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Kinetic Analysis of Decarburizing during Continuous Annealing
in Extra Low Carbon Steel

Takako YAMASHITA, Akio ToSAKA, Masatoshi ARATANI and Tetsu NARUTANI

S

Synopsis : Mechanism of decarburization in ultra low carbon steel sheet at the continuous annealing process has been investigated. Thermo-Calc and

DICTRA programs were used for calculation analysis of decarburization and the calculation results were compared with those observed by

chemical analysis.

Decarburization was observed in the ultra low carbon steel sheets in a short continuous annealing treatment at 750°C for 10s. Decarbur-
ization and nitriding were observed in 3%H,+97%N, gas atmospheres. Precipitation of Nb(C, N) affected decarburization kinetics, and the
amount of decarburization decreased with the increase of Nb content because precipitates did not resolve during annealing.

The decarburization rate obtained by this experiment is in a good agreement with those reported by Collin et al. The rate was dependent

upon gas atmosphere and annealing temperature, but independent of carbon content in steel. Control of decarburization kinetics in continu-

ous annealing process is indispensable for quality control of materials, because Yield Strength of ultra low carbon steel sheet after continuous

annealing is closely related with the carbon content of steels.
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Table 1. Chemical composition of steels (mass%).

c si Mn P s Al N Nb
0.0016 | 65005 | 015 | 0008 | 0005 | o004 | 00019 | 0.001
~0.0025 ~0.0031| ~0.018

Table 2. Chemical composition of steels for the investigat-
ing on the precipitation behavior.

Steel C Si Mn P S Al N Nb
A 0.0018 | 0.005 022 0.008 0.005 0.035 | 0.0011 | 0.001
B 0.0015 | 0.005 021 0.008 0.005 0.042 | 0.0011 | 0.005
C 0.0015 | 0.005 0.22 0.008 0.005 0.041 | 0.0009 | 0.015
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Global conditions : Temperature=750C,
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1 Grid point=40 (geometical)
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(denoted by FCC#2)

Boundary conditions
Ac(C)=1X10-6
Ac(N)=0.963
J(Nb)=0

: activity of carbon
: activity of nitrogen

: diffusion flux of Niobium

Fig. 1. Calculation conditions with DICTRA for decarbur-
izing and nitriding during continuous annealing.
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Fig. 2. Change in C and N contents due to continuous an-
nealing.
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Fig. 3. Carbon concentration profile through thickness
after continuous annealing.

O N as AiN in Sample A
A N as AIN in Sample B
6 I'o NasAINinSample G
® Nbin Sample AB,C ©

Change in precipitate amounts /mass ppm

4t
©
2r A
a ©
0 o—r o—eo—1 L
1 10 100 1000

Annealing Time, t/s

Fig. 4. Change in precipitate amounts of Nb and N as AIN
with annealing time.
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Fig. 5. Effect of C content on yield strength (YS) after
continuous annealing.
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Fig. 6. Comparison between calculated and analyzed car-
bon and nitrogen content after continuous anneal-
ing.
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Fig. 7. Carbon and nitrogen contents as a function of an-
nealing time at 750°C by DICTRA. Solid circles
correspond to the results of chemical analysis be-
fore and after annealing.
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Fig. 8. Effect of Nb content on the amount of decarburiz-
ing.
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Fig. 9. Comparison between calculated and analyzed car-
bon contents after continuous annealing.
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Fig.10. Comparison between calculated and analyzed car-
bon contents after continuous annealing. Solid
line is calculated with Eq. (4 ) by Collin.

