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Characterization and ldentification of Wooden Rice
Bucket Made in 1860s

Xin Wei Tu,2? Xin You Liu,?¢* and Anca Maria Varodi &*

This study presents the results of a comprehensive investigation of a
wooden rice bucket made in the 1860s. Macroscopy aspects and
microscopic structure were conducted to identify the wood species. X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and
scanning electron microscopy (SEM) were also adopted to investigate the
degradation degree of the rice bucket compared with a new wood sample
from the same species. The results of the microscopic identification
concluded that the rice bucket was made of Chinese fir (Cunninghamia
lanceolata). The XRD pattern indicated that the crystallinity degree of
cellulose in the wooden rice bucket decreased to 33.2% from 38.8% (new
wood). The FTIR spectra revealed that natural ageing resulted in the
degradation of cellulose and hemicellulose, and the change of lignin was
not obvious.
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INTRODUCTION

Wood is one of the earliest materials used by human beings, carrying the
civilization of human development (Popescu et al. 2009; Ganne-Chédeville et al. 2012;
Pop et al. 2020; Sun et al. 2022). Wood culture is deeply rooted in the soul and is one of
the most representative cultural heritages in ancient China, transmitted through generations
(Xie et al. 2015; Liu et al. 2019; Yin and Liu 2021). In ancient China, most furniture,
houses, and tableware were made of wood (Qu et al. 2019; Sun et al. 2022), and wooden
objects from ancient civilizations were considered precious and needed careful storage and
study, as they were susceptible to fungi, bacteria, insects, and also different physical agents
(Popescu et al. 2007; Fabri 2012; Popescu et al. 2013; Pop et al. 2020). It is also important
to learn and study the manufacturing technique of these special old objects. With the
enhancement of people's awareness of the protection of historical relics, the restoration of
ancient wood products has become necessary. One of the most important principles in the
restoration process is to replace degraded wood with new wood from the same species,
when it is necessary (Timar et al. 2012; Tamburini et al. 2014). To complete effective
antiquation treatment of fresh wood, it is essential to understand the evolution of chemical
composition of wood structure during natural ageing (Colombini et al. 2009; Zhao et al.
2019).
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In recent decades, the study of archaeological and aged wood has attracted
extensive attention (Popescu et al. 2005, 2006). Wood undergoes a certain continuous
degradation process in the environment over time (through simultaneous biological,
chemical, or physical attacks). The degradation process causes damage in the old wood
structure and its mechanical properties and thus results in the loss of wood heritage. Some
researchers (Chen and Guo 2016, 2017) evaluated the mechanical properties of ancient
wood in an old temple with nondestructive testing methods and the results indicated that
there were significant linear correlations between the variant resistance and wood density.
Lietal. (2019) also reported a significant correlation between micro-drilling resistance and
wood density. Outdoor natural ageing is more aggressive and can be considered an
important means to study the effects of different ageing factors on wood properties. It is
well known that moisture is one of the most important factors that affect outdoor wood
degradation (Timar and Beldean 2006; Friedrich 2018; Aydin and Aydin 2020). Natural
ageing reduces wood thermal resistance, caused by a decrease in holocellulose content
(Zachar et al. 2021). Popescu studied ancient wood with different natural ageing time using
different physical-chemical methods, such as Fourier transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS), and
the results showed that with the increase of ageing specimens, the carbonyl groups of wood
gradually decreased, and the proportion of lignin increased. This is due to the degradation
of hemicellulose, which was mainly manifested in the decomposition of polyxylan
(Popescu et al. 2006, 2007, 2009, and 2013).

Decay mechanisms related to wood fungi, such as brown rot, soft rot
(Ascomycetes), and white rot (Basidiomycetes), has a specific type of wood damage via
decomposing cellulose, hemicelluloses, and also lignin (Broda and Mazela 2016; Pop et
al. 2020). This kind of degradation can be observed at the chemical and microscopic level
and also at the macroscopic level (Fackler and Schwanninger 2012; Brischke et al. 2014;
Walsh-Korb and Avérous 2019).

This work aimed to analyze the material characteristics of an old wooden tableware
(rice bucket). Microscopic investigation was used to identify the wood species. Various
analyses including FTIR, XRD, and scanning electron microscopy (SEM) were employed
to determine the difference between new wood and ancient/old wood. These works provide
valuable guidelines for understanding wood natural ageing to provide artificial aged wood
for restoration in replacing the destroyed pieces/wooden objects lost in ancient China.

EXPERIMENTAL

Materials

In this study, approximately 160-year-old wood samples were taken from an old
rice bucket obtained from a Chinese antiques collector in Ningbo City, China. This object
had been stored indoors without sunlight exposure, where the environment conditions were
not monitored as is required for this type of old artifact (Fig. 1a).

