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TAKING THE SHINE OFF
New generation reactive matting additive for epoxy and hybrid powder coatings. By Atman Fozdar, Fozdar Dynamics, 
USA, and Ronald Lewarchik, Chemical Dynamics LLC, USA.

The popularity of smooth matte epoxy and epoxy-hybrid pow-
der coatings for interior application poses a challenge when 
set against the current volatile market for matting agents. In 
this article we discuss different approaches to achieve the de-
sired matting results while improving storage stability with-
out affecting reactivity. 

O ver the last few years, powder coatings have gained increasing 
popularity due to their ease of application and performance 

advantages. In recent years, demand for matte powder coatings has 
risen due to aesthetics and functional purposes. Over 60 % of pow-
der coatings by volume in the industrial coatings market in Asia and 
Europe are matte and semi-gloss systems for interior applications.
Low-gloss coatings are the result of incident light scattering on a 
micro-structured surface. It requires a varied surface topography 
that reflects light in all directions. There are a number of approaches 
to produce a matte surface of a cured powder coating especially in 
epoxy and epoxy-polyester hybrid systems such as inorganic fillers, 
organic waxes, dry blending of two powders with different reactiv-
ity or compatibility and by adding reactive matting hardeners. Which 
method is selected to reduce gloss depends on the desired gloss 
level and the properties of the cured powder coating.

Different approaches to produce a matte surface:
1. Inorganic fillers or non-reacting additives
2. Organic waxes
3.  Dry blending of two powders with different reactivity of  

compatibility
4. Addition of reactive matting hardeners

Despite easy incorporation and lower cost, the inorganic filler route 
is least preferred due to the limited gloss range and significant com-
promise in terms of the mechanical properties of the cured powder 
coating. Due to the higher melt viscosity of powder coatings, there is 
limited wetting and applicators often encounter flow-related issues.
The addition of organic waxes causes wax particles to migrate to the 
surface of the coating during curing, and is caused by their incompat-
ibility with the primary resin. This method is often employed in poly-
ester-based powder coatings. The performance of the cured film also 
depends on the method of incorporation, melting point, and type of 
waxes. A higher wax dosage often leads to haze, finger printing and 
issues related to recoatability.
Dry blending two powders with different reactivity such as polyesters 
with high and low acid value, and acrylics can produce low gloss due 
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RESULTS AT A GLANCE

 ű There is a growing need for the de-
velopment of multifunctional additives 
to deliver matte epoxy and epoxy-pol-
yester hybrid powder coatings for inte-
rior application.

 ű Different approaches to produce a 
matte surface of a cured powder coat-
ing depend on the final coating proper-
ties and desired gloss level. 

 ű It is possible to cure conventional 
epoxy resins systems at lower tem-
peratures without affecting matting ef-
ficiency, mechanical properties, or cure 
response.

 ű Higher gel times of experimental 
variations improve storage stability 
without affecting cure response.



Table 1: Epoxy formulations.

Formulations B68 Control B68 + 2-MI Exp V2, V3, V4 FDA

Raw material Wt% Wt% Wt%

Epoxy resin (EEW – 
750-850)

60.00 60.00 60.00

Titanium dioxide 16.00 16.00 16.00

Barium sulfate 16.5 16.0 16.5

Flow agent 1 1 1

Degassing agent, 
Benzoin

0.5 0.5 0.5

2-Methyl imidazole 0 0.5 0

B68 6 6 0

Exp matting hardener

(Exp V2, V3, V4 FDA) 0 0 6

Total 100 100 100
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Figure 1: Building blocks for B68.
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Figure 2: Glass transition temperature of t wo epoxy formulations with B68 and Exp V3, respectively.

