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Effects of Cu, Ni, Cr and Sn on Mechanical Properties of Ti Added Extra Low C Steel Sheet

Teruaki Y amana, Masahiko Opa and Osamu AKISUE

Synopsis : The effects of Cu, Ni, Cr and Sn addition on the mechanical properties of Ti-added extra low carbon continuously

annealed steel sheet were studied. Following results were obtained :

(1)Cu or Cr addition up to around 0.2% raised tensile strength, and decreased total elongation and r value.

(2)When slab reheating temperature was lowered to 1050°C, tensile strength was decreased and total elongation and
r value were increased at the same 0.296 Cu or 0.29% Cr content.

(3)Ni addition up to 0.12% did not give a significant effect on tensile properties or r value.

(4)Sn addition up to 0.085% increased tensile strength, and decreased total elongation and r value. In the case of Sn,
lowering slab reheating temperature did not improve total elongation and r value.

(5)The effects of Cu, Ni, Cr and Sn content on mechanical properties are proportional to the difference in atomic

radius between iron and those impurities.

(6)The effect of impurity content on r value is different between the group of Cu, Ni and Cr, and Sn. In the case
of Cu, Ni and Cr whose atomic radius are slightly bigger than that of iron, r value can be improved with lowering slab
reheating temperature. However, in the case of Sn whose atomic radius is significantly bigger than that of iron, the

effect of slab reheating temperature is very small.
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Table 1. Chemical composition of steels used (wt%).

Steel C Si Mn P S solAl N Ti Cu Cr Sn Ni

Cu-1 0.0026 0.02 0.13 0.009 0.005 0.045 0.0015 0.054 0.099 0.00 0.001 0.01

Cu-2 0.0022 0.02 0.13 0.010 0.005 0.046 0.0015 0.055 0.168 0.00 0.001 0.01

Cu-3 0.0027 0.02 0.13 0.009 0.005 0.043 0.0014 0.055 0.220 0.00 0.001 0.01

Cr-1  0.0022 0.02 0.14 0.009 0.005 0.058  0.0010  0.057 0.012 0.09 0.001 0.01

Cr-2  0.0023 0.02 0.13 0.009 0.005 0.059 00010 0057  0.012 0.17 0.001 0.01

Cr-3  0.0027 0.02 0.13 0.009 0.005 0.059  0.0010  0.057 0.012 0.21 0.001 0.01

Base 0.0027 0.04 0.15 0.009 0.005 0.051 0.0011 0.053 0.005 0.00 0.001 0.01

Sn-1 0.0026 0.04 0.15 0.009 0.005 0.053 0.0012 0.054 0.005 0.00 0.042 0.01

Sn-2 0.0030 0.04 0.15 0.009 0.005 0.048 0.0012 0.054 0.005 0.00 0.085 0.01

Ni-1 0.0015 0.02 0.13 0.009 0.005 0.042 0.0013 0.054 0.012 0.00 0.002 0.03

Ni-2 0.0012 0.02 0.13 0.009 0.005 0.043 0.0011 0.055 0.006 0.00 0.001 0.09

Ni-3 0.0014 0.02 0.13 0.010 0.005 0.042 0.0014 0.055 0.006 0.00 0.002 0.12
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Fig. 1. (a) Effects of Cu content on mechanical
properties and grain size of Ti-added extra
low C steel seets. (b) Relationships between
grain size of annealed steel sheet and
mechanical properties of Ti-added extra
low C steel sheets.
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Fig. 2. (a) Effects of Ni content on mechanical
properties and grain size of Ti-added extra
low C steel sheets. (b) Relationships between
grain size of annealed steel sheet and
mechanical properties of Ti-added extra
low C steel sheets.
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Fig. 3. (a) Effects of Cr content on mechanical
properties and grain size of Ti-added extra
low C steel sheets. (b) Relationships between
grain size of annealed steel sheet and
mechanical properties of Ti-added extra
low C steel sheets.
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Fig. 4. (a) Effects of Sn content on mechanical
properties and grain size of Ti-added extra
low C steel sheets. (b) Relationships between
grain size of annealed steel sheet and

mechanical properties of Ti-added extra
low C steel sheets.
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Fig. 5. Relationships between grain size of annealed
steel sheet and mechanical properties of Cu,
Ni, Cr and Sn-containing Ti-added extra
low C steel sheets.
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Fig. 6. Relationships between grain size of annealed
steel sheet and pole intensities of Cu, Ni, Cr
and Sn-containing Ti-added extra low C
steel sheets.

