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Higher durability is increasingly required for construction materials in order to conserve resources and reduce
maintenance work. Since 55%Al-Zn alloy coated steel sheets exhibit excellent corrosion resistance, their use in con-
struction for roofing and siding is expanding. NKK has developed and marketed a high-quality, thin organic com-

posite coated 55%AIl-Zn alloy coated steel

sheet,

“SUPER GENIUS',

and a prepainted steel sheet,

“ GALFLEX-COLOR” for these applications. This paper outlines the development processes and main properties of

these two new products.

1. Introduction

Coated steel sheets such as hot-dip galvanized steel
sheets and prepainted steel sheets are widely used in the
construction industry as exterior, interior, and structural
materials. Prepainted steel sheets are produced by forming
polymer films 10 to 30 m thick on the surfaces of galva-
nized steel sheets in order to provide specific colors and
designs. They are mainly used in applications such as
roofing, siding, and shutters on various buildings. On the
other hand, organic composite coated steel sheets are pro-
duced by forming thin organic composite films 1 to 2 m
thick on the surfaces of galvanized steel sheets. They are
used in applications that do not reguire such aesthetic de-
signs as prepainted steel sheets; for example roofing, sid-
ing, and structural materials of nonresidential, industrial
and commercia buildings. Basic properties required of
organic composite coated steel sheets are formability (the
property that suppresses the peeling and scoring of metal
coatings during roll forming) and corrosion resistance. In
addition to these properties, prepainted steel sheets have to
have an excellent surface appearance, free from cracks and
other damage. This has to be maintained even after form-
ing.

In the construction industry, higher durability and

longer life of construction materials are being increasingly
required in order to promote resource conservation and
reduce maintenance work. With regard to coated steel
sheets, there is a limit in the increase of corrosion resis-
tance of conventional Zn coated steel sheets. As a result,
the more corrosion resistant Zn-Al alloy coated steel
sheets are being used increasingly. In particular, since
55%Al-Zn alloy coated steel sheets exhibit excellent cor-
rosion resistance, their use as a construction material for
roofing and siding is rapidly expanding.

However, 55%Al-Zn aloy coated steel sheets have a
shortcoming in that their metal coating layers are rigid and
can easily crack when bent in comparison with Zn coated
steel sheets, as shown in Fig.1.
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Fig.1 Cracksformed on bent steel sheets
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Based on 55%Al-Zn alloy coated steel sheets, NKK has
developed and marketed new coated products that have, at
the same time, excellent corrosion resistance and form-
ability?™®. One is an organic composite coated steel sheet,
“SUPER GENIUS'. This was developed by applying a
unique thin organic composite coating film over a
55%Al-Zn alloy coated steel sheet substrate. The other isa
prepainted steel sheet, “GALFLEX-COLOR” in which
both the metal coating and paint film were designed to be
highly functional. These new products for the construction
industry will contribute to global environmental conserva-
tion by prolonging the life of construction materials. This
paper outlines these two products developed from
55%Al-Zn alloy coated steel sheets.

2. “SUPER GENIUS’ —anew organic composite
coated steel sheet for the construction industry
2.1 Coating design

In the past, mainly prepainted steel sheets were used in
roofing, siding, and other exterior applications. Recently,
organic composite coated steel sheets with thinner organic
coatings over highly corrosion resistant metal coated steel
sheets are increasingly being used®.

Organic composite coated steel sheets that have thin or-
ganic coating films of 1 to 2, m over 55%Al-Zn alloy
coated steel sheets are highly corrosion resistant while
having a beautiful appearance of spangled texture. Due to

