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A Stable Manufacturing System
for Enamel Sheets “K-FLEX®” with Bending Capability
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Abstract:

JFE Metal Products & Engineering has developed “K-FLEX™” and “K-FLEX"-SC.” “K-FLEX™” is enamel sheets
with bending capability, “K-FLEX®-SC” has an additional function of antimicrobial effect by photocatalyst on
“K-FLEX™” product. However the manufacturing of these products were unstable because of surface defects called
“cissing.” An experimental study was conducted to investigate the cause of the “cissing” defects to establish its
countermeasures. It was revealed that the “cissing” defects were caused by both the reduction of surface wettability
of a substrate and adsorbates on the surface of a substrate. It was confirmed that an acid-etching method was
effective to solve the “cissing” defects. Finally we have established a pretreatment method of the surface of a
substrate to realize a stable manufacturing of “K-FLEX"” series. High quality performance and on time delivery of

“K-FLEX®” series are achieved by this development.
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Photo 1 Surface defects (Cissing defects)
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Fig.2 Water contact angle change with time
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Table 1 Relationship between contact angle and cissing
defects
Surface appearance
Water | Surface
contact | wettability | Initial enamel | Final enamel
ang]e by water S]lp spray S]lp spray After baking
stage stage
o o oA
Less Good N N Cissing defects
than 30° 00 ° lorange ° l"r"‘nge is Negligible,
peel appears | peel appears |/ -~
A
Orange peel © A
30°—45° | Normal Orange peel | A few cissing
appears disappears | defects appears
slightly PP
X X X
45°-60° Poor Orange peel | Orange peel | A lot of cissing
appears appears defects appears
XX
More Bad X X Large amount
than 60° & Slip is shed | Slip is shed | of big cissing
defects appears
O: Good A: Normal X: Poor X X: Bad
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Fig.3 Change of water contact angle with time after acid
etching treatment
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Fig.4 ESCA analysis before and after acid etching treatment
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Table 2 ESCA analysis before and after acid etching treatment

Immediately after acid
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24 hours after acid etching

It
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Maintained the condition

-H| R i fi i . .
¢ eduction of intensity immeditely after treatment

Returned to level before

OH | Increase of hydroxide ratio
treatment
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Fig.5 Schematic diagram of the substrate surface
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Table 3 A result of surface performance investigation

Item K-FLEX"'SC | K-FLEX"
Mohs
hardness 405
Wear Mass loss during
resistance abrasion test (abrasion 19m
Tabor ring: CS-17/1 kg) 7 me
abrasion test | (1 000 revolution)
D1§1nfectant Milton stock solution Normal
resistance
50% Cresol solution Normal
10% Osvan solution Normal
10% Isodine solution Normal
5% Hibitane solution Normal
2% Sterihyde solution Normal
10% Hyamine solution Normal
e Rust proof : 5% salt
Durability solution for 48 h Normal
Humidity cabinet test :
1000 h Normal
Salt spray test : 300 h Normal
Accelerated weathering
test : 3 000 h Normal
Cleanliness Wiped out marker pen
recovery .. Excellent Good
writing after 48 h
property
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Photo 2 Surface appearance after a 90° bent (Conventional
enamel sheet)
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Fig.6 Enamel layer thickness and peeling weight
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Photo 3 Surface appearance after a 90° bent (K-FLEX®)



WIS 5 9 M [K-FLEX"]

DL SELRER DL

FEHA4 H41 7IEABRNER (K-FLEX® : 3 ¥4 7)L1%)
Photo 4 Cycle test appearance (K-FLEX™: after 3 cycles)
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Fig.7 Change of number of living microbe with time (Colon
bacilli)
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Fig.8 Change of number of living microbe with time (Staph
aureus)
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Photo 5 Antimicrobial examination (Colon bacilli)
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Photo 7 Application example
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