WHPDOCETHS., £/, Y BRADOKRIEERETH 3
A, (3REEBICHLES TS ZEi12&D,

23038
21

C,—C,
c,—C

k/

-logy,

DO, KRR 1 & log(C,— CH(C,—C)D FE D T4 BY
FROBEELLERD MBI L hbr b, 2IT, Ci3yvH
OFMPOCE, CIIPBBRIZBITIBZCET, HROEEIZ
C=0L%%,

E 5612, Collin 51, k4 LMD H,-H,0-N, FH 51
B % 0.9mass% CHDBLIKZESY K D FERIYIZ log,(C/C) %
Kk, BE L FHIMROB%RY 5 XRE/B TS,

pH,0
'l
\/ pH,
—12900] pH,O

vPH,

ZZT, (5 REFHVWTAEROFTHKMHR L BEIZK
BIRIGEE K KDL T 5473X10°°L %D, Collin b
DEBRFMOMIZTXI0  LIEHITAVVEE LB Z L 0b
Moz, 7z, BPOBREL, (4) XKD K AT
SN OBEBELTEAbNS, 22T, L
Table 20 Sample CiIZ 2 WT, ETR®D v H2HWT
log,(C/C) & e ¢ & DBItR %K % & Fig. 100D K H ik
D, MEOMHBEDME X 1X42X1074 12k 7=, ZOMEEIT,
(4R & D E/1.1515X5IZHY L, Collin 5 DERIZHITS
0.9 mass% C &% F\ 7232l 5 D H,, H,0 & ¥ & OBt
BE AN X TG AE, 310740 5 5X10 3D &HETHE

—22350
6.31-105-exp( 35 ]

K=

1-+5.6.106.exp(

42

bhThD, RERIZKBEIIZOERE—FLE, 20D
Ze kD, BRORISEE IBERERTEREHAKE LV
WEIZEDEL, ZORBHREISESKERTHLhE
LIFIT—HL, ()R TRINBZEPHO LB ST,

5 W&

Fd O RRAK IR FHIMR OGBSI 1 5 1 IR RIZD
W, Thermo-Cale & & U LB R EEREMANT Y 7 b DIC-
TRAZHWTHEHT L 72, SEERE AHEROIEIZ &
D, UFOZEBMHE2IZE 57,

(1) MEHMTIE750°C, 10s DIELD5EIERE O it
HTEMBIZHETRIIEOBRRIET S,

(2) 3% AKREZE-BFRFHKTIX, BREEFIZRELE
35,

(3) KREBLBINBC, NOHHIZBRZEB IZHEL S
A, No@RMEXHEMT 5 L HEREIKDT S, Zhid,
BElEL T3 COARBKIZEEE L, thitimaz KT 5C
B ZDOBEMEHTIIBLENW-DEEI OGNS,

(4) XREROBIREEHOIGEE L, Collin 5 DHEER
BREEL T3,

(5) HEEGHEMEFORTIc L > THRREZZML &8 - &
ERRK R RHWROFREREE I3 BSOS h CRICIRTEL
B D CERBEZVEDIZERRBEN LR TS, LA
2o T, HEELEMPORREOHIESHME 2 EHT 5720
T EELE D,

DICTRADEI BIZH 7= - T, #HYIAZHS 2TH N2 X
Y7 VvESTRKRKEWEEESS¥F O Dr. Anders
Engstrom % & U° Prof. John Agren 123 # & L £ 7,

X [

D.J.Blickwede: Met. Prog., 95 (1969), 87.
2) H.Abe and S.Satoh: Kawasaki Steel Giho, 21 (1989), 208.

3) N.Suganuma, S.Yamada, A.Tosaka and H.Kuguminato: Met. Technol.
(Jpn.), 65 (1995), 475.

4) B.Jansson, M.Schalin, M.Selleby and B.Sundman: Computer Soft-
ware in Chemical and Extractive Metallurgy, ed. by C.W.Bale et al.,
The Met. Soc. CIM, Quebec, (1993), 57.

5) M.Umemoto, A.Hiramatsu, A.Morita, T.Watanabe, S.Namba,
N.Nakajima, G.Anan and Y.Higo: ISIJ Int., 32 (1992), 306.

6) C.Atkinson: Trans. Metall. Soc. AIME, 245 (1969), 810.

7) John Agren: ISLJ Int., 32 (1992), 291.

8) L.Kaufman and H.Bernstein: Computer Calculation of Phase Dia-
gram, Applied Science Publisheds, New York, (1970),1.

9) R.Collin, S.Gunnarson and D.Thulin: J. fron Steel Inst., 210 (1972),

777.



