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초록: Diarylethene의 광 변색성을 이용하여, 가역적 위장표시 응용을 위한 간단하지만 매우 효과적인 코팅 방법을             

제안한다. 여기서 사용한 광 변색성 잉크는 diarylethene을 포함하는 캡슐형 광 변색성 안료와 UV 경화형 에폭시              

수지로 구성되어 있으며, 코팅 된 패턴은 자외선(UV) 빛에 반응하여 가역적으로 변색되는 특성을 안정적이고 신뢰             

성 높게 보여주었다. 배경과의 위장특성을 위해, 코팅된 패턴의 투과율이 광 변색성 마이크로 캡슐의 농도에 따라              

조사되었으며, 그 결과, 에폭시 수지의 마이크로 캡슐의 약 5 wt%가 위장특성에 가장 적합하다는 것을 확인하였다.              

나아가, 패턴된 코팅의 기계적 안정성을 높이기 위해 acrylates 물질을 포함하는 얇은 보호층이 패턴에 추가로 코팅              

되어 우수한 마모저항성을 나타냄을 확인하였다. 다양한 마스크 패턴과 바 코팅을 활용하여 목재, 유리, 일반 콘크              

리트 벽체, 곡면 등 다양한 표면에 다양한 패턴을 성공적으로 코팅하였다. 이런 코팅법을 기반으로 암호화 quick              

response(QR) 패턴을 위한 위장 코팅 응용이 성공적으로 시연되었다.

Abstract: Using photochromism of a diarylethene, we demontrate an easy but highly effective coating method for a cam-

ouflage application. The photochromic ink is consisting of capsule type of photochromic pigments and UV curable epoxy 

resin, reversibly presenting colored pattern in response to ultraviolet (UV) light. The transmittance of the coatings was 

investigated based on concentrations of the photochromic microcapsules, we have found that 5 wt% of the microcapsules 

in epoxy resin is most appropriate for camouflage with background. Besides, in order to increase mechanical stability of 

the coating, thin protective layer including acrylate chemicals is further coated on the patterns. By taking advantage of 

bar-coating with various mask pattern, different patterns were successfully coated on various types of surfaces such as 

wood, glass, general concrete wall and even curved surfaces. Based on the coating method, camouflage application for 

an encryption quick response (QR) pattern was successfully demonstrated.

Keywords: camouflage coating, photochromic pigment, epoxy resin, encrypt patterning.

Introduction

Living organisms such as cephalopods, chameleons, and 

satanic leaf-tailed geckos are cryptically colored with a wide 

range of hues and patterns, closely matching their respective 

environments for camouflage, signaling, or energy regula-

tion.1,2 Notably, these organisms can often dramatically change 

the intensity or color of these patterns. Furthermore, their capa-

bility of camouflage has received considerable attention in var-

ious research fields, industries, and special institutes such as 

the military.3 One of the most promising materials for cam-

ouflage is chromic dye, whose molecular structure changes 

under external stimuli such as light,4 heat,5 chemicals,6

mechanical force,7 or their combination.8 The combination of 

these stimuli can reversibly produce two isomers with different 

colors. 

Camouflage requires that the color or pattern should change 

according to the background color or geometries,9 while the 
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camouflage objects should also be able to reveal themselves 

