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Research on Thermal Properties and High Temperature Exposure Behavior
of Non-Skid Coating Fabricated by Twin Wire Arc Spraying

Hansol Kwon, Youngjin Park, Uk Hee Nam, and Eungsun Byon*

Extreme Environmental Coating Department, Korea Institute of Materials Science, Changwon 51508, Republic of Korea

Abstract: Conventional non-skid coatings for marine construction contain polymeric materials. These
materials are generally susceptible to high temperature environments because of their low thermal
conductivity and thermal resistance. A metal-based non-skid coating has great potential for high
temperature applications, yet, there has only been limited research. In this study, twin wire arc spray
(TWAS) was used to fabricate Al and Al-3%Ti coatings on a high strength low alloyed (HSLA) steel
substrate. The purpose of this study is to confirm the feasibility of TWAS Al-based coating for non-skid
areas on marine construction. The static coefficient friction of TWAS Al-based coatings exhibited excellent
and uniform values compared with a conventional epoxy-based non-skid coating. The specific heat and
thermal conductivity of TWAS Al-based coating was measured and compared with that of the substrate.
The thermal property values of the TWAS Al-based coating were reported for the first time in this study.
The TWAS Al-based coating had A continuous interface with the substrate and the general
microstructural features of a thermal-sprayed metal coating. After exposure to 500°C for 24 hours, the
an Fe-Al intermetallic compound and oxide were formed inside of the coating and coating-substrate
interface. The adhesion strength indicated that the TWAS Al-based coating sustained its strength after
the isothermal exposure test. The Vickers hardness of the TWAS Al-3%Ti coating was higher than that
of the Al coating. The solid solution hardening of Ti atoms in the as-deposited coating and the
precipitation hardening of the TiAl; compound in the heat-treated coating contributed to the
improvement of in Vickers hardness. Thus, the TWAS Al-3%Ti coating is proven to be a promising non-
skid coating for high temperature applications.
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Fig. 1. Static coefficient of friction of bare substrate, reference
sample and TWAS Al-based coatings
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Fig. 2. Thermal properties of substrate and TWAS Al-based coatings: (a) specific heat and (b) thermal conductivity
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Fig. 3. Cross-sectional low-magnification images of TWAS
coatings: (a) as-coated Al, (b) as-coated AIl-3Ti, (c) Al after
isothermal test, (d) Al-3Ti after isothermal test
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Fig. 5. Cross-sectional high-magnification images of TWAS Al-3Ti
coating after isothermal test
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Fig. 7. Fracture morphologies of TWAS Al-based coatings after adhesion test: Al coating (a) as-deposited, (b) after isothermal test and Al-
3Ti coating (c) as-deposited, (d) after isothermal test

b F' A TWAS Al AlEe I8 i 2228 10 = glo] J4€ Zes dAddn. a8 7l vekd
o] Ado] 7P AT HEE /P AT AtE FYAF TWAS AL3TE AE] it 55H490 Adg
ok 28 (bl HER 2 Fo] TWAS Al A1Ze] 7RI Slvt. WS AEgks o, iAo W 9
A, olohs gl 53 stdwe] dFEnt el o Fe 9AF EEs Sl webd FE sdwe =
VAE 29 AT AEH HAH AL =& Uireld A 7Y ARelRRAL B 4 SMTh TWAS AL3Ti A&
vpcho] WSt o, Wb HAHom wAE 999 B W 135 area%E H w2 71ES TAL ASleel=
Folle Feot Al 27} 2% AEH%l e, ol 28 wvdlal, 28 WHEEL-AE)e dtdes F549

AEn), eeE Fo] TWAS

4(dyellA =1E Fe- Al7ﬂ sigtEs Addr. 28 394 AdES A o

Q.
AN e} o), wewEe ATE TWAS Al AEe]  ALST shie vebd o8 7de A4S, Fe delo] o
NEwst Lis}"%tﬂ ol A Al SE U AR & Faokn Al o) 2E WAE 2P AR 3
& BN Kol AL olet BN ZR-EA) AW AR} ol Fed} AIE BE ¥Ee golo] EAlslne

qre 4E B = Eio Aok 55 7 shek= 2 2" 5(dell YER Fe-Aldl sigteE gojo=m aAttEm,
AbstEo] FAEATH o]& Qlele] IE o] TWAS 2o A Fe-Al SieHEd Al 258 Alole] A
Al AES I8 WF-eh I9-54 71 L 23l #o] fepehA] Rl vieto] ol AlA TR Ao



650 i gt=4 - A 5818 A] A61H A9 (20231 9Y)

160

EZZZ1 : As-coated
: After Heating

140
120 %%
100

80

-
.

Vicker hardness (HV, o,5)

40 %

0-

TWAS AI-3Ti

Fig. 8. Vickers hardness of TWAS Al-based coatings before and
after isothermal oxidation test
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