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 °C

B68 TG 9-5-19
B68 TG-9-5-19, 7.6000 mg

V3 TG 9-6-19
V3 TG-9-6-19, 12.2000 mg

Glass transition
Onset - MB68  55.88 °C
Midpoint ISO  58.24 °C
B68 

Glass transition
Onset - V3  61.52 °C
Midpoint ISO  64.24 °C
V3 

V3 TG 9-6-19
V3 TG-9-6-19, 12.2000 mg

B68 TG 9-5-19
B68 TG-9-5-19, 7.6000 mg

V3 TG 9-6-19, 12.200 mg

B68 TG 9-5-19, 7.6000 mg

2
mW

to the micro-structured surface produced. But it often requires sep-
arate extrusion and preparation of such powder systems. Particle 
size and density variations can often lead to variations in gloss from 
batch to batch. For one-shot matte applications, salts of polycar-
boxylic or polyanhydride hardeners are co-extruded with epoxy or 
epoxy-polyester powder coatings. One well-known example is a B68-
type matting compound, which is the salt of pyromellitic acid (PMA) 
or pyromellitic dianhydride (PMDA) and 2-phenyl-2-imidazoline (2-
PI). One issue with polycarboxylic-type hardeners is their shorter gel 
time due to greater reactivity, even when blocked by their salts. A 
higher temperature (170-200 °C) is required to deblock the salt and 
to obtain a cured film with optimum properties. Salts of polycarbox-
ylic acids are sensitive to moisture, they are harmful to aquatic or-
ganisms (R52 and R53), and toxic to flora (R54) [1]. Moreover, there 
are strict environmental regulations over the production of some 
of these building blocks such as durene (Figure 1) for the manufac-
ture of PMDA. China is a major supplier of these building blocks but 
volatile raw material prices in the last few years and manufacturing 
challenges combined with recent local government regulations have 
presented significant supply-related issues.

High curing temperatures have traditionally been a barrier to the 
penetration of powder coatings into new market fields including 
automotive, as well as non-traditional and heat-sensitive substrates 
such as wood, plastics, and fibre-reinforced composites. There are 
several reaction mechanisms for low-temperature-cure epoxy pow-
der coatings such as the use of dicyanamide, benzoguanamine and 
phenolic crosslinkers coupled with Lewis acids, quaternary ammo-
nium compounds, secondary and tertiary amines as accelerators, 
but they have been limited to high-gloss coatings. Obtaining high 
reactivity, a high percentage conversion or degree of crosslinking 
and good flow & levelling remain the largest obstacles for low-tem-
perature-cure matte powder coatings.
The purpose of this study is to provide a brief review of several 
gloss-reducing mechanisms that are conventionally used in epoxy 
and epoxy-polyester hybrid formulations and to determine alterna-
tive approaches of producing a matte surface at lower temperature 
cure. The idea is based on selecting appropriate building blocks for 
a reactive matting hardener. Using unconventional blocking groups 
and temperature-triggered release of accelerator (temperature, 10-
15 °C above the melting temperature of epoxy resin) allow an op-
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timum cure at low temperature without affecting storage stability. 
There are several other approaches to produce a matte surface at 
lower cure temperature - up to 125 °C (albeit more expensive) and 
include a novel matting agent that is based on a carboxyl functional 
acrylic resin which requires a low Tg epoxy resin.
Some of the building blocks used in this study enabled low-temper-
ature-cure matte coatings to be produced for direct food contact 
application in compliance with 21CFR FDA 175.300.

Factors affecting reactivity, gel time and gloss:
 ą Molecular weight and functionality of building blocks [2]
 ą Degree of branching
 ą Reaction kinetics
 ą Deblocking temperature of salt
 ą Acid value of polycarboxylic acid
 ą Shear rate in the extruder
 ą Delivery of accelerator – unblocked vs. temperature triggered

EXPERIMENTAL

Bisphenol-A epoxy resin with EEW 75-850 g/eq was used in smooth 
epoxy and hybrid powder coatings. Additionally, carboxyl-terminated 
polyester resin with an acid number of 30-35 mg KOH/g was used 
in hybrid powder coatings. In the exemplary formulation, 2-methyl 
imidazole (2-MI) was used to catalyse conventional epoxy formulation 
along with B68 type hardener. In addition to 2-MI [3], it may be pos-
sible to use catalysts based on 2-propyl imidazole, tetrabutyl ammo-
nium bromide, dimethyl stearyl amine but these may have negative 
impact on gloss reduction. 
All the raw materials were premixed for 3 minutes using a high-speed 
mixer and then extruded using a twin-screw extruder at a screw speed 
of 300 rpm with an end-zone temperature of 105 °C and a front zone 
temperature of 40 °C. After cooling, the extrudate was pulverised and 
sieved with a 140-mesh screen. The processed coatings were applied 
to zinc phosphate cold-rolled steel panels at a dry film thickness of 60-
75 µm using electrostatic application. The coated panels were cured 
in a high air velocity convection oven maintaining its peak metal tem-
perature at 150, 160, 170, 180 & 190 °C.

