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Determination of Optimum Cu and Mn Contents in Cu-bearing Hot Rolled Steel Sheets
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= & 0.06wt % C-CuXrtd a7t Aol 4 590MPad€ 7Fx™ 10% pre-straing 7}3+ & 780MPaF o} 71X CuH
718 dd7ne) 24 Cu g Mn A7k 79 88 4 2 QY £3) uxpado)d o2 zabstdeh. Cu #7ps dedzbstol
A 247rske} RS 18 AA Cu A1 12wt AFdom, Mnyrtse 0.75~0.85wt% Bloladtt. 0.056%C-1.
2%Cu-0.75%Mn-0.04%Nb A7} 7rsdoll A YA F 2N A FA = 2ofg MEEe FAHA T2 e-Cusl Ao ol
glem, daasteel s bO0OMPad S 7FAw, 10% pre-straing ¥4 ¥ 550°ColA 308 dx2ad A 780MPagF2ol U=k

AEE 7hAlE Cuisbey dadzpwel Azt 7hsshelch.

Abstract Optimum Cu and Mn contents in 0.05wt%C-Cu bearing hot rolied steel sheets were investigated by vickers

hardness measurement, tensile test and transmission electron microscopy. It was determined that the optimum Cu and
Mn contents were 1.2wt% and 0.75~0.85wt% respectively. [t was confirmed by TEM observation that the coarse pre-
cipitates were fcc &-Cu in 0.05%C-1.2%Cu~0.75%Mn-0.04%Nb steel sheets. The Cu-bearing steel sheets having
780MPa of tensile strength could be fabricated by 10% pre-strain and aging treatment at 550°C for 30min.

5 A
T7}EE AR k= A9 Zalx Y6l A
A BES Y F ARIAMEFOEZN AEE Folu
wo] H4Ex ek, 0|9} 2L REAZYYL AT
A 71" A, & 2AA Y nEEe) g =
2 thelo] vln g £d F dom HFAEFY AEFFel
vlatey vl &zl fHogr 2L Y 4 9)
7) ol Tl Al o) sk Za| el fradnte)
71 g =3 712y A S Y-EEE 2 A
FTAL AFY T 7] Wil Azdrte] BA) sldAxs
Felstches A 7hA A g}

Faxey dd7do] oj4sE HEA AixE Cuold
785 Cu® 3713k WAl Aol sbd =T Ajg g xefe) ¢
3] CuMdE 8 4&E sl 35 2 JAde, Axr)
At 7o 2 aeA el ? Cud 33 HEAR
< 1960 vl INCOAMY IN 7877k2] 7idkg At
2 5t JA A T B 3R R Az o] 8- ¥ qlehY
2t 19903t 2 REE 2 zhele) 7k vlnA
FAZE gh& G HE-517] A7t ATV T ] &
AFFro 2 A4 HE §36C) digete dxel 34 g9
QlAdo] -3t Zkae) AZrt 7Ed Zle® BavEka o)
o} 22} S AS Zela AFobEe) sM5d U9

2y dadztse Az g AREIl AL5Hy oA 4
Btk obuje} o)o)) i AF= v]E AA ol

Cu#7}l 3dx8)8 dqdzbae) & 5459 sl A&
gxejodl oJ3ste] eCud HEAA AEF F/AAAGE
A AF7A 9] AFAE-E A, A, J
Ade o] d7-F Feiste] 3T Jlo] RE o2 A 2
2 AYR-Fo o) HEA 10% AT Y7 e] s
AExezA @ A FFALH7 e g AAH L dF
7} Ba st}

wpehA] B Aol A A7k dide el s 590MPaE 9
ll £ A A8E dxle) 98te] T80MPai2
FEE FEE $ glE Cu A7y FdAe dd4Twe A

= doid 71AA Al vl Cu9t Mn Hrlek

o] %S AT R Cust Mne) A Hrieks 39
staz} ek A Hrigkg A7) A% 24028 Cu

73t £ A7A87 AlEAEAR He 385t Cu
A7kl M2 AR ARAEE 71 7R 27
Z4stod Cu A7kl 1.0wt% o 7eliARe Cu H7izk
02wt% ¥ Z7HA12S W 2= Asake) 7h 2
A Cu Arizke s AAsigch. 18w MnY A
A Cu A7lE 7222 shole o Aa F9
57} 780MPaolAt, A& A dodAtelol A adAlgo) 25%
ol H9-E A Mn M7l 2 AAS .

