
ORIGINAL ARTICLE

Investigation of a new natural particleboard adhesive composed
of tannin and sucrose

Zhongyuan Zhao • Kenji Umemura

Received: 4 October 2013 / Accepted: 27 April 2014 / Published online: 4 June 2014

� The Japan Wood Research Society 2014

Abstract In the face of dwindling fossil fuel resources

and the environmental imperative to reduce emissions

associated with petrochemistry, there is strong demand for

a wood composite bonding procedure using natural alter-

natives. In this study, particleboards were manufactured

with a new material adhesive composed of tannin and

sucrose, and hot-pressed at 200 �C for 10 min, to a target

density of 0.8 g/cm3. We found optimal values for the mat

moisture content, the ratio of tannin to sucrose and the

resin content of 3–6 wt%, 25/75 and 30–40 wt%, respec-

tively. When the particleboards were manufactured under

these optimum conditions, the modulus of rupture and the

modulus of elasticity were in the range of 19.6–21.2 MPa

and 4.6–5.0 GPa, respectively. The internal bond strength

was in the range of 1.1–1.3 MPa. Based on these results,

the mechanical properties of particleboard bonded with

tannin and sucrose were higher than the requirements of the

JIS A 5908 type 18 standard (2003). In the thickness

swelling test (TS), the value was in the range of 20–23 %;

as the ratio of sucrose and resin content increased, the TS

value decreased. The reaction mechanism between tannin

and sucrose was studied by fourier transform infrared

spectroscopy, and the dimethylene ether bridges were

observed. Consequently, it is possible that a tannin and

sucrose mixture can be used as a natural adhesive for

particleboard.

Keywords Tannin � Sucrose � Wood adhesive �
Particleboard

Introduction

In the wood-based composite industry, adhesives play an

important role. At present, resin adhesives derived from

fossil resources, such as formaldehyde-based resins, vinyl

acetate resins and isocyanate-based resins are widely used

[1]. However, as the availability of the fossil resources

continues to decrease, it will become necessary to develop

wood adhesives based on alternative, renewable resources.

Some studies have reported research about wood adhesives

made by bio-resources, such as protein-based, tannin-based

and lignin-based natural adhesives [2–5]. Due to its poly-

phenol chemical construction, tannin has been seen as a

replacement for phenol in phenol–formaldehyde resin (PF).

Generally, formaldehyde, hexamine and pMDI are used in

tannin-based adhesives to obtain satisfactory bond perfor-

mance [6, 7], but these chemical substances can be harmful

to human health. Thus, both the perspective of environ-

mental sustainability and the consumer demand for non-

hazardous materials contribute to the imperative for

alternative materials manufacturing processes.

Recently, it was found that the mixture of tannin and

sucrose had adhesiveness for wood [8]. However, the

detailed manufacture conditions and bonding properties for

wood-based materials bonded with tannin–sucrose resin

were not investigated. Wattle tannin has a poly-hydroxy-

phenol structure and a molecular weight ranging from 500

to 10,000 Da. It is widely used in the tanning and adhesive

industries [9], and has also been researched in the context

of wine manufacture [10] and medicine [11]. Sucrose is a

common disaccharide used as a condiment and food

ingredient, whose chemical characteristics have been well

researched, and under the heating treatment, 5-hydroxym-

ethylfurfural (5-HMF) was generated [12, 13]. The adhe-

sive with phenol and 5-HMF was already researched [14],
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and because the reactivity of the reaction between tannin

and formaldehyde was 10–50 times higher rate of the

reaction between phenol and formaldehyde [15], tannin

was considered as a suited substitute of phenol, and

therefore, there is a possibility to use tannin and sucrose as

an adhesive for wood-based materials. In this study, tannin

and sucrose were used to form an adhesive for particle-

board, and fundamental manufacture conditions were

studied. The effects of the different mixture ratios of tannin

and sucrose, drying treatment after spraying and different

resin contents on the physical properties of the resulting

particleboard were investigated. The reaction mechanism

between tannin and sucrose was studied by Fourier trans-

form infrared spectroscopy (FT-IR).