SUPPLIER SHOWCASE: PRODUCTION EQUIPMENT
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Some degree of short-wave orange peel was observed on the panel 
coated with the control system catalysed with 2-MI. Table 1 lists epoxy 
formulations with experimental reactive matting hardeners along 
with B68 and B68 + 2-MI as control. Variations were formulated to 
have similar resin solids and they were processed using the same 
processing conditions. Experimental variations V2, V3 & V4 FDA were 
formulated specifically for epoxy chemistry. The level of reactive mat-
ting hardener was kept similar – 10 phr in all formulations. As the 
bake temperature was lowered, a ‘bell’-shaped curve was frequently 
observed. This suggests that a higher level of reactive matting hard-
ener is unnecessary and may result in higher gloss and unreacted 
functional groups.
Table 2 represents a model smooth black hybrid formulation for inte-
rior application based on 70 % epoxy resin and 30 % polyester resin. 
Tetraalkyl ammonium carboxylate was used to catalyse a control hy-
brid variation formulated with B68 matting hardener. Exp V18 and 
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Figure 4: 60-degree gloss vs. bake temperature: epoxy-polyester hybrid formulations.
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Figure 3: 60-degree gloss vs. bake temperature: epoxy formulations.
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V36 FDA were formulated specifically for hybrid formulations. The 
level of reactive matting hardener was determined based on unreact-
ed epoxy groups and was added at 10 phr on % free epoxy groups. 
These are unreacted epoxy groups which do not participate in reac-
tion with carboxyl groups of polyester resin. Stoichiometric addition 
is important since any unreacted groups or salts may have a deleteri-
ous effect on a system’s sensitivity to moisture. Branched structures 
have higher reactivity but the percentage conversion rate is lower as 
a result of decreased mobility due to initial crosslinking. All the vari-
ations listed in Table 2 were processed under the same conditions.
To investigate the influence of reactive matting hardener on the 
overall Tg of the system, we used a differential scanning calorimetry 

(DSC) instrument to determine the glass transition temperatures (Tg) 
of formulated powder coatings. Figure 2 gives a comparison of the 
glass transition temperature for Exp V3 vs. B68 in an epoxy formula-
tion.
Exp V3 and V4 FDA work with epoxy resins that have a wide range 
of glass transition temperatures without influencing gloss reduction. 
Higher Tg systems provide better storage stability and resistance to 
sintering during storage. We are still investigating the cure behav-
iour or reaction kinetics of different systems by studying the change 
in heat flow. The change in heat flow is proportional to the change 
in the extent of reaction, which can be determined by a function of 
time or temperature.
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Table 2: Epoxy-polyester (70:30) hybrid formulations.

Formulations B68 Control B68 + TAAC
Exp V18, V36 

FDA

Raw material Wt% Wt% Wt%

Epoxy resin 
(EEW – 750-
850)

42.00 42.00 42.00

Polyester resin 
(Acid value – 
30 mg KOH/g)

18.00 18.00 18.00

Titanium di-
oxide

15.3 15.3 15.3

Carbon black 1 1 1

Barium sulfate 18.77 18.52 18.77

Flow agent 1 1 1

Degassing 
agent, Benzoin

0.5 0.5 0.5

Matting hard-
ener

3.43 3.43 0

Tetraalkyl 
ammonium 
carboxylate

0 0.25 0

Exp Matting 
hardener

100 100 100

(Exp V18, V36 
FDA)

0 0 3.43

Total 100 100 100

Visit shepherdcolor.com
to find your color.

Looking for high-performance 
pigments for powder coatings?