The rice bucket was an important wooden tableware, widely used in southern
China. The profile of the bucket is surrounded by 11 vertical plates linked with 24 pieces
of possible bamboo sticks (Fig. 1c). The upper diameter is 270 mm, the lower diameter is
200 mm, and the height is 164 mm. There are two handles protruding 40 mm at 110 mm
height. The bottom of the bucket is on a side panel inlaid with six boards.
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The initial moisture content was 12.2 = 1.7% (measured in line with GB/T 1931
(2009) standard), which is consistent with the indoor storage condition.

After surface cleaning (Fig. 1b), three small wooden samples coded P1 through P3
were extracted from hidden areas of different plates, from the bottom of the rice bucket,
where the degradation appeared to be more intense.

a

Fig. 1. Case study: rice bucket made of Chinese fir (Cunninghamia lanceolata) wood: a. general
initial aspect; b. inside view of the initial conservation state of wood material due to degradation
after cleaning; c. schematics appearance of the hypothetical dismantling rice bucket of the same

type.

Methods
Microscopic identification

For better identification of the wooden species, macroscopic characteristics of
samples were detected under a 10x magnifying glass. It can be observed that the samples
have well delimited annual rings, and a narrow band of late wood, with a light yellow
brown color. It can be concluded that this wood should belong to softwood.

To plasticize the extracted samples, they were boiled in distilled water for
approximately 6 h until the sample sank into the water. The sample was then transferred to
a mixture of glycerin and ethanol (1:4) for preservation. The plasticized samples were
sliced into 30 um slices in transversal, radial, and tangential sections with a microtome. To
increase the contrast of the microscopic image, the slices are stained in with safranine and
washed with water prior to observation. The thin, stained, transparent slices were observed
in transmitted light at different magnifications (40 to 100x) under an optical microscope
Zeiss Axio Scope Al microscope (Carl Zeiss AG, Oberkochen, Germany) fitted with
software of AxioVision Rel.4.8 (Carl Zeiss AG, Oberkochen, Germany).

X-ray diffraction

Based on the results of microscopic identification, new wood of uniform species
was prepared to compare the crystallinity degree of cellulose in the old wood samples. The
new wood and the old wood were dried and ground into 80-mesh powder. A total of 10
samples (5 new wooden samples and 5 old wooden samples from P1 through P3) were
pressed into thin slices at room temperature. The XRD spectra of these wood samples were
obtained by in situ XRD using the X‘Pert Pro Multipurpose Diffractometer (PANalytical,
Almelo, Netherlands) equipped with a Rigaku Smart Lab 9kWXRD system (Shimadzu
Corporation, Kyoto, Japan). The function of scattering intensity and scattering angle was
measured by 0-20 scanning. The intensity was measured as a function of the scattering
angle 26 with a 6-26 scan. The angle range was 5 to 60° and the scanning speed was 2°/min.
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The spectra presented are averages of 5 measurements for both new wood and old wood.
According the Segal method, a degree crystallinity of cellulose was determined with the
height of the (002) peak (looz2, 20 = 22.8°), and the minimum between the (002) and (101)
peaks (lam, 26 = 18°) using the following equation,
CR, = z=lam o 10094 1)
ooz

where CRx (%) stands for degree crystallinity of cellulose, I200 represents both crystalline
and amorphous material, and lam represents only amorphous material.

Chemical structure analysis

The FTIR spectra were obtained for both new and old wood samples under direct
transmittance with the standard FTIR spectrometer (Tensor 27, Bruker, Ettlingen,
Germany) within the 700 to 4000 cm™ range at a 4.0 cm™* resolution for altogether 32
scans. After aligning the light equipment, the authors collected background spectra before
measurement. The spectra presented are averages of six measurements for each wood
samples.

Morphological characteristics

To investigate physical structures for inspecting the possible changes of physical
aspects of new and old wood samples, this work employed the environmental SEM (Quanta
200, FEI Company, Eindhoven, Netherlands) to observe the surface shapes of wood
specimens by measuring electrical conductivity. Wood samples were prepared by applying
a sputter gold coating (2 nm) using Gold Palladium SEM Annular Sputtering by adopting
the target 2" ID x 3" OD x 0.1 mm Anatech (SC502-314; Quorum Technologies, Ltd.,
Watford, UK). The bombarding voltage used for SEM was 20.0 kV.