Materials and methods

Recycled wood particles consisting mainly of softwood

were obtained from a particleboard company in Japan. The

wood particles were screened by a sieving machine, and

particles screened between the aperture sizes of 5.9 and

0.9 mm were used as the starting materials. The particles

(original moisture content, 3–4 %) were dried in an oven at

80 �C for 12 h. Wattle tannin was purchased from Fuji

Chemical Industry Co. (Wakayama, Japan), and sucrose

was purchased from Nacalai Tesque, Inc. (Kyoto, Japan),

and used without further purification. Both tannin and

sucrose were dried in a vacuum oven at 60 �C for 15 h.

Manufacture of particleboards

Tannin and sucrose were dissolved in distilled water at

various proportions, and the concentration of the solution

was adjusted to 40 wt%. The viscosity and pH of the

solution were measured by Viscolead One (Fungilab) at

20 �C and Horiba pH meter D-51, respectively, and the

results are shown in Table 1. As Table 2 shows, we tested

tannin/sucrose mixture ratios of 100/0, 75/25, 50/50, 25/75

and 0/100. The solution was used as an adhesive and

sprayed onto particles in a blender at 20 wt% resin content

based on the weight of the oven-dried particles. In Group 1,

the sprayed particles were not dried in an oven, while in

Group 2, sprayed particles were dried at 80 �C for 12 h. In

the case of Group 3, the tannin/sucrose ratio was 25/75, and

resin contents of 10, 20, 30 and 40 wt% (based on the

weight of the oven-dried particles) were tested, and then,

the sprayed particles were dried at 80 �C for 12 h. The mat

moisture content of Group 1 was 38–42 %, while that of

Groups 2 and 3 was 3–6 %. The particles were mat-formed

using a forming box of 300 9 300 mm, after that, the mat

was hot-pressed at 200 �C for 10 min with a distance bar of

9 mm to control the thickness. The size of the manufac-

tured board was 300 9 300 9 9 mm, and the target

Table 1 Viscosity and pH of mixture solutions of tannin and sucrose

Mixture ratio of tannin

and sucrose (wt%)

Concentration

(wt%)

Viscosity at

20 �C (mPa s)

pH

100:0 265.9 4.51

75:25 177.4 4.62

50:50 40 78.0 4.71

25:75 51.3 4.76

0:100 35.7 5.52

Table 2 Manufacture condition

of particleboards
Groups Mixture ratio of

tannin and

sucrose (wt%)

Resin

content

(wt%)

Pressing

temperature

(�C)

Pressing

time

(min)

Target

density

(g/cm3)

Drying

treatment after

spraying

Group 1 100:0 20 200 10 0.8 No

25:75

50:50

75:25

0:100

Group 2 100:0 20 200 10 0.8 Yes

25:75

50:50

75:25

0:100

Group 3 25:75 10 200 10 0.8 Yes

15

20

30

40
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density was 0.8 g/cm3. For comparison, particleboard

bonded with pMDI (polymeric 4,4-diphenyl methane diis-

ocyanate) was manufactured at a resin content of 8 wt%,

and the press method and target density were the same as

those described above.

Evaluation of board properties

The boards obtained were conditioned for 1 week at 20 �C

and 60 % relative humidity and then evaluated according

to the Japanese Industrial Standard for particleboard (JIS A

5908, 2003) [16]. The static 3-point bending test was car-

ried out on a 200 mm 9 30 mm 9 9 mm specimen from

each board, and the effective span and loading speed were

150 mm and 10 mm/min, respectively. The modulus of

rupture (MOR) and the modulus of elasticity (MOE) were

calculated from the bending test. The internal bond

strength (IB) test was performed on a 50 mm 9 50 mm

specimen with a loading speed of 2 mm/min, and thickness

swelling (TS) after water immersion for 24 h at 20 �C was

measured in specimens of the same size. Following the TS

test, thickness changes and weight changes under a cyclic

accelerated aging treatment (drying at 105 �C for 10 h,

warm water immersion at 70 �C for 24 h, drying at 105 �C

for 10 h, boiling water immersion for 4 h and drying at

105 �C for 10 h) were measured. Each experiment was

performed five times, and the average values and standard

deviations were calculated. Statistical significance was

considered for p values \0.5.

Fourier transform infrared spectroscopy (FT-IR)

Tannin and sucrose were dissolved in distilled water with the

ratio of tannin to sucrose at 25/75, and the concentration of the

solution was adjusted to 40 wt%. The adhesive solution was

heated at 80 �C for 12 h to remove water. The adhesive was

pulverized into less than 250-lm mesh size, after that, one part

of the powder was heated at 200 �C for 10 min and another

part of the powder was reserved as the comparation. Both the

two parts of the powder were dried in a vacuum oven at 60 �C

for 15 h. Two infrared spectra were obtained with a Fourier

transform infrared spectrophotometer (FT/IR-4200, JAS-CO

Corporation) using the KBr disk method and were recorded

with an average of 32 scans at a resolution of 4 cm-1.