BYRELLBIELIEY > TR EBEI RS BT
5 DL, BIEAR DS an bR DHAI L DR & 5 (200) 5
FEOMKOBELEbNE, 72, SnE&AHMILMOMM &
RS, [F RS SbifRdD —1/25 T (222) 5755 <, (200),
A1) D @wmL 5T b, 2D LIL, Cu, Nix & UCré
FOREIEL L TSGR ORES CHE Y KT
T2, SnE A OBE IS0 ORELEDA L O
AR ORER I b B L T3 LEES
b, L, DI LHBENRKLT ~DSnDFEE 72 mAT (1
FERCIATES) L 2B AFH L N5, A%
AP BETH 5, FiZ, NIiEHMT (222) HHEEE 5545 Skl
BAD—1/2FDE] b KL Lo Tw 2D, CEHE &H15ppm
DT HEC D CBIER D ESRREDY RS Bolein b
Hmasn b,
4:2 MEACRIZITHESELRNEVLDOE

Fig. 7 3ME 2 OMBETLE 2 &F L 12 TiR IR R Fin it
RDGIIRE S, M & UH % &L E DR F (Atomic)
%T R L, BB RETETRORELRLIZLD
TH 5, Fig. 7 TldCu, Ni, Cr¥ & USn&EHBUNDIER
Fr—IERCLIRTEOHELRY, ML ~VvDE
PHELDOD, WEEEREFOEMEICL Y, BEBOMRE
BEPEDONE, 22T, ChLOWMBOTLENEE S

82

ISR EFEIEAE, Lo T SR CTIR® S RETREE
RO BORE, FeDBRTHF AT 2 FBETEDR
FEFEZECHBITE LFELLNBZDT, Fig. 7 963K 720.1
at.2% %7 Yy ORBORE LMEBEEBLRORETFEE LD
%% Fig. 8 12777,

0.1at.%%7: b DFI5E b 583 DEAL(AT.S) iE, FeDJEF
ERTER LRV EFEEZCHBAILTEL k5, 72,
IEIEE31200°CT $1050°CT b RICATS L L W iInE L HE
DRFHRELERCAHEY D 5, ZILEDO0.1lat. %Xz 9 D
AT.SIZ, T EEEH51.25 ADCris & FNITIR 12 #4MPa,
JRTEH1.28 ADCuTI210MPa & I FEH%1. 414
DSnT246MPaTHh 3,

0.1at.%%47: b DHEDEAIL(AED i, FeDEFHED
BATEe L ) HPERBCHBAL TSR3, 37,
TEREEST1200°CT $1050°CT b W CAELE %2 Y IFETED
JEFEE L BCHEREYDH 5, ZILEFED0.1at.9% M4 72 h DAE]
X, Cr¥s & CNIiTIRIIZH—0.7%, CuTiz—2.3% & F
SnTIix—9.8%TH 5,

—7, 0.1at.% % 7: b DHEDZEAL (AT) &, JR-FFEHFe
CECZ v —7DNi, Cr, CuTiZ3kiZ#1200°ChnEu
—0.25, 1050°CIN#ATHI—0.1L 2 b, R FEEDKE Sn
TREMBIEEI K —0.9E £ 5,0.1at.94 72 H DAFIL,
Ni, Crt R FERORL 3Cud®W CAFE 2 Y, » DBk

2.6
- Cu NI Cr 3n] 4
2.0k SRT 1200 | © & O ¢ |4
- CI0S0 @ A4 B @ |-
2.2F ~~a__ —-. b
[ T A=~ A [ L, a-. |
g 2.0% A v -
N - .u‘~ \\ -
g 1.8 .\é \o J
Thos - \\8 \D o a
1.6} 5 T 4
L N i
1.4 . - -
C —n NI 1
a 52‘( --—.54‘ == EE -
s M\ e ]
5 504, g----
gn ’\. ‘. & """" o>
= e\ o "a--
sk \\ T~
\"\ ~
9\ . 1
ue
- ]
&
<~ 300 -
g |
= 280f -
E -
260 - 4 A
0 0.05 0.1 0.15 0.2 0.25
Atomic (%)
Fig. 7. Relationships between atomic percent and

mechanical properties of Cu, Ni, Cr and Sn-
containing Ti-added extra low C steel
sheets.
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Fig. 8. Relationships between atomic radius of Cu,
Ni, Cr and Sn, and changes per their atomic
percents in tensile strength (AT.S), elonga-
tion (AE)) and r-value(Ar-value) of Ti-added
extra low C steel sheets.
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