excellent cost performance, they have been increasingly
used since the 1990's in applications concentrating on the
roofing and siding of nonresidential buildings. Although
basic properties required of these steel sheets are formabil-
ity and corrosion resistance, environmental compatibility
is also one that is increasingly valued in recent years. By
improving conventional organic composite coating films,
NKK developed a unique gradient coating design and ap-
plied it to 55%Al-Zn alloy coated steel sheets. The resul-
tant product was marketed under the name, “GENIUS’.
Conventional organic coating films are mainly composed
of resin and chromate. In contrast, the organic coating film
of “GENIUS” has a coating design that has a gradient
structure. An insoluble passivation layer is formed at the
bottom by the reaction between the metal in the underlying
metal coating layer and the corrosion inhibitors (chromate,
phosphate) contained in the organic coating film. The
product’s top layer is resin-rich. Owing to this gradient
structure, corrosion resistance and formability are both
enhanced at the same time. Fig.2 shows the scanning auger
microscopy at the top and bottom of GENIUS's thin or-
ganic coating layer. These charts confirm that a gradient
structure is formed, where the top layer is resin-rich while
there is an insoluble passivation layer (mainly composed
of Cr*) at the bottom interface with the metal coating
layer. Enhanced corrosion resistance and formability of
“GENIUS’ have earned it a high reputation in the market.
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Fig.2 Scanning auger microscopy at the top and bottom of the organic coating layer of “GENIUS’
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Furthermore, a new chromium-free corrosion inhibitor
was developed and introduced into the organic coating
film with the gradient structure developed for “GENIUS”.
This technology overcame the remaining shortcoming of
55%Al-Zn alloy coated steel sheets, that is, poor corrosion
resistance in bent positions. A hew organic resin was aso
developed to improve formability. Based on these im-
provements, a new product, “SUPER GENIUS" was de-
veloped (Fig.3). Excellent flexibility and adhesion were
obtained as well as excellent passivation and self-healing
effects in bent positions. These properties were gained by
applying the new organic coating film (SG coat), which is
mainly composed of the newly developed corrosion in-
hibitor, phosphate, insoluble chromic compounds, and
special organic resin (Fig.4).

2.2 Featuresof “SUPER GENIUS’

Corrosion resistance properties in bent positions of the
SG coat and a conventional organic composite coating
film were evaluated. The results are shown in Fig.5. Owing
to the excellent self-healing effect of the new corrosion in-
hibitor adopted in “SUPER GENIUS", cracks generated by
bending in the metal coating layer are eventually covered
by a corrosion inhibiting film in a corrosive environment
and further progress of the corrosion is suppressed. Corro-
sion resistance enhanced by using a chromium-free corro-
sion inhibitor contributes to the environmental compatibil-
ity of the new product. A typical forming method applied
to construction materials is roll forming. In order to simu-
late the sliding motion between the steel sheet and roll in
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the roll forming process, a bead was pressed against the
steel sheet. Maximum normal force that did not cause
peeling and scoring was compared on steel sheet speci-
mens with SG coat and a conventional organic compos-
ite coating. The results are shown in Fig.6. Superior
formability of “SUPER GENIUS" was verified. Fig.7 is an
example of “SUPER GENIUS’ that was formed into a
specia roofing structure. “SUPER GENIUS’ can be
formed into severely bent shapes that are difficult to
achieve using conventional materials because of prominent
peeling and scoring they cause.
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Fig.7 “SUPER GENIUS’ after severe forming

3. “GALFLEX-COLOR” - anew prepainted
steel sheet for construction applications
3.1 Coating design

The type of steel sheet that is most commonly used as
the substrate for a prepainted steel sheet is hot-dip galva-
nized steel sheet”. However in recent years, it is losing its
share of the market to a more corrosion resistant Zn-Al al-
loy coated steel sheet. In particular, prepainted steel sheets
that use 55%Al-Zn alloy coated steel sheets as substrates
are rapidly expanding their application in the roofing and
siding area. However, when a 55%AlI-Zn alloy coated steel
sheet is used as a substrate for a prepainted steel sheet,
cracks can be caused easily in the metal coating layer by
bending. These cracks spread to the overlying paint film,
not only degrading the surface appearance but also pro-
moting the progress of corrosion to adjacent areas. This
drawback makes it difficult to use this type of prepainted
steel sheet in positions that demand severe forming. NKK
planed to develop a prepainted 55%Al-Zn aloy coated
steel sheet that has excellent formability, aiming at ex-
panding the construction market for coated steel sheets. By
giving high formability to both the metal coating and paint
film through the company’s unique methods, NKK has
successfully developed a world-first, highly formable pre-
painted 55%Al-Zn alloy coated steel sheet. Thisis now on
the market as “GALFLEX-COLOR".

The development concept of “GALFLEX-COLOR” is
shown in Fig.8. A formability superior to that of a conven-
tional prepainted 55%Al-Zn alloy coated steel sheet was
given to both the metal coating layer and paint film. Thus,
excellent formability was added to the 55%Al-Zn al-
loy-coated steel sheet that was already inherently highly
corrosion resistant.