depending on the specific condition. Besides, the alternation 

between camouflaged and un-camouflaged states should be 

fast in response with the condition. Thus, a transformation of 

information can be selectively and actively controlled by the 

camouflage technique for various applications such as in 

encryption displays, anti-counterfeiting, responsive photonic 

devices.10 Hence, among the chromic materials, using pho-

tochromic materials are one of mostly preferred strategy for 

the camouflage applications owing to the remote and fast vari-

ations in color and pattern with external stimuli.11 Several sci-

entific and technological advances have been made in the 

processing and usage of photochromic dyes for final appli-

cations which have significant commercial value.12,13 However, 

camouflage coating applications face certain challenges at the 

practical level. One of them is the transparency of the coating, 

which is a critical factor in order to effectively disguise with 

the background. Another important issue is the development of 

proper coating supporters for chromic dyes, because organic 

chromic dyes alone are difficult to utilize in coating appli-

cations.14 Furthermore, other issues associated with camou-

flage coating applications are cost, stability, reliability, and 

easy accessibility. To address these issues, various methods to 

incorporate chromic dyes have been suggested; however, each 

method requires an optimization process for final applications 

depending on the type of dye or carrier and application field, 

which will be a significant hurdle for practical applications.15 

The micro-capsulation of photochromic dyes is a promising 

approach to attain supporters that are capable of stably con-

taining chromic molecules. Owing to their easy processability, 

accessibility, and abundant functionality,16-18 photochromic 

microcapsules have been widely used in silk printing,19 wood,20

textiles,21,22 and sensory coatings.23,24 In this study, we demon-

strate an easy and effective camouflage coating method using 

a photochromic ink. This ink consisted of micro-capsulated 

photochromic pigments (MCPPs) and ultraviolet (UV)-curable 

epoxy resin, which can reversibly change color in response to 

UV light. For the camouflage, the transmittance of the coatings 

is investigated based on concentrations of the photochromic 

microcapsules, it is found that 5 wt% of the microcapsules in 

epoxy resin is most appropriate for camouflage with back-

ground. In addition, to increase the mechanical stability of the 

coating, a thin layer of acrylate chemicals is further coated on 

the patterns. By taking advantage of bar-coating with various 

mask pattern, different patterns are successfully coated on var-

ious types of surfaces such as wood, glass, general concrete 

wall and even curved surfaces. Based on the coating method, 

camouflage applications for an encryption quick response 

(QR) pattern is successfully shown.

Experimental

Materials. The photochromic pigment, i.e. MCPP, and UV     

curable epoxy resin were purchased from Ons, Inc. and Bae-

kyong P&C, S. Korea, respectively. 50 μm thick-PET film 

(Formtec, Inc., S. Korea) was used for the coating mask pat-

terns. For the protective coating, trimethylolpropane triacrylate 

(Surkorea, S. Korea) was purchased. Since the MCPPs include 

a solvent, 1,2-dimethyl-4-(1-phenylethyl)benzene, in order to 

confirm a possible degradation of photochromic property by 

the solvent-evaporation, we have checked the color change of 

the MCPPs over last 6 months, there was no significant 

changes in photochromic responsibility. This is possibly due to 

relatively high boiling point of the solvent, which is ~148 ℃, 

therefore it seems to be stable in ambient condition at room 

temperature. Furthermore, because ~20 wt% of the photo-

chromic dyes is dissolved in the solvent in the capsules, ther-

modynamically the boiling point elevation of the solvent may 

occur by the solute, photochromic dyes.

Preparation of Coating Solution. The MCPPs and epoxy     

resin were mechanically blended in beaker by using vortex 

mixer (VM-10, Witeg, S. Korea) for 3 minutes and sonicated 

for 10 minutes in order to remove bubbles in the solution. in 

the bar-coating process, first the mask-pattern film of PET is 

printed and cut as required in the camouflage patterns such as 

text or graphics. And then the mask pattern film is placed onto 

a substrate and coated by the bar coater (TMAX-VFC-150C, 

TMAX Battery equipment, China). Then, removing the PET 

film from the substrate and curing the coating using UV light 

of 354 nm, 10 mW/cm2 (Ushio Shenzhen, Inc., Japan). To 

improve chemical and mechanical stability, trimethylolpropane 

tri-acrylate were further coated on the patterns and cured with 

UV light for 10 minutes. 

For the control molecules of diarylethene, MCPPs were dis-

solved in chloroform with vigorously stirring for 1 hour. Then, 

the solution was filtered using suction flask with vacuum 

pump and the extruded solution was evaporated using rotary 

vacuum evaporator. The extruded molecules were dispersed in 

epoxy resin.

