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Measurement of Ferrite Grain Size by Ultrasonic Method
in Low Carbon Steel

Soon Taik Hong*, Sook In Kwun** and Wung Yong Choo*
*Technical Research Lab, POSCO, P.O. Box 36, Pohang 790-785, Korea
**Dept. of Metallurgical Eng., Korea Univ.,, Seoul 136-701, Korea

ABSTRACT Grain size of steels is one of the most important parameters which
influence yield strength and fracture toughness. Ultrasonic wave propagating in
polycrystalline materials is mostly attenuated by scattering at grain boundary. Effect of
ultrasonic attenuation on average ferrite grain size of carbon steels with tensile strength
40 ~60kgf/mm? consisting of multi phases such as ferrite + pearlite and ferrite +
pearlite + bainite was evaluated. The attenuation of these steels rapidly increased with
average ferrite grain diameter. Average ferrite grain diameter(Dav, mm) could be
expressed as 1.79 + 2297+ al/2% where a is attenuation with unit of nepers/cm. From
this study, it was confirmed that nondestructive ultrasonic method could be used in
measuring average ferrite grain size indirectly.

Key words : Average ferrite grain size, Ultrasonic attenuation, Nondestructive method,
Carbon steel.
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Table 1. Chemical composition of specimen used in this study.

Steel Chemical composition ( wt.% )

No. | C Mn| Si | P S 'Ti |Nb |solL Al | No
D 016 {111 1026 | 0019|0004 0011 - 0.030 | 0.0035
N 0.16 1 1.10 {026 | 0019 0004 |1 0012 0.010 | 0028 | 0.0029
E 010 145 {022 | 0015|0006 0011 - 0.042 | 0.0025
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Fig. 1. Dependence of ultrasonic
attenuation on average ferrite
grain size in D steel.
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Table 2. Process coditions, ferrite grain size, and phase volume

fraction of D steels(FRT

: Finish Rolling Temperature, CR

Cooling Rate, FGS . Ferrite Grain Size).

Process conditions FGS(gm) Phase fraction (%)
FRT(C)| CR(T/sec)| Nor. temp.(C)!{ Dav | Dmax | Ferrite| Pearlite | Banite
- 16.42 | 36.72] 8350 | 1650 -
900 14.29] 27541 80.10| 19.90 -
air cooling 1,000 16421 36.72] 80.39| 1961 -
1,100 18.86| 48.19] 79.51 20.49 -
1,200 20.86| 48.19] 80.00| 1860 1.40
900 14.80| 34.42| 8230 | 17.70 -
950 15 1,000 17.00] 36.72| 79.43| 2057 -
1,100 18221 43.60| 73.08 | 26.92 -
1,200 19.23] 39.01( 7843 1{ 2157 -
900 13.34] 32.13] 80.67 1 19.33 -
30 1,000 14.80 | 36.72] 84.13 | 1587 -
1,100 1822 45901 77.20| 2280 -
1,200 19.221 45901 77.03| 2297 -
- 1480 2754 7640 | 23.60 -
900 12881 27541 7826 | 21.74 -
air cooling |—1:000 1760] 4131 7642 | 2358 | -
1,100 18.86| D9.67f 7464 | 25.36 -
1,200 1953 50.49] 82.18 17.82 -
-~ 7141 1469{ 73.66 7.32 19.02
850 900 12.88] 27541 76.00 | 24.00 -
15 1,000 1686] 36.72| 7847 | 2153 -
1,100 18.22 | 48.19] 77.00| 23.00 -
1,200 19.32 | 57.37 82.30 17.70 -
- 560 11.75] 30.29 14.90 54.81
900 1532 | 32.131 81.78 18.22 -
30 1,000 1429 | 49.01] 7584 | 24.16 -
1,100 16421 34.23] 7895 | 21.05 -
1,200 18221 36.72| 80.69 19.31 -
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Table 3. Process conditions, ferrite grain size, and phase volume
Finish Rolling Temperature, CR

fraction of N steels(FRT :
Cooling Rate, FGS : Ferrite Grain Size).

