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Abstract

Acrylic resin plays an important role in leather-making, such as
finishing agent, filler and tanning agent. Acrylic resin can be easily
fabricated via conventional emulsion polymerization, but how to
prepare large particle size with self-matting effect has always been
a challenge. In this paper, a continuous three-stage polymerization
method: seed-polymerization coupled core-polymerization and
shell polymerization was employed to prepare large particle size
self-matting acrylic resin emulsion. Simultaneously, the effect of
feeding methods on particles size and the effects of latex particle
size, shell structure and cross-linking degree on the morphology and
gloss of coating were investigated. The Z-average size of PBA seed
latex particles was 213.4 nm for semi-continuous feeding method
but 82.3nm for batch feeding method. After three-time continuous
growth, the seed emulsion turned into core emulsion, and the
particle size of core latex reached about 700nm. In third stages of
shell polymerization, the core emulsion was changed into core-shell
emulsion, and the latex particle size increased further to 804nm. The
latex particle size, core-shell structure and cross-linking degree of
shell layer were found to influence the gloss of the coating. Large latex
particle size imparted the film spherical micro-rough surface, soft-
core combined with hard-shell structure led to deformation resistant
during film formation and cross-linking of shell layer increased
the densification of shell layer, all contributed to the coating rough
surface, as a result, increasing the matting effect of the coating.
Finally, the leather gloss was reduced from 5.8° to 1.2°.

Introduction

The preparation method of acrylic resins was invented by the German
scientist Rohm in the early 20th century and used as a leather finishing
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agent in Germany in the 1930s.! Acrylic resin has good oxidation
resistance and medium resistance because the C-C single bond in its
main chain is difficult to be oxidized and hydrolyzed. At the same time,
the main absorption peak of C-C single bond to electromagnetic wave
is not in the range of solar spectrum, so it has good outdoor weather
resistance. In addition, acrylic resin emulsion has the advantage of
simple production process, safety, environment friendly, and low
cost.”* Therefore, it has been widely used in leather finishing, textile
laminating, interior and exterior wall coating, adhesive, papermaking,
automobile, construction, aerospace and other fields.**

As a coating material, acrylic resin plays a special role in protection,
decoration and other aspects such as hydrophobicity and
antifouling.® The gloss of the coating can be divided into matting
coating and bright coating determined by their reflectivity to light.
Bright coating has a crystal clear and beautiful appearance, so it is
a popular choice for young consumers. With the changed aesthetic
concept, people begin to pay more attention to the introverted
fashion beauty. In recent years, the matting coating with soft luster
has been widely used in automotive interior leather, sofa leather,
wood painting, etc, which greatly promotes the development of
matting coating materials.”

According to the Bennet-Porteus rough surface light reflection
model,® the relationship between light reflectivity R of the rough
surface with the mean square roughness R, of the coating surface is
shown as in formula 1,

R=Rjexp [—(w)z]

3 )

Where R, represents the reflectivity of absolutely flat surface, i is
incident angle and A is the wavelength of incident light.
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Figure 1. Effect of coating surface roughness on light path
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The propagation path of light on surface is shown in Figure 1. When a
beam of incident light is emitted to the coating surface, light interacts
with the coating, some will be absorbed, and some will be reflected
and refracted. For the extremely smooth surface, the angle of incident
light is the same as that of reflected light, which leads to a complete
reflection and a high-gloss coating. In turn, for the rough surface,
due to different normal directions of each point on the surface, many
light beams diffuse on the surface, so the light intensity entering eyes
becomes weaker and the matting effect is obtained.”*

The conventional matting coating is obtained by adding matting
fillers into polymer bulk. These matting fillers are usually inorganic
silica powder or organic wax powder, and their particle sizes are
larger than the latex particles, which will produce uneven surface
after film-forming.!»*> However, the poor compatibility between
them will inevitably bring a series of problems, such as poor
stability of emulsion, poor appearance of coating, rough handle
and low transmittance.”'>'? Therefore, self-matting acrylic resin and
polyurethane have become a research hotspot.'>*!* Such polymers
are usually prepared into larger particle size emulsions, forming
rough surfaces when film forming, resulting in matting effect. As
well known that the preparation of acrylic resin emulsion is classical
emulsion polymerization, the latex particle size synthesized by
this method is too small (50-150nm) to meet the requirement for
extinction. Therefore, how to prepare large size latex through special
emulsion polymerization is the key issue to the preparation of self-
matting acrylic resin.