Materials Material Characterization. Optical texture of     

the UV-curable photochromic ink was observed using optical 

microscope (LV100POL, Nikon, Japan). The transmittance 
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and the photoluminescent (PL) spectra of the photochromic 

camouflage coating on glass were collected using a spec-

trometer (USB-2000+, Ocean Optics, USA) with a halogen 

lamp. A sand abrasion test was carried out following a method 

reported in the literature.25,26 Typically, 20-80 g of commercial 

sand (Sigma-Aldrich, USA) was dropped onto the coated sur-

face from a height of 40 cm while the substrate was inclined 

at 45o. All photographs were taken using iPhone 13 (Apple. 

Inc., U.S.A.).

Results and Discussion

Results and Discussion Subheading. For a versatile pho-       

tochromic coating process, two key approaches were used. 

One is a solution process using UV-curable epoxy as a coating 

medium. Specifically, UV-curable epoxy is broadly used as an 

industrial material for sealing, bonding, and coating because it 

entails a simple, fast, and an inexpensive process. Another 

method uses polymeric microcapsules, including photochro-

mic dyes, called MCPPs, to obtain a well-dispersed state of the 

photochromic component throughout the epoxy medium. The 

photochromic molecules are generally insoluble in the epoxy 

resin, inducing aggregation of the dye molecules. This may 

degrade the photochromic performance over the coated sur-

face. In contrast, the dispersion of MCPPs can be simply 

obtained through mechanical stirring, and the dispersed state 

can be quickly locked by the UV curing process; thus, a MCPP 

dispersed in epoxy resin was used in this study. The MCPPs 

can be prepared through emulsification and in-situ polym-

erization, where the photochromic dye is dissolved in the inner 

liquid phase, 4-(1-phenylethyl)-o-xylene, styrene maleic anhy-

dride polymer shell as the outer phase, and an intermediate 

layer, polyoxymethylene melamine, playing the role of a sur-

factant polymer (Figure 1(a)). The photochromic dyes used in 

this study are P-type (thermally irreversible, but photochem-

ically reversible) photochromic molecules including diaryle-

thene. These dyes can be converted from a ring-open to ring-

closed form by absorbing UV light of wavelength 354 nm, 

resulting in the appearance of a purple color from a colorless 

state.

Then, for the bar-coating method based on the solution pro-

cess, we prepared a UV-curable photochromic ink consisting 

of MCPPs and UV-curable epoxy resin (Figure 1(b)). The UV-

curable photochromic ink was simply prepared by mechan-

ically mixing the MCPPs and epoxy resin for ~10 min. As a 

result, the MCPPs are dispersed well through the epoxy medium

while they exhibit a partial aggregation (Figure 1(c)). As 

shown in optical microscopic image, the MCPPs show spher-

ical shapes with size distribution from ~0.4 to ~9 μm (Figure 

1(c) and 1(d)). The photochromic ink casted onto slide glass 

Figure 1. (a) A schematic illustration and chemical structures of MCPPs; (b) schematic illustration showing the preparation of UV curable 

photochromic ink including MCPPs and epoxy resin; (c) optical microscope (OM) image showing MCPPs dispersed in epoxy resin; (d) the 

number of MCPPs as a function of the diameters; (e) OM image showing the diarylethene dyes dispersed in epoxy resin. The insets in (c) 

and (e) presenting photographs showing photochromism of the MCPPs and diarylethene dyes, dispersed in epoxy resin, respectively.
폴리머, 제46권 제2호, 2022년
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clearly presents the colorless state and homogeneous colored 

emergence throughout the pattern by UV-irradiation. However, 

comparing to the well-dispersed state of MCPPs in epoxy 

resin, when the photochromic dye molecules extracted from 

MCPPs were also dispersed in epoxy resin in the same man-

ner, as shown in optical microscope(OM) image (Figure 1(e)), 

the dispersion of dye molecules was extremely inhomoge-

neous. This result is possibly due to its immiscibility with 

epoxy resin resulting in a phase separation of the dye mol-

ecules with the molecular aggregation. Accordingly, the epoxy 

coating with the dye molecules shows inhomogeneous colored 

state by UV-irradiation (inset of Figure 1(e)). Moreover, the 

homogeneousness of dispersion of the MCPPs and the dye 

molecules was quantitatively shown in intensity profiles of PL 

spectra were measured at 583 nm with different parts over the 

coatings, respectively (Figure S1). As a result of this, it is rea-

sonably concluded that the capsulation of photochromic dye is 

highly proper strategy for the capability and reliability of dis-

playing colored patterns with high quality.