RESULTS AND DISCUSSION

Microscopic Identification

Wood species identification was based on the wood microscopic identification keys.
The investigated samples appear to be coniferous species, with delimited annual rings and
a slightly wavy contour characteristic, which is an important feature of the Cunninghamia
species (Fig. 2a). The tracheid dimensions of early wood are larger than those of late wood
and were measured on radial direction. The obtained results, 21 to 34.6 to 52.4 um in the
earlywood and 6.8 to 16.2 to 24.6 um in the latewood are complying with usual limits
mentioned by literature for fir species (Sun et al. 2020; Wagenfthr and Wagenfihr 2021).
Moreover, no resinous channels were observed. The tangential section (Fig. 2b) shows that
the rays of the investigated sample are mainly single row rays composed of 4 to 12 cells,
and occasionally there are spindle-shaped rays.

The micrograph (Fig. 2c) of the investigated sample on the radial section shows
that tracheids did not show any helical thickenings and their bordered pits are aligned in
single rows. The cross field pitting was visible on the radial sections, which refers to the
type of pits characteristic from communication between rays and axial tracheids.
Combining the information of the microscopic images with the information of the
macroscopic aspects and origin of the wooden rice bucket, the wood species was Chinese
fir (Cunninghamia lanceolata).
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Fig. 2. Micrographs of investigated sample in transversal (a), tangential (b), and radial (c)
sections

X-ray Diffraction

Cellulose is the skeleton material of the wood cell wall, which is divided into
crystalline zones and non-crystalline zones. Crystallinity of cellulose refers to the
percentage of crystalline regions in cellulose microfilaments with crystalline and
amorphous regions. X-ray diffractometer is commonly used for measuring the crystallinity
of wood cellulose. Figure 3 shows that there are three diffraction peaks at 26 of 18°, 22.5°,
and 35°, corresponding to (101), (002), and (040) crystal planes, respectively. There is a
maximum diffraction peak of (002) near 20 = 22.8°, and an extremely small value near 20
=18°. The intensity of diffraction peaks for old (naturally aged) Chinese fir is considerably
decreased, which is due to the major loss of hemicellulose and also loss of cellulose.
According to Eq. 1 the calculated degree crystallinity of cellulose for old wood is 33.2%,
and for new wood 38.8%, value which is in accordance with literature (Sun et al. 2020).
The crystallinity of ancient wood decreases, which is due to the loss of cellulose, which
leads to reduced crystallinity (Popescu et al. 2006).
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Fig. 3. X-ray diffraction pattern of old and new Chinese fir

Tu et al. (2022). “Analyzing wooden rice bucket,” BioResources 17(4), 6511-6520. 6515



PEER-REVIEWED ARTICLE b | oresources.com

FTIR Analysis

As shown in Fig. 4, in the band of 3400 cm™ corresponding to the stretching
vibration of hydroxyl (-OH) (Song et al. 2017; Yang 2021), the spectrum of old wood
decreased slightly, indicating that dehydration occurred during the natural ageing process.
The FTIR peak at 1735 cm™* was due to the C=0 tensile vibration of xylan. The ancient
wood samples do not show an absorption peak near 1735 cm™, which belonged to the
stretching vibration of the carbon-oxygen double bond of xylan acetyl group (CH3C=0)
(Sharma et al. 2019), indicating that the hemicellulose and cellulose content in the ancient
wood samples was low.

The stretching vibration of the conjugated carbonyl group at 1602 cm™ on the side
chain of the structural unit showed that the characteristic peak of naturally aged Chinese
fir was still evident, meaning that lignin was only slightly degraded, which is in correlation
with previous literature (Zhao et al. 2019).
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Fig. 4. FTIR spectra for old and new Chinese fire wood

Morphology

To assess potential changes in physical structure due to natural ageing, a SEM
micrograph was used to see the difference of wood samples, as shown in Fig. 5. Compared
with new wood, most of the pits in the old wood were broken, while those pits in the new
wood were intact. It is possible that the degradation of cellulose in the cell wall weakened
the strength of the pits and caused them to break (Sun et al. 2022).
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Fig. 5. SEM micrographs of old and new wood samples at 1400X magnification (a. old wood, b.
new wood)

CONCLUSIONS

1. The species was identified as Chinese fir (Cunninghamia lanceolata) by microscopic
identification, indicating that Cunninghamia lanceolata can be used as an important
wood for wooden tableware by Chinese people in the Yangtze River Basin.

2. Compared with the new wood, after 160 years of natural ageing, the degree crystallinity
of cellulose of the old Chinese fir decreased from 38.8% to 33.2%.

3. Differences in FTIR spectroscopy indicated that chemical changes occurred during
natural ageing, likely the deacetylation of hemicellulose.

4. A comparison of the morphological characteristics of old and new wood samples
revealed that most pits are broken during the process of natural ageing, caused by the
deacetylation of hemicellulose and cellulose.
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