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Abstract Raw lacquer (RLA) has been widely used indoors for centuries in Asia.

But its weak UV-resistant property limited its outdoor application. In this article, the

UV-resistant property of lacquer film was significantly improved by solution

intercalation method. The intercalated nanocomposites were obtained from RLA,

multihydroxyl polyacrylate resin (MPA), and organophilic montmorillonite

(OMMT). The structure and morphology of the RLA/MPA/OMMT nanocomposites

were confirmed by X-ray diffraction (XRD), transmission electron microscopy

(TEM), and scanning electron microscopy (SEM). The variation of the film gloss

and impact strength with different UV exposure time was also investigated. Owing

to the dispersion of nanometer-sized OMMT in polymer matrix, the RLA/MPA/

OMMT nanocomposites exhibited improved UV-resistant property. When the

OMMT content is 3.0 wt%, the best physical–mechanical properties can be

obtained. These results indicated that the solution intercalation with nanoparticles

was an efficient and convenient method to improve the properties of raw lacquer.

Keywords Raw lacquer � Montmorillonite � Nanocomposites �
UV-resistant property

Introduction

Polymer nanocomposites have attracted great attention because of the dramatically

enhanced material properties of polymers by incorporating layered silicates at fairly

low concentrations [1]. Smectite clays, such as montmorillonite (MMT), were
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valuable minerals and widely used in many industrial applications because of their

high aspect ratio, plate morphology, natural abundance, and low cost [2–10]. They

were expandable layered silicates and could be intercalated or exfoliated into

polymer. Following the success of nylon–organophilic montmorillonite (OMMT)

nanocomposites [11] and nylon 6–clay hybrid [12, 13], polymer/MMT nanocom-

posites have received considerable attention in fundamental research, as well as in

industrial exploitation in the past few years because of their improved mechanical

properties, thermal- and photo-stability [14, 15], compared with the original

polymers. Application performances, especially UV-resistant property and durabil-

ity, which decide their useful lifetime of products in outdoor applications, are the

key feature of any composite material.

Raw lacquer (RLA), a natural renewable and an eco-friendly biopolymer

material, has been widely used in Asia to coat the objects of art and craft work for

more than 5000–7000 years [16–18], because of its excellent physico-chemical

properties, such as thermo-stability, anticorrosion, super-high durability, toughness,

and brilliance [19, 20]. Many efforts have been achieved in this field to modify RLA

[21–25]. RLA and most of its modified products, however, are mainly used indoors,

for the lacquer films are more sensitive against UV radiation [26].

Previously, we have reported the preparation and properties of urushiol–titanium

polymer (PUTi)/OMMT nanocomposite, and found that the PUTi/OMMT nanocom-

posites have good thermal stability and ultraviolet resistance [27]. In this study,

RLA/Multihydroxyl polyacrylate resin (MPA)/OMMT nanocomposites were pre-

pared in order to improve the UV-resistant property of raw lacquer. The nanocom-

posites may have potential applications in many fields such as outdoor sculpture and

cultural relic restoration, etc. The structure and morphology of RLA/MPA/OMMT

nanocomposites were elucidated by X-ray diffraction (XRD) and transmission

electron microscopy (TEM). The influences of OMMT on the UV-resistant property

of RLA/MPA/OMMT nanocomposites were investigated.

Experimental

Materials

Raw lacquer was obtained from the Xi’an Institute of Lacquer and Coating, China.

Multihydroxyl polyacrylate resin (MPA) BS965 was purchased from Jiangsu Sanmu

Group Corporation. Solid content%: 65 ± 2, Viscosity s, 25 �C (Gradner): 30–65,

OH value (per solid): 85.8 ± 3.3, Acid value mgKOH/g: B10. OMMT (Model:

BP–183) was obtained from Zhejiang Huate Group (China). Water degree (2 h,

105 �C): B3.50%, Granularity (over 0.076 mm): C95%, accumulated density:

350–450 G/L, Losing (1000 �C): B34%.