According to the film-forming mechanism of polymer emulsion
as illustrated in Figure 2, the film formation process of acrylic
resin emulsion can be divided into three steps. (1)Firstly, moisture

volatilization in the polymer emulsion, the latex particles gradually
accumulate, water and other soluble substances are dispersed in the
gap between the latex particles. (2) With the further volatilization
of water, the gap between latex particles becomes smaller until a
capillary is formed. The capillary action forces the latex particles to
deform, resulting in disappearance of the interface between particles.
(3) Finally, the polymer chains diffuse and entangle at the interface
of raw latex particles, and the particles fuse with each other to form
a continuous and flat polymer film.”*"” In the film-forming process,
the soft latex particles are prone to deformation in the second stage
of film formation and fusion in the third step, resulting in a relatively
smooth and high gloss surface. However, as a matting coating, the
deformation and fusion of latex particles should be avoided as much
as possible in the process of film formation, so as to improve the
roughness of the coating and obtain the matting effect. Therefore,
hard latex particles are more suitable for matting coating.

For this reason, a large particle size self-matting acrylic resin
emulsion with soft core and hard shell was prepared by three-stage-
method. Firstly, butyl acrylate (BA) was used as soft monomer to
prepare PBA seed emulsion with particle size of about 200nm. Then,
the core latex was prepared by three-time core polymerization on
the basis of seed emulsion to enlarge the particle size of latex to
approximately 700nm. Finally, P (BA-MMA/AN) soft core-hard
shell latex with latex particle size of 800nm was obtained by shell
polymerization with methyl methacrylate (MMA) and propylene
cyanide (AN) as hard monomers. At the same time, the effects
of feeding method of monomer and emulsifier and the growing
method of seed latex particle on latex particle size and the effects of
latex particle size, shell hardness and crosslinking on the gloss of the
coating were also investigated.
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Figure 2. Film formation process of acrylic resin emulsion
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Figure 3. Synthesis of acrylic resin emulsion latex particle

Experiment

Raw materials

Butyl acrylate (BA) was purchased from Greagent. Methyl
methacrylate (MMA), acrylic acid (AC), allyl methacrylate (AMA)
and sodium dodecyl sulfate (SDS) were purchased from Adamas.
Acrylonitrile (AN) was purchased from TCI. Deionized water (DDI)
was self-made in the laboratory as the synthesis medium.

Preparation of acrylic resin emulsion

The preparation of acrylic resin emulsion was divided into three
stages. Firstly, the PBA seed emulsion with relatively large particle
size was prepared. Then the seed emulsion grew for three times
to fabricate large particle size core emulsion. Finally, core-shell
emulsion was fabricated by shell polymerization on the basis of core
emulsion. In experiment, BA was used as soft monomer and MMA/
AN was used as hard monomer, the amount of emulsifier SDS was
low to prevent the formation of new micelles and latex particles. The
specific reaction process was shown in Figure 3.

Preparation of PBA seed emulsion

The reaction was carried out in four-necked round bottom flask
equipped with condensing pipes, nitrogen protection devices and
mechanical stirrer. In the reaction, four-necked round bottom

flask was placed in a water bath with thermostatic control. The
polymerization temperature was 78°C and the stirring rate was
125rpm. According to the formula of reactants listed in Table I, the
seed emulsion was first prepared. The seed emulsion was synthesized
by two feeding methods under the conditions mentioned above:
batch feeding method and semi-continuous feeding method. Batch
feeding method, that is, all reactants were one-time poured to
the reactor at the beginning polymerization. After heating to the
reaction temperature, the initiator APS was added. While for semi-
continuous feeding method, the pre-emulsion (BA monomer, half
of the total amount of deionized water, emulsifier SDS and initiator
APS) was pre-emulsified at ambient temperature for 1h firstly, then
the pre-emulsion was dropped into reactor for 2h, and the seed
emulsion was obtained.

