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Abstract
The aim of this work is to demonstrate the performances of Acacia Mangium tannin-based 

tannin designed as adhesive in the particleboard production. The tannin was extracted from acacia 
mangium barks in differences medium extractrion. Three difference medium, (l)Water (Control),
(2)Na2SOs (4%) /  Na2C0 3 (0.4%) and (3 )Na2S0 3  (8%) /  Na2COs (0.8%) used, the (3) medium 
extraction produce then highest yield (25.8 %) follow the (2) medium extraction(21.6) and the less 
yield (17.7%).

To evaluate the mechanical performances o f optimal Acacia mangium tannin-based 
adhesives, particleboards were produced and mechanical properties (Internal bonding) were 
investigated. The performance of these panels is comparable to those o f particle panels commercial. 
The results showed that particleboard panels bonded with parafomaldehid (0.392 Mpa) exhibited 
better mechanical properties, continue particleboard panel hardened with hexamine(0.367 MPa) and 
particleboard panel bonded with glyoxol-tannin based adhesives (0.244 MPa). This show the suitable 
harder for acacia mangium tannin are formaldehyde > hexamine > glyoxol.

Abstrak

Tujuan utama penyelidikan ini adalah untuk melihat kebolehupayaan perekat berasas tannin 
yang diekstrak dari kulit pokok acacia mangium sebagai perekat dalam pembuatan bod partikel. Tanin 
telah diekstrak di dalam tiga medium pengekstrakan yang berbeza. Tiga medium tersebut adalah (1) 
Air (2) )Na2SC>3 (4%) /  Na2COs (0.4%) dan (3)Na2SO^ (8%) /  Na2COs (0.8%). Diantara ketiga-tiga 
medium tersebut, pengektrakan di dalam medium (3) menghasilkan tannin yang paling tinggi (25.8%), 
diikuti medium pengektrakan (2) sebanyak 21.6 % dan pengektakan di dalam air menghasilkan tannin 
yang paling sedikit (17.7%)

Untuk menilai prestasi sifat mekanik yang optimum, bod partikel berasaskan tannin 
dengan menggunakan 3 jenis pengeras yang berlainan dihasilkan dan sifat mekanik (ikatan dalaman) 
telah dikaji. Prestasi bod partikel ini adalah setanding dengan bod partikel yang telah dikomersial. 
Keputusan kajian menunjukkan bahawa bod partikel yang terikat dengan pengeras jenis 
parafomaldehid (0.392 Mpa) menunjukkan sifat mekanik yang lebih baik, Bod partikel yang terikat 
dengan pengeras jenis hexamine (0.367 MPa) dan bod partikel terikat dengan pengeras jenis glyoxol 
(0.244 MPa). Secara keseluruhannya, pengeras yang sesuai digunakan dalam penyediaan perekat 
berasas tannin dari kulit pokok acacia mangiun adalah seperti: formaldehid >hexamine >glyoxol
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Introduction

Acacia mangium is one of the popular tree well growth around Malaysia and Indonesia.. Among of the 
famous Acacia mangium plantations in Malaysia is at Mentakab, Lembah Beringin, Tawau and Telaga 
(Hoong et al., 2009). This fast growing tree is utilized as raw material for pulp and paper.Acacia 
mangium became most popular tree for plantation because of the small log diameter characteristics 
which is suitable for glulam production and good mechanical properties(Alamsyah et al., 2007). This 
Plantation were generating approximately 250,000 mt/annum of A.mangium barks. This is a good sign 
of a new raw material for tannin extraction.

Since 20 years ago, sulfitation of tannin has been proven as the best method of extraction. The 
advantages of sulfitation in tannin adhesives application were lower viscosity, enhanced solubility, 
higher moisture retention by the resin and allowing slower adhesives film dry-out.

There are verities of hardeners using in adhesives industrial.To produce tannin based 
adhesives, the formaldehyde system are the most popular in this industries. In this paper we will 
discuss which are the best hardeners between parafomaldehid, hexamethylenetetramine (HTMA) and 
glyoxol to produce acacia mangium tannin based adhesives.

Particleboard is an engineered wood composite manufactured from wood particles ,such as 
sawmill shavings, chips, or even saw dust, and a synthetic resin or other suitable binder, which is 
pressed. It has found typical applications as furniture, cabinets, flooring, table, wall and ceiling, stair 
treads, home constructions, sliding doors, kitchen worktops, interior signs, and other industrial 
products.

Experimental 

Collection of tree barks

Fresh barks from 7-8 years old Acacia mangium trees were obtained from processing mills located at 
Tawau, Sabah. The bark consisted of a mixture of inner bark, outer bark and some woody materials. 
The barks were chipped to 2-3 cm size and further flaked to sizes less than 1 mm. The barks were 
stored in an open area (was protected from rain) for at least 2 weeks and then oven dried to 12% 
moisture content. The 2-week storage period was done to simulate actual conditions in wood 
processing mills.

Preparation of sulfited tannin

The preparