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An Experimental Analysis on the Temperature Measurement
of Molten Iron and Iron Alloys by Two-Color Pyrometer

Zen-ichiro MORITA, Kiyokiko FUNTA, Masakiro KITAURA,

Takashi OTSUKA, and Akira ADACHI

Synopsis:

It is known that the temperature read by two-color pyrometer, generally, do not strictly indicate the
true one. Therefore, it is necessary for measuring the temperature precisely by two-color- pyrometer to
provide some adequate procedures. In order to obtain some informations for this compensation, the
melting points of several compositions of both Fe-Ni and Fe-Cu alloys were measured by use of two-
color pyrometer, and the characteristics, especially the spectral emissivity ratio for two different wave
lengths &,/¢; of two-color pyrometer were discussed through this experimental result.

The main results obtained were summarized as follows:

1) In liquid Fe-Ni alloy the value of ¢;/e; decreased with increasing nickel concentration over all
range of composition, while in liquid Fe-Cu alloy the ratio also decreased gradually up to about 60%
Cu but abruptly above this composition with increasing copper concentration. These data seem to be
useful as the practical coefficients converting from two-color temperature to true one for the both

alloy systems.

2) In order to accurately measure the temperature of any kind of metals and, alloys by two-color
pyrometer, the relation between two-color and true temperature is desired to be derived by WIEN’s
equation through the measurement of their melting points, and moreover, the exact compensation for
obtaining true temperature should be made using the values of ¢,/¢; obtained for each metal and

alloy.
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Table 1. Chemical compositions of iron and nickel.

Component C Si Mn P S Cu Ni Cr Ti A\ Al Co N
Fe i -
: Content(%) || 0001 0-002 0-002 0-002| 0-002 0-002|°0-002 0001/ 0-005| 0-001| 0-002| 0'007| 0-0024
Component Ni Si Pb Cu Fe Co Al Mg S
- Ni A 1. i IR
| Content(%) | 99:92| 0-005| 0°001 | 0-0025 | 0-007 | 0°008 0-001 0-002 00007

= 105 —



988 g &

¥ 57 4 (1971) 6 5

OB OELEFABEZFERL, Mgkk I OH= » & vatk
L LHIR—EIOEBRTIEZTN LD Sg2fvi. ik
Fe-Cu SREETREAMS BRI LT VWAx BEL
FIBM T LITHligk L SiER (99°9%) LEEALTIHEML
oo BZOFRDEED BLAHKE 0,3, 10,15, 20, 30,
40, 50, 60, 70, 80, 90, 1009, Cu T >7-.
3-2 RBREE

FHEREERIER OPBMEBOBENE /AL
Fob D L [E—T, 150kc/sec, ik 30kW TH 5.
BRRFIE A vy 7 2BOKN 5 2DEO LT 2R 0K
T ANy %2 FRBEATSImF L, BEHTEALEL
HBEAKTIHEELSY L5 2TwW5. FOlrE™R%
Fig. 1 izR7.
3-3 RERR{f

B SgoilklE, BH a4 vohRBCEASHh
LeXEFe LB L, 2FNBEMIFEREESER. ST
KL He FATEBRT S, Hiv T2 RSB S ¢,
BB &% B He KiicZEx, 9 250cc/min
LMD D & icER O EHRHE AV CRDHR &R
DR S BT DIREFTOITRREZEIE L. BlEics
WL, OFEBRXTELRETHGRKEL o XS TS
L, $/ibo®e2EE L CllEsttr—EicTsn
», FERNE ORI AEIER & BRI oYl 1z 5%
BALR XS ERDEZ D 5Tk Lk, EHREOEOR
BIX VTl HanseN OIKIERIO & BV THeE Ls.

4. “EFREICKBEERELCDONT
DO FiEe9RES

mEERIEICER L ZE/EEEHE KR-v 7 < 8o

HOTH Y, ENRFAEIZIE T T AU 100°~1 350°C ),
B (1 300°~1 800°C' ), C(l740°~2700°C) o3 5D
N RTEIDZEZXTHET S X510k 2Tv5. TFL
ZEEEE AT IV, 42T FUNK
EREZEERY AV CKIELA. Fig. 23R _65E
FHCHlE L - 2 EEE FERERO SLTERE X D kD
BERE ThbbLEESGEELH LT e s ML
b T, @ (1) BARUE, (2) 2C NURE
FRLABEGRESRT. B, C Wy FOTFhi=&iE
EF BREEGRE F; XVHBFTEVEELTL, ¥
REEZAIEER 1700°C 0l AT B N FBXIO
Cr FORBRRAEGR L LD LI, izt
XHREAFECSVL, HERECEEL25 2 51T
LCHERROKRE S, BRANOBIBRAY S 2&ics
U BEAEREREZDT D EBTEDD, 20
HEH 5 2ZOMBC X B3HENE L LRSS, 2Tk

(e )
i
J—1 1 i
by
Ly
¢ b
ey : H
— i
K bi
qit
{
N
I l
M
N A
A : Upper window B : Copper cap plate
C : Rubber packing D : Pyrex glass chamber
E : Sample F : Coil
G : Two-color pyrometer H : Silica bar
1 : Copper mold J : Coaxial cable
K : Copper base plate L ; Gas inlet
M : Gas outlet N : Cooling water

Fig. 1. Schematic diagram of the apparatus.
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Table 2. Transmissivity of Pyrex glass.

Wave length (g m) Transmissivity (%)
0-350 90-2
0-400 91-8
0-450 : 92-1
0-500 92-1
0550 92-2
0600 92-8
0650 92:8
0-700 922
0-750 92-0
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Fig. 7 (c) Relation between constant K(g#m) and emissivities ¢; and e, at effective
wave lengths 2; and i, of two color pyrometer.
Table 4. Two-color and true temperature on the Fe-Cu alloy.
True m. p. Apparent m. p. Difference of * e (A T)**

Cu (%) (°C)H . (correct) (°C) temp. (°C) K (pm) e (e T)
0 1535 1600 (1570) 35 0-151 0-934

3 1525 1595 (1 565) 40 0-174 0-924
10 1490 1560 (1 535) 45 0-203 0912
15 1475 1545 (1 525) 50 0-229 0-901
20 1 460 1535 (1515) 55 0-255 0-891
30 1 445 1525 (1 505) 60 0:283 0-880
40 1 440 1515 (1 495) 55 0-261 0-888
50 1435 1515 (1495) 60 0-286 0-878
60 1430 1515 (1495) 65 0-311 0-869
70 1420 1530 (1510) 90 0-429 0-823
80 1395 1545 (1525) 130 0-623 0-754
90 1 310 1535 (1 515) 205 1-041 0-624
100 1083 1470 (1 455) 372 2-284 0-355

H% Table 3, 4 + Fig. 8, 9 L izx 7.
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Fig. 10. Effective emissivity of Fe-Ni alloy.
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Fig. i11. Effective emissivity of Fe-Cu alloy.
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Fig. 12. Temperature dependence of effective
emissivity of pure iron.
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