Preparation of PBA core growth emulsion

Core emulsion was fabricated by three times growth of seed
emulsion. According to the reactant formula listed in Table II,
firstly, all BA, deionized water, SDS and APS were magnetically
stirred at ambient temperature for 1h to prepare the pre-emulsion.
Then the seed emulsion was poured into reactor simultaneously
and heated to the reaction temperature to 75°C. After that, the
pre-emulsion was dropped to the reaction system in a period of
2 h. Finally, a core emulsion with once growth of latex particles

Table I
Recipes for the preparation of PBA seed latexes

Ingredients BA(g) H,0(g)

SDS(g) APS(g) NaHCO;(g)

Seed 80 240

0.24 0.24 0.5
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Table II

Recipes for the preparation of PBA core latexes

Ingredients Seed(g)  Corel(g) Core2(g) BA (g) H,O0 (g) SDS (g) APS(g) NaHCO;(g)
Corel 120 - - 80 240 0.24 0.24 0.5
Core2 - 120 - 80 240 0.24 0.24 0.5
Core3 - - 120 80 240 0.24 0.24 0.5

was obtained (named core 1). Similarly, core 1 was used as mother
liquor, core 2 emulsion with twice growth of latex particles was
prepared. In the same way, core 3 emulsion with large particles size
could be achieved

Preparation of P(BA-MMA/AN) core-shell emulsion

The formulation of P(BA-MMA/AN) core-shell emulsion was shown
in Table III. Firstly, the shell monomer (MMA and AN), AMA
(crosslinker), deionized water, SDS and APS were magnetically
stirred at ambient temperature for 1h to prepare the pre-emulsion.
Then the quantitative core 3 emulsion was charged into reactor
simultaneously and heated to the reaction temperature to 75°C.
Finally, the pre-emulsion was dropped to the reaction system for 2
h and the P(BA-MMA/AN) emulsion with soft core and hard shell
was obtained.

Preparation of leather coating

Appropriateamountof core-shellacrylicresin emulsion, levelingagent
and thicker were mixed together with viscosity of 1000-1500mPa-S.
Then the thickened acrylic resin was applied on leather by using 8um
rod coater. Finally, the coated leather was dried in an oven at 120°C
for 5 minutes to obtain the coated leathers.

Characterization

Coating gloss test
According to the standard ISO 2813-2014, the gloss of leather coated
with different acrylic resins was measured by 60° gloss meter (REFO

60, German). All samples were measured 5 times and the average
value was recorded.

Measurement of latex particle size distribution

The latex particle size distribution (PSD) of acrylic resin emulsion
was observed by dynamic light scattering particle size analyzer (DLS
Malvern Zetasizer Nano ZS, England). The sample was diluted 500
times by deionized water in glass cuvette to determine the Z-average
particle size and particle size distribution.

Characterization of surface morphology and roughness

The surface morphology and roughness of self-matting acrylic
resin coating were characterized by scanning electron microscope
(SEM Helios G4 UC, German) and atomic force microscope
(AFM SPM-9500, Japan) respectively. The emulsion was dripped
onto the silicon wafer and dried at ambient temperature and
ventilation condition to obtain the coating. After spraying gold,
the surface morphology of the coating was obtained by secondary
electron signal of SEM. In addition, the three-dimensional surface
topography and surface roughness of coating can be observed by
AFM with 5pm X 5pum scanning area. The samples were prepared
by spin coating self-matting acrylic resin emulsion on the silicon
wafer substrate.

Characterization of glass transition temperature

The glass transition temperature (T,) of PBA core latex and core-
shell latex were characterized by differential scanning calorimetry
(DSC 214 F1, NETZSCH Instrument, German). The experiment was

Table I1
Recipes for the preparation of P(BA-MMA/AN) core-shell latexes

Ingredients Core3 (g) MMA (g) AN (g) AA(g) AMA (g) H,O0 (g) SDS (g) APS(g) NaHCO;(g)
Core-shell
without AMA 60 15 20 0.105 0 105 0.105 0.105 0.2
Core-shell with ¢, 15 20 0.105 0.25 105 0.105 0.105 0.2

AMA
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Figure 4. Particle size distribution of PBA seed latex particles: (a) batch (b)semi-continuous

carried out in nitrogen atmosphere. After eliminating the thermal
history, the sample was scanned from -80°C to 160°C at a heating
rate of 10°C/min.

