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Protective paints from natural resources: composition
and properties
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Abstract: Climate changes and increasing cost of non-renewable resources cause the growing interest
in technical materials prepared from natural resources. To meet this interest, prototype paints from
rosin and bio-diols derivatives, and also halloysite, were formulated to check their thermal, mechani-
cal, visual and functional properties, as protective coatings of steel. Prepared materials contained ca.
75 wt % of natural resources and exhibited considerably better corrosion protection, thermal stability,
and also higher glass transition temperatures and hardness, than a commercial petroleum-based refer-
ence sample. The other parameters: cross-linking behavior, color, gloss, cupping resistance, adhesion
and chemical resistance were within the range that is acceptable for potential users.

Keywords: bio-diol, halloysite, powder paint, rosin.

Farby ochronne z surowcow naturalnych: kompozycja i wlasciwosci

Streszczenie: Zmiany klimatyczne i rosnace koszty surowcéw nieodnawialnych powoduja zwigkszenie
zainteresowania materiatami o znaczeniu technicznym, otrzymywanymi z surowcow pochodzenia na-
turalnego. Wychodzac naprzeciw temu zainteresowaniu, opracowano prototypowe farby z pochodnych
kalafonii i bio-dioli oraz haloizytu w celu sprawdzenia ich wtasciwosci termicznych, mechanicznych,
wizualnych i funkcjonalnych, jako powtok ochronnych dla stali. Przygotowane materiaty zawieraty
ok. 75% mas. surowcow naturalnych i wykazywaty znacznie lepsza ochrone przed korozja, stabilnos¢
termiczna, a takze wyzsze temperatury zeszklenia i twardos¢ niz komercyjna probka referencyjna
otrzymana z surowcow ropopochodnych. Pozostate parametry: kinetyka sieciowania, kolor, potysk,
tlocznos¢, adhezja i odpornos¢ chemiczna, miescity sie w akceptowalnym zakresie dla potencjalnych

uzytkownikow.

Stowa kluczowe: bio-diol, haloizyt, farba proszkowa, kalafonia.

Global annual demand of paints and coatings will
reach 63 000 000 tons soon [1], i.e. 12-15% of global poly-
mers production estimated at 438 000 000 tons in 2017 [2].
In the 20s of the XXI century, the leading research/devel-
opment challenge for this large and stable market is to
meet the increasingly common requirements of circular
economy, green chemistry and carbon neutrality in the
most important regions of the world [3]. Powder coatings
are the class of coating materials, that have the great-
est potential to meet the aforementioned requirements.
These one-component fine powders excellently protect

D West Pomeranian University of Technology in Szczecin, Fa-
culty of Chemical Technology and Engineering, Department
of Chemical Organic Technology and Polymeric Materials,
Piastéw 42, 71-065 Szczecin, Poland.

2 Lukasiewicz Research Network - Industrial Chemistry In-
stitute, Rydygiera 8, 01-793 Warsaw, Poland

* Author for correspondence: Szymon.Kugler@zut.edu.pl,
Szymon.Kugler@gmail.com

steel substrates after application via electrostatic spray-
ing and curing at elevated temperatures. Epoxy/polyes-
ter systems constitute the vast majority of powder paints
production [4,5]. The most burning issue in the field of
these materials is the need of possibly the cheapest and,
simultaneously, highest-performance products causing
the minimal carbon trace. Expectations related to the
implementation of the carbon-neutral economy in US,
China and EU by 2050 together with the formal obstacles
and increasing costs for paint producers, forced them to
seek biobased alternatives [6—10].

