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Measurement of the Thermal Physical Properties of Nitrided Steels.

Byung Jin Son* Kwan Soo Lee® Hung Joo Lee**

Sung Kun Kim*** and Ho Jun Kim**

ABSTRACT

The thermophysical property values were determined and compared with each
other according to the time of surface treatment.

The diffusivity values were obtained by the flash method, and the specific
heat values were measured by the differential scanning calorimeter. The thermal
conductivity values were calculated from the values of the thermal diffusivity,
specific heat, and density.

The nitrided steels were the structural carbon steels, carbon tool steels,
alloy tool steels, and high speed tool steels.
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Table 1.Experimental Results of Armco Iron Test Sample at 293 K

X
N
2
to,

Measured TPRC

# Deviation

Property value value % Remark
Thermal 208X 10814+ . 20.6 _
Diffusivity m & |X107°m?/K 1 t, =57 .45ms
Thermal ol B
Conductivity 4.2WAK 71.1WAMK 4 tmax= 5282 ms

Specific +HH+
Heat 153 1keK | "y49 7 kg K

gpeesured = 128 .89ms
fres™7*? = 5253.44ms

3
Density 1. 87%{?}& -

At*= 71 .44ms

+  TPRC Recommended Value from Ref .(20)

++ Obtained Value from Ref .(21)
+++ Obtained Value from Ref .(22)

#* Deviation %= (Measured Value -TPRC Value)/TPRC ValueXx100

* 4t = Compensate Time (sec)
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Table2. Chemical Composition of Samples.(Weight %)
Spec o | o, c si Mn P s Cu Ni cr Mo Al Sn w v Co
SM l'S.C 1 0.16 0.29 0.49 0.012 0.030 - 0,018 0.015 - - - - - -
SM 20C 2 6.21 0.24 0.47 0,028 0,008 - - - - - - - - -
SM 30C 3 0.33 0.28 0.72 0.030 0.013 - - - - - - - = -
SM 40C 4 0.42 0.23 0.68 0.019 0,020 - - - - - - - - -

SM 43C 5 0.453 § 0,276 | 0.650 | 0.014 0.0087 | 0,155 | 0.027 0,067 | 0.008 | 0,0043 | 0.0175 - - -
SM 4-8‘(‘: [ 0.467 0.280 | .0.711 0.0252 | 0.0124 | 0.119 0.039 0.182 0.019 | 0.0113 [ 0.9241 - - -
SM 50C 7 0503 | o0.275 | 0.687 | 0.0209 | 0,0120 | 0.157 | 0.050 0.129 | 0.004 ! 00105 | 0.014 - - -
SM ssC 8 | 0.528 0.298 | 0.780 | 0.0128 | 0.0097 | 0.137 | 0.037 0.106 | 0.032 | 0.0208 | 0,0154 |. ~— - -

“oes

SK 2 9 1.02 0,34 0.50 0.016 0.034 - 0.01 | 0,13 - - - - - -
.nn
SK 3 10 | 0.88 0.29 0.47 0.020 0,028 - 0.01 0.04 - - - - - -
PN
SKS 2 11 1.00 0.35 | 0.77 0.025 0.030 - 0.01 0.90 0.02 - - 1.47 - -
. . .
SKS 3 12 | 0.9 0,34 1,02 0,030 0.016 - 0.0 0.88 0.n2 - - 0.95 - -
rens
SKS ¢ 13 0.50 0.26 0.40 0.024 0.024 - 0.01 0.80 0.02 - - 0.96 - -
.=
SKH g 14 | 0.9 0.29 0.28 0.021 0,005 0.06 0.12 4.13 4.94 0.014 - 6.39 1.68 -
-
SKH 55 15 | 0.84 0.29 0,39 0.020 0.004 0.09 0.23 4,11 4.91 0.012 - 6.18 - 4.83
« Spec of STDS=SpeciIicnion of Standards e Data from Sammi Steel Laboratory
ses Data from KOREA Heavy Machinery Industries, LTD, ssxs Data from KOREA Heavy Indusiries & Construction co, LTD,
o 510 =3 3 2=
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Table 3. The Thermal Properties of Materials used in Experimental at 293K

