Technical Paper

Anticorrosive pigments

Contact:

José Javier Gracenea
Zapirain

Mediciones y Corrosion
SIL:

T +34 964 387389
josejgracenea@medco.es

EUROPEAN
COATINGS
CONFERENCE
“PROTECTIVE
COATINGS”

12/13.9.2013,
Dusseldorf,
Germany

WWWw.european-
coatings.com

events

Two-way protection

Organic/inorganic hybrid anitcorrosive pigment outperforms zinc phosphate

José Javier Gracenea
Richard March
Esther Oro

Environmental requirements call for the develop-
ment of more efficient anticorrosive pigments, free
of toxic heavy metals. A zinc-free anticorrosion pi-
gemt based on organically treated calcium strontium
phosphosilicate with a very fine particle size has
been developed on this purpose. This pigment was
found to show much better anticorrosive properties
than standard zinc phosphate in salt spray tests.

especially in the field of anticorrosive primers and
paints, where most pigments have been chromate
or lead based compounds. For two decades, zinc phos-
phate has been the standard non-toxic pigment used
instead of chromates. Due to their great efficiency and

-|'he need for non-toxic products has increased lately,

superior characteristics, modified phosphates chemically
treated and with special particle design form the new
generation of non-toxic anticorrosive pigments [1].
Nevertheless, environmental requirements mean that
pigment producers must advance one step more in find-
ing zinc-free anticorrosive pigments. This new generation
is represented by Nubiola’s anticorrosive pigment “Nu-
birox 302", an organophilised calcium strontium phos-
phosilicate free of zinc and organically treated. This new
pigment has been compared to standard zinc phosphate,
as described below.

The value of experimental design

Statistically-based design of experiments (DOE) has been
described as a powerful formulation tool in coatings [2].
DOE provides validated models including any significant
interactions that allow response measures to be confi-
dently predicted as a function of the inputs.

Table 1: Formulas
of WB styrene-
acrylic primer with
3% and 6 % anti-
corrosive pigment
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Formula1l Formula2  Formula 3 Formula 4
(3 % ZnPh) (6 % ZnPh) (3 % Zn-free) (6 % Zn-free)

Product Function Supplier % weight % weight % weight % weight
Millbase
Water Solvent 971 9.75 9.49 9.33
Byk 154 Dispersing agent Byk-Chemie 0.57 0.56 0.58 0.59
Surfynol 104 E Wetting agent Air Products 0.16 0.15 0.16 0.16
Tioxide TR92 Titanium dioxide Huntsman 7.56 7.50 7.62 763
Zinc Phosphate Anticorrosive pigment Nubiola 319 6.33
Nubirox 302 Anticorrosive pigment Nubiola - - 2.84 5.70
Plastorit Micro Mica/quartz/chlorite filler  Rio Tinto Minerals 14.22 1.82 13.45 10.25
Byk 024 Antifoam Byk-Chemie 0.07 0.07 0.07 0.07
Nubirox FR-10 Flash-rust inhibitor Nubiola 0.16 0.15 0.16 0.16
Letdown
Encor 2401 Styrene-acrylic dispersion Arkema 60.15 59.42 61.46 62.02
Texanol Coalescing agent Eastman 3.64 3.66 3.56 3.50
Acrysol RM2020 PU-thickener Dow Chemical 0.13 0.3 0.14 0.14
Byk 024 Antifoam Byk-Chemie 0.32 0.32 0.33 0.33
Ammonia Neutralising agent 0.12 0.12 0.13 0.13

Total 100.00 100.00 100.00 100.00
Physical properties
ElognT:r?ttr:t?annEgo] 243 247 233 27
PVC/CPVC 0.47 0.47 0.47 0.47
\';flﬂn‘gzla[ﬁ/!]e content, 410 410 210 210
\'fvg?gx?'ﬁ)z']e content, 519 523 514 513
Density (g/ml) 1.21 1.22 1.20 1.20
voC [g/1] <140 <140 <140 <140
Anticorrosive pigment 30 60 30 6.0

volume in dry film [%]
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Adhesion at scribe
(ASTM D1654 B-91)