Such an alternative is rosin: a cheap, abundant and non-
toxic raw material, which can be easily converted into
many valuable chemicals, including solid epoxy resins
and hardeners [11]. The rigid diterpene structure can give
them considerably better thermal, mechanical and func-
tional properties in comparison with the other biobased
counterparts [8-10,12-16]. Although there is a number of
basic studies on rosin-derived components [17-29] cur-
able in epoxy-ring-opening reactions, to the best of our
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Table 1. Symbols and composition of prepared coatings and reference samples

Weight ratio of components in coating composition (wt. part)
Sample ' Decylfene Poly(de;cylene Triglycidyl Modified o _ .
symbol dimaleopimarate | maleopimarate) | maleopimarate halloysite (H) Titania (P1) Zinc oxide (P2)
(DDR) (PRD) (BGR)
DDR/3GR? 61 - 29 - - -
DDR/3GR/H? 61 - 29 2,5 - -
DDR/3GR/P 61 - 29 - 3 7
DDR/3GR/H/P 61 - 29 2,5 3 7
PRD/3GR? - 65 35 - - -
PRD/3GR/H? - 65 35 2,5 - -
PRD/3GR/P - 65 35 - 3 7
PRD/3GR/H/P - 65 35 2,5 3 7
COMM? - - - - n.d.a9 n.d.a9

d Reference samples with rosin dianhydride [30].
b Reference samples with rosin polyester [31].

9 Commercial petroleum-based reference coating.
9 No data available.

knowledge, no prototype of ready powder coating prod-
uct has been prepared so far.

The aim of this study is to demonstrate prototypes of
powder coating systems prepared from natural resources:
rosin-biodiol (poly)esters, rosin-sourced epoxy resin, hal-
loysite, and also anticorrosive pigments. The prototypes
should be characterized by flow temperatures of <120°C
accompanied with properly higher effective curing
temperatures (>140°C), that allows for: (i) production of
paints via extrusion process, (ii) application in powder
form at room temperature on steel substrates, and (iii)
curing process in typical industrial conditions (>140°C at
normal pressure). This demonstration includes synthe-
ses of components, preparation of coating compositions
and coatings and evaluation of their thermal, mechanical
and functional properties in comparison with commer-
cial petroleum-based reference sample.

EXPERIMENTAL PART
Materials

The following materials were used without further
purification:

Rosin-derived decylene-1,10-dimaleopimarate anhy-
dride resin (Fig. 1), light brown solid, acid number 250-
265 mg KOH/g, softening point <110°C prepared in a pro-
cess described in our previous work [30]. Rosin-derived
poly(decylene maleopimarate) carboxylic resin (Fig. 1),
brownish solid, acid number 180-190 mg KOH/g aver-
age degree of polymerization <5, softening point <120°C
prepared in a process described in our previous work
[31]. Rosin-derived triglycidyl maleopimarate epoxy resin
(Fig. 1), yellowish solid, softening point 70-73°C, epoxy
equivalent weight 299-362 g-equiv! prepared in a pro-
cess described in our previous work [30]. Halloysite, filled

Decylene-1,10-dimaleopimarate (DDR)

HOOC HOOC

Triglycidyl maleopimarate (3GR)

Fig. 1. Schemes of rosin derivatives used in this work as coating
components
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with 8-hydroxyquinoline, pearl white anticorrosive filler,
specific surface 17 m?- g’, average lumen inner diame-
ter 21 nm, average particle diameter 250 nm, prepared
in a process described in our previous work [32]. Rutile
grade titanium dioxide, commercial white pigment, aver-
age particle diameter 300 nm (R003, Grupa Azoty Police,
Poland). Zinc phosphate, analytical grade, as a white
pigment, fraction of particle diameter <30 pm (Merck,
Germany). Commercial polyester zinc anti-corrosive
powder paint (RAL7031 P/S1/U/97, Venice Int., Poland).

Sample preparation

Powder coating compositions were obtained as fol-
lows. Rosin-derived components were ground into fine
powders using a knife mill. Next, they were mechani-
cally pre-mixed in stoichiometric proportions (option-
ally in presence of 2.5 wt % of filler, 5 wt % of titania
and 10 wt % of zinc phosphate) before extrusion via
twin-screw (16 mm, 1/d =40) co-rotating extruder Prism
16 (ThermoFisher, USA) at 120 °C, 60 rpm. After cool-
ing under ambient conditions the extrudate was ground
by knife milling (1000 rpm) and classified using a sieve
shaker. A fraction of 45-65 um was loaded to Optiflex-2
corona-charging gun (Gema, Switzerland), applied uni-
formly onto steel substrates, and then cured in an oven at
200°C for 45 min. The measured coatings thickness was
150+ 15 um. The acronyms and composition of prepared
coatings were presented in Table 1.

