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Effect of Mn on Strain Aging Behavior of Ultra Low Carbon Steel Sheets

Hirokazu TANIGUCHI, Tetsuji KiYOKAWA, Masaaki MIZUTANI and Riki OKAMOTO

—

Synopsis : Aging behavior of low Carbon steel depends on chemical compositions. Mn were reported to reduce BH (Bake Hardening) value at low car-

bon mild steel, but its mechanism are not cleared. In this paper, strain aging behavior of ultra low carbon steel with Mn were examined by

measuring Yield Point ,Yield Point Elongation and BH.
The following results are obtained:

(1) Aging rate is reduced by 1.0% Mn addition. BH value is also reduced by Mn addition , which means that Mn does not improve the

relationship between aging rate and BH value.

(2) The BH values of 300 min aging of the samples with Mn show higher values than the BH with 20 min, and show almost same values
of the samples without Mn. It seems that no stable phase is formed by Mn addition.

(3) Atomic level interaction between Mn and Carbon is assumed to exist and its value is smaller than that of Mo—C. The trapping ratio
of C by Mn at 25°C is smaller than that of Mo, and the trapping ratio of C by Mn at 170°C is larger than that of Mo, which cause the BH de-

terioration at Mn added steel.
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Table 1. Chemical compositions of the vacuum-melted
samples.

(mass%)

S-AL \ Fe

Saple N C [ Si [ Mn [ P s [ Ti

PLC_ | 0.0022] 0.006] 0.01] 0.0 0.001] 0.004 0.038 0.001] bar.
PC 0.0040| 0.007 0.01] 0.001 0.001] 0.004] 0.040] 0.001 bal.
pLuN_| 0.0026] 0.007 1.05] 0.001] 0.001] 0.00a] 0.040 0.001] sar
P ] 0.0 0.007] 104 0.001 0.001] 0.004 0.044] 0.001] par,
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Fig. 1. Heating pattern of the samples.

Table 2. Mechanical properties of the samples after skin-
pass rolling.

t YP T8 T-EI | YP-EI

Sample No.| () | (mPa) | (MPa) | ) | @ | GSNe
PLC 0.8 186 263 55.8 0.0 8
PC 08 209 285 50.2 0.0 9
PLMN 0.8 228 320 46.1 0.0 10
PMN 0.8 249 336 428 0.0 10
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Fig. 2. Variation in increment of AYP of each sample with aging.
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Fig. 3. Variation in YP-EIl of each sample with aging.
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Fig. 4. Relationship between BH and C.

%72, PC,PMN %2 lbE3 3 & | PMNOBEE L, #
CTPCLDEEL LT3,

ZDESIZYP-EIOHEEIZHE LTS, MniRIC X ik
EE PR Eh T3,

RIZBHIZRIFTMnDEEAHEL 7=,

Fig. 4@IZBlBlOBHEA CRIZHLTT o v F L7,

COWMIZHEy, BHE S KE L &> T35, MnERM
DPLC & PCEFEAFEMIZH LT, PLMNIX10MPafEf§
PMN TiZ20MPa e ENDBHEDIK FAR S 5, MRl
I2&->T, ACCEBIZNLTBHMETLTWA Z EAb
»5,

F72, 2% VPEHK, 170°CX300 minff#F L 728D AYP
(BH;p & Ei T 3) %, CRICHLTCT vy bLERE
Fig. 4b)IZ/R" ¥ . Mnii % O PLMN & & UF PMN I,
170°CX20min TOBHDE LD B & D, Thth,
MnERMREIEEFR CMEICE->TWSE, ZOZEH5Mn
EWMLTYE, Mn& CORELMEMPIER S THARIZ
HAMHE & h3 DT, BHO LHEE I H < h
3DLELIEND,

Fig. 51, 100°CX1hBE&h#% D &K D YP-El & BHO
RETT,

100°CX 1 h DBExEpIS, RERRIOFME L TRV S,
ZDEEDYP-EIMENHVEREIIENR TS EEZ
b, WUBHEIZX LT, YP-EIAMEWF A, BT
b0, TENMERSSEELLNDS,

Mn ERMD PLC & PC EFEAZEMRIH L, PLMN & &
UPMNDEIZFAEZKETFLTHE LT, Mnifllick-TE,
BHIZAI 9 % YP-EID{K T I3E T Turislny,

L7245 T, Mniilik, MoiRIIODBA L B | Bl
RIOBE 6%, LENRAEHLD K0,

RiIZMniZ & 5 BRSO EML T AL ¥ —~DOEE L B
L,

RN, BAUANDCOBB L IPRMIZLZ2EDTH
B, BERhAGEEIC L ZzA0 )y, ExfE B ICfRAR L 72 C AN

25
E oPLC
< 20 I |opLMN
(’3 DPC
S 15[ |mpuN A
e
S10
©
&os t *
>
0.0 1 L 1 1
0 20 40 60 80 100
BH (MPa)

Fig. 5. Relationship between BH and YP-EI with aging at
100°CX1h.

THRIBEERLTL 3189, 7=, BT AFERK
b, 1BFR, 2B3RELEVLOPOWENDH D, H—Mk
AP EIN TR, 207D, AYPARERIZHL T
Hgilcyr=ow 270y P LTS, EAEELL 3L
F—-HRD S5z W,

%2 Z7T, Hindy MRE L 2R AW, BREEEZHIEL,

B — TOEGEEL D, EENTIEH B, ZOMED
T A 4T > 72,

Hundy?!d, RICEMEEEI §T200RE SO
B aBERE, RK(DHD K ITENTN B,

logﬁ(L:K(—l———l—J—log[i)
t T, T T,
T, t, - RHEL 5 5105 (K) B LU (s)
T,t . X% & & BERNRE (K) 5 & OBFRIRFRE (s)
K EH
EBHKIE, COafkP TOHBOBEB LI F—
84100 J/mol?V% | #H 2 EH8314VK-mol TRRL , & 512,

In(10)TRRL ZMETH D, 4400 LT 5,
R(HEEFET2E, R(2)B/B6N3,

43

665 I



BN G66  $%C8H  Tetsu-to-Hagané

Vol. 91 (2005) No. 8

140 I
——60°C
120 1| —a—s0°c
100 _—-—100:0
—0—120°C
80 H-a—140Cc
~0—160°C

N

60

AYP (MPa)

40

20

0.01 1 100 10000 1000000

Revised aging time (min)

(a) PLC

140 T
—8—60°C
120 H—a—s0°c
—8—100°C
100 o150
80 | ——140°C
~0—160°C

20 /

0.01 1

60
40

AYP (MPa)

100 10000 1000000

Revised aging time (min)

(@ PC

140

120 H —e—60°C
—A—80°C
100 [ —a—100°C
-~O0—120°C
[|—a—140°C
—0—160°C

AYP (MPa

100 10000 1000000

Revised aging time (min)

(b) PLMN

140 T
——60°C

120 [—a—soc
—8—100°C o

100 1 o120

80 | | —f—140°C

—0—160°C

AYP (MPa)

100

10000 1000000
Revised aging time (min)

(@ PMN

Fig. 6. AYP plotted against revised aging time by Hundy’s equation.
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Fig. 10. Calculated relative diffusion coefficient with re-
spect to Mn content.
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Fig. 11. Calculated apparent activation energy for the case
of 1.0% Mn and 0.05% Mo plotted against tem-
perature.
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