Run Time [h] Thickness pm Dose [%] Pigment
1 240 60 3 Conv. ZnPh
2 240 60 3 In-free
3 240 60 6 Conv. ZnPh
4 240 60 6 In-free
5 240 90 3 Conv. ZnPh
6 240 90 3 In-free
7 240 90 6 Conv. ZnPh
8 240 90 6 Zn-free
9 1170 60 3 Conv. ZnPh
10 170 60 3 In-free
" 1170 60 6 Conv. ZnPh
12 170 60 6 In-free
13 1170 90 3 Conv. ZnPh
14 1170 90 3 In-free
15 1170 90 6 Conv. ZnPh
16 170 90 6 In-free

The strategy of DOE is simple: to use screening designs to
separate the few most important factors from the trivial
many. This is followed by an in-depth investigation of the
remaining key factors.

In order to identify trivial factors, responses must be as
accurate and reliable as possible. One of the methods
is to use replicates to calculate variance and the signifi-
cance of the different effects. Nevertheless, replication
involves more experiments, time and money. An alter-
native possibility is to use an NPP (Normal Probabilistic
Plot) for two-level designs involving two to four factors.

Results at a glance
» Environmental requirements call for the develop-
ment of more efficient anticorrosive pigments free of
toxic heavy metals. A zinc-free anticorrosion pigemt
based on organically treated calcium strontium phos-
phosilicate with a very fine particle size has been
developed on this purpose.

» This pigment shows much better anticorrosion
properties than the standard zinc phosphate with
which it was compared in salt spray tests. It is more
effective than zinc phosphate even at a lower dose
and film thickness.

» Anticorrosive properties can be improved by
increasing the thickness of the coating (90 pm) and
the dose (6 %).

» The adhesion at the scribe depends more on the
time of exposure to salt spray than on the type of
pigment, and for this reason it can be related to
cathodic delamination phenomena.
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Oxidation at scribe
(ASTM D1654 A-91)

Oxidation on panel
(ASTM D610-01)

9 5 3
10 8 9
9 8 5
10 7 10
10 7 5
10 9 10
10 8 5
10 9 10
6 4 2
6 6 1
6 6 2
8 6 4
6 4 2
9 5 4
8 5 3
9 7 7

Physical and chemical
contributions to protection

The anticorrosive pigment tested is a zinc-free corrosion
inhibitor, specifically an organophilised calcium stron-
tium phosphosilicate, with the chemical composition
aM®. bP,0, . ¢Si0, . xH,0, which has been designed to
give anticorrosive efficiency in a wide variety of paint
systems. This pigment shows a high efficiency as a re-
sult of its chemical composition and physical character-
istics.

Table 2:

Experimental fac-

tors and levels

Oxidation scribe, o = 0,05
1.446

Item

Factor Name

PSE of Lenth = 0.5625 Effect

ABCD A Pigment
; B Dose (%]
b C Thickness [um]
ACE D Exposure time [h]
A T T | T T
0.0 0.5 1.0 1.5 2.0 2.5

Figure 1: Pareto plot of effects (oxidation at the scribe, o = 0.05, PSE = Pseudo

Standard Error)
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Item

ABCD

Oxidation Panel, o.= 0,05
1,928

Factor Name
A Pigment

B Dose [%]

C Thickness [um]

D Exposure time [h]

ABC—
0

PSE of Lenth = 0.75

| [ I I
1 2 3 4
Effect

Figure 2: Pareto plot of effects (oxidation on the panel, a. = 0.05, PSE = Pseudo

Standard Error)

Chemically it consists of inorganic and organic compo-
nents which show synergistic effects. Its inorganic con-
tent works on the anode and the cathode. Specifically, at
the anode it passivates with the precipitation of insoluble
calcium, strontium and iron phosphate complexes that
reduce iron cation migration.