Results and discussion

Effects of tannin/sucrose mixture ratio without drying

treatment before hot-pressing

The particleboards were manufactured with various mix-

ture ratios of tannin and sucrose without drying treatment

before hot-pressing, and detailed data of the properties

showed in Table 3. Figure 1 shows the bending properties

of the particleboards. The bending properties were pro-

moted as the sucrose ratio increasing. For MOR values, the

board bonded with tannin only (100/0) was 8 MPa. At a

tannin/sucrose ratio of 25/75, the MOR increased to

11.9 MPa, an increase of 49 % compared to tannin only.

For MOE values, the board bonded with tannin only (100/

0) was 2.3 GPa. At a tannin/sucrose ratio of 25/75, the

value increased to 3.0 GPa, an increase of 43 %. Figure 2

shows the IB strength of the particleboard. The value

decreased with increasing sucrose ratio. When the parti-

cleboard was bonded with tannin only, the IB value was

0.3 MPa, equivalent to the minimum 18 type of JIS A 5908

standard [16]. At tannin/sucrose ratios of 75/25, 50/50 and

25/75 conditions, the IB strength were 0.24, 0.3 and

0.1 MPa, respectively. In general, the addition of sucrose

decreased the IB strength. Figures 1 and 2 demonstrate

how the bending properties and IB strength had opposite

trends. This is perhaps because during the hot-pressing

process, water moved from the surface to the core and then

steam moved out from the core of the board; this move-

ment took out the heat, and so affected the bonding prop-

erties. When the ratio of tannin decreased, the effect of

tannin on the bonding property was reduced, which lead to

the reduction of IB strength. Bending properties are more

affected by the surface of the boards, and because the

temperature on the surface was high during the hot-press-

ing process, more sucrose led to better mechanical prop-

erties. Overall, both bending properties and IB strength

showed mediocre properties for the wet-mat particleboard.

This indicated that when the moisture content was high,

irreversible thickness swelling was caused when the par-

ticles’ recovery forces exceeded the restraining action of

the adhesive. The internal failures of the particleboard were

attributed to stress release and signified adhesive damage

among the particles. This is because swelling stress and

particle deterioration accompanied the moisture change

[17]. Figure 3 shows the results for the TS of the boards.

The value was fairly constant regardless of the sucrose

ratio. At a tannin/sucrose ratio of 25/75, the TS was 43 %,

far exceeding the JIS A 5908 standard upper limit of 12 %

[16]. The boards bonded with tannin only had a TS value of

44 %; ANOVA showed no significant difference in water

resistance between boards with tannin/sucrose ratios of

100/0 and 25/75. Additionally, all the samples were very

weak after the immersion treatment (20 �C for 24 h), such

that cyclic accelerated aging treatment could not be carried

out. Consequently, increasing the sucrose ratio did not

obviously change the mechanical properties of the parti-

cleboards. Former research has indicated that heat treat-

ment before hot-pressing is one of the most effective ways

to increase water resistance of wood and wood-based
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composites [18]. Thus, investigations of the effects of

different tannin/sucrose and resin ratios were carried out on

heat-dried sprayed particles.

