T 196

$#% & $® Vol 86 (2000) No. 3

MIEHMIBTIRICH T2 _BIERBHHEDHTE &
Mn—-Si—C SiDOMEBHIEHIC K D T I X7 + — IV EERET

L #z* - KHE B - B O

Estimation of CO, Emission during Thermo-mechanical Process and Eco-steel
Design of a Mn—Si—C Steel by Microstructural Control

Noriyuki TSUCHIDA, Yo ToMOTA and Korobu NAGAI

Synopsis : The amounts of CO, emission in the production of several commercial JIS standard steels have been estimated by the MLCA database pre-

pared by Halada et al. Although low alloyed steels show smaller amounts of CO, emission from their database, the database can not estimate

the influence of thermo-mechanical process. Therefore, the change of CO, emission during thermo-mechanical process has been estimated

by the annual data concerning consumption of energies and materials publicized from Japanese steel makers. As a result, the change of CO,

emission related to thermo-mechanical process was estimated to share from 5.1% (minimum) to 7.7% (maximum) of the total amount for

production. This change is not negligible but much smaller compared with the influence of increasing the content of alloying elements. By

combining the prediction of tensile properties of multi-microstructure steels based on micromechanics and the MLCA database, the Mn-Si—

C steels are recommended as a candidate of eco-steels from the viewpoints of excellent tensile properties and low CO, emission for produc-

tion.
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Steel
Austenitic stainless
Ferritic stainless

Ferro atloy (3313he t: 8187 0)

Spring
Heat-resisting

1.43Mn-0.41Si-0.16C Ferro alloy (56.6kg/t: 3.8%)

! ! !
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Fig. 1. The amounts of CO, emission in material produc-
tions and the ratio of ferro alloy to show the influ-
ence of alloying elements for various commercial
steels. The numerals inserted for austenitic stain-
less steel and a 1.43Mn-0.41Si-0.16C steel are the
CO, emissions discharged in the productions of
ferro alloys.

Table 1. Chemical compositions of JIS standard steels in-
vestigated (mass%).

C |Si|Mn| P S |[Ni |{Cr|{Mo|(Cu{Nb| V| W
Austenitic stainless
(SUS316) 0.08 1 2( 0.045| 0.03| 14} 18 3 of 0o o0 0
Ferritic stainless
(SUS430) 0.12] 0.75 1| 0.04] 003 of 18 of o o o 0
PH (SUS630) 0.07 1 1| 0.04] 0.03 51 175 of 3/ 02/ o0 0
Heat-resisting (SUH616)] 025 0.5 1| 0.04] 0.03 1f 13} 125 0] 0 03} 125
Spring (SUP10) 0.55} 0.35] 0.95] 0.035 0.04 o 1.1 o[ ©of 0025 0
Cr-Mo (SCM1) 037} 035 0.6{ 0.03{ 0.03 0 15[ 03 o of o 0
Ni-Cr (SNC2) 04} 035| 08) 0.03} 0.03f 1.5 09 of o of o 0
Ni-Cr-Mo (SNCMS5) 035} 035 0.6y 0.03f 003} 35| 35 071 0 o0 o 0
1.43Mn-0.41Si-0.16C
(Mn-Si-C) 0.16] 041} 143} 0.014 0 0] 0] 0f 0 0 o 0]

DNWTIEZORREEEEIZBIT2HEAXPIIRLE, X
Ty UZER MBSO LD & 1tH - Dk
HEHNE <, 1.43Mn-0.41Si-0.16C#D Z I idfhd H AT
EHFEEE LR TNENZ b2 b, Fig. 2icA— 257
T4 FZATF L A E 1.43Mn-0.41Si-0.16CHIZ h Fh D
WERER T, RiZkEWT, 3 70K2 X 22RO
BOWEARLTWS, AICEET o2 2FIRL -B48120%,
EAEESHMTHIIZILEAMIERELP VD, ARTIE
Jxuruaf8EIZET S T BILREHRLRES DAL &
5, A—ZAFF4 FAF L AL 1.43Mn-0.41Si-0.16C
AT 5L, 7Jru7v o4 OEEICEY 3 _EB{LR
FHHRIIW00f5E Y, 2FICHDREAEA - 27 F
A FAT VLA 81.8% THBDIZx L TMn-Si-C#i
38% TH -7, MLEE O 22BIRE -0,
WMENBAETEREN S VTE BILRESH B2
THZENHE,NTH S, BETRICLHBEETNME
BNOHEENRBITAKEL, ZOMCr, B, Si---&vv»
ETHD, ZDOLD EFASIZK2BBENERMD
g, “ERLIRFPRBE 22T T < NO, SO HEizD
WTERETDH - 72,