At the cathode it inhibits via the precipitation of calcium
and strontium hydroxides that make the passage of oxy-

Item

Adhesion scribe, & = 0,05
1,928

Factor Name

A Pigment

B Dose [%]

C Thickness [um]

D Exposure time [h]

0.0

PSE of Lenth = 0.75

I I | I |
0.5 1.0 1.5 2.0 2.5

Effect

Figure 3: Pareto plot of effects (adhesion at the scribe, o = 0.05, PSE = Pseudo

Standard Error)
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gen more difficult. In addition, the basic nature of the
pigment reduces the amount of oxygen needed to pas-
sivate the formation of rust.

Further, its organic surface treatment reduces particle ag-
glomeration; it also improves film formation, promotes
adhesion and improves the pigment-binder interface,
which makes the flow of water and electrolytes through
the organic coating more difficult.

But as already stated, its effective performance depends
not only on its chemical composition, but also on its
physical characteristics. One of the most significant physi-
cal features is its small particle size. These particles also
have a special particle size distribution, that shows mean
elemental particles around 1 pm and aggregates and ag-
glomerates up to < 10 pm. This distribution has been spe-
cially designed to increase the anticorrosive efficiency.
One of the main effects of this small particle size is to
provide easier solubility due to its high specific surface
value, which is 20 times higher than in standard zinc
phosphate, and which is one of the keys to its anticor-
rosive effectiveness. In addition, the special particle size
distribution is also responsible for a lower effect on
gloss than zinc phosphate based anticorrosive pigments,
which is especially interesting in glossy DTM (Direct to
Metal) systems.

Test procedures summarised

The performance of the zinc-free anticorrosive was com-
pared with a standard zinc phosphate in a styrene-acrylic
waterbased primer. The two pigments were tested at
two different loading levels and at two different dry film
coating thicknesses, to study their effectiveness in dif-
ferent conditions. Four paints (Table 7) were formulated
containing each anticorrosive pigment at two different
dosages: 3 % and 6 % of anticorrosive pigment in the
dry film volume.

The paint formulas were calculated by keeping the same
volume solids percentage (41 %) and the same PVC/CPVC
ratio (0.47) in order to compare the pigment effect at the
same free binder volume level. Due to the different ol
absorption of these anticorrosive pigments, the amount
of filler was changed to keep these parameters constant.
This formulation method ensures that the differences
observed are caused only by the pigment, not by dif-
ferences in free binder volume level. It is well known
that coating performance depends on the free binder
volume level (measured by the PVC/CPVC ratio), and it
is always recommended to bear in mind the different oil
absorption of the pigments in order to keep a suitable
free binder volume in each formulation.

The formulation was divided into a millbase for pig-
ment dispersion, and a letdown with resin and additives
to complete the paint and adjust viscosity and pH. The
millbase was designed for a grinding process with glass
balls of 3 mm diameter as a grinding element, and it was
processed in an orbital shaker for 20 minutes to ensure a
good fineness of grind.

Salt spray test procedure

A single layer of paint was applied on four standardised
cold rolled steel panels (“S-46" grade from Q-Panel) at
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Figure 4: Interaction
plot for oxidation at
the scribe

ANTICORROSIVE
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Figure 5: Interaction
plot for oxidation
on the panel
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Mean values
3 6 60 90 240 1170
| 1 1 L 1
o—2 - 7.5 Pigment
Pigment /. \ - 6.5 &——e /n-free
— - 5.5 ==& Standard ZnPh
- 15 Dose [%)]
Dose [%] § .\_ L 65 o—e3
- 5.5 m—m6
- 7.5 Thickness [um]
Thickness [um] - 6.5 *—e 60
- 5.5 m—m 90

Exposure time [h]

two different dry film thickness, 60 pm and 90 pm, using
application bars of 150 pm and 250 pm respectively. Thus
two sets of eight panels with anticorrosive pigment at two
different dosages and at two different dry film thicknesses
were obtained.