Effects of tannin/sucrose ratio with drying treatment

before hot-pressing

Particleboards were manufactured at various mixture ratios

of tannin and sucrose using a drying treatment before hot-

pressing, and detailed data of the properties showed in

Table 4. Figure 4 shows the bending properties of the

resultant particleboards. The bending properties increased

obviously as the sucrose ratio increased. The maximum

values of MOR was 18.7 MPa, when the ratio of tannin to

sucrose at 25/75. The MOR was 2.4 MPa when the parti-

cleboard was bonded with tannin only, and 15.2 MPa with

sucrose only. The maximum value of the MOE was

4.1 GPa at tannin-to-sucrose ratios of 25/75 and 0/100. By

contrast, the MOE was 0.7 GPa for tannin only. The result

of the bending test indicated that sucrose offered improved

bond performance in the adhesion system. According to the

type 18 of JIS A 5908 standard [16], which is for con-

struction use, an MOR of 18 MPa and MOE of 3 GPa or

more is required. We found that the bending strength of

board using a tannin/sucrose ratio of 25/75 was comparable

to the standard. The improvements in MOR and MOE in

Group 2 samples compared to Group 1 were 57 and 28 %,

respectively. These results confirmed that low moisture

content leads to improved bending properties of particle-

board bonded with tannin and sucrose. Figure 5 shows the

IB strength of the particleboards bonded with tannin and

sucrose. The value increased with increasing sucrose ratios,

and a value of 1.0 MPa was recorded at the tannin/sucrose

ratio of 25/75. This was 20 times higher than that using

only tannin. The addition of sucrose brought marked

improvement in the bond strength between particles;

moreover, the strength of the board bonded at a tannin/

sucrose ratio of 25/75 greatly exceeded the type 18 of JIS A

5908 [16] minimum requirement of 0.3 MPa. Compared

with the best value of Group 1 samples, 0.3 MPa, the

improvement in IB was 206 %, also confirming the effect

of the mat moisture content. Judging from the results

summarized in Figs. 1, 2, 4 and 5, the mechanical prop-

erties were greatly affected both by the tannin/sucrose ratio

and by the moisture content before hot-pressing. Figure 6

shows the thickness change of cyclic accelerated aging

treatment. As the sucrose ratio increased, the TS value

decreased (except the sucrose only condition). In the case

of a tannin/sucrose ratio of 25/75, the value of TS was

28 %. When the boards were bonded with tannin only,

immersion in water led to decomposition while the TS of

Table 3 Properties of particleboard without drying treatment

Mixture ratio of tannin

and sucrose (wt%)

MOR

(MPa)

MOE

(GPa)

IB

(MPa)

TS (%)

100:0 8.0 (1.2) 2.3 (0.2) 0.3 (0.1) 44 (18.1)

25:75 8.6 (0.9) 2.5 (0.2) 0.2 (0.1) 49 (27.9)

50:50 9.8 (0.9) 3.1 (0.3) 0.3 (0.1) 43 (12.7)

75:25 11.9 (1.7) 3.2 (0.4) 0.1 (0.1) 43 (10.0)

0:100 4.4 (0.9) 2.0 (0.3) 0.1 (0.1) 83 (15.7)

Values in parentheses are standard deviations
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boards bonded with sucrose only was 49 %, indicating that

the dimensional stability of the boards bonded with tannin

or sucrose only was extremely low. This result indicated

that tannin kept it hygroscopicity after hot-pressing at

200 �C for 10 min. The subsequent cyclic accelerated

aging treatment brought a stepwise increase in the thick-

ness of specimens. In the second immersion treatment

(immersion at 70 �C for 24 h), the range of thickness

increased from 46 to 87 %, and in the third immersion

treatment (immersion at 100 �C for 4 h), the thickness

range increased from 51 to 103 %. When the board was

bonded with tannin only, the specimens decomposed after

the first immersion treatment at 20 �C for 24 h. As the

sucrose ratio increased, the thickness change of the cyclic

accelerated aging treatment was restrained. The results of

thickness change in immersion treatments indicate that

higher sucrose content possibly promoted the adhesiveness,

and thereby markedly improved water resistance proper-

ties. Figure 7 shows the weight changes during the cyclic

accelerated aging treatment. In the first immersion treat-

ment (immersion at 20 �C for 24 h), the weight increase

range decreased as the sucrose ratio increased. The lowest

weight increase value was 60 % at a tannin/sucrose ratio of

25/75. The boards bonded with tannin only decomposed,

and the value of board bonded with sucrose only was 90 %.

In the first drying treatment (drying at 105 �C for 10 h),

boards with higher sucrose ratios lost less water weight.

The lowest decrease value was 3 % for the boards bonded

with the tannin/sucrose ratio of 25/75. The weight decrease

range on other tannin/sucrose ratios was from 4 to 11 %,

which indicated that maybe there was some unreacted

adhesive dissolved in the water after the immersion treat-

ment; however, at the tannin/sucrose ratio of 25/75, the

amount of unreacted tannin and sucrose would be least. In

the second immersion treatment (immersion at 70 �C for

24 h), the weight increase dropped as the sucrose ratio

increased. The lowest weight increase was 80 % when the

board was bonded with a tannin/sucrose ratio of 25/75. The

same tendency was recognized in the third immersion

treatment (boiling for 4 h), namely the value decreased

with increasing sucrose ratio, and the best value was 80 %

when the board bonded with tannin/sucrose ratio at 25/75.

