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Abstract  The hot cracking phenomena and phase behaviors during hot working process of Cu-Ni bearing hot rolled

steels were investigated by a 90° bending test, BSE image

analysis and EDS analysis. For a Ni-free 1.2%Cu bearing

steel, the surface hot cracking occurred above 1100°C due to a liquid state Cu-enriched phase formed continuously at
the interface between oxide scale and matrix. The liquid Cu-enriched phase penetrated into austenite grain bound-
aries and caused surface cracking during the hot working. In case of 0.6%Ni containing 1.2%Cu- Ni bearing steel, solid
state Cu-Ni-riched phase existed at the scale/matrix interface as a discontinuous type. But the higher addition of 1.2%

Ni, solid state Ni-Cu-riched phase was formed dominantly

in the oxide scale. It was found that the addition of Ni sup-

pressed the surface cracking of 1.2%Cu bearing steel by eliminating the liquid state Cu-enriched phase.
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Table 1. Chemical composition of test steels

(wt%)
Sample C Mn Cu Ni Si P s N Al
name (ppm)
1 0.050 0.74 - - 0.19 0.011 0.009 36 0.033
2 0.052 0.76 1.30 - 021 0.011 0.009 36 0.035
3 0.047 0.75 1.20 0.62 021 0.011 0.009 35 0.029
4 0.051 0.76 121 121 021 0.011 0.009 35 0.028
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Fig. 1. 90° bending test results of Ni-free 1.2%Cu bearing hot rolled steels heated at
a) 1050°C, b) 1100, c) 1150°C, d) 1200 for lhr.
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Fig. 2. Hot cracking morphologies of Ni-free 1.2%Cu bearing hot rolled steels heated at 1100°C for 1hr, showing
a) large crack, b) crack propagation through grain boundaries(arrow), c) Cu-rich phase penetration through grain
boundaries and d) positions for EDS analysis. :

Table 2. Results of EDS analysis scale/matrix interface position denoted in Fig. 2 (d)

results of EDS analysis (wt%)
position name
Cu Fe .remains
1 Interface Cu-rich layer 75.37 24.63 -
2 Scale - 79.49 0:20.51
3 Scale - 77.21 0:22.79
Mn: 4.52
4 Matri t 1.82 91.62
aumepp Si:1.39
5 Grain boundary Cu-rich layer 85.83 14.17 -
6 Crack entrance Cu-rich layer 83.22 16.78 -
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Fig. 3. Hot cracking morphologies of a) Ni-free, b) 0.6%Ni con-
tained and c) 1.2%Ni contained 1.2%Cu bearing hot rolled steels
heated at 1100°C for Lhr.
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Fig. 4. Variation of crack length with Ni contents of 1.2%Cu
bearing hot rolled steels heated at 1100°C for lhr.



Fig. 5. Morphologies and distributions of Cu-rich and Cu~Ni-
rich phases in a) Ni-free, b) 0.6%Ni contained and ¢) 1.2%Ni
contained 1.2%Cu bearing hot rolled steels heated at 1100C for
lhr.

Aztel oA (E 3 1), 0.6%Nig+H Curty Q9%
& Cur} 49~69%, Nio] 10~12% &4 Cu-Ni-rich4

c2gd - AeE - AL Co-NigAY QiR H e} ADF LY} BY AT 339

12%Nig+ CodZby faAzBe Curb 10~12%,

Nie] 15~20% 24 Ni-Cu-rich42.2 EAdchs A&

ok 4= 9} o}2)dt A= Ni-free CuFrHy 97349
7% 27) A3k AN A JAE Cu-richide] 1100°C oA
Aiko 2 EAsit}r} A&l Absta Ao A 4= poros
g 2AYE F2o) &ste) AshaA D5t 7)) Apo)2) AW
2.2 melt downH 7] W¥e) A5HQ film=Re] o
2 EA)5 utdd) 06 %NigH Cudrty da7dae A
2o oAt Cu-richAte] Ni-free Cuid7ba ga7ba
o] 739-¢} zto] poros¥ 2ALFE B3 AstaAYTH
717 Akole} Aol melt downH the Cu-Ni ZEAZ
243 Hed) oladt s A A AApHo) doid
024 BdE Y2 A AR Pk 22y
1.2%Nig+ Cudrs @979 A9+ Ni-Cu-richd
9] gHo) 7| wFd HHE 2 AHE Ex5tn
A&HAE A A4 24|95 NP2 FAEHY, o=
Wil At A o)A whE-E7) gjio) AbstaA S Well
random3}A] £XE)= 7o & Ao}

ojaboll Al A& ule} 7ol CuF7FY G973l Nio} -
A7FEE A7 Ni9) okol] wal 0.6 %Nig A7he 799
= 3249 Cu-Ni-richibol Astx#Ald3} 717 Afeje] A)
Hel YAHT, 1.2%Nig F7E A$els 249 Ni-Cu
-rich’to] AtstaAL el P 7] d)Foll A AT
HE 48 Cu9 oFol 53] Fado2A Nigl ks
Cu#r}3) doA7Re) 47k 1AL 354 dAIss 25
7} slebz & 5= gl =3 Ni Folske] Zo)1hel) a2} o
7] Aol ©L AAEE AL Ni Hrlgke] Srds
E AF A4 Cu-richae] eke)] B} 2oix)7} wjFojztn
A2 e}

1.2 =

Lo

Cu-Nid7}8 daizdwel 9
Aol A kst A3t 7)) Awel] YA E
& A% o3} e AR Agch

1) Ni-free 1.2%Cu¥7}8 dd7t#9] 73¢ 1100TC
olatol ] AFAIFAYE vehlglen, oleigt I
e Aspasl At 7)) Alelo) B4R )4e] Cu-rich
o] g.2lvtels SlAIE atel AFFe 24 of7)He}.

2) Ni-free Cu®d7}8 Qi7we) Aol Ade o
g 7o) A% o2 Cu-richito] A5t} Nio] A9

. 222 Cu-riche] ¥4 el o) Cu-Ni-richd o2

Table 3. Results of EDS analysis Cu-Ni bearing hot rolled steels heated at 1100°C for 1hr.

results of EDS analysis (wt%) Cu/Ni
name
Cu Ni Fe ratio
0.6%Ni contained Cu-Ni-rich 69.31 11.94 18.75 58
steel phase 49.31 10.18 40.51 48
1.2%Ni contained Ni-Cu-~rich 11.45 19.75 68.8 0.6
steel phase 10.7 15.36 73.94 0.7
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