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Characteristics of the as-cast high-carbon microalloyed continuous casting bloom steel
for expansion-break connecting rods

XIA Yong, LI Liang, WANG Pu, Tie Zhan-peng, LAN Peng, TANG Hai-yan, ZHANG Jia-quan™

School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China
X Corresponding author, E-mail: jqzhang@metall.ustb.edu.cn

ABSTRACT Expansion-break connecting rods are high-end products for automotive precision transmission. They need to have high
strength, high toughness, and brittle cleavage fracture characteristics during cracking processing. Continuous casting production of
nonquenched and tempered steel for high-carbon, sulfur-containing, free-cutting, and expanding connecting rods is the current trend for
efficient production. Based on the typical bloom continuous casting process and analysis of the as-cast structure and composition
uniformity, the common unqualified fracture morphology due to as-cast hereditary factors were studied. Taking the typical German
C708S6 steel as an example, a 250 mm X% 280 mm section-curved continuous caster was adopted to study the as-cast macrostructure and
dendrite morphology of the bloom casting with popular mold electromagnetic stirring. Moreover, the chemical distribution at different
crystal regions was studied. Results show that the common center shrinkage defects of high-carbon steel continuous casting blooms are
under control, which are beneficial to improve the qualified rate of internal flaw detection for their subsequent hot-rolled bars. However,
it is found that there are obvious negative segregation white bands of carbon and sulfur and the deflection of columnar crystals in the
solidification front of the initial solidified shell. Both the image analysis of the metallographic sample and solidification simulation by a

phase-field method show that this columnar crystal has countercurrent growth characteristics. In addition, its deflection angle is the result
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of the primary dendrite tip growing in the opposite direction to the swirling fluid flow. In the center of the narrow surface, the measured

primary dendrite deflection angle of the columnar crystal region is between —7° and 27°. EDS was used to further detect the distribution

of the main alloying elements Si, Mn, and Mo in the different crystal regions of the bloom casting, revealing the segregation

characteristics of the as-cast product and differences of each solute element. Finally, the heredity of this as-cast structure and

composition segregation on the structure of subsequent hot-rolled bars and connecting rods was discussed. Moreover, the influence of the

fracture inconsistency of its expansion and fracture processing were explored. It is pointed out that the as-cast quality control from the

very beginning of casting has special significance in meeting the requirement of both processing and service properties of these high-

grade high strength low alloy steels.

KEY WORDS high carbon nonquenched and tempered steel; bloom casting; white band; columnar crystal deflection; macro-

segregation
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Table 1 Bloom continuous casting machine and its basic production

parameters

Continuous casting machine parameters Value

Number of castings three streams

Cross section 250 mm x 280 mm

Radius of continuous caster 11 m
Mould length 780 mm
Maximum metallurgical length 23 m

AT B R K VR 2 A VR AE AN RS i AR
O, BV BE 30 mm (1) 85 ERRE BT TR AR AT A
WSS 28 BE RN T 2 R EDHRE FE R KT 1.6 pm J5
FHB RS T Ve R T, SR 5 MK 3l GB/T226 K A% Bk ff iR
Tl 5 T PR 1, o R I T TR R A T KT A
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FEF K s ek T34, TR ML R
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G fn L fA B, 9 ik EDS 6 ] IXOGRRE HE AT

Nozzle type Immersion straight-through
Middle- electromagnetic stirring(M-EMS ) 500 A, 3 Hz
First-electromagnetic stirring(F-EMS) 530 A, 8 Hz
Water flow rate at the mold 2750 L-min"
Superheat 11 K-24K
Casting speed 0.75 m-min”'
Second cooling specific water 0.224 L-kg' . . .
£ Mn, Mo, Si &5 HAb& 4 0K L i 70 Hr.
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Fig.1 Schematic of the as-cast bloom structure and sampling for chemistry and metallographic analysis
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Fig.2 Low-magnification specimens of blooms: (a) full-section
morphology; (b) columnar crystal deflection; (c) subsurface white bright
band
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Fig.4 Phase-field simulation of dendrite countercurrent deflection and its solute distribution characteristics: (a) the velocity is 0 m-s™; (b) the velocity is

0.04 m's'; (c) the velocity is 0.06 m's™'
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732 Hh B, 7 TR R D8 B T 00 A 7 il g
T B HRARE O AT SR DR AT B 2SR, L Ak
O 25 2 AR B O3 D AT S S PR B A, X AR AT RE S
R A8 5 G A 0 P A B A5 T B9 i B
J IR b B T B DR A R

24 BEARRBXREETTEEDS 41

TE AN [7] 85 25 f DX A7 B 4 R UK (14, 34,
12#) , £E 3 FF v (8] 38 47 317 & 4 98 R Mn, Mo,
Si Z& 4948 EDS 207, 45 R anl&l 8 fros. WL, DAk
SR IT R A AN R B AR R A A W]



- 194 -

TR, 5 44 45, 5 2 1

R 2 RTINS SRR (i 40

Table 2 Carbon and sulfur concentration in the cross section

of the bloom casting %
Numbering C S Numbering C S
1-1 0.728  0.0657 2-1 0.698  0.0565
1-2 0.690  0.0625 2-2 0.763  0.0700
1-3 0.689  0.0624 2-3 0.754  0.0705
1-4 0.719  0.0650 2-4 0.763  0.0727
1-5 0.750  0.0678 2-5 0.736  0.0692
1-6 0.751  0.0696 2-6 0.700  0.0628
1-7 0.764  0.0745 2-7 0.690  0.0669
1-8 0.729  0.0604 2-8 0.706  0.0673
0-0 0.891  0.0824
0.90 | —m— Measured
—e— Standard
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Fig.7  As-cast macrostructure at the longitudinal section of the bloom
casting and its cross-sectional carbon segregation
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Table 3 Distribution ratio of the solute elements in different crystal

regions
Element 1#/3# 12#/3# 12#/1#
Mn 5.5 8 1.45
Mo 6.43 11.43 1.78

Si 2.2 3.78 1.89
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