Result and Discussion

Effect of feeding mode on particle size of seed emulsion

The particle size of the seed emulsions synthesized by two different
feeding methods are shown in Figure 4. The Z-average particle size
of PBA seed emulsion synthesized by batch feeding method was
82.3nm, as shown in Figure 4(a). Meanwhile, this value for semi-
continuous feeding method was 213.4nm, as shown in Figure 4(b),
which indicates that semi continuous feeding method is more
conducive to the formation of large size seed emulsion.

The conventional free radical emulsion polymerization includes
three stages according to the monomer conversion rate. Stage I: latex
particle formation stage, stage II: latex particle growing stage, stage
IIT: polymerization completion stage.?*! In stage I, the nucleation
mechanism of latex particles can be divided into the following
three types: a) micelle nucleation mechanism, b) monomer droplet

nucleation mechanism and c) oligomer nucleation mechanism.

In this study, the concentration of emulsifier (SDS) in the reaction
system and pre-emulsion was lower than its critical micelle
concentration (CMCpsy=8mmol/L). Therefore, micelles would not
be formed and micelle nucleation would not occur in the reaction
system."” For conventional radical emulsion polymerization, when
the monomer droplet concentration was too low, the free radical
would be hard to diffuse into monomer droplets, so monomer droplet
nucleation is also difficult to occur.”” In the aqueous phase, there were
a small amount of free monomers existing as true solution, these
monomers can be initiated by free radicals. Because the solubility of
this polymer in aqueous phase decreased sharply with the increase
of relative molecular mass, the free radical chains were precipitated
before they grow to a relatively large relative molecular mass. The
precipitated oligomers absorbed emulsifier from the surrounding
so that it could stably exist in the aqueous phase, thus forming new
latex particles. This nucleation mode is called oligomer nucleation

mechanism. The formation of PBA latex particles in this experiment
should follow this nucleation mechanism.

As described above, when the concentration of emulsifier (SDS) was
lower than CMCsps), there were almost no micelles in the reaction
system, that means the polymerization reaction went directly to stage
2 without going through stage 1, in which latex particle nucleation
and latex particle growth occurred simultaneously. a) BA monomer
dissolved in aqueous was initiated by free radicals in the aqueous
phase to form oligomers, once their relative molecular mass became
large, they would precipitate from the aqueous phase and adsorbed
emulsifiers to form latex particles, i.e., oligomer nucleation. b) the
radical chain formed after the reaction between APS and BA is
hydrophobic at one end and hydrophilic at the other end, so the
radical chain exhibited surface active, and the hydrophobic end
of this surface-active radical chains entered the latex particles and
triggered the monomers swelling inside the latex particles, leading
to the growth of the latex particles. In above both reactions, reaction
a) led to the formation of new latex particles while reaction b) led to
the growth of latex particles. Therefore, if the polymeric parameters
could be adjusted to make reaction b) more likely to occur, then a
larger particle size emulsion could be obtained.

The possibility of oligomer nucleation can be predicted according
to the number density of BA monomers in the aqueous phase. For
batch feeding method, the concentration of the low water-soluble
monomer BA remained constant at the beginning of the reaction,
ie., the saturation concentration of BA (1.4x10°g-mL?). These
monomer molecules in the aqueous phase could be triggered by
free radicals for polymerization, and then the monomers in the
monomer droplets would continuously diffuse into the aqueous
phase to replenish the monomers consumed by polymerization, thus
keeping the monomer concentration in the aqueous phase constant
at the saturation concentration of BA. In the case of batch feeding
method, the molecular number density N, (batch) of BA in the
aqueous ** phase can be calculated from Equation 2:

1.4x107
N,,(batch) = o

BA

x Nu=6.576 % 10¥mL"! Q)
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Where My, is the BA molecular mass (128.17 g/mol) and Ny
represents Avogadro constant.

For semi-continuous feeding method, the number density of
monomers in the aqueous phase of reaction system depended on the
addition rate of monomer in the pre-emulsion. After the dropwise
addition of a small amount of BA monomer, the concentration of
BA monomer in the reaction system was lower than the saturation
concentration of BA monomer in the aqueous phase, which means
that any slowly added monomer would diffuse and be consumed
rapidlyin the reaction system without causing monomer enrichment.
In the case of semi-continuous feeding method, the molecular
number density N,,(semi-continuous) of BA* in the aqueous phase
can be calculated from Equation 3:

FR
B NR<2.617X107mL 57!

