
Thermocouple Type Characteristics
Type T (COPPER vs. CONSTANTAN) is used for
service in oxidizing, inert or reducing atmospheres or in
vacuum. lt is highly resistanl to corrosion from atmos-
pheric moisture and condensation and exhibits high
stability at low temperatures.

Type J 1tnoru vs. ooNSTANTAN) is used protected or
unprotected in vacuum, oxidizing, inert or reducing atmos-
pheres. lron element oxidizes rapidly at temperatures
exceeding 1000"F, and therefore heavier gauge wire is
recommended tor longer lire at these temperalures.

Type E (oHRoMEL vs. CoNSTANTAN) May be used
protected or unprotected in oxidizing, inert or dry reducing
atmospheres, or for short periods oI time under vacuum.
Must be protected rrom sulfurous and marginally oxidizing
atmospheres. Produces the h ighest Elil F per degree oI any
standardized thermocouple.

Type K (CHROMEL'. vs. ALUMEL'") is used prorected
or exposed in oxidizing, inert or dry reducing atmospheres.
Exposure to vacuum limited to short time periods. Must be
protected from sulfurous and marginally oxidizing atmos-
pheres. Reliable and accurate at high temperatures.

Type N (NtCROStL vs. NtStL) is used protected or
exposed in oxidizing, inert or dry reducing atmospheres.
Must be protected from sulfurous atmospheres. Very reliable
and accurate at high temperatures.

Type S (PLATTNUM - 1O%, RHODTUM vs PLAT|NUM)

Tlpe R leurrruuM - 13%, RHoDtuM vs PLAT|NUM)

Type B (PLATTNUM - 3O%, RHODTUM vs pr6%,Bh)

Platinum alloy thermocouples are all recommended tor use
in inert or oxidizing atmospheres, or for short periods oi
time in a vacuum. Easily contaminated, these elements
must be protected ,rom the eflects oI reducing atmos-
pheres and contaminating vapors. Alumina protecting
tubes are recommended for directly containing platinum
elements.

TYPE Ct IUNGSTEN 5% RHENIUM VS TUNGSTEN
26% RHENTUM)
Tungsten Alloy are all recommended for use in vacuum,
high purity hydrogen, or high purity inert atmospheres. Very
poor oxidation resistance.
*Hoskins Mfg. Co. t nol ANSI symbols
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PHYSICAL AND MECHANICAL PROPERTIES OF THERMOELEMENTS

PBOPERTIEs,

Approx Melnng Po.l 'F r96l
r@3

2230
1221

2725
r 496

2600
1427

2552 2570 3340
1€60

3214
1768

3362
1850

3501
1@1

33r9
r 826

6062
3350

5648
3120

ohm.m r/11 @ 68'F
mrcrohm{m @ 20'c

10.37
1724

294
4A9 12.5

425
74.7

117
29.4

585
973

215
358

118
196

63.6
r06

115
189 19.0

106
242

Temoeralure C@, oi Res6lance:
ohms/ohm/'F 32' 1o212'F
ohms/ohm/'C 0'i.]m"C

23 9x10 1 0 6i10 . 4.3x10 r 92x10 r

Thermal Coel. ol L near Etpansion
n^n/oF.6Ab212"F

cmlcm/"C 20 lo lmoC
2 9i10 '

Specirrc Heat Bru/lb/'F @ 68'F
ca /q/'C @ 2A'C

0 092
0 092

0 094 0113
0113

0.107
0.107

0125
0 r25

0.0318
0.0318

Btu/nt /lt r/lt /'F @ 212'F
wans/cm,/cmfc @ 199"c

218
317

126
0 218

348
0 603

111
0 192 o 297

3.66
0 150

16 04
4.2?a

41 1

071
r7.3
030

392 aa6 373 a60 853 6.58 1S.55 21 45 1SS5 17.52 2051 194

Oensrtyr tb./ n I
q/cmr

o.322
892

0.320
866

a.2u
7.47

0.3r5
873

0.311
8.60

0.308
853

0310
858

o7m
1955

ot15
21 45 19.95

0 633
17.52

0 741

2051
0701

194
0T12

Tens le Stenqlh (annealed): 35,000
2460

65,000
4,570

50,000
3515

95 000
6.680

45,000
5980

100,000
7,030

85.000
5 9a0

48.000
3375

24,000
1,690

47.@O
3.305

74 d}a
5,200

37,000
2,600

224000
r5,470

200000

Nomina Chemical Composition o/t C! 100 Cu 55
N45

Ni90 Ni 95

sr1

Ct 142
si 14

N1956

Maanetic Resoonse @ 68'F (204C):

'Oeri6d nom dai. o, v.riou. d.nur.clur€.

