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Abstract.Adhesive is the one of main components that used for producing composite
wood. The quality of the adhesive can affect the strength of the composite wood.
However, adhesives which commonly used are synthetic adhesives that contain a lot
of formaldehyde emissions and have negative impact on our health. To reduce its use,
we need an alternative adhesive from natural raw materials. Tannin is a phenolic
compound has been widely studied that can be used as a bio adhesive for wood
composites. The main source of tannin for adhesive is derived from bark. One type of
wood bark that contains tannins is tusam wood bark. Tannins have a high reactivity
against formaldehyde. This study aims to determinate the optimum formula of tannin
which is copolymerized with resorcinol and formaldehyde. Tannin is obtained by
extracting wood bark with hot water. The optimum formula of tannins and resorcinol
(TR) result is determined by the stiasny numbers, while the optimum formula of
tannins and formaldehyde (TF) are determined by identification of solid content. The
addition of resorcinol affects the percentage of stiasny number, the greater the
formula of resorcinol added, the higher value of stiasny number, wherein the
reactivity of tannin to formaldehyde increases. The addition of formaldehyde also
affects the results of tannin formaldehyde solid content, the more addition of
formaldehyde, the percentage of solid content decreases.

1. Introduction
Adhesive is the one of main components that required in composite wood industry. Adhesives that
widely used are synthetic adhesives which are relatively expensive [1] because the raw material is
derrivated from nonrenewable material, in addition to these adhesives also contain a lot of
formaldehyde emissions which can negatively impact on health in the form of evaporated gas
exposure at room tfnperature [2]. Adhesives are commonly commercialized by the most adhesive
industries recently such as phenol formaldehyde and urea formaldehyde [3]. To reduce the use of
synthetic adhesives, natural polymer compounds derived from plants and adapted for the same use as
pure synthesis groups [4] are needed.

Tannin is one of the phenolic compounds that has great potential to produce bio adhesives because
it has a high flavonoid content, especially in condensed tannins [5,6]. Tannins can be obtained in all
nteut from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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parts of the plant, but the content of tannins in large quantities is obtafed from wood bark extract
which is studied as a bio adhesive. In recent years, condensed tannins have been widely studied as
substitutes for phenol and resorcinol in their reactivity against formaldehyde [8,9]. Various types of
pine bark have been studied and have tannin compounds that potential to be adhesives on composite
wood [10-13].

Condensed tannins have a high affinity for resorcinol and formaldehyde so that they can
copolymerize and used as adhesives [14]. Tannins have a high reactivity toward formaldehyde [15,16],
but to reduce formaldehyde emission, the addition of resorcinol can be used to bind formaldehyde
groups that do not react with tannins [17].

This study aims to react Tusam tannins with resorcinol and formaldehyde by determining optimum
formulation of some modified ratios from several previous studies. Determination of the optimum
tannin and resorcinol formulations based on stiasny number, and determination of tannin and
formaldehyde formulations based on the percentage of solid content.

5
2 Materials and Methods

2.1. Bark extraction method

Tusam bark is prepared to be chips and then dried at air temperature until it reaches the moisture
content of about 12%, then it extracted with hot water at bark and water ratio of 1:4 (g/mL) in a
waterbath for 4 hours. Then it filtered to get tannin filtrate. tannin liquid is then dried using a spray
dryer to get tannin powder.

2.2. Determination of stiasny number of tusam tannin bark

Determination of stiasny number aims to see the tannin reactivity toward formaldehyde which is
shown based on the percentage of condensed tannins. Stiasny number is determinate by weighing the 2
g tannin powder sample then dissolved in 10 mL of water and reacted in a waterbath at 100° C with
37% formaldehyde (2 mL) thaf®atalyzed by 10 N HCI 1 mL for 30 minutes. The resulting precipitate
is accurately weighed and the Stiasny value is calculated as a percentage of the weight of dry extract
[17].