H,0MBA

N,,(semi-continuous) = 3)
Where the FRy, is the feeding rate of BA monomer in pre-emulsion,
and the is the volume of deionized water initially added in the semi-
continuous method.

The results obtained from the above two equations show that the
molecular number density of monomer BA in semi-continuous
feeding method was significantly lower than that in batch feeding
method. Moreover, as the volume of the aqueous phase in the
reaction system increased, the number density of BA molecules
decreased further, which reduced the probability of oligomer
nucleation in the semi-continuous feeding method. Therefore, the
number of latex particles produced in semi-continuous feeding
method was smaller and the latex particle size was larger compared
to batch feeding method.

Based on the latex particle size D measured by DLS (Figure 4),
the individual latex particle mass m and the latex particle number
density N could be calculated by Equation 4 and Equation 5 as

follows 2
3
m:p[gn(mzy]:/ﬂ @
M
- 5
mV ©

Where p is polymer density (pppsa=1.08¢-mL™) and M is the
total mass of monomer fed to the reactor in this stage. When the
monomer conversion is 100%, the N obtained from the calculations
was shown in Table I'V.

The data of latex particles number density in Table IV show that in
the seed emulsion preparation stage, the number density of latex
particles using batch feeding method was greater than that of semi-
continuous feeding method, which also confirmed the theoretical
prediction in the foregoing.

Growth of Core latex particle size

In the latex particle growing stage from seed emulsion to core
emulsion, the continuous feeding method was used to increase the
latex particle size. After three times growth, the particle size and size
distribution of the core emulsion obtained for each time is shown in
Figure 5.

It can be seen that the latex particle size gradually increased with
the increase of growing times, and the resultant Z-average particle
size reaches about 700nm after three times of growth, which is three

times that of seed latex particles. And with the increase of latex

Table IV

Diameter and number density of PBA seed latex particles
at termination stage of polymerization

Seed latex particle
Feeding Method Diameter(nm) Number density(nm)
Batch 82.3 1.06x105
Semi-continuous 213.4 6.07x108
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Figure 5. Particle size distribution of PBA core latex particles: (a) corel (b) core2 (c) core3
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Table V

Variation of diameter and number density of PBA after growth

Core latex particle
Code Diameter(nm) Number density
Core-1 312.3 1.94x10"
Core-2 480.4 5.32x10"
Core-3 695.0 1.76x10"
Table VI

The number of PBA particles at initiation and termination
stage of polymerization

The number of latex particles

Code Initiation of Termination of
polymerization polymerization
Core-1 5.46x10"° 6.4x10"°
Core-2 1.75x10% 1.76x10%
Core-3 4.79x10" 5.81x10"

particle size, the latex particle size distribution (PSD) became wider.
The diameter and number density of latex particles for each growth
shown in Table V.

It can be seen that the number density of latex particles decreased
with each latex particle growth, which also led to the increase of
latex particle size. The reason for this phenomenon was that when
the continuous feeding method was adopted, some of the newly
added monomers entered the interior of the latex particles and some
monomers were dissolved in the aqueous phase, forming a dynamic
balance of monomer concentration. According to the rule of “the
likes dissolve each other”, hydrophobic BA was more likely to enter
the latex particles, therefore, the BA concentration in aqueous phase
was very low, and the probability of new oligomer nucleation was
very rare. At this time, latex particle growth become dominate,
which caused the increase of particle size for each growth. Since the
probability of each latex particle growing up was random, so the
latex particle size distribution became wider.

The number of latex particles at the initiation and termination of
polymerization are compared in Table VI. The results showed that
although the number density of latex particles decreased after latex
particles growth, the number of particles at the termination of
polymerization was increased slightly, which indicated that some
secondary particles were generated. Although oligomer nucleation
and particle growth reactions occurred simultaneously during the

latex particle growth process, the number of newly generated latex
particles is small, again indicating the dominance of the particle
growth reaction.