SOITIE REFERENCE POINTS FOB THERMOMETRY ON THE ITS.9O

(K) fc) fr)
*Triple poinl of e-hydrogen
*Triple point of neon

"Triple point of oxygen
Triple point of nitrogen

*Triple point of argon
Triple point of krypton
Triple poinl o, xenon
Sublimalion of carbon dioxide
Triple poinl of carbon dioxide

*Triple point of mercury
Freezing point of mercury
Molting point of ice

*Triple point of water
*Melting point of gallium
Triple point of gallium

*Freezing point of indium
*Freezing point of tin
F.eezing poinl of cadmium
Freozing point of lead

*Freezing point ol zinc
Freezing point of antimony

*Freezing point of aluminum
*Freezing poinl of silver
*Freezing point of gold
*Freezing point of copper
Freezing point of palladium
Freezing poinl of Dlatinum
Freezing point of rhodium
Freezing point of iridium
Freezing point of molybdenum

13.8033
24.5561
54.3544
63.1504
83.8058

1'15.776
161.404
194.645
2'16.589
234.3156
234.3216
273.15
273.16
302.9146
302.9165
429.7485
505.078
594,219
600.612

903.78
933.473

1234.93

1357.77
1828.0
204't.3
2235.5
2719.
2896.

-259.3467
-248.5939
-218.7916
-209.SS96
-1493442
-157.374
-111.746

-78.465
-56.561
-38.8344
-38.4284

0.0
0.ol

29.7646
29.7665

156.s985
231.928
321.069
327.462
4.19.527
630.63
660.323
961.78

1064.18
1084.62
1554.8
1768.1

2446.
2623.

-434.4241
-415.4690
-361.8249
-345.9SS3
-308.8196
-251.273
-169.143
-109.237

-69.8'10
-37.9019
-37.8911

32.O
32.018
45.5763
45.5797

313.8773
449.472
60s.s24
621.432
787.149

1167.13
1220.581
1763.20
1947.52
1984.32
2830.6
3214.6
3564.1
4435.
4753.

*A defining point or lhe ITS'90

MATERIAL

STAINLESS STEELS
304
310

321
347
446

Carbon Steel
lnconel
lnconelX
lncoloy
Hastelioy X
Hastelloy C
Hastelloy B
Monel
Brass
Aluminum
Nickel
Tantalum
Titanium

2560
2560
2500
2550
2600
2700

2500
2550
2620
2500
2350
2310
2375
2460
1850
1220
2647
5425
3035

ORNV
ORNV
ORNV
OBNV
OBNV
ORNV

ON
ONV
ONV
ON
o
o

OR
OR
o
o
o

1650
2100
1700
1600
1600
2000

1300
2'100
2200
1600
2200
1800
1400
1000
650
700

1400
5000
2000

O: Oxidizing Beducing Neutral

(216) 94r-6200
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ANSI COLOR CODE FOR THERMOCOUPLE ANO THERMOCOUPLE EXTENSION WIRE
ANSI
TYPE

WIRE ALLOYS POLARITY
THERMOCOUPLE WIRE COLOR ANSI

TYPE
T/C EXTENSION WIRE COLOR

INDIVIOUAL OVERALL INDIVIDUAL OVERALL

T

J

E

K

N

R

S

B

COPPER
CONSTANTAN

IRON
CONSTANTAN

CHROMEL"
CONSTANTAN

CHROMEL'
ALU l\,1E1-

NICROSIL
NISIL

PLATINUM 130/O RHODIUM
PLATINUM

PLATINUM 1 OO/O RHODIUM
PLATIN U I/]

PLATINUM 3OO/O BHODIUM
PLATINUM 60/o BHODItJM

+TP
-TN

+JP
.JN

+EP
-EN

+KP
.KN

+NP
-NN

+RP
-RN

+sP
-SN

+BP

-BN

BLU E
RED

WHITE
RED

PURPLE
BED

YELLOW
RED

ORANGE
RED

BBOWN

BROWN

BROWN

BROWN

BBOWN

TX

JX

EX

KX

NX

RX

SX

BX

BLUE
RED

WHITE
RED

PURPLE
RED

YELLOW
RED

ORANGE
RED

BLACK
RED

BLACK
RED

GREY
RED

BLUE

BLACK

PURPLE

YELLOW

ORANGE

GREEN

GREEN

GREY

NOMINAL THERMOCOUPLE RESISTANCE Ohms per Doubte Foot @ 68. F (20. C)

Ga
B&S

Size
DIA.