Panels were dried for three weeks at room temperature
before the salt spray test. Just before starting the test,
panels were scribed with a single vertical cut of 6.5 cm,
penetrating all the organic coating and leaving the metal
uncovered in the cut. The salt spray test was performed
according to ASTM B-117 [3], introducing the scribed sam-
ples into a salt fog spray chamber where a fog was created
with a 5 % (by weight) solution of NaCl in water.

One set of panels was exposed for 240 hours, when the
first significant differences between panels were ob-
served. The other set was exposed for 1170 hours, when
coatings with the best performance started to fail. After
salt spray exposure, samples remained 24 hours at room
temperature before coating performance evaluation.

At the scribe, the corrosion process has been forced
(forced anode) and it allows an evaluation to be made
of how the coating protects the metal once the corrosion
process is on-going. So, by measuring the width of corro-
sion at the scribe, the effectiveness of the anticorrosive
pigment in slowing down corrosion can be seen. Also, the
loss of adhesion at the scribe can be related to the ca-
thodic delamination.

The corrosion observed on the rest of the panel is due to
electrolyte penetration through the coating, and is related
to coating permeability. Once the water reaches the sur-
face, the corrosion process starts, and again the effective-
ness of the anticorrosive pigment in slowing down corro-
sion can be seen by measuring the total rusted area.

So the anticorrosive properties of each coating were eval-
uated by measuring the loss of adhesion and the rusted
area both at the scribe and in the rest of the panel. Meas-
urements were carried out according to the following
ASTM standards:

Thickness [nm]

Mean values
3 6 60 90 240 1170
1 | 1 | | |
-9
Pigment
Pigment 0/. / \ -6 o—e In-flee
— — .\. | 3 ®——& Standard ZnPh
9 Dose [%)]
Dose [%] .-/"" -6 *—o 3
./' \_3 . me

Thickness [nm]
-6 oe—e 60
m—m 90

Exposure time [h]
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» Oxidation on the panel was measured according to
ASTM D610-01.

» Oxidation and adhesion at the scribe were measured
according to ASTM D1654-91, (A) and (B) respectively.

Statistical evaluation of results

For the present study a 2* factor experiment design was
chosen. In this type of DOE each factor has two levels,
and the factors can be quantitative, qualitative or both.
Four factors were defined, three of them quantitative (film
thickness, pigment concentration and exposure time) and
one qualitative factor involving the nature of the pigment.
The experiment involved 16 runs of one replication in one
block. “Minitab 16.1.0” was chosen as a tool for DOE data
processing. The results obtained for the oxidation on the
panel (ASTM D610-01) and for oxidation and adhesion at
the scribe ASTM D1654-91 are presented in Table 2.

The data processing with the programme gave Normal
Probabilistic results (for significance level a = 0.05) for the
principal factors. These results can be seen in the form of
Pareto plots showing the relative importance of the main
factors and interactions (Figures 1-3) and in the more visu-
al interaction plots of Figures 4 and 5.

As expected the main principal factor was the exposure
time; nevertheless, the rusting is affected by the nature
of the kind of pigment (A), being primary in the case of
the oxidation on the panel and more significant than the
thickness (C) or the amount (B) in the case of the oxidation
at the scribe.

Finally, the adhesion at the scribe was not affected by the
kind of pigment (A). It depends on the time of exposure to
salt spray, and due to this fact it can be related to cathodic
delamination phenomena.