2.3. Determination solid content of tusam tannin bark
A total of 2 g of the extract sample was weighed (W1) and dried for 24 hours in an oven at 100° C
then cooled in a desiccator and weighed (W2) [18]. Solid content is calculated by the formula:

Solid content(%):% x 100% (1)

2 4. Determination of optimum tannin and resorcinol formulations

The optimum formulation is carried out to see the effect of resorcinol addition to stiasny number. The
purpose of adding resorcinol is to activate phenolic compounds contained in tusam bark [14] so that it
is expected to increase the tannin's reactivity to resorcinol. Ratio of tannin and resorcinol is showed in
Table 1.

Table 1. Ratio of tannin resorcinol

Tannin Resorcinol

0.000

0.025
0.075
0.125

—
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2.5. Determination of optimum tannin and formaldehyde formulations

Addition of formaldehyde aims to react tannin with formaldehyde. The optimum formulation between
tannins and formaldehydes is intended to see the effect of formaldehyde addition to the levels of solid
content of tannins so as to form a new molecule comes from reaction of tannins with formaldehyde.
Ratio of tannin and formaldehyde is determined from the results of modifications of previous studies
[18-20] which are showed in Table 2.

Table 2. Ratio of tannin formaldehyde.

Tanin Formaldehida

0.00

0.05
0.10

0.15

——

3. Results and Discussion

3.1. Optimum formulation of tannin resorcinol
The optimum formulation produced from Tusam tannin bark and resorcinol is shown in Figure 1
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Figure 1. Results of solid content of tusam tannins bark and resorcinol

Figure 1 explains that the addition of resorcinol affects the percentage of the stiasny number where
the stiasny number indicates the tannin reactivity of resorcinol. The higher levels of resorcinol are
added, the greater the percentage stiasny number. The value of stiasny number of tusam tannin bark in
figure 1 is 50.33%, but with the addition of resorcinol, the value is increase until the highest resorcinol
addition reaches 82.78% whereas the resorcinol ratio which is the more reactive formulation of
tannins. This result is almost same with previous research [1] on the percentage of the tannin stiasny
number of 47.22% and after the addition of resorcinol, the percentage increased to 66.67%.

This also indicates that the addition of resorcinol to the adhesive can help increasing the complete
copolymerization reaction, so that the molecules in resin are increasing [14]. In addition, resorcinol is
also added with the aim to bind formaldehyde groups that do not react with tannins so as not to cause
formaldehyde emissions [16].
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3.2. The optimum formulation of tannin formaldehyde

The optimum formulation in tannin formaldehyde is shown in Figure 2. The results in Figure 2 show
that the addition of formaldehyde affects percentage of formaldehyde tannin solid content. The higher
addition of formaldehyde, the solid content decreases. The result of solid content in tusam tannin bark
is 13.83%, but with the addition of formaldehyde by 5% of the amount of tannin, the value of solid
content increased to 16.86%, but in the addition of formaldehyde 10% and 15%, the percentage of
solid content decreased respectively also became 15.86 and 14.12%. This effect is not much different
from tannin in research [18] whereas the level of solid content increases with the addition of
formaldehyde by 5% and decreases with the increase in the addition of a number of formaldehydes.
The same thing happened in mahogany tannins in the study [20] where an increase in solid content to
18.15% occurred in the addition of formaldehyde by 5% and decreased with the addition of
formaldehyde by 20% to 17.77%.

18 16.86
15.86
16 11383 1412
g!“ 14 -
E 12 ~
310 -
g8
= 6
& 4 -
2 -
0 -l
1:000 1:005 1:0.10 1:0.15
Ratio of tannin : formaldehyde

Figure 2. Results of optimum formulation of tannin and formaldehyde

The addition of formaldehyde to make polymerization bridges whose bonds tend to be more stable
so that it increases the adhesion strength, but the addition of formaldehyde with high levels will cause
the crosslinking process being weak and imperfect because there are a number of formaldehyde groups
which do not react with tannin [18.20].
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