Effect of hardness of shell polymer on the surface

morphology of coating

MMA-AN and BMA-AN were used as co-polymerization monomers,
the effect of shell hardness of core-shell latex particles on the glass
transition temperature (T,), surface morphology and gloss of
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Figure 6. DSC curve of acrylic resin from different shell polymer
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Table VI

Glass transition temperature and gloss of films with soft shell and hard shell

Shell structure Soft shell P(BMA/AN) Hard shell P(OMMA/AN)
Homopolymer T, (°C) 20(BMA)/96(AN) 105(MMA)/96(AN)
Copolymer theoretical T, (°C) 50 100
Copolymer practical Ty (°C) 40 102

coating were investigated. DSC curves are shown in Figure 6 and
the SEM image are shown in Figure 7, and gloss and glass transition
temperature data are shown in Table VII.

DSC was utilized to analyze the glass transition temperature of
both acrylic resins with different shell structure. For P(BA-BMA/
AN) emulsion, the Ty ,of core polymer is -49°C, and the T, of shell
copolymer is 40°C, whilst for P(BA-MMA/AN), the corresponding
T, and T, are -43°C and 102°C. The glass transition temperature
of homopolymer PBA, PMMA, PBMA and PAN are -56°C, 105°C,
20°C and 96°C, separately. The glass transition temperature of
shell copolymers (T,) can be calculated by the given FOX* formula
Equation 6.

1 Wi Ws
= +

— =y 2 6
T T T ©

Where T, is the glass transition temperature of A and B monomer
copolymer; W, and Wy are the mass proportion of A and B monomer
in all monomers, respectively; T, » and T, ; are the glass transition
temperatures of A and B monomer homopolymer, respectively.

The T,, obtained from the practical test deviated from the
theoretical value T, of PBA. The reason for this phenomenon was
that the synthesized latex particles were core-shell structure, and
the hard-shell structure with higher glass transition temperature
outside enveloped the soft core of PBA, so it would make the T, of
PBA core have a certain elevation. The glass transition temperature
of copolymers could be calculated by FOX formula. The deviation of
the calculated results from the practical results might be due to the

actual ratio of the two copolymer monomers deviating from the feed
ratio in the continuous polymerization. The observed lower glass
transition temperature peak Tg,; corresponded to the PBA core, and
the higher Tg,, was similar to the glass transition temperature of the
copolymer obtained from theoretical calculations, which showed a
better fit with the core-shell model.

The surface morphology of latex film with different shell structure
was observed by SEM (Figure 7). It can be seen that latex film with
relative soft shell shows smooth surface, whilst latex film with hard
shell shows an uneven “pebble-like” surface. Just as mentioned
above, the harder shell layer could prevent the latex particles from
deformation and fusion in process of drying, which was beneficial for
achieving the roughness of coating surface. Compared with MMA,
the side chain of BMA was longer and its glass transition temperature
was lower. The copolymer composed of BMA and AN had formed
a soft-shell layer, which appeared in a rubbery state during film
formation, in this case the deformation and fusion of latex particles
occurred easily during the film formation process, thus forming a
smooth surface of coating. While the copolymer composed of MMA
and AN had formed a hard-shell layer, and this hard shell was difficult
to move and could fully resist the deformation and fusion of the latex
particles during the film formation process, so the latex particles
were forced to form the pebble-like shape after film formation.

Effect of cross-linking on the surface morphology

and gloss of the coating

Crosslinking of shell copolymer is closely related to latex particle
size, glass transition temperature of polymer as well as apparent

Figure 7. SEM images of acrylate resin films: (a) soft shell, (b) hard shell
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Figure 9. DSC curve of acrylic resin films with or without AMA cross-linking

Figure 10. SEM images of acrylic resin films with AMA cross-linked

morphology and gloss of coating. Figure 8 shows the change in
particle size of P(BA-MMA/AN) core-shell latex before and after
cross-linking, the changes in glass transition temperature of shell
copolymer and morphology of P(BA-MMA/AN) coating surface
are shown in Figure 9 and Figure 10, Table VIII lists the relative
data.

As can be seen from Figure 8 and Table X that the latex particle
size shows little changes except the narrowing down of particle size
distribution after cross-linking. From Figure 9 it was found that the
glass transition temperature of the shell copolymer increased from
102°C to 110°C with the addition of the cross-linking agent, which
will further hinder the deformation and fusion of latex particles
during the film formation process and thus form a higher roughness
of coating surface.

The change of morphology of film surface also proves the above
inference. As could be seen from Figure 10, the original pebble-
like particles evolved into spherical shape, and separated from each
other. The cross-linking also imparts the coating surface sulcus and
gyrus structure due to difference in internal stress.