An interaction plot for oxidation at the scribe (Figure 4)
shows how the zincfree pigment prevented this oxida-
tion at the scribe better at lower doses than the standard
zinc phosphate; the thickness (90 pm) was relevant at low
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6 % Zinc 6 % Zinc
3 % Zn-free, phosphate, 6 % In-free, Phosphate,
60 pm 240 h 60 pm 240 h 90 pm1170h 90 pm 1170 h

Figure 6: Salt spray test results showing the faster activity and higher efficiency
of Zn-free at 240 and 1170 hours of exposure in salt spray test

exposure time, becoming insignificant at high exposure
time.

An interaction plot for oxidation on the panel (Figure 5)
shows how the zincfree pigment is more effective than
standard zinc phosphate even at a lower dose and thick-
ness. Initially (240 h) both pigments are different and over
time (up to 1170 h) they become more similar; this fact can
be related to the higher solubility of the zinc-free pigment
(15 mg/100 ml) compared to the standard zinc phosphate
(3 mg/100 ml); this should lead to the first one acting faster.
This emphasises the importance of the selection of the
anticorrosive pigment and how this effect can be promot-
ed if the dose is increased. figure 6 shows some panels
confirming this fact. ¢
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The Technology Forum for the

Coatings Industry.

Atlanta, GA, April 7 - 9, 2014

~ Call for Papers

Designing the Future:
Innovative Solutions for Coatings

The American Coatings Association (ACA), in partnership with Vincentz
Network (VN), is calling for papers to be presented at the American Coatings
Conrerence 2014 (ACC). This major technology forum for the coatings industry,
which will take place April 7 - 9, 2014 in Atlanta, GAis held in conjunction with
the American Coatings SHow, April 8 - 10, 2014.

Atlanta’s renowned convention center will be the site of this record-setting
gathering of the world’s best innovators in coatings technology. Leading
experts from paint companies, raw material suppliers, academia, and
government laboratories will present the newest breakthroughs and scientific
research in areas crucial to the advancement of the coatings industry and
its many and varied customers. Attended by industry representatives from
around the world, research scientists are encouraged to support global
information exchange by presenting their work in this recognized, world class
technical and scientific forum.

You are kindly invited to submit abstracts detailing your previously
unpublished high-level technical research results that will be made available
for the conference. Abstracts are selected for presentation at the ACC on
the basis of their scientific significance and potential value to the Industry.
As a result, your abstract must make clear the advances over any prior
publications, and highlight the innovative nature of the work. Topics may
include advancements in all coatings categories and raw materials, novel
formulations, laboratory and analytical methods, processing technology and
equipment, environmental and/or sustainability benefits.

IMPORTANT NOTE: The conference organizers will select proposed
presentations for the AC Conrerence based on the following criteria: scientific
significance, novelty and potential value-added to the industry. Please note,
that this selection is based solely on the content of the abstract submitted.
Acceptance of an abstract will require the author(s) to submit a final paper for
a designated session or forum (see important deadlines). Prospective authors
are strongly encouraged to clearly state the research’s unique contribution
in their abstracts, as it aligns with the listed criteria. Student research is
encouraged, and submitted abstracts will be fully considered. Students
whose work is accepted for the ACC will be eligible for limited support by
industry sponsors.

The American Coatings Conrerence also features a growing and highly
professional Poster Session. This informal venue is often favored by
participants for its casual and intimate atmosphere. Applicants can request
thattheirabstract be considered solely for presentation in this Poster Session.
Finally, all submitted final papers will be considered by the conference
organizers for possible publication.

American Coatings

during the

n( American Coatings
SHOW 2014

April 8 - 10, 2014

www.american-coatings-show.com

American Coatings AWARD

The most outstanding paper presented at the ACC will be honored with the
American Coatings Award. Sponsored by the American Coatings Association and
Vincentz Network, the recipient of this prestigious award will receive a $ 2,500
award and an attractive sculpture.