Methods

Rheological measurements of coating compositions
were performed using DHR-1 rheometer equipped with
Environmental Test Chamber and 25 mm plate-plate
measuring system (TA Instruments, USA), gap 1 mm,
heating from 90 to 200°C (heating rate 10°C - min™) fol-
lowed by the reaction under isothermal conditions.
Differential scanning calorimetry (DSC) was performed
on a Q100 device (TA Instruments, USA). 9-13 mg sam-
ples were heated from 25 to 240°C with a heating rate of
10°C - min’, standard aluminum pans were used under
nitrogen atmosphere 25 cm®- min™. Thermogravimetric
analysis (TGA) of cured coatings was carried out on
a Q5000 device (TA Instruments, USA) in a platinum cru-
cible. Samples between 5-10 mg were heated from 25 to
1000°C with a heating rate of 10°C - min™, under air atmo-
sphere, flow rate: air 25 cm?®- min™, nitrogen (as protective
gas) 10 cm®- min™. Ultraviolet-Visible Spectroscopy (UV-
Vis) was done using UV9000s device (Biosens, Poland)
for determination of coatings color of samples on 5 x5 cm
substrates. Gloss of coatings at 20°C was determined
using 10Q20/60/85 device (Rhopoint Instruments, UK),
in compliance with the ISO 2813 standard, 5 measure-
ments were made. Hardness of coatings was tested using
AWS-5 Konig pendulum (Dozafil, Poland), 20°C, 50% of
relative humidity, 5 measurements were performed. G)

Adhesion of coatings to steel was checked in cross-cut
test, according to EN ISO 2409 standard, 3 measurements
were done. Cupping resistance (ISO 1520) of coatings on
steel was determined using Model 200 cupping tester
(Erichsen, Germany), 3 measurements were conducted.
I) Chemical resistance to methyl ethyl ketone (MEK) was
investigated in rubbing test, according to EN 13523-11
standard, 3 measurements were made. Performance in
the salt chamber was carried out according to PN-EN ISO
9227:2007 in CorrosionBox 400 (Co.Fo.Me.Gra,, Italy) using
an aqueous NaCl solution (concentration of 50 5 g - dm™)
sprayed with compressed oil-free air (100 kPa). The back-
side and edges of steel QD-46 Q-panels (dimensions:
102 x 152 mm) with X-scratched coatings (according to EN
ISO 17872:2007) were protected with a dedicated pres-
sure adhesive tape (Tesa, USA) and mounted at an angle
of 20° vertically. The temperature in a spray cabinet was
maintained at 35°C during the test period of 500 hours.

RESULTS AND DISCUSSION

Content of natural resources and thermal properties
of coating materials

The investigation of thermal properties of coatings
were performed in order to evaluate cross-linking behav-
ior, cross-linking density, thermal stability and glass
transition temperature of obtained materials.

The results of prepared coatings curing process inves-
tigation were shown in Fig. 2. The curves included heat
up from 90 to 200°C (for 11 minutes) were followed by the
reaction under isothermal conditions. Reference samples
were marked in grey. As can be seen in Fig. 2a, the addi-
tion of pigments to varnish DDR/3GR [30] hardly influ-
enced the curing process. Similarly, but slightly more
visible difference between DDR/3GR/H [31] varnish and
DDR/3GR/H/P prototype paint could be observed, i.e.
lower slope of pigmented composition in the first 15 min-
utes of curing process. The mentioned difference in early
stage cross-linking was also observable for PRD-based
compositions (Fig. 2b), but after 30 minutes, the viscos-
ity of pigmented and reference samples reached out the
same level. What is particularly important, the formula-
tion of paint prototypes, i.e. the addition of non-reactive
pigments, did not negatively affected the good regularity
of reference binders cross-linking behavior.

