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Effect of Mo on Strain Aging Behavior in Ultra Low Carbon Steel Sheets

Hirokazu TANIGUCHI, Kouichi GoTO, Riki OKAMOTO, Masaaki SUGIYAMA and Kazumasa YAMAZAKI

Synopsis : In the autobody fabrication, both delayed aging properties at room temperature to suppress stretcher-strain and high bake hardenability are
required for bake hardening steel sheets. In relation to the requirement, the effect of Mo on aging behavior has been investigated for ultra low
carbon steels. Obtained results are as follows. Increase of yield point elongation during aging at 40°C after skinpass rolling is retarded by the
addition of 0.025 mass% Mo. The effect of Mo for reducing aging deterioration is enfeebled as aging temperature rises, then bake hardening
treatment at 170°C for 20 min provides high hardenability. Thus, it is concluded that the addition of Mo is effective to compromise delayed
aging properties and high bake hardenability. The effect of reducing aging deterioration is considered to be caused by short-range atomic in-

teraction.
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Table 1. Chemical composition of the vacuum-melted
sample.

| Samplefo| C Si Mn P S Al N Ti Nb Mo [ ExG
Gl | 20 [ oo | 05 | 00 | o008 |00% [ 25 |op3 | 000 | 0 | 7
G2 | % | om | 05 | oo | ogob | 00% 003 j oo | 0 )1
MU | 16 | oo | 05 | 003 | 0008 | 0035 0013 | 0010 | 0055 | 9
M2 | 3t oo | 05 | 003 | 008 | 0 0013 | 0to | 0025 | 18
M3 | 25 | oo [ o5 | oo | o008 | 005 0013 | 0010 | 0025 | 13

N N N =R

C,N,Ex.C:mass ppm, the others mass%.

Ex. C=[C]1—(12/92) [Nb] where [C] and [Nb] areC andNb
contents in mass ppm
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Fig. 1. Optical micrographs of sample C1 and sample M1.
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Table 2. Mechanical properties after skinpass rolling.

SampleNo | Yield strength/MPa| Tensile strength/MPa Total elongation/%
Ci 206 340 415
c2 205 341 425
M1 209 343 42.1
M2 210 347 41.1
M3 212 348 414
0.50 —o—C1
-o-c2 7'
040 [ —e—M
—a—M2
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Fig. 2. Variation in yield point elongation with aging at
40°C.
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Fig. 3. Variation in increment of yield strength (AYP) with
aging at 40°C.
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Fig. 4. Variation in YP-EI with aging at 100°C.
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Fig. 5. Variation in AYP with aging at 100°C.

AYPDHEREIE, Fig. 2 T/R U 72 YP-EIDBE LR, 2
e ERENKELIM2BZRIZROTWS, £/,
Ci, M1, M3 Ti3, 100dRZh% T AYPIZ, 5MPaf@fEIC
LEFHSTN3,

RIZ, 100°C THERY L 72434 D YP-EIDEAL % Fig. 412,
72, AYPOZEAL % Fig. 512 T A, 40°CRER &L 0 &
YP-EIB K AYPD LREENEL ko TWn3, 7=,
C2, M2D YP-EME D L AR E S KU LEREIZ, C1,
M1, M3DBA LD ERL E->TED, 40°CHSIDBAE &
ML 7-f@Am 4R L T3,

L7285 T, Mo@™INZ & 5 ErEAhIMFIRIRIZ, 40°CHE

108

6.0
5.0
40

3.0
20
1.0
0.0

5
g Z

YP-E! (%)

1 10 100 1000

Aging time (min)

10000

Fig. 6. Variation in YP-EI with aging at 170°C.
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Fig. 7. Variation in AYP with aging at 170°C.
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Fig. 8. Relationship between bake hardening (BH) and
Ex.C.
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Fig. 9. Variation in AYP with aging at 170°C after 2%
straining.
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Fig. 10. Relationship between BH and YP-El with aging
at 100°CX2h.