The Roon Award

The Roon Award is a cash prize funded through an endowment managed by the
Coatings Industry Education Foundation (CIEF). Authors wishing to have their
final paper considered for the ACA Roon Award should mark the appropriate
designation on the form. As in the past, Roon Award designated abstracts
will be evaluated by both the ACC Program Committee and ACA’s Roon Award
Committee. Authors who have been accepted for Roon Award consideration will
be notified separately, and will need to complete and submit their final papers
to the Roon Award Committee before Jan. 24, 2014 to be considered

Important Deadlines

» Submission of title and abstracts
Sept. 27, 2013

» Notification of acceptance to speakers
Oct. 14, 2013

» Submission of full technical papers for the conference proceedings
Jan. 24, 2014

Where to submit?

We kindly ask you to submit your title and abstract online at
www.american-coatings-show.com/callforpapers

@
ACA




American Coatings

CONFERENCE

Topics for technical papers

High-level technical papers are solicited on:

» Innovations in raw materials for coatings, printing inks, adhesives and
sealants
* Polymers and resins
* Pigments and dyes
* Fillers
* Additives
* Solvents

» Technical/scientific studies on the interaction between these materials and
theirimpact on properties.

» Fundamental studies on chemical and physical mechanisms and effects
in coatings formulation, film formation curing or aging

> Laboratory testing and analysis methods and equipment

» New developments in processing and production techniques and
equipment, i.e.
* Mixing and dispersion equipment
* Raw materials handling
e Filtrations and filling
 Automation and process control
* Color management
* Packaging
 Curing
 Coating

» Success in 2014 and Beyond

* Legislation, regulation and standardization issues including, but not
limited to:
- National and international technology-forcing requirements
- Sustainability, including developments in renewables
- Green chemistry
— Clean technology and,
— Other product stewardship advancements

* Foreign trade and operations

» Increasing Value from R&D
* Open innovation
 Service engineering
* NineSigma
Global R&D networks
* Speed to market
* Improving return on R&D investment

Application Areas

Focused parallel technical sessions will be held during the conference, likely
covering the following broad application areas:
Automotive coatings (OEM and refinish)

Industrial coatings

Architectural coatings (interior and exterior)

Wood coatings

Coatings on plastics

Protective coatings (marine and corrosion protection)
Functional coatings

Specialty coatings

Coatings production technology

Measurement and testing

Printing inks

Adhesives and sealants

YYYYYYYVYYYYY

Invitation to Speakers and
Requirements for Technical papers

Authors of new work describing research results and developments which
are of relevance to the topics described are kindly invited to submit a short,
significant and conclusive abstract to the conference organizers, outlining the
technical/scientific/innovative/novel content of the paper to be presented.
Papers will be selected on the basis of novelty, scientific and technical
value, and practical relevance. Please note that, in order to comply with the
expectations of the conference audience, abstracts, presentations and papers
for the conference proceedings must be non-commercial in style and focused
exclusively on the technical/scientific content. To illustrate this policy, the
use of trade names must be avoided wherever possible.

IMPORTANT NOTE: Papers will not be accepted if they have been previously
presented or published elsewhere.

General Information for Speakers

All submittals will be treated with the strictest confidence, and will only be
announced if selected in the final program. The oral presentation time will be
20 - 25 minutes in length followed by 5 - 10 minutes for discussion. Speakers from
the industry will be offered a full conference registration including all materials
for a special reduced rate. There will be no charge to speakers from academia.
Co-authors attending the conference must pay the full conference fees.

Submission Deadline

Please submit your technical abstract by Sept. 27, 2013.
Abstracts must be submitted online at
www.american-coatings-show.com/callforpapers.

Questions? Please contact:

Vincentz Network

L ER]

Plathnerstr. 4 ¢

30175 Hanover, Germany
For US calls: (202) 684-6630
T: +49 511 9910-281

F:+ 49 511 9910-279
lena.witte@vincentz.net

American Coatings Assn.
Starsha Valentine

1500 Rhode Island Ave, NW
Washington, DC 20005

T: (202) 462-6272 Ext. 232
F: (202) 462-8549
svalentine@paint.org