3.2 Featuresof “GALFLEX-COLOR”
The hardness of metal coating layers of various metal
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Fig.8 Development concept of “GALFLEX-COLOR”
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coated steel sheetsis compared in Fig.9. The metal coating
layer of “GALFLEX-COLOR” was softened by control-
ling its structure to a level comparable to hot-dip galva
nized steel sheet and Zn-5%Al alloy coated steel sheet.
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Fig.9 Comparison of metal coating hardness

Paint film needs to be sufficiently flexible in order to
have good formability. In addition, paint film needs to ad-
here firmly to the substrate metal layer in order to prevent
surface damage being caused by scratching during and af-
ter construction (Fig.10). However, hitherto it has been dif-
ficult to achieve both excellent flexibility and adhesion at
the same time. Focusing on the resin component of paint
film, NKK developed a composite resin that is composed
of highly adhesive resin and highly flexible polymer. NKK
became the first in the industry to successfully improve
paint film flexibility while securing adhesion to the sub-
strate, an essentia property for prepainted steel sheet used
in construction.

Fig.11 compares the appearance of “GALFLEX-COLOR”
in a bent position with those of other prepainted steel
sheets. Susceptibility of “GALFLEX-COLOR” to cracking
in bent positions is markedly improved when compared
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with a conventional prepainted 55%Al-Zn alloy coated
steel sheet. 3T bending did not cause any cracks. This
performance is more than equal to a prepainted Zn-5%Al
alloy coated steel sheet - a construction product that has
the best formability among conventional prepainted steel
sheets. A cyclic corrosion test that simulated the actual use
environment was performed to evaluate the corrosion re-
sistance of 3T bent positions of various prepainted steel
sheets. The results are shown in Fig.12. “GALFLEX-
COLOR" generated only a very small amount of rust and
blister at the bend, and its excellent corrosion resistance in
bent positions was verified. GALFLEX-COLOR can be
applied when forming such a hard-to-form member that is
not possible to form from conventional prepainted 55%Al-
Zn alloy coated steel shests.

4. Conclusions

In response to the increasing need for highly durable
construction materials, NKK has developed a unique coat-
ing design, and applied it to 55%Al-Zn alloy coated steel
sheets that are inherently highly corrosion resistant. New
products resulted, a high-quality, organic composite coated
55%Al-Zn alloy coated steel sheet “ SUPER GENIUS” and
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Fig.12 Appearance of 3T bent positions after cyclic
corrosion test

a prepainted steel sheet “GALFLEX-COLOR”. Both are
highly corrosion resistant and at the same time highly
formable. Commercial production of “SUPER GENIUS’
was started in October 2000, “GALFLEX-COLOR” in
April 2001. Both products have gained high reputations
among customers as they satisfy the customers' require-
ments for longer life and design versatility in construction
materials. Currently, the market demand for construction
materials is sluggish. However, NKK will continue to de-
velop new steel sheet products that are superior in quality
and environmental compatibility, and contribute to the ex-
pansion of the construction market for steel sheet products.

References

1) Yoshida, K. “Prepainted Steel Sheets for Construction”. Materials &
Environment, Vol.50, No.5, pp.210-215(2001).

2) Yamashita, M. et al. “Highly Corrosion Resistant 55%Al-Zn Alloy
Coated Steel Sheet: GENIUS COAT”. NKK Giho. No.167,
pp.20-23(1999).

3) Yamashita, M. et a. “Highly Corrosion Resistant 55%Al-Zn Alloy
Coated Steel Sheet: SUPER GENIUS COAT”. NKK Giho. No.173,
pp.29-33(1999).

4) Yoshida, K. et a. “Highly Formable Prepainted 55%Al-Zn Alloy
Coated Steel Sheet: GALFLEX-COLOR”. NKK Giho. No.176,
pp.102-106(2002).

<Please refer to>
Keiji Yoshida
Coated Products Research Dept., Material & Processing Research Center
Tel : (81) 44-322-6150
e-malil : keiji@lab.keihin.nkk.co.jp
Toshiyuki Okuma
Construction Material Development Section, NKK Steel Sheet & Strip
Corporation
Tel : (81) 44-322-1138
e-mail : Toshiyuki_Okuma@ntsgw.keihin.nkk.co.jp

NKK TECHNICAL REVIEW No.87 (2002)