ANSITYPES

J K T E s R B

6
'7
8

14

18

20

24

26

28

30

36

_162

.144

.128

.064

_050

.040

.032

.020

.015

.o12

.010

.005

.014

_o2l

_o22

.089

.141

.229

.357

.905

1_44-l

2_297

3.65

14.66

.023

.036

.147

.232

.377

.588

1.488

2.45

3.5S

6.02

24 0A

_o12

.019

.074

.117

.190

_297

_745

1.20

1.92

2_94

12_22

.027

.044

.176

_277

450

_702

1_774

2.84

7.19
28.a0

.007

.010

_444

.069

.112
_175

_449

.701

1.062

1_794

7150

.007

.010

_o44

.069

.113

.178

.453

.708
1.073

1.8'13

7.226

.008

.013

.054

.086

.139

.218

.550

.875

1.392

2.213
8.897

American
Wire

Gauge
(AWG)

Size
otA.

lnches

7/0
6/O
5/0
4/O
3/0
2/O
1/0

1

2
3
4
5
6
7
8
I
10
11
12
13
14
15
16
-17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

34
35
36
37
36
39
40
41
42
43
44
45

47
48
49
50

0.5800
0.5165
0.4600
0.4096
0.3648
0.3249
0.2893
o_2576
0.2294
0.2043
0.1819
0.1620
0.1443
0.1285
o_1144
0.1019
0.0907
0.0808
o_o720
0.0641
0.0571
0.0508
0.0453
0.0403
0.0359
0.0320
0.0285
0.02s3
0.0226
0.0201
0.0179
0.0159
0.0142
0.0126
0.0113
0.0100
0.00893
0.00795
0.00708
0.00630
0.00561
0.00500
0.00445
0.00396
0.00353
0.00314
0.00280
0.00249
0.00222
0.00198
0.00176
0.00157
0.00140
0.00124
0.00111
0.000ss

BARE THERMOCOUPLE WIRE APPROXIMATE WEIGHT FEET/LB.

Ga
TYPE J TYPE K TYPE E

JN KN EP EN

6
7
8

14

16

18

20
24

28
30
36

.162

.144

.128

.064

.050

.040

.020

.0'15

.012

.010

.005

14.2
18.0
22.4
91.2

144

925
1478
2353
3736

14940

12.6

20.2
80.9

127

207
324
421

1312
2089
3316

13260

13

21

83
130
212
331

838
'1340

2'r30

13500

13

21

83
130
212

838
1340
2130
3370

13500

12.6

19.8
80.5

128
203
324
820

1299
2062
3294

13250

12.6

20.2
80.9

127
207
324
821

1312
2089

'13260

13

21

83
130
212
331

838
1340
2130
3370

13500

'12.6

20.2
80.9

't27

207
324
821

't312

2089

13260

t Double feet 7 Ga Type J=7 Ga lron/8 Ga Constantan

MANUFACTURING CORPORATION I2404 TRISKETT ROAD CLEVELAND, OHIO 44111
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Selection and Use of Thermocouple and Thermocouple Extension Wire

Thermocouple wire can be fabricated into accurate and dependable thermocouples by joining the thermoelements at
the sensing end. Thermocouple wire or thermocouple extension wire must be used to extend thermocouples to indicating
or control instruments. The conditions of measurement determine the type ofthermocouple wire and insulation to be used.
Temperature range, environment, protection, insulation requirements, response and service life should be considered.
The rollowing parameters serve as a guide to the selection of wire. For a basic application study refer to Marlin literature
"Thermocouple Fundamentals."

Temperature Limils lor Thermocouple \lyire

Temperature limits for standard thermocouples lhat are protected with a closed end protecting tube are shown. These
Iimits are suggested for continuous temperature sensing where thermal limitation of the insulation is not a factor. For
unprotected thermocouples these limits should be reduced for equivalent service life.

UPPER TEMPERATURE LIM]TS FOR THERMOCOUPI-ES

 l{sr
TYPE

SYI'BOT
WIRE GAI'GE (AWG)

C,opperConshnlan

8 sa. l/t !s. 20 s.. 21g,,. 30 9..