The next parameter determined in this study was ther-
mal stability of prepared samples. Fig. 3 showed its values
in function of natural resources content in coatings. This
content varied from 0% for COMM petroleum-based
reference to ca. 82% for rosin-based varnishes. Natural
resources content in obtained prototype paints was ca.
75% because of the presence of chemical-origin pigments.
Values of thermal stability were defined as temperature
at 5% mass loss (T,). It could be easily found, that rosin-
based coatings showed significantly better thermal stabil-
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Fig. 2. Rheological curves of coating composition curing processes. Reference samples marked in grey

ity than petroleum-based reference. Moreover, T,, values
of rosin paints were noticeably higher (up to 370°C), than
those of rosin varnishes, but this difference could result
from the higher content of non-degradable inorganic
mass of pigments. It is noteworthy, that the same depen-
dence could be observed for the samples with halloysite
filler. High thermal stability of rosin-sourced materials
was also confirmed by others [19]. It may be preliminary
concluded, that a higher molar mass of rosin-based dian-
hydride can improve the thermal stability of samples.
Values of glass transition temperature (T)) were also
presented in Fig. 3 in the same way as T},. T, of COMM
sample reached ca. 90°C, while T of rosin-based samples
was noticeably higher and varied in a very narrow range
near 100°C. Such results confirmed good cross-linking
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Fig. 3. Content of natural resources in prepared coatings and ref-
erence samples and their values of glass transition temperature
(T) and temperature at 5% mass loss (T, ). Sample symbols are
explained in Table 1

degree of the polymer matrix of rosin-based samples, that
was not deteriorated by the presence of additions.

Mechanical and functional properties of coatings

The investigation of functional and mechanical fea-
tures of prepared materials included such parameters,
that are the most important from a user point of view.
They can be summarized as a physical endurance to vari-
ous mechanical factors, resistance in chemically aggres-
sive environment and defined outlook.

The results of hardness tests were shown in Fig. 4. The
obtained coatings exhibited high values of this param-
eter (in a range of 201-210 a.u.) that were similar to rosin-
based reference varnishes. Moreover, this value was
higher than for COMM reference (182 a.u.) and not very
much lower than for uncoated steel substrate (240 a.u.).
It can be noticed, that hardness of DDR-type samples
was slightly higher than PRD-type. On the other hand,
there was not found a considerable impact of the inor-
ganic particles presence on coatings hardness: the high
values of this parameter probably resulted from properly
crosslinked polymer matrix with built-in rigid diterpene
structures of rosin acids.

Enhanced hardness of rosin-based samples went with
their worse cupping resistance, in comparison with petro-
leum-based reference. As can be seen in Fig. 4, COMM
sample showed higher cupping resistance (9 mm) than
rosin-based prototype paints (71-79 mm). Nevertheless,
such proportion of this parameter values remained
acceptable for potential users. The presence of flexible
1,10-decylene chains in coatings structure led to obtain-
ing hard, but moderately deformable materials. It should
be noted, that cupping resistance of the prototype paints
did not significantly differ from their rosin-based refer-
ence samples, however DDR-cured materials exhibited
slightly better values of mentioned parameter than PRD-
type samples.
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Fig. 4. Hardness, cupping resistance, adhesion and chemical
resistance of prepared coatings and reference samples. Sample
symbols are explained in Table 1

Adhesion of coatings to steel substrate (Fig. 4) was eval-
uated according to ISO 2409 in 6-degree scale, where 0°
means the best adhesion (no delamination after cross-
cut), and 5° is the worst adhesion (delamination >50%).
Both COMM petroleum-based paint and a group of 4 pro-
totype rosin-based paints exhibited perfect adhesion to
steel (0°). Interestingly, reference rosin varnishes showed
rather diverse range of adhesion, from 0° for DDR-type to
1-2° for PRD-type samples. Therefore a preliminary con-
clusion can be formed, that the addition of inorganic pig-
ments to PRD-based varnishes can improve their adhe-
sion to steel. Probably this phenomenon can be attributed
to the influence of inorganic particles on the relaxation of
stresses in polymer matrix during crosslinking process.

