403 1.02 44 0.0032 0.081 0.0020 0.051 1-1/4” _ 900/1500 | 158.75 63.5 28 44 6.4 4 25 4 112.25 g
19 0.040 1.02 0.0359 0912 | 45 0.0028 0.071 0.0018 0.046 1472 N 900/1500 | 177.8 73.15 31.75 6.4 4 28.44 124 - Gold < 1064.4°C
20 0.036 0.914 0.0320 0.813 | 46 0.0024 0.061 2’ - 900/1500 | 215.9 91.95 38.1 6.4 8 254 165.1 & . Freezes Point :
21 0.32 0.813 0.0285 0.724 47 0.0020 0.051 2-1/%” - 900/1500 | 244.34 104.64 41.14 6.4 8 28.44 190.5 E §
22 0.028 | 0.711 0.0253 0.643 | 48 0.0016 0.041 3.0 - (9001500 | 266.7 | 127 ar.7 6.4 8 3175 | 2032 | |53
o oL SIEE Ol5aeE SE | e ST Ol5aE 12 E 2500 | 133.35 35 30.22 6.4 4 22.35 88.9 £¢
' : ' ' ' ' 34 - 2500 139.7 | 42.92 31.75 6.4 4 22.35 95.25 £ 3 Silver < 961.78°C
5‘51 g-ggg g-ggz 8-8?% 8-2;; 50 0.0010 0.025 1.0” - 2500 | 158.75 50.8 35.05 6.4 4 25.4 108 @ @ Freezes Point :
. . . . 1-1/4" - 2500 | 184.15 63.5 38.1 6.4 4 2844 | 130.04 | |£=
1-1/2" B 2500 203.2 7315 | 44.45 6.4 4 31.75 | 146.05 | |2 &
g‘gg—:éBngJ\;ﬁFRNngmﬁﬁg WIRE GAUGE 2 - 2500 235 91.94 | 508 6.4 8 2844 | 17145 | |§ &
= 2-112 B 2500 266.7 | 104.64 | 57.15 1.6 8 31.75 | 196.85 | |5 o
AWG = AMERICAN WIRE GAUGE 3.0 - 2500 | 304.8 127 | 66.54 16 8 35.05 | 2286 | |=< N
o . . L . . S8 Frooves Poit « 660.323°C
Emissivity of Various Material IR Detector and Applications ASTM Pipe Schedule Details =
_ _ . ®=
. Spectral Range | Spectral Range | Spectral Range | Spectral Range | Spectral Range Detector Spectral | .. .t Materials| Nominal Bore | O.D.Wall Thickness | Weight | | g €
Material ) (INCH) (MM) (KGIM) | | = &
0.7....1.5um 1.4...1.8um 2.0....2.5um 4.9...5.5um 8.0....14.0pm Response o=
T...1. 4.1 .0....2. 9....5. .0...14. R R TR B 8§ . o
Steel, Shiny 0.40 ....0.45 0.30 ... 0.40 0.20...0.35 0.10 .... 0.30 0.10 ... 0.30 o from 550°C | Metals, molten 1/4” SCH. 10S _ [13.72*1.65 0.50 B 2 Freeze Point < 419.527°C
Steel, Rolled 0.40 .... 0.55 0.35 ... 0.50 0.25 ....0.40 0.20 ... 0.30 0.20 ... 0.30 0.65- 1.1ym |glass, ceramics | |1/4” SCH.40S  [13.72 *2.24 0.64 3E
Steel, Anealed 0.70 .... 0.80 0.70 ....0.85 0.45 ....0.70 0.30 ... 0.60 0.30 ... 0.60 1/4” SCH. 80S__ [13.72 * 3.02 0.81 © 3
Steel Oxidised 0.80 .... 0.90 0.80 .... 0.90 0.75....0.85 0.70 .... 0.90 0.60 .... 0.80 ndium Galli om250°C | Metal , 3/8"SCH. 10S__ |[17.15* 1.65 0.64 o E
Copper, Shiny 0.06 ....0.20 0.06 ....0.20 0.06 ....0.10 0.05....0.10 0.03....0.10 /S '””.‘d al ”8 A 1‘“%‘ T8 teas- ceramics| '3/g" SCH. 40S [ 17.15 * 2.31 0.86 > Tin | « 231.008°C
Copper, Oxidised 0.50 .... 0.80 0.40 .... 0.80 0.40 .... 0.80 0.20 ... 0.70 0.20 ....0.70 rsenide (InGaAs) | 1.45-1.8um |efc. 3/8"SCH.80S _ [17.15*3.2 1.12 g Freeze Point :
Aluminium, Shiny 0.05...0.25 0.05...0.25 0.04....0.20 0.03...0.15 0.02...0.15 %" SCH. 5S 21.34* 1.65 0.81 c
Aluminium, Anodised 0.20....0.40 0.10....0.40 0.10....0.40 0.10....0.40 0.95 from 30°C ¥." SCH. 10S 21.34* 2.1 1.02 g Indium o
NiCr, Shiny 0.20 ... 0.40 0.20 ... 0.40 020 ....0.40 020 ... 0.40 0.10 ... 0.30 DAEMCEA{NCEA) oG || RS B Y’ SCH.40S __ [21.34*2.77 1.29 S Freeze Point < 156.5985°C
NiCr, Anodised 065 .... 0.90 0.65 .... 0.80 0.65 .... 0.80 0.65 .... 0.80 0.50 .... 0.80 5" SCH. 80S 21.34*3.73 1.64 g
. R - %" SCH. 160S___ |21.34 " 4.78 1.97 i
Coal, Graphit 0.70 .... 0.95 0.70 ... 0.95 0.70 ... 0.95 0.70 .... 0.95 0.70 ... 0.95 -40° Non-metallic 2 . = Gallium o
e Thermopile gon;‘lsglc material, plastics, g;j gg: ?SS ggg; ;‘1315 125 S Melt Point ™ < 29.7646°C
- i etc. ” . 67 * 2. . a
Stone, Ground, Ceramic 0.40....0.70 0.40....0.70 0.40 ....0.70 0.50 ....0.80 0.60 ....0.95 3/4" SCH. 40S 26.67 287 177 >
. . from 100°C 3/4"SCH. 80S | 26.67 * 3.91 2.22 = ,
Varnish, Paint 0.60 ... 0.90 0.80....0.95 5.14ym Glass surface 3/4” SCH. 160S | 26.67 * 5.56 204 g . Triple < 0.01°C
: 1" SCH. 5S 33.4* 1.65 1.32 © Point Water
Wood, Plastics, Paper ———- ———- ———- 0.60...0.90 0.75....0.95 5 — =
R Non-metallic, 1" SCH. 10S 334 *2.77 2.11 g Ice Point » < 0°C
Tectile 0.70 .... 0.85 0.60 ....0.85 0.70 .... 0.90 0.75...0.95 | |Pyroelectric from 32°C | materials, plastic| | 1" SCH. 408 334388 2.54 -
. ... 0L . .... O. . ... 0. . ... 0. 8- um otc 1" SCH. 805 334455 308 S y
. 1" SCH. 160S 33.4*6.35 4.29 g ercury | «-38.9°C
Thin Glass 0.05...0.10 0.05 ... 0.20 0.60 ....0.85 0.70 ....0.90 0.75....0.95 romso'c | t s o e 8
aslic 1ims, etc. » *
3.4: 7.9um : 1-1/4" SCH. 10S_ |42.16 * 2.77 2.73
Water, Snow, Ice 0.90....0.95 M 1-1/4" SOH 40S 142.16 3 56 343
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