The photoluminescent (PL) intensity of the dried MCPPs 

powder under UV on/off conditions (Figure 2(a)) revealed that 

the MCPPs included three different diarylethene molecules. 

Figure 2. (a) The UV-Vis spectroscopy photoluminescent (PL) spectra of MCPPs in UV-activated and UV-off states; (b) PL spectra of pow-

dered MCPPs and their dispersion in epoxy resin; (c) PL intensity variation of MCPPs under UV-on and -off state as a function of time.

Figure 3. (a) Schematic diagram of camouflage coating process using UV curable photochromic ink (The inset shows photographs of the cam-

ouflage coating, “PKNU” before and after UV irradiation); (b) PL intensity variation with cycles of UV-on and -off (each PL intensity was 

measured when it reaches to maximum and minimum intensities in UV-on and -off states, respectively); (c) the corresponding photographs 

for first cycle and 100th cycle.
 Polym. Korea, Vol. 46, No. 2, 2022
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These molecules exhibited PL wavelengths of 580, 515, and 

412 nm, respectively, which appeared purple in color to the 

naked eye (inset of Figure 2(a)). The PL spectra of the dried 

MCPPs powder and the MCPPs dispersed in epoxy resin 

showed no significant changes (Figure 2(b)). And the UV-

response rate of the MCPPs dispersed in epoxy was measured 

with UV light (354 nm, 10 mW/cm2), and the results showed 

that the absorbance intensity of the MCPPs reached a max-

imum in a few seconds; further, the MCPPs returned to the col-

orless states within 40 s. This suggests that the reversible color 

change of the MCPPs can be achieved within a minute (Figure 

2(c)). 

Then, to make a certain coating pattern using bar-coating 

method, patterned masks were simply prepared by cutting a 

polyethylene terephthalate film, as illustrated in Figure 3(a). 

The mask pattern was placed onto the target substrate, that is 

glass substrate, and the photochromic ink was coated via the 

bar-coating and cured by UV irradiation. The coated pattern 

was obtained on the glass substrate by detaching the pho-

tomask film. To make the coated pattern chemically and 

mechanically resistant, a protective layer consisting of trimeth-

ylolpropane triacrylate was further coated over the patterned 

surface. Through this process, coating of a pattern “PKNU” 

was demonstrated using photochromic ink with 10 wt% 

MCPPs (inset of Figure 3(a)). Moreover, to investigate the sus-

tainability and stability of the color change of the coating 

under repeated UV irradiations, we conducted 100th cycles to 

evaluate the stability of the reversible color changes (Figure 

3(b), (c)). No remarkable degradation in the photochromic per-

formance was observed for over 100 cycles, indicating long-

life stability of the coating. 

To utilize the coating patterns for reversible camouflage with 

various environmental backgrounds, transparency of the pat-

tern is an important factor. That is, higher transparency allows 

an excellent camouflage with the background when the pho-

tochromism is deactivated. Since the scale of MCPPs is a few 

micrometer (Figure 1(d)), Mie scattering by the MCPPs 

increases as the concentration increases, inducing the pattern 

becomes blur and white.27 For this, in order to find the most 

proper concentration of MCPPs, the transparency of the pho-

tochromic ink was investigated by varying the fractional 

weight of the MCPPs with respect to that of epoxy resin from 

Figure 4. (a) Transparency curves; (b) photographs of coated patterns of photochromic ink with different fractional weight of MCPPs (1 wt%, 

5 wt%, 10 wt%, 15 wt%, 30 wt%), respectively. Difference in transparency of photochromic ink by fractional weight of MCPPs (1 wt%, 5 

wt%, 10 wt%, 15 wt%, 30 wt%) with respect to epoxy resin. (c-f) Application of the camouflage coating on various surface of materials: (c) 

wood; (d) marble; (e) concrete wall; (f) glass cup.
폴리머, 제46권 제2호, 2022년
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1 to 30 wt%. Here, visible light of wavelength 420-800 nm 

was used by using a UV cutter film to avoid photochromic 

activation while measuring the transmittance. As shown in 

Figure 4(a), the transparency of the coated patterns decreases 

as the fractional weight of MCPPs increases because of light 

scattering at the interface between MCPPs and epoxy medium. 

