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Abstract —Molten zinc plating is a process in which zinc is thinly coated over a metallic or non-metallic surface.
It is used in various industrial fields for corrosion resistance and decoration. During the process, a steel sheet is
passed through a roll that rotates inside the molten zinc liquid in the temperature range of 460 °C to 680 °C, and
the plating liquid flows into the roll causing abrasion and erosion of the roll surface. This problem is known to
accelerate the replacement cycle of the roll and cause considerable economic loss owing to production line stop-
page. Here, we propose a mechanism that operates at high temperature and pressure with a labyrinth type seal
design to resolve this problem. We theoretically investigate the flow of the plating solution inside the seal and
compute the minimum rotation speed required to prevent the plating solution from entering the seal chamber. In
addition, we calculate the thermal deformation of the seal during operation and display thermally deformed
dimensions at high temperatures. To verify the theoretical results, we perform experiments using pilot test equip-
ment working in the actual plating environment. The experimental results are in good agreement with theoretical
results. We expect our results to contribute towards the extension of the roll's life span and thereby reduce the
economic losses.
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Fig. 1. (a) Schemtatic of a molten zinc plating process.
(b) The surface of the roll used in (a) was corroded and
worn by internal inflow of plating solution[1].

Table 1. Economic losses due to roll maintenance and
replacement

Contents Value
Total numbf:r of' continuous plating About 43
lines in Korea
Production losses due to the stop
of a roll (line) 5 ktons/year
. KRW 288
Replacement cost per roll (line) million/year

Total production losses due to the

stop of rolls in Korea 200 ktons/year

KRW 12,384

Total replacement cost o
million/ year

W B B, & 340 A2 B2 o 7

=
142 9181 Boon[3]o] FYHAR A -
e AEsle] 47 gk ANSL T 37t
Moz meold] BYHE A el I W o
AT A ANE FF SN R L Y s
Heo| AsEE =&
s Age At

ot oft [

o

A A A0 5S4

2.

e

LH

p L
0t

Ty

2-1. A Al LS RS N

Fig. 2& =399 452 &§ odo] ¥4 U=
7HEE YR Zeo] Hell X3 AL A[de] 7Y
dxolt 7MEE JHe 2x& ofdde] &84

257
P,: sealing pressure
- p: density of melting metal
A4 u: viscosity of melting metal
Melting metal u=bla
v=hlc
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Fig. 2. Geometry of a labyrinth seal in a furnace
containing molten metal.
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Fig. 3. Geometry of cross-sections of a labyrinth seal
before (a) and after (b) exposing a hot temperature.
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Fig. 4. Experimental setup for verifying the sealing

effect of the labyrinth seal.
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Fig. 5. Experimental procedure for verifying the sealing
effect of the labyrinth seal.
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Fig. 6. Two different types of labyrinth seals at a room
temperature: Red and blue circles represents A for the
model A and B, respectively.

Fig. 7. Two different types of labyrinth seals at a room
temperature: (a) model A and (b) model B.
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Fig. 10. Seal surfaces after exposure to the molten zinc.
Seals (a) and (b) rotate at 500 rpm and 2000 rpm,
respectively. The imbibition length of the zinc into the
seals is 7 and 1.5 mm for seals (a) and (b), respectively.
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Fig. 11. Aluminum metallized surfaces exposed to molten
zinc liquid: sample (b) is coated with superhydrophobic
material FOTS but sample (a) is not coated.
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