Figure 11 are the AFM images showing the apparent roughness
of coating surface. It can be seen that the coating roughness R,
increased rapidly with the increase of particle size of emulsion.
For example, the Ry is 144.96nm for emulsion a with particle size
243.98nm but are 173.2 nm, 207.8 nm, 243.98 nm for emulsion b, c,
d with increased particle size. This enhanced roughness of coating
surface was believed to further improve the diffuse reflection of light,
which was conducive to the improvement of the matting property of
the coating.
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Figure 11. Effect of latex particle diameter and cross-linking on coating roughness: particle size of
emulsion (a)245.8nm (b)359.4nm (c)555.8nm (d)802.4nm (e)804.7nm with AMA cross-linking

Table VIII

Coating roughness, Theoretical light reflectivity and Gloss
with different acrylic resin coating

Owt%AMA 0.8wt% AMA
Acrylic resin coating a b [ d e
Particle diameter of emulsion (nm) 245.8 359.4 555.8 802.4 804.7
Coating roughness(nm) 144.96 173.2 207.8 243.98 270.5
Theoretical light reflectivity(R) 22.29 12.65 571 2.04 0.90

-

Figure 12. Effect of latex particle diameter and cross-linking on coating gloss: particle size of emulsion
(2)245.8nm (b)359.4nm (c)555.8nm (d)802.4nm (e)804.7nm with AMA cross-linking
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Figure 13. Gloss of finished leather corresponding to Figure 12;
particle size of emulsion (a)245.8nm (b)359.4nm (c)555.8nm (d)802.4nm
(€)804.7nm with AMA cross-linking

Based on the R ; measured by AFM, the theoretical light reflectance
R of the coating can be calculated by the Equation 1, and its value
was shown in Table VIII.

As described in Table VIII, with the increase of surface roughness
from 144.96 nm to 270.5 nm, the theoretical light reflectance of the
coating calculated by Equation 1 decreased from 22.29 % to 0.9%,
showing a significantly decreasing tendency.

Figure 12 and Figure 13 shows the comparison of the gloss of leather
coating. It can be seen that the coating exhibits good matting
properties. And the gloss of the coating decreased from 5.4° to 2.4°
with the increase of the latex particle size form 245.8 nm to 802.4 nm,
showing a decreasing tendency. Emulsion d (802nm) and emulsion e
(804nm) had similar particle sizes, but the latter exhibited lower gloss
(1.2°) and higher matting effect, this is attributed to the crosslinking
of shell copolymer. The shell copolymers without crosslinking were
looser to each other, after cross-linking, the linear copolymers
became network copolymers, which led to the increase of the shell
layer densities. As a result, the latex particles were not easily deformed
and fused when the coating were drying. Therefore, the coating gloss
was further decreased from 2.4° to 1.2° variation of coating gloss
keeps good consistent with the trend of the surface roughness.

Conclusion

In this study, the methods of acrylic latex particle size growth, the
effects of different feeding methods on the latex particle size as well as
the effects of latex particle size, core-shell structure and crosslinking
degree on the apparent morphology and gloss of the coating were
investigated. In comparison with batch feeding method, the particle
size of PBA seed emulsion prepared from semi-continuous feeding

method increased from 82.3nm to 213.4nm. The latex particle size
can be further enlarged to 700nm after three-time consecutive
growths. More interestingly, the core polymerization still follows
the oligomer nucleation mechanism, the newly generated latex
particles are less, and the particle growth reaction is the dominant.
After shell polymerization, the particle size of resultant emulsion
can be increased to 804 nm. Larger latex particle size makes the
coating surface present a spherical rough structure after drying, and
designable matting effect of the coating can be obtained. The gloss
of the coating can also be regulated by changing the hardness and
crosslinking of shell copolymer. Compared with P(MBA-AN) with
soft-shell structure or without crosslinking, P(MMMA-AN) with
hard-shell structure and crosslinking was found to possess lower
gloss and higher matting effect. Higher hardness and crosslinking
will hinder the deformation and fusion of latex particle during the
drying process of the coating, as a result, the surface roughness of
the coating will be increased and the leather gloss can be further
reduced to below 1.0°.
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