T 370"C
om'D

260"C
(5OO'D

2m'c
(4OO'R

150'C
(3OO'F)

J 7m'c
{14OO"D

6@'C
(11m.D

500"c
(soo'D

370'C
(7oo'D

320.C
(600"D

Chrcmd'- conshnt n E a70'c
(1600'B

650'C
{120O'D

550"C
(10oo"F)

zl30'c
{80o.D

.130'c
(8OO'D

Chromel" - *Alum€|" K 12m'C
(23OO"F)

11m'C
{2000'R

10@'c
(18OO'F)

870'C
(1600'R

760'C
(14OO'B

Nicro6il - Niltil N 1260'C
{23OO"R

1t@.c
{20oo'R

10m'c
(18OO'R

870'C
(1600'R

7m'c
(14OO.R

Plalinum - 10% Rhodium s 14a0'c
p700'R

Plalinum - 13% Rhodium B 14a0'c
(2700'R

Plalinum - 30% vs 6% Rhodium B 1700'c
(3100'R

Tunqsten - 5% vs 26% Rhenium ct 2300"c
/42co'n

'Magneiic "T.ade Ma HGkins Mlg. Co. ttlol ANS|symbol

PEB

CENT

RESPONSE

100

90

80

40

50

30

20

'I2404 TBISKETT ROAD

H-6

(216) 941-6200

FrU: (216) 941-62o7
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STEP-BESPoNSE TIUE for
G.ounded Junction

l.lABLoX Thern!couples
in Stirred 0il Bath
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Accuracy ol Marlin Yyire
Marlin insulated and bare thermocouple wire is matched to meet siandard initial calibration toler-
ances for temperatures above OoC. as given in ANSI MC96.1 and shown in the table below.

Wire conforming to special initialcalibration tolerances, wire for use at sub-zero temperatures, and

wire with certiti;d traceable calibration is avaitable on request. Designate special limit grade wire
using a double ANSI symbol (e.g. KK, JJ). Sub-zero and calibration requirements should be spelled
out on the Purchase Order

INITIAL CALIBRATION TOLERANCES FOR THERMOCOUPLE WIRE

THERMOCOUPLE TYPE oc "F

wlFE ALLOYS
'YPESYI'EOL

'EMPEAATUBEFANGE
STAI{DA8O

LrMtts LIMITS
TEMPEBATUEE

FANOE LIMITS
SPECIAL
LISIIS

Copper (+) vs.
Conslantan ( )

T
2000 to -$5"
$5o to +130c

+1300 to +350'

11.5% !-89o
:t.5o

330" to -85'
-85o to +270o

+2700 10 +660'

11.5%
i1.8'
!-750/o

t.8%
1.9'

'lron (+) vs. J
0" to +285'

+2850 lo +750'
!2_z',
+ 75%

11.1' +32o to +5450
+5450 to +1400' !.75%

!2"

Chromel" l+) vs.
Constantan (-) E

-200' to 1700

-170'to +250"
+250' to +340'
+340' io €00'

!.40k

3300 io -2700
-2700 to -l48oo
+480o io +640'
+640" to +1600'

!1%

t3'
1.5%

11.8"
r1.8"

Chromel" (+) vs.
'Alumel" ( ) K

200' lo -110"
-1100 to 0o

0q to +2850
+285" to +l250i

!2%
!2.2'
+2.2.
!.750k

-330'to 165"
1650 to +32o
+32" to +545'

+5450 to +2300'

!20/o

+ 75%
t2"

Nicrosil (+) vs. N 0o to +2850
+2850 to +1250'

!2-2' +32o lo +5450
+5450 to 23000 +.75%

!2'

Platinum -1090 Rhodium (+)vs.
S

0' to +600'
+600' to +1450'

11.5"
+ 25%

1.6' +32' to +1110"
r1110'to 2650'

!2-7'
!25%

11.1"

Plalinum -13% Rhodium (+) vs.
R

0' to +600"
+6000 to +1450'

11.5'
+ 25%

t.6" +32o to +1110'
+111Oo to +2650<

!2_7'
!_25qa

11.1"

Platinum -300,6 Rhodium (+) vs.
Platin"m 5ot Bhodium l-) B ro +1700'+870. 1.50/o t 250k +1600'to +31000 + 250k

Tungsten -5% Rhenium (+)vs.
Tlndsten -26% Bhenium ( )

cr +400' to +2300' +800' to +4200'

'Magnellc NOTE-Percent imilsapplvdirectytolemperaturesin'Cunits,butlor"F
'-Tra-deMark, Hoskins Mfg. Co. equivalents are applied to the number oJ "F above or below the ice point

1NOT ANSlType Symbol (+32oF.).