60

Electric furnace
Smelting etc.
1146 kg/t
(17 %)

Ferro alloy
56.6 kg/t Hotstrip
38%) Pt

(5.2%)

Hot strip
78 kgt
(1.2 %)

Ferro alloy
Electric furnace 5513 ket
Smelting etc. (81.8 “4)
1354.4 ke/t
91 %)

(a). 1.43Mn-0.41Si-0.16C steel
Total: 1489 kg/t

(b). Austenitic stainless steel
Total: 6737 kg/t

Fig. 2. Comparison of estimated CO, emission by the
MLCA database between 1.43Mn-0.41Si—0.16C
steel and austenitic stainless steel.
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Fig. 3. Changes of unit requirement of fuel and electric
power from 1972 to 1984 based on the data publi-
cized from Japanese steel makers*®.

300

P — —
P31 Ne— L
111} ISR R AU

100 | b R

4
(=]
L

Unit requirement of fuel (10’ keal/t)

0

0 500 1000 1500
Inserting temperature of slab (K)

Fig. 4. Unit requirement of fuel vs. inserting temperature
of slab summarized by the data publicized from
Japanese steel makers*).
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Table 2. Assumptions for the maximum and the minimum
cases in the estimation of CO, emission.
Austenization Tempering Remark
temperature (K) (K)
Max 1473 773 Slab is heated from room
temperature.
N Slab is inserted to furnace at
Min 1173 — 773 K.
Ferro alloy

56.6 kgyt Hot Strip
(3.7%) 118kg/t
(7.7 %)

Ferroalloy ot stri
S66keft e P

(3.8%)

Electric furnace
Smelting etc.
1354.4 kg/t
(88.6 %)

Electric furnace
Smelting etc.
1354.4 kg/t
91.1 %)

(a). The maximum case

(b). The minimum case
Total:1529 kg/t

Total:1486 kg/t

Fig. 5. Comparison of estimated CO, emission between
the maximum case and the minimum one by the re-
vised database for 1.43Mn—0.41Si-0.16C steel.
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Fig. 6. Predicted true stress—true strain curves of single
and multi-microstructure steels obtained by mi-
crostructural control in 1.43Mn-0.41Si-0.16C
steel.
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Fig. 7. Calculated tensile strength-uniform elongation bal-
ance by changing ferrite grain size in (a) ferrite—
pearlite steel'¥ and (b) ferrite-bainite steel, where
do means ferrite grain size, ¥, and V, volume frac-
tion of pearlite and bainite, respectlvely
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Steel
SUS 316: Austenitic stainless SNC 2: Ni-Cr
SUS 430: Ferritic stainless  SCM 1: Cr-Mo
SUS 630: PH SUP 10: Spring
SUH 616: Heat-resisting SM 490: Mn-Si-C
SNCM 5: Ni-Cr-Mo

1/CO, (t/t)

8. Balance among tensile strength, elongation and the
reciprocal of CO, emission in the production for
steels; the Mn—Si—C steel (1.43Mn—0.41Si-0.16C:
SM490), austenitic stainless steel (18Cr—14Ni-
3Mo: SUS316), ferritic stainless steel (18Cr:
SUS430), PH steel (17.5Cr—SNi: SUS630), heat-re-
sisting steel (13Cr—1.25Mo-Ni: SUH616), Ni—-Cr—-
Mo steel (3.5Ni-3.5Cr—0.7Mo: SNCMS5), Ni-Cr
steel (1.5Ni—0.9Cr: SNC2), Cr—Mo steel (1.5Cr—
0.3Mo: SCMI1) and spring steel (1.1Cr-0.95Mn—
0.35Si: SUP10).
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