sample |sample P Cp k o x106 || sample |sample P K |e x106
no  itkg/md) |(3/kg-k)} Wm-k) | (m?/s) o |(kg/md) <J/1C<8-k) W/mk) | (2/s)
M15c | a 7770 475  |60.133 [16.293(sM 55C | a | 7814 445  (24.130 |6.939
b 7819 472 [ 28.980 | 7.853 b 7919 455  [33.963 |9.426
c 7929 454 | 41.691 [111582] c 7898 469 |35.097 |9.475
e 7949 455 | 77.783 [21.506 e 7954 475  [33.489 | 8.864
sM20c!| a 7896 461 [39.611 [10.882{SK 2 a 7694 447 [32.325 {9.399
b |7712 | 462 [73.448 |20.614 c | 7408 | 429 Jar.om [13.029
c 7604 458  [01.790 [29.228 a 8386 400 56.703 |16.904
e 7881 462 79.124 |21.731 e 7540 399 44,315 | 14.730
M3Cc| a 7805 469 {37.932 [10.363 £ 7234 421 |36.776 |11.906
b 7846 494 | 72.468 [18.697 g 7789 407 ]47.733 |15.057
c 8383 473 |84.806 [21.388SK 3 a 7464 421 |31.707 |10.090
e 7771 463 | 40.772 [11.332 c 7527 388 [36.936 |12.647
M 40C | a 7854 472 |37.121 }10.013 d 7478 413 ]46.867 |15.175
b 7910 466 | 40.633 [11.024 e 7597 411 [57.955 |{18.561
c 7884 454 | 40.573 [11.335 £ 7188 392 |57.470 | 20.396
e 7875 451 }39.847 [11.219 g 7441 406 |43.695 14.463
M 45C a 7805 449 27.486 7.843 | SKS 2 a 7488 403 35.547 |11.780
b 7962 464 | 40.238 [10.892 c 7440 | 476 |63.191 |17.843
c 7981 440 45.292 |12.898 d 7442 395 55.307 |18.815
e 7927 467 | 44.047 |11.899 e 7442 389  [58.694 |20.275
SM 48C [ a 7909 455 [128.659 |35.752 £ 7259 394  |52.852 |18.479
b 7914 469 81.816 |22.043 g 7369 377 52,881 |[19.035
c 7936 454 | 41.271 |11.801)SKS 3 a 7622 486  {57.209 |15.444
e 7830 469 | 45.771 |12.464 c 7516 491 160.093 |[16.284
Msoc | a 7840 477 40.138 {10.733 d 7597 488 68.685 {18.527
b 7912 479 47.967 |12.657 e 7604 528 62.636 |15.601
c 7903 485 51.952 ]13.554 i 7209 496 54.638 |15.281
a 7863 470 | 40.646 |10.998 9 7799 511  [65.218 |[16.365
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sample |sample P 3 Cp K a xélo6
no (kg/m’) | (I/kg-k) | (Wmek)| (me/s)
SKS 41 a 7434 516 '60.004 ] 15.643
c 7445 514 65.716 | 17.173
d 7681 501 73.25 | 19.035
e 7584 516 84.157 | 21.505
£ 7423 553 ’73.184 17.828
g 7603 521 . 72:217 | 18.231
SKH 9 a 7868 370 22.342| 7.675
[o] 7680 388 34.245( 11.492
d 7916 387 31.2261 10.193
e 7918 370 28.933 9.876
£ 7451 380 23.266| 8.217
g 7590 376 26.841| 9.405
SKH55 a 7672 505 28.637) 7.931
c 7810 501 37.6781 9.629
d 7786 504 43.750 [11.149
e 7866 490 31.899| 8.276
£ 7385 552 34.992} 8.584
g 7590 485 35.751f 9.712

; No ion-<nitriding
; Nitriding time is 0.5 hour

; Nitriding time is 1 houx

4; Nitriding time is 3 hour
*; Nitriding time is 4 hour

a
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