The intensity of absorbance increases and the color change 

becomes more vivid as the fractional weight of MCPPs 

increases. However, the photochromic inks with a fractional 

weight above 10 wt% begin to show opacity when they are in 

the UV-off state, and this opaque state is clearly seen in the 

pattern with 30 wt% MCPPs (Figure 4(b)). This indicates that 

such photochromic inks might be only suitable for camouflage 

performance with a white background, but not for a colored 

background. Thus, the photochromic ink with 5 wt% MCPPs 

was selected for a camouflage coating that is applicable under 

various backgrounds.

Epoxy resin is a well-known material for soft lithography 

because of its high wettability on various surfaces with 

micrometer and even nanometer scale.28 By taking advantage 

of the wettability of epoxy resin, camouflage coating was con-

ducted on the glass surface and other materials such as wood, 

marble, and concrete wall (Figure 4(c)-(e), respectively) by the 

solution coating process using the UV-curable photochromic 

ink with 5 wt% MCPPs. It was particularly shown that the 

coating was successfully conducted on wood and concrete 

walls that have relatively rougher surfaces than those of glass. 

In addition, the camouflage pattern was also successfully 

coated on the curved surfaces of a glass cup (Figure 4(f)). 

Before UV irradiation of the coated patterns, the patterns pre-

sented plausible camouflage performance with their back-

ground. After UV irradiation, the patterns became colored, 

exhibiting vivid contrast with their background (see bottom 

row of Figure 4(c)-(f)). 

As a result, these versatile coatings can be applied in various 

camouflage applications, such as encryption, anti-counterfeit-

ing, responsive photonic devices, and aesthetic design. As a 

proof of this concept, we demonstrated camouflage coating 

pattern as encryption display films that are capable of pre-

senting a certain colored pattern over a specific area of QR 

code on the millimeter scale (Figure 5(a)). The QR code only 

works when UV light irradiates the patterns, while it prevents 

access to the corresponding webpage otherwise (Figure 5(b)). 

Finally, we investigated the mechanical resistance of the 

camouflage coating via a sand abrasion test using a method 

similar to that reported in the literature.24,25 Sand grains of 

diameter 100-500 μm were dropped from a height of ~40 cm, 

corresponding to an impinging energy of ~9×10−7 J per grain 

(Figure 5(c)). After dropping 100 g of sand, the coating was 

retained and showed no remarkable variation in the photo-

chromic performance. 

Conclusions

We demonstrated an easy and highly effective camouflage 

coating method for a photochromic ink consisting of MCPPs 

and UV-curable epoxy resin. The coating reversibly changed 

color based on UV light. Using mask patterns, different pat-

terns were successfully coated on different surfaces such as 

wood, glass, general concrete walls, and even curved surfaces. 

Based on the camouflage coating, encryption display films for 

QR codes were successfully demonstrated. The result implies 

that the stimuli-responsive QR code can be used as a base tech-

nique that is able to spatially control and limit the information 

access as the QR code is only activated under UV-irradiation. 

Thus, we believe that the camouflage coating approach can be 

used in security-based coating applications such as in encryp-

tion displays, anti-counterfeiting, responsive photonic devices, 

and smart design of various products.
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Figure 5. Applications of camouflage coating pattern and sand 

abrasion test: (a) Encrypted display QR code that is working only 

when a pattern appears by UV light; (b) screen shots of mobile 

phone showing access-fail and -successful as the pattern is stimu-

lated by UV, respectively; (c) illustration of experimental set-up of 

the sand abrasion test and photographs of the camouflage pattern 

under UV irradiation before and after sand abrasion test.
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