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Fig. 1 Schematic diagram of temperature measuring positions of HCCM horizontal continuous casting mold (I—Heating section;

II—Cooling section; 1—Core rod; 2—Graphite mold; 3—Mold heating device; 4—Thermocouples; 5—Crystallizer; 6—Water-

cooled copper sleeve; 7—Secondary cooling water; 8—Brass tube)
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Fig. 2 Morphologies and composition of as-cast tube surface: (a), (b) Macroscopic morphology of tube outer surface;

(c) Macroscopic morphology of tube inner surface; (d) Spot defect on outer surface (SEM); (e) Micromorphology of inner surface;

(f) Longitudinal section (4—4 section in (d)) metallograph and composition of defect; (g) Longitudinal section metallograph near

inner surface
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Fig. 3 Macroscopic morphologies of mold inner surface(a) and corresponding tube outer surface(a’), selected areas on mold inner

surface for micromorphology observation(b) and selected areas on tube outer surface for micromorphology observation(c) ((b), (c)

corresponding to framed areas in (a) and (a’)
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Composition of mold inner surface in different areas

Element

Mass fraction/%

© ©

® @ 6 ©© @

581 609 702 732 784 80.1 803
232 262 156 166 184 187 175
187 129 142 102 3.2 12 22

B4 PRI OIS 853 o0 A

Fig. 4 Micromorphologies and composition of mold inner surface at different areas (corresponding to Fig. 3(b) and selected areas

for composition measurement in areas ©), ® and (@ are shown in dotted box)
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Fig. 6 Longitudinal section microstructure and composition

profile of bulge on tube surface
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®; (b) Area @); (c) Area 10; (d) Area (@0); (¢) Area
@ (f) Area @3; () Area
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Fig. 7 Comparison of morphology and composition profile of mold inner surface with tube outer surface with dense spot defects: (a)
Mold inner surface morphology; (b) Framed area in (a) at increased magnification; (c) Tube outer surface morphology; (d) Framed

area in (c) at increased magnification
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Fig. 8 Simulated steady-state temperature field during continuous casting: (a) Mold inner surface; (b) Tube outer surface (symbol

¥¢ shows temperature extracting position)
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Table 1 Comparison of simulated temperature and measured

temperature of mold

Measured Simulated
Position Deviation/%
temperature/'C  temperature/C
HS-upper 980 978 -0.2
HS- lateral 967 975 0.8
HS-lower 951 970 2.0
VCS-upper 765 732 —-43
VCS- lateral 776 745 -4.0
VCS-lower 805 778 -34

Note: HS—Heating section of mold, VCS—Vicinity of cooling
section entrance; Upper, lateral and lower represent upper part,

lateral part and lower part of mold, respectively.
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Table 2 Phase composition of Cu-Zn alloy with different zinc

contents at different temperatures

w(Zn)/% Temperature/'C Phase composition
100 >420 L
87.5-98.2 424-598 L+
76.6—88.2 598-700 L+6
69.8—80.5 700—835 L+y
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(@

Zinc droplets

@ Air gap formed due to solidification shrinkage, high
temperature dezincification near solidification interface
happened, and volatilized zinc condensed into liquid

droplets on mold surface

@ Zinc droplets grew as volatilization proceeding
until zinc droplets contacted with tube outer surface

(d)

B9 ERRIM ARG O s

v

® Zinc droplets move to tube outer surface and
diffuse to alloy matrix rapidly due to high
temperature, resulting in decrease of alloy melting
point and erosion effect, which lead to formation
of spot zinc-rich zone on outer surface of tube

v

@ Continuous diffusion of zinc atoms into matrix
increased depth of zinc-rich zone, and zinc-rich zone
slightly inclines to opposite direction of continuous
casting due to friction effect

Fig. 9 Schematic diagram of formation process of spot defect on tube outer surface
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Fig. 10 Schematic diagram of crystallizer length
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Fig. 11 Steady-state temperature field of mold and tube under
short crystallizer condition (symbol ¥¢ shows temperature

extracting position)
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Fig. 12 Macroscopic morphology of outer surface of tube

produced by HCCM horizontal continuous casting with short

crystallizer
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Formation mechanism and control of spot defect on surface of
brass tube fabricated by HCCM horizontal continuous casting

MO Yong-da', JIANG Yan-bin"?, LIU Xin-hua" % XIE Jian-xin">

(1. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The characteristic and formation mechanism of spot defect on the outer surface of H62 (UNS C27400) brass
tube fabricated by HCCM horizontal continuous casting were studied, and an effective method for eliminating the defect
was proposed. The results show that the spot defect on the tube outer surface is main zinc-rich low-melting-point
substance, whose zinc content (mass fraction) reaches 80%. The spot defects are periodically formed along the casting
direction and the number of the defects on the upper part of the tube is much more than that on the lower part. During
casting, the volatilized zinc attaches to the graphite mold inner surface and forms zinc droplets which causes an erosion
effect on the tube surface when the zinc droplets contact with the tube, leading to the formation of the zinc-rich spot
defect on the tube surface. A method of rapidly lowering the temperature of the solidified tube in the cold mold, which
can reduce the zinc volatilization and the number of the zinc droplets on the inner surface of the mold, is proposed to
climinate the spot defects effectively.

Key words: HCCM horizontal continuous casting; brass tube; zinc-rich substance; surface defect; formation mechanism
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