The weight change value between second immersion

treatment and third treatment was almost the same. The

final weight decrease when dried at 105 �C for 10 h

showed a range from 19 to 9 %, and a higher sucrose

proportion brought less weight decrease. According to the

results shown in Figs. 6 and 7, increasing the proportion of

sucrose enhanced the water resistance of the adhesion

system. Some researchers have shown that sucrose can

yield 5-hydroxymethyl-2-furfural (HMF) under heating or

acidic conditions [12, 13, 19]. The subsequent reaction of

HMF with tannin may be the process that leads to the

polymerization between sucrose and tannin [20, 21]. Our

results indicated that a tannin/sucrose ratio of 25/75 yielded

excellent mechanical properties for particleboard.

Effects of resin content

The effects of resin content on the physical properties of

particleboard bonded at the tannin/sucrose ratio of 25/75

were investigated. The resin content was tested at 10, 15,

Table 4 Properties of particleboard with drying treatment

Mixture ratio of

tannin and sucrose

(wt%)

MOR

(MPa)

MOE

(GPa)

IB (MPa) TS (%)

100:0 2.4 (0.6) 0.7 (0.2) 0.03 (0.01) No data

25:75 7.8 (1.9) 2.2 (0.2) 0.4 (0.03) 88 (2.4)

50:50 13.3 (3.2) 3.4 (0.8) 0.8 (0.2) 40 (2.4)

75:25 18.7 (1.5) 4.1 (0.1) 1.0 (0.1) 28 (10.1)

0:100 15.2 (0.8) 4.1 (0.1) 0.7 (0.1) 48 (1.5)

Values in parentheses are standard deviations

0

1

2

3

4

5

6

0

5

10

15

20

25

30

100:0 75:25 50:50 25:75 0:100

M
O

E
(G

P
a)

M
O

R
(M

P
a)

Tannin:Sucrose(wt%)

MOR

MOE

Fig. 4 Effect of tannin/sucrose ratio on bending properties with

drying treatment before hot-pressing. Error bars indicate standard

deviations

0

0.5 

1.0 

1.5 

2.0 

2.5 

100:0 75:25 50:50 25:75 0:100

IB
(M

P
a)

Tannin:Sucrose(wt%)

Fig. 5 Effect of tannin/sucrose ratio on IB strength with drying

treatment before hot-pressing. Error bars indicate standard deviations

J Wood Sci (2014) 60:269–277 273

123



20, 30 and 40 wt%, and detailed data of the properties

showed in Table 5. Figure 8 shows the bending properties

of particleboard bonded with different resin contents. Both

MOR and MOE were slightly enhanced with the increase

of resin content. The maximum average values of MOR

and MOE were 21.2 MPa and 5.0 GPa, respectively,

obtained at 40 wt% resin content. Our results indicated that

the boards bonded with 15 wt% resin content or more were

comparable to the requirements of the type 18 of JIS A

5908 standard [16]. When the board was bonded with

isocyanate (8 wt% resin content), the MOR and MOE were

25.3 MPa and 4.0 GPa, respectively. Figure 9 shows the

IB strengths of the particleboards bonded with different

resin contents. The IB strength performance did not change

obviously with changes in resin content. The maximum

average value was 1.3 MPa at resin content of 30 wt%. All

the specimens satisfied the requirement of the type 18 of

JIS A 5908 [16] (more than 0.3 MPa); this result indicated

that resin content as low as 10 wt% provided satisfactory

internal bonded strength. The IB strengths of particleboards

bonded with tannin and sucrose were about half of those

bonded with isocyanate. Based on the results of bending

test and IB test, the bending properties increased with the

increasing of resin content, but the IB strength did not

change obviously. This phenomenon perhaps was due to

the decrease of wood particles when the resin content was

increased and the density remain unchanged; the decrease

of wood particles led to more void areas in the particle-

board, and the percentage of void areas had a negative

effect on IB strength [22]. Figure 10 shows the thickness

changes of the particleboards with different resin contents

in the cyclic accelerated aging treatment. In the first

immersion treatment (immersion at 20 �C for 24 h), the TS

value decreased as the resin content increased. The lowest

value of TS was 20 % with 40 wt% resin content, which

indicated that the increase of resin content enhanced the

water resistance of the particleboard. Ordinarily, tannin and

sucrose are water-soluble substances. However, the reac-

tion of tannin and sucrose may result in insoluble materials.