Investigation of barrier properties against methyl-
ethyl ketone showed out the highest measurable chemi-
cal resistance of all prepared prototype coatings, same
as for COMM reference. The highest chemical resistance
was a criterion for the selection of coating compositions
to obtain prototype paints, so in comparison with rosin-
based references, this parameter was not deteriorated
after addition of inorganic pigments. The results of chem-
ical resistance were set in Fig. 4.

Interestingly, the results of corrosion resistance salt
spray chamber test, which were presented in Fig. 5,
turned out to be more varied. COMM sample represented
anti-corrosive possibilities of commercial products after
500 h in salt chamber: visible rusty X-scratch and slight
trickles could be observed. Against this background,
unfilled rosin-based reference varnishes (DDR/3GR and
PRD/3GR) showed stronger rusting of X-scratch and
trickling; especially PRD/3GR sample, that were charac-
terized by the weakest adhesion in this study (Fig. 4). The
introduction of modified halloysite was beneficial to anti-
corrosive performance of these references [30, 31] rusting

and trickling on DDR/3GR/H and PRD/3GR/H samples
were less visible.

Better anti-corrosive properties of DDR/3GR matrix
were confirmed by protective performance of prepared
prototype paints. DDR/3GR/P and DDR/3GR/P/H paints
had very good protective properties with no visible rust-
ing of X-scratch (Fig. 5). On the other hand, PRD/3GR/P
and PRD/3GR/P/H prototypes presented anti-corrosive
performance similar to COMM reference, with visible
rusting and trickles. It could be seen, that PRD/3GR/P/H
showed slightly better performance than PRD/3GR/P
thanks to aforementioned beneficial influence of halloy-
site filler. In conclusion, the composition of rosin-based
varnishes with the inorganic pigments significantly
improved their corrosion protection of steel.

PRD/3GR | PRD/3GR (salt)] PRD/3GR/H |PRD3GR/H (salt
\ ,"l A \\\

‘ 3

—)

COVDM Gy

Fig.5. Prepared coatings and reference samples before and after
500 h of salt spray test
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From a user point of view, visual properties of paints
are particularly important. As can be seen in Table 2,
the addition of pigments successfully brightened the
original, rather dark colors of rosin-based varnishes.
Furthermore, gloss of prototype paints (23-26 G.U.) was
significantly lower than reference rosin-based varnishes
(51-66 G.U.). These proved the possibility of modifica-
tion of rosin-based coatings visual properties towards
the brighter and less shiny materials.

Table 2. Visual properties of prepared coatings and refer-
ence samples

Sample symbol Gloss (G.U)) Color (RAL)

DDR/3GR 66+4 6013 (red green)
DDR/3GR/H 65+2 1019 (grey beige)
DDR/3GR/P 26+2 7030 (stone grey)
DDR/3GR/H/P 24+1 7030 (stone grey)
PRD/3GR 52+3 8025 (pale brown)
PRD/3GR/H 51+2 7006 (beige grey)
PRD/3GR/P 23+2 7005 (mouse grey)
PRD/3GR/H/P 23+2 7039 (quartz grey)

COMM 57+2 7031 (blue grey)

CONCLUSIONS

Two recently prepared rosin-based coating systems were
developed to obtain working prototypes of ecological pro-
tective paints with natural resources content of ca. 75 wt
% and cross-linking kinetics appropriate for powder coat-
ing applications. Advantageously, they were characterized
by higher thermal stability, glass transition temperature,
hardness and anti-corrosive performance than petroleum-
based reference, as well as much brighter color than rosin
derivatives. On the other hand, they exhibited noticeably
lower, but acceptable for the users cupping resistance and
gloss. Coating system based on decylene-1,10-dimaleopi-
marate and triglycidyl maleopimarate showed better prop-
erties (especially corrosion protection) than materials from
poly(decylene maleopimarate), so it should be a subject of
scaling-up in the industry. Finally, this study is a prove,
that naturally-sourced coating materials can replace petro-
leum-based counterparts, even in such demanding appli-
cation, as corrosion protection of steel.
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