SUPPLIER SHOWCASE: PIGMENTS

SUPPLIER SHOWCASE: ADDITIVES

COMPLEX MECHANISM CAUSES INCONSISTENCY

Gloss reduction is achieved through two-phase morphology developed 
during curing rather than formation of a microstructure during cooling. In 
addition to the selected building blocks, particle size and distribution also 
influence gloss. The temperature rise progression in the extruder barrel is 
dependent on the Tg, the melting temperature of epoxy resin and the de-
blocking temperature of salt. The 60-degree gloss of subject systems was 
determined in accordance with ASTM D523, as a function of bake tem-
perature and values are reported in Figure 3 for epoxy systems and Figure 
4 for epoxy-polyester hybrid systems, respectively. Based on the gloss 
values obtained for various systems, none of the experimental grades or 

control systems offered consistent gloss across a range of temperatures. 
The complexity of the gloss-reducing mechanism employed in this study 
makes it difficult to induce a low-gloss surface across a broad tempera-
ture range. Nevertheless, depending on the desired gloss level and cure 
temperature, it is possible to implement a specific cure schedule. The B68 
type hardener is more consistent in gloss at a higher bake schedule but at 
lower temperatures we observed significant deviation in gloss.

GEL TIME

Gel time is the time it takes for a mixed resin system to gel or become 
highly viscous such that it can no longer be considered workable. Gel 



E U R O P E A N  C O AT I N G S  J O U R N A L  1 2  –  2 0 2 0

T E C H N I C A L  PA P E R

400

350

300

250

200

150

100

50

0

160 170 180 190 200 210 220 230

G
el

 ti
m

e 
in

 s

Cure temperature in °C

   B68

   B68 + TAAC

   Exp V18

   Exp V36 FDA

Figure 6: Gel time vs. cure temperature: epoxy-polyester 
hybrid formulations.

Figure 5: Gel time vs. cure temperature: epoxy formulations.
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time affects microstructure formation and the overall appearance 
of a coating. A variety of temperature triggers, or slow release 
mechanisms can be employed to increase gel time without affect-
ing the final cure or gloss. Exp V2, V3 & V4 showed higher gel time 
than the B68 system in epoxy formulation as shown in Figure 5. 
However, Exp V18 and V36 FDA showed higher gel time than the 
B68 system catalysed with TAAC in hybrid formulation at a lower 
temperature (150 °C) but achieved similar values at temperatures 
above 160 °C, as shown in Figure 6. 
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Table 3: Physical, chemical, and mechanical properties of various systems at 150 °C, 15 minutes.  

Bake 
schedule
150 oC, 
15 minutes

Epoxy 
formulations

Pencil 
hardness

ASTM D3363

Crosshatch adhesion
ASTM D3359, 2 mm

Impact resistance 
(reverse)

ASTM D2794

MEK DR,
ASTM D5402

Epoxy 
formulations

B68 Control 5H 5B >180 Kg. cm 38

B68 + 2-MI 5H 5B 160 Kg. cm >300

V2 5H 5B >180 Kg. cm >300

V3 5H 5B >180 Kg. cm >300

V4 FDA 5H 5B >180 Kg. cm >300

Epoxy-
polyester 
hybrid 
formulations

B68 Control 5H 5B 138 Kg. cm 26

B68 + TAAC 5H 5B 40 Kg. cm >300

V18 5H 5B 150 Kg. cm >300

V36 FDA 5H 5B 126 Kg. cm 285

Atman Fozdar
Fozdar Dynamics LLC, USA 
atman@fozdardynamics.com 
+1 (734) 680-4895

SUPPLIER SHOWCASE: FUNCTIONAL FILLERS

ACCELERATED AGING

Powder coatings should be stable during transportation and storage 
prior to final application as coatings. To assess these properties, we 
performed accelerated aging tests at 43.3 °C. We observed a signifi-
cant amount of sintering and gel slugs in the formulation containing 
2-MI and TAAC with a certain loss of cure. Minimal sintering was ob-
served in V2, V3 & V4 FDA with no loss of cure and some sintering was 
observed in V18 and V36 FDA with minimal loss of cure. This corre-
sponds to higher gel times for the respective systems.

FDA COMPLIANCE

FDA compliance for experimental grades V4 FDA for the epoxy system 
and V36 FDA for the hybrid system were tested by an independent 
test lab in compliance with CFR21 175.300 direct food-contact regula-
tions.  
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