After boiling water treatment for 4 h, the value for 40 wt%

particleboard was 34 %, exceeding the value of particle-

board bonded with isocyanate at 32 %. Figure 11 shows

the weight changes of the particleboards in a cyclic

accelerated aging treatment. There was less of a change in

weight as the resin content increased, indicating that the

resin inhibited the absorption of water. Compared with the

weight increase in the first immersion, the weight increase

of warm immersion and boiling treatment were higher, due

to the lowering of the water resistance of the adhesive and

the penetration of water into the wood [23]. The range of

the weight decrease was -3 to -6 % after the first drying

treatment and -8 to -15 % after the last drying treatment;

these values gradually increased with increasing resin

content. This result indicated that as the resin content

increased, the decomposition and elution of the adhesive

increased.

Curing mechanism

The FT-IR curves of the mixture of tannin and sucrose

before and after heating were shown in Fig. 12. The

absorption bands at around 1,705, 1,509, 1,200 and

780 cm-1 increased clearly in the heat treatment. The peak

at around 1,705 cm-1 attributed to C=O stretching derived

from the carbonyl group [24]. The peaks at around 1,509

and 780 cm-1 are characteristic of C=C stretching vibra-

tion and unsubstituted CH=CH of 5-HMF, respectively

[25–27]. The peak located around 1,200 cm-1 was asso-

ciated with the -CO stretching of the benzene nucleus and/
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or the dimethylene ether bridges (-CH2OCH2-) [15, 28].

In addition, disappearance of two absorption peaks at

around 1,130 and 920 cm-1 was observed. The peak at

1,130 cm-1 was dominated by the glycosidic linkage (C–

O–C) contribution [29], and the absorption bond at around

920 cm-1 was attributed to pyranose ring of sucrose [30].

This indicated the decomposition of sucrose. Judging from

these spectra changes, 5-HMF is formed by decomposition

of sucrose during heating. Furthermore, 5-HMF seems to

react with tannin by dimethylene ether bridges. The pos-

sible reaction equation between tannin and sucrose was

shown in Fig. 13. However, it was difficult to make sure

the detail reaction mechanism by FT-IR only; therefore,

other chemical analysis methods will be carried out in our

further research to verify the detail information of this

mechanism.

Conclusions

We demonstrated that tannin and sucrose, natural sub-

stances derived from readily available bio-resources, can

be used to manufacture particleboard that meets industrial

standards. This study investigated the tannin/sucrose ratio,

effect of the drying treatment after spraying and resin

content on particleboard properties. The properties were

enhanced when the drying treatment was carried out after

the spraying, and when the sucrose ratio increased. Based

Table 5 Properties of particleboard with different resin content

Mixture ratio of

tannin and sucrose

(wt%)

MOR

(MPa)

MOE

(GPa)

IB (MPa) TS (%)

10 16.8 (0.8) 3.6 (0.1) 1.0 (0.1) 31 (4.8)

15 18.7 (1.0) 4.0 (0.1) 1.1 (0.1) 29 (6.2)

20 18.7 (1.5) 4.1 (0.1) 1.0 (0.1) 28 (10.1)

30 19.6 (0.6) 4.6 (0.2) 1.2 (0.04) 23 (4.1)

40 21.2 (1.0) 5.0 (0.1) 1.1 (0.02) 20 (4.2)

Isocyanate 25.3 (1.6) 4.0 (0.2) 2.2 (0.1) 13 (2.5)

Values in parentheses are standard deviations
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on the results obtained, the optimum proportion of tannin

to sucrose was 25/75, and the optimum resin content was

between 30 and 40 wt%. When the particleboards were

manufactured under the optimum conditions, they showed

excellent mechanical properties, higher than those required

for JIS A5908 type 18 [16]. Based on the results of FT-IR,

5-HMF was formed from the decomposition of sucrose

during the heating treatment. In addition, as one kind of the

possible reaction mechanism between tannin and sucrose,

the dimethylene ether bridges seems to be formed. Further

research should focus on enhancing the water resistance of

the particleboard,and it is also necessary to fine-tune the

optimum conditions and confirm the detailed mechanism of

this adhesion system.
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