Preparation of RLA/MPA/OMMT nanocomposites

RLA/MPA/OMMT nanocomposites containing different amount of OMMT pow-

ders were prepared in our laboratory. In a typical experiment, 0.202 g of OMMT

984 Polym. Bull. (2012) 68:983–992

123



powders was immerged in pure xylene for 24 h and the suspension was sonicated

for 30 min, and then 4.0 g of MPA was added under stirring. The mixture was

stirred with a magnetic stirrer for 10 min, and then 16.0 g of RLA was added to the

solution. After being stirred for 24 h at room temperature in a closed container, the

sample 2 was obtained. By changing the OMMT amount, we obtained samples 1, 3,

4, and 5 (see Table 1). The obtained solution was dropped on glass, then flowed and

leveled to form sample films with thickness of ca. 30–40 lm. The nanocomposite

films were dried under ambient atmosphere for 48 h. Some physical–mechanical

properties of RLA/MPA/OMMT films were summarized in Table 1. The results

showed that the properties of RLA/MPA/OMMT films were influenced by the

OMMT content. The touch-free dry and hardened dry time both shortened due to the

introduction of OMMT. The adhesion and hardness increased first, and then

decreased with the increase of the content of OMMT. After overall consideration for

all properties, the structure, morphology, and UV-resistant property of sample 3

were studied in detail.

Characterization of RLA/MPA/OMMT nanocomposites

XRD patterns were obtained by a Philips Analytical X’Pert–MPD (40 kV/30 mA)

diffractometer with Cu–Ka radiation (k = 0.154 nm) at room temperature. The

scanning range was 1.0–8.0� at a rate of 2�/min. The fracture morphologies of the

films were observed by scanning electron microscopy [SEM, Amray 1000B (Amray

Co. USA)]. The TEM images were recorded on a JEM–2000EX instrument.

Some physical–mechanical properties tests were as follows:

According to GB/T 1728-1989 (China), the drying process of RLA/MPA/OMMT

films can be divided into touch-free dry and hardened dry, which is measured using

an automatic drying time recorder (QGZ-24 auto-recorder of painting drying time,

Jinke, Tianjin, China).The adhesion was determined by pushing the coated panel

beneath a rounded stylus of the QFZ Coating Adhesion Test Instrument until the

coating was removed from the substrate surface under the GB/T 1720-1979 (1989,

China) standard. The impact strength was determined by dropping a dart onto the

center of the test specimen from varied drop heights of the film 0153-3 KI impact

tester. The drop heights and the test fail results were recorded as the GB/T

1732-1993 (China). The brightness of the films was tested from the intensity of the

Table 1 Some physical–

mechanical properties

of RLA/MPA/OMMT films

Sample 1 2 3 4 5

WOMMT (%) 0 1.0 3.0 5.0 10.0

Touch-free dry/min 65 60 60 54 50

Hardened dry/h 18 18 17 17 15.5

Adhesion/grade 2 1 1 1 2

Hardness 2H 2H 3H 3H 2H

Brightness/% 102 100 100 95 85

Impact strength/kg�cm 40 45 50 50 40
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specular reflectance, compared with that of a standard surface of a black glass by

QZX-60A Glossmeter under the GB/T 1743-1979 (China) standard. The hardness of

the samples was measured with pencil hardness testing. According to GB/T

6739-1996 (China), the meanings of H designate how hard the tested films are.

A higher number with H expresses the hardness of the tested films.

UV exposure test

The samples were exposed to a mercury lamp of 253 nm wavelength and 30 W

power capacity under ambient atmosphere, and the surface of the films was 10 cm

from the lamp envelope. The brightness loss rate and the impact strength holding

rate of the films after the UV degradation were calculated using the following

equations:

Brightness loss rate %ð Þ ¼ B0 � Btð Þ=B0 � 100%:

Impact strength holding rate %ð Þ ¼ It=I0ð Þ � 100%:

where B0 was the brightness of films before UV exposure, and Bt was the brightness

of films after UV exposure; I0 was the impact strength of films before UV exposure,

and It was the impact strength of films after UV exposure.

Results and discussion

The XRD patterns of RLA/MPA/OMMT nanocomposites

There are two complimentary techniques to characterize the structure of nanocom-

posites: XRD and TEM [28], where the former reveals the change of d-spacing of

clay gallery while the later shows the morphological structure of nanocomposites.