Process conditions FGS(pm) Phase fraction (%)
FRT(T) | CR(TC/sec)| Nor. temp.(C)| Dav | Dmax | Ferrite| Pearlite | Banite
- 14291 34.42| 85.85 14.15 -
air cooling 900 1381 2524| 7571 2286 | 143
1,000 15321 36.72| 7464 | 22.06 3.29
1,100 1886 | 36.72| 73.17 | 2342 3.41
1,200 2086 | 45.90| 74.16| 21.05 4.79
- 1046 | 1469| 7349 | 2465 1.86
950 15 900 13.34| 2754| 8155 | 1845 -
1,000 16.42| 36.72] 7828 | 20.36 1.36
1,100 18.86| 39.01| 77.33 19.33 3.33
1,200 21421 41.31] 6967 | 2564 3.79
900 10,10 22.03| 80.34 19.66 -
30 1,000 1586| 39.011 7476 | 2352 1.72
1,100 16.42 1 43.60f 70.81 24.26 493
1,200 19.32] 59.67] 6847 ] 2581 572
- 9.11] 22.03| 81.08 18.96 -
900 12.02| 25.24| 7874 | 2126 -
air cooling 1,000 1760] 39.017 7400 21.33 4.67
1,100 18421 39.01; 7363 2090 547
1,200 19.00 | 50491 73.33 19.05 7.62
~ 6.66| 13.22! 65.03 - 34.97
850 900 10.10] 29.38! 7874 | 21.26 -
15 1,000 15321 39.011 76.30{ 21.80 1.90
1,100 1886 4360 7220 | 23.90 3.90
1,200 20421 5967 7095 23.72 5.33
900 13.81 3442, 81.43 18.57 -
1,000 16421 36.72] 76.19 19.05 4.76
30 1,100 1762 4360, 75.71 19.52 476
1,200 1842 | 55.08| 66.36 | 24.55 9.09

I5MHzE Zte 9Zd g8 $3€ 253 74
go] AAJAE Jebd Aol HolE HF F
AY 277t FNESE A Are £EM §
eiel fALSHAl S7HES ¥ 4 Aok 1Y 2& N
79 HelolE Ha AFYE A7 7] 43
A& Yepd Rojtt, DM fAteh Hee] 4
AL AT UEE B F it siEidE E

ZAME ARJAAH 255 ZAAFTAE A

d|

FARE HBAS 29 304 ¥ 5 Aok

253 (74% 29F 739 @d¥e #x
ool e 59 ZAWD) A7 &
Forfoe od3 22 I F40 4y
o] ¢HA A,

a=a f2+a; D" f"

A71M @ R e BAZFE YA b

22 &% Fao AT 4 ¥ AYL S



162/ 2 &g 2§ Aeade] sigtolE AR 27 33

Table 4. Process conditions, ferrite grain size, and phase volume

fraction of E steels(FRT
Cooling Rate, FGS . Ferrite Grain Size).

. Finish Rolling Temperature, CR

Process conditions FGS(m) Phase fraction (%)
FRT(T) |CR({TC/sec) |Nor. temp.(C) Dav | Dmax | Ferrite| Pearlite | Banite
- 1288 34.42] 82.38 13.81 3.81
air cooling 900 9.76| 22.03] 87.14| 1095 191
1,000 16.42 | 36.72| 7748 | 19.87 2.65
1,100 1829] 39.01| 73501 1650 10.00
1,200 1980 | 52.78| 77.00 11.00 12.00
- 6.22] 1763 81.72 - 18.28
950 15 900 793| 2056| 8531 | 14.69 -
1,000 13.34| 29831 7683 | 21.45 1.63
1,100 13881 39.011 82.76 12.81 443
1,200 14291 39.01| 71.63 10.73 17.65
900 12881 25.24] 84.08 13.93 1.99
30 1000 1381 | 32.13] 82.08| 1368 | 424
1,100 13811 36.72| 8382 10.30 5.88
1,200 14.29] 48.19| 82.44 6.93 10.73
~ 766| 24971 81.07 14.08 4.85
900 7.93] 19.09] 87.14 12.86 -
air cooling | 1000 1381 ] 3672 8303 | 1330 | 367
1,100 14.29] 39.01| 78.74 10.63 10.63
1,200 15861 45.90| 80.20 8.42 11.38
900 12.02 | 25.24| 89.16 8.43 2.41
850 1,000 1334 36.72; 8286 1191 5.24
15 1,100 14341 4131, 7464 14.36 11.00
1,200 15629 41311 7712 11.42 11.46
900 12.02] 3442 83.33 15.24 1.43
30 1,000 13811 36.72] 82.44 13.17 4.39
1,100 1760| 53.37! 83.57 8.70 7.73
1,200 18321 41.31; 79.10 11.06 9.84
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