60 80

0
-5 =
-10
E e
= =15 1 o—¢1
T —0—-C2
(7] -20 HH —e—M1
< —a—M2
~25 —a— M3
-30
0.1 1 10 100 1000
Aging time at 40°C (day)
Fig. 11. Variation in decrement of BH (ABH) with aging

at 40°C.
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Fig. 13. Variation in AT-EIl of each sample after aging at
40°C.

b0, TOMI—EIZEBELELZONS,

F72, EEIZK - T, SROEMT (T-El) MET T
5, Zhid, COEEMANDEZFIZE S nfllOERKRIZK->T,
B— OB OBEN £ TOMUMERT 28 DLEA 5N T
W50, 40°CRRNIC &K 32 &MU DK TR AE1 DZEAL %
Fig. 131284, MoiRIMD M2 TiX, AT-EIDE T A/ &
o TW3, T-El3 7V ZAREEOBUIRA % £6F
DRMMETHB720, NSEABRTORFEIZENUL, &
ETHD, Moz & 3 T-EIOKTHFNE, 7L ARFE
Hom EBHFETE S,

PlEDZ EH5, MoERINZ & D 40°C TORRh % #IH| T
x| HBRFCRAT 3 YP-EIHBESLBHMSHIL, &0
FrPFlEhs Zenbhr o7, —F, Moid, 170°C
TOCLOMHERMALHEL, BHREOHILB NI L b
"oz,

4. EE
Mo & CONHMIE L Tid, Mo,CHBRISE TV 3E1D, K

MRORRIZIHB T 5 Mok COFHEREE TFHIT 2720,
C: 20ppm, Mo; 300ppm, DHFHE %E L T Mo,C DA,

110

B % Thermo-calc iz K VAR L 7=, ZDOFRHF T,
Mo,Ci3450°C LI P CREL 4D, BHAUHIREHER TS %
17°CTEFBL AV EATFHIEH, ZD72D, Mo,C
DOHBREANET 5 Z & TRESROEBREREHHTE
BV, ZOBEDMo & CORBA T I X —IT45kI/mol T
b0, KDIEKAEEFHZ AL -2 OREICHHI L
MR X N7z,

EEBDEA, Mok CITHIM L D IZRKETIDFE NS
28 —=9H B NIHL A K- L EBRL T B AEENELE
AbNB, FA4AR-—NMIZONTIE, T TIZM-CRBVEE
ENTNBZRMY T h EFARRIZE LT ERERBRTIE,
Mo D&zt 4 MIZCAEHL L 723BED, Mo & CORIC
B < WHHOHEAEMERAIEEZ NS,

ZHICBEEL T, BRYS I, BRABERTORET
DEF VY Y VT INFE—DRHH» SBABET A Z ZI
Py TERBEL, CGrRMoDEBEBE CRONDEA
BRREOMAEEHT ALY — %, HAFHABREDOEER
F— R RNEBEBD A X — 7T 7 7 A LOERI S
KDTWB,

2C,, exp(OQb/R/T)

Trapping ratio=
1-2C,,+2C,, exp(Qb/R/T)

Ob: BRAABIR T ERARGTROMAEERA - AL F —
R H AEK

Cy BRANKBEIR TIEE

T i (K)

T, 2@ Sy SETF LR, BBRUBERT
WCEBRABTERDO Ly THEAEH L Z2RE "1 H
D, RYNZ&kD, +FyTHEERDTWS,

Mo & COMAEH T XML X — % 15~24k)/mol D HiH T
Z@Hxe, (1P 5MolckBCDF Ty FTHEELRD
7o RER % Fig 14107, BOEOME T, oFediziiT 3
Mo & COMAEMEMAT X LF —id16~18kI/mol & \ybh T
BOW, Fig 14t A1, MAERH 18kI/molDH A&,
40°CTDOCD b T v THRIFOIFEE, 170°CTIX0.05FEF
kb, ZOFRIZ, BRTIENI v THADS S B
HFlEh Tk, BHOAEDOBE TIT L 7 v THIAMEL ,
AKEBENSB/ON X ST, BiRFERNIZ E Mo D REHINHI
RPEET HHR L EENIIHIET 5,

—%, B COMAEEHAT I LX -3 70k/mol FBE
THDY, ZhizMok COAEEAZAILF—-KDKE
W, L7225 TERIOBETIE, Mol b5 v FE¥hvs
AR TAR-NLEERLA-CYE, BRRNIZIITPRIZELS
THEHA SN BEMICCHAERL, ZZICmird 30 i3
U CFHERREIE T 5,

ZOES> @M EB AL 5L, Cottrell & BilbyV=,
Harper’® 5 4%, Fe-CD2TERIZHEWT, BN DIGSIB %%



Mo0=0.025mass%

10 ¢
------- 24KJ/mol
08 o = = = = 21KJ/mol
e N ———18KJ/mol
s 06 Yoo L= 15KY/mol
= -
5 04 15 *
£ \\»‘u :
=02
[~ o ik
0'0 I I I I L T e e -—'ﬁs
,‘3,‘\9Q"&“Q“’Q@'@Q\‘\g\“Q\@&"’Q‘\,@f\'}9

Aging Temperature (°C)
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culated from assumed volumes of binding energy
with Mo.
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