Figure 1 shows the XRD patterns of OMMT and RLA/MPA/OMMT nanocom-

posites. In the XRD pattern of OMMT (see Fig. 1 curve ‘‘c’’), there was a strong

diffraction peak at 2h =4.14�, which represented the diffraction from the (001)

crystal surface of OMMT, corresponding to the d-spacing of 2.13 nm based on

Bragg’s equation. In Fig. 1 curve ‘‘a’’ and ‘‘b’’ (OMMT content 3.0 and 5.0 wt%,

respectively), there were no obvious diffraction peaks within 2h = 1–8�, which

indicated that OMMT in the RLA/MPA matrix was exfoliated or intercalated. There

was a dislocated peak at 2h = 3.0�, which represented the diffraction from the (001)

crystal surface of intercalated OMMT, corresponding to the average d-spacing of

2.94 nm.

TEM photographs of RLA/MPA/OMMT nanocomposites

Figure 2 shows the TEM photographs of RLA/MPA/OMMT nanocomposite

containing 3.0 wt% OMMT. The dark region and the white region represented

the OMMT phase and the RLA/MPA phase, respectively. The intercalated (Fig. 2a)

and exfoliated (Fig. 2b) structure of OMMT could be clearly observed in the
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RLA/MPA/OMMT matrix, and the d-spacing between the layers of intercalated

OMMT was more than 10 nm. And these were in good agreement with the results

of XRD.

SEM photographs of RLA/MPA/OMMT nanocomposites

Raw lacquer, a water-in-oil emulsion, consists of the ‘‘oily,’’ or urushiol, fraction

(about 65%) and an aqueous fraction (35%). The caves were the marks of

waterdrops in the raw lacquer [24, 29]. The SEM images of the cross-section of

RLA, RLA/MPA, and RLA/MPA/OMMT (3.0 wt%) films were shown in Fig. 3. In

Fig. 3a, b the emulsion micelle (‘‘cave’’) was observed although a relative flat

surface was observed in Fig. 3c. The similar caves between RLA and RLA/MPA

were considered that a small quantity of MPA was dispersed among the ‘‘oily’’

urushiol matrix and MPA did not changed the emulsion structure of RLA. However,

the OMMT changed the emulsion structure of RLA, because it has both hydrophilic

and hydrophobic groups, which resulted in the different morphology between

RLA/MPA and RLA/MPA/OMMT. The SEM results showed that a small quantity

of MPA did not change the emulsion structure of RLA, but the OMMT was on the

contrary.

UV exposure test

The RLA, RLA/MPA, and RLA/MPA/OMMT films were set at 10 cm from a UV

lamp (253 nm, 30 W) under ambient atmosphere, all samples tested after laying

aside for 48 h.

Figures 4 and 5 show the UV exposure effect on the brightness and impact

strength of the films, respectively. Brightness and impact strength were important

Fig. 1 XRD patterns of RLA/
MPA/OMMT nanocomposites:
a OMMT % = 3.0 wt%,
b OMMT % = 5.0 wt%,
c OMMT % = 100 wt%
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factor in the aging of RAL films. The brightness loss rate of the surface increased

considerably with exposure time. Addition of 3.0% OMMT to RLA/MPA reduced

brightness loss rate from 22.5 to 15.0% at 384 h. Addition of 3.0% OMMT to

RLA/MPA remarkably increased the impact strength holding rate from 20 to 50%.

For RLA and RLA/MPA films, there were no obvious differences in brightness loss

and impact strength holding rate with increasing of exposure time. These results

demonstrated that the UV-resistant property of the RLA films was improved due to

the introduction of OMMT.

Fig. 2 TEM images of RLA/MPA/OMMT (3.0 wt%)
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Fig. 3 Cross-section SEM
images of a RLA, b RLA/MPA,
and c RLA/MPA/OMMT
(3.0 wt%) dried at room
temperature, about 70% relative
humidity (RH) for 7 days
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Conclusion

By employing the solution intercalation method, RLA/MPA/OMMT nanocompos-

ites were successfully prepared, as confirmed by XRD and TEM. The aging

resistance for the intercalation nanocomposites was increased compared with that of

the original RLA film, indicating that the nanocomposites could be potentially used

outdoors. Totally, this article demonstrates the solution intercalation with nanopar-

ticles was an efficient and convenient approach to improve the UV-resistant

properties of materials.
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Fig. 4 UV exposure effect on brightness of a RLA, b RLA/MPA, c RLA/MPA/OMMT (3.0 wt%)
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Fig. 5 UV exposure effect on impact strength of a RLA, b RLA/MPA, c RLA/MPA/OMMT (3.0 wt%)
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