li.e., Limit ('F) = (Temp.'F -32'F) x Percentagel

Thermocouple Extension Wire

Thermocouple extension wire has approximately the same thermoelectric characteristic as
thermocouple wire but its accuracy is guaranteed over a more limited range of temperatures
Thermocouple extension wire can olfer advantages in cost or mechanical properties when
used lor connections between thermocouples and instruments. For base metal types oI
thermocouples, extension wire is of substantially the same composition as the correspond-
ing thermocou ple type. For n oble metal types, h owever, an entirely difterent alloy is form u-
lated to match the noble metal characterjstics over a specified temperature range. This is

necessary due to the high cost of the noble metals which could otherwise be necessary for
the interconnection. The "X" in the ANSI code denotes extension grade wire

INITIAL CALIBRATION TOLERANCES FOR THERMOCOUPLE EXTEN!!Q!!IRE
THERMOCOUPLE rYPE c .F

EXfENSION wlBE ALLOY TYPE
TEIIIPEBATUFE

RANGE
STANDABD

L[tflTS
SPECIAL
LIMITS

TEMPEiATURE
BANGE

STANDANO
LIITITS

SPECIAL
LIMITS

loooer vs, Conslantan TX $0o to +1oo' +1 i5" -75' to +210" !2" t1
'lron vs. Constantan JX 0" to +20O" x2-2" 11.1 +32' to +400'

Chromel" vs. Conslantan EX 0' to +2000 11.1 +32o to +400' t3" +2.

Chromel" vs. 'Alumel" KX 0" to +2000 +2 2. 11.1 +32o to +400' +2"

Nicrosilvs. Nisil NX 0" to +200' +2 2" 11.1 +32o to +400' +2.

3opper vs, Copper Alloy SX
RX

+25" to +200" +75' to +4000 !12.

PCLW630 vs. Coooer BX 0' to +200" 12.2. +32o to +400'

Copper vs, Copper BX 0o to 65" +32' io +1500 !2'
Alloy 405 vs Alloy 426 cx+ 0' to 8700 +32o lo +1600" +12.

'Magnetic
"Trade [,4ark Hoskins Mfg. Co.
tNOT ANSI Symbol

(216) 941-6200

FAX: (216) 941.620712404 TRISKETT ROAD CLEVELAND, OHIO 4411IMANUFACTURING CORPORATION
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Thermocouple wire is matched so that it will initially produce the emls given in the lollowing tables within either standard or
special limits ol calibration tolerance. Tolerance limits vary with thermocouple type and temperature as shown below. Limits
given here are those taken from ASTM Standard E230. They are also in agreemenl with other internationally recognized
standards.

Note that where a tolerance is given in percent, lhe percentage applies to the temperature of interest only when it is expressed
in degrees Celsius. Tolerances in degrees Fahrenheit are obtained by multiplying the Celsius equivalentlemperaturetolerances
by 9/s.

INITIAL CALIBRATION TOLERANCES FOR THERMOCOUPLES

lYpe Alloy Tgmpgraturs Standard Limiis Spocial Limits

T

J

E

K

N

R

s

B

ct

Copper (+) vs. Constantan (-)

lron (+) vs. Constantan (-)

Chromel (+) vs. Constantan (-)

Chromel (+) vs. Alumel (-)

Nicrosil (+) vs. Nisil (-)

PV13%Rh (+) vs. Pt (-)

PV1096Rh (+) vs. Pt (-)

PV3o%Rh (+) vs. ft/6%Rh (-)

W/s%Re (+) vs. W/26%Re (-)

-2OO'C to O'C*
0'C to 35O'C

0'C to 75O'C

-2OO'C to O'C*
0"C to gOO'C

-20O'C to O'C*
OoC to 125O'C

0'C to 125O'C

O'C to 145O'C

O'C to 1450'C

87O'C to 17OOoC

4OO'C to 230O'C

t'1 'C or 11.5%*
11'C or 10.75%

X2.2"C ot !O.75ch

11.7'C or a1%"
a1.7'C or to.s%

X2.2"C ot ):2ch*
L2.2"C ot !O.75%

)-2.2'C ot +O.7 sch

+ 1.5'C or :tO.25%

t 1.5'C or tO.25%

t0.s%

+1%

t0.5'C or 1O.8%*
tO.s'C or tO.4%

t1.1'C or tO.4%

:t'1"C or aO.5%*
a1'C or tO.4%

N,A.

:t1.'1'C or 10.4%

a l.1 'C or tO.4%

tO.6'C or 10.1%

+0.6'C or tO.1%

ro.25%

+N.A

* Thermocouple wire is normally supplied to meel tolerances for temperatures above O'C. These same materials may not fall within
the sub-zero lolerances given wilhout special selection and testing.

t Symbol shown is not an ANSI standard lype designation.

(216) 94r-6200
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