o
g
f

& o
Do mlo o

(2
ol
ol

— 274 —



(mm) o], A3} 9 F7ItdA] ] AHa7E sty
1200°C ol 4] 2417} 7hdste] F7) 30mm<] & #| =3}
How, o] ZHE o) 1200CN A 90F FaF A7tdst
% 5 pass ¢d& A4t HF T4 35mm ZHEE A
Z3gich. old d7itd wibe] 2= (FDT) & 830CE
AL HLE (CT) = 450 C R st 1412 5 &
22120 & g3t

Cu #H7td ddztwe] Al a5 548 248t7] $1sto
+3C9 2aHE e AVRE AHEE] AJRdAE ¥
sk AlAEEE 550T R 3le] 18 ~6008 St 43
glgle] mlo|aBuALs HEV|2 A& wE Ax WS
ZAbskgdet. vl Z AL 2% nitalg-Hel] F4 A2 £ 23
ooz 4z FAe t/4 F-o A At Alael
& Cu AZEE9 AE4es shdaxio t/4 F-9l9f I
o2 FE HAY AEE YYAEE A zsbe] FHAAY
U] (TEM) & ol-g3te] Bastqlct. 71A1A A2 2
I dd g AEdAg F ASTM A370 79 subsize
o BARE 7bgslel 2R~ = A9=E Smm/min, &
A2 E 26mmE 8o AR P L Bt

U4 - ol - 2de - FAu)  CudrbY ddztge] AH Cu ¥ Mn Hobs 49 275
Table 1. Chemical composition of test steels.
(wt%)
Sample .
C Si Mn P S Al Cu Nb
name
1 0.051 0.200 0.505 0.010 0.005 0.036 1.00 -
2 0.052 0.190 0.501 0.011 0.007 0.012 1.18 —
3 0.050 0.180 0.502 0.009 0.006 0.043 142 —
4 0.050 0.200 0.505 0.010 0.005 0.040 2.00 —
5 0.049 0.200 0.501 0.012 0.006 0.038 1.28 0.04
6 0.049 0.198 0.729 0.011 0.006 0.033 1.26 0.039
7 WSI 0.200 1.010 0.011 0.006 0.043 1.26 0.04
Table 2. Mechanical properties of hot rolled and peak aged Cu-bearing steel sheets.
Cu Hot rolled steel sheet Peak aged steel sheet
contents YS TS Fl YS TS B
(%) (MPa) (%) {MPa) (%)
1.0 344 448 342 464 553 26.0
1.2 387 467 | 328 562 631 4
14 A15 505 | 305 603 681 237
20 473 554 30.3 694 766 23&_*
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Fig. 1. Effect of Cu contents and aging time on the hardness of
Cu- bearing hot rolled steel sheets.
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Fig. 2. The variation of tensile strength with the amount of Cu
contents and aging treatment of hot rolled steel sheets.
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Fig. 3. Effect of Mn contents on the microstructure of Cu-~bearing hot rolled steel sheet.
(a) Steel 2(1.2Cu-0.5Mn) (b) Steel 5(1.2Cu-0.5Mn-0.04Nb) (¢) Steel 6(1.2Cu-0.75Mn-0.04Nb) (d) Steel 7(1.2Cu-1.0Mn-0.04Nb)
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Fig. 4. Effect of Nb and Mn contents and aging time on the
hardness of Cu-bearing hot rolled steel sheet.
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Fig. 5. TEM micrographs of specimen aged at 550°C for 30min.
(a) BF image peak aged for Steel 5
(b) BF image peak aged for Steel 6
(c) BF image peak aged for Steel 7
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Fig. 6. TEM micrographs of Steel 6
(a) BF image over aged (b) DF image of (a) (c) SAD pattern of (b)
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Fig. 7. The variation of tensile stress with Mn contents of as
hot rolled and peak aged after 10% pre-strained condition.
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