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Effect of Inclusion Characteristics on Impact
Toughness of 10CrNi3Mo Steel

Yang Zhizheng, Yan Xiang, Xiong Yuzhang, Guan Jisheng
( Baowu Group Central Research Institute, Wuhan 430080)

Abstract; Based on 200 t BOF-LF-RH-CC slab metallurgical process to produce 10CrNi3Mo steel, silicon-calcium cored
wire and calcium-magnesium composite cored wire are injected respectively into liquid steel to modify inclusions,and the
slabs are rolled to 35 mm plates with 4 300 mm heavy plate rolling mill then to carried out heat treatment. The inclusions of
test steel are analyzed quantitatively and qualitatively by means of SPEED, SEM & EDS and INCA ete. The obtained main
performance is that the number of inclusions per unit area is reduced by about 40% and the average distance is nearly doub-
led after modification. Combined with the Charpy impact test results, it is concluded that the inclusion deformation treat-
ment is obviously improve to the impact toughness, especially the low-temperature impact toughness.
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Table 1 Chemical compeosition of 10CrNi3MoV steel / %
C Si Mn P S Als Ni Cr Mo v
0.10 0.25 0.50 =0.010 =0.002 0.015 ~0.025 3.0 1.0 0.2 0.08
P8 Als B — P iyt e e g A e sl , R, Rl B FRiaE .
*2 EHSNSHETRHNS/ %
Table 2 Components of silicon-calcium and calcium-magnesium cored wires /%
G gl C Ca Si Mg RE Al P S Fe B HE
PR 0.8 30 60 = = 0.8 <0.2 <0.2 e
AL 2! 0.9 15 50 20 2 1.0 <0.2 <0.2 i
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Table 3 Typical elements content in testing molten steel ( cored wire injection after 5 min) and casting slab without feeding
cored wire (1*), with feeding silicon-calsium 1.0 kg/t (2*) and with feeding calsium-magnesium 0. 6 kg/t (3*)

JLHE T ER/ T
H e T
%5 ek YN i P 3 Ca Me 0] A
B - . E 0.008 0.0020 <0.0020 <0.0010  0.0019 0.022
ias 0.008 0.0020 <0.0020 <0.0010  0.0019 0.019
ik 0.009 0.001 8 0.003 7 <0.0010  0.0013 0.025
4 2 2 y
2 REFER 1-0 kgt HiE 0.009 0.0016 0.0029 <0.0010  0.0012 0.024
Wi 0.007 0.0015 0.002 6 0.0017 0.001 4 0.018
# L 0.6k
3 FIBLER ¢t an 0.008 0.0014 0.002 1 0.0015 0.001 4 0.017
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Table 4 Effect of feeding cored wire on content of electro- &1%$Eﬁ_tﬂ%ﬂ:%’ VA IS B i P B B 1
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Fig.2 Large size Al,O,inclusions in 1* test steel plate unquali-

Fig. 1 Large size porosity ( Ca0) (TiO,), ( AL, O, ), compound
’ fied by non-destructive testing

inclusion of cast slab of 1% test steel
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Fig.3 Composition distribution of typical( Ca0)x( Al,0, )z inclusion in 2° test steel cast slab, EDS mapping

MK 3 4 AT LIE N, B TiEed BAENREE,3 (1) AREAT IR AL HH Y 3, 77 7 A RO &
AL P.S FRLT R —/KF, RAGESELE  SREYMEAR ALO, KM, REJZLY R
SMBHEE G ENLE, BERERHERT TIO]E X, 55 REAFLE I m M, 251 MmN
BAF TR, 2B BB LML, 5 TIOFRBAM  AamKkrhilithe TR,

XFRE, ARLRERSG 1 2.3 SSL50 4, PR g e e (2) B P IRAREFS AR AL B , AL O, Kk
VSRR TR, EERN ALO, RAY T RAERE  RYHRZENRERE LS (C0),, - (ALO;),
%, B Ca & BEHEAN, CaS Je kW SRR E (450 CLA,, ) RIAY, — A TR A
210% . BARUL, MABIFPALNGE, MBS BEEKK ERER, B —HEBEAE, SIREGA

Phol B B 2 BRI ILE R,
2.1.2 REMRIHESH (3) BARGEE S A& S RA TG, W5 T
2.1.2.1 AL SASE W4 BA MgO - ALO, J3#0 ) CaO-MgO-ALO,

ZEE1~E 4 UBES: (AL HCMA, T R) B & e, H—BAERR T



H43 %

SEMIE SR (Mnr‘phningy)

I 20 pm I 20 pm I 20 pm I 20 pm 20 pm

Bl4 3" R - B R & k) EDS A AT 2 A

Fig.4 Composition distribution of typical compound inclusion in 3* test steel cast slab, EDS mapping
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Fig.5 Morphological character and inclusions distribution on impact interface of different samples:1* Irregular AL O,, 2* Spherical
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Fig.7 Ternary phase diagram of inclusions in 27(a) and 3*(b) test steel
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Table 5 Distribution and content of inclusions in impact
fracture of 1*,2* and 3" test steel

gﬁ 1# 2* 3#

[/ % 0.0305  0.0166  0.0179

f./% 0.0134  0.0069  0.0070
e el d3M/ pm 17.42 31.34 34.17
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Fig.8 Impact toughness of quenched and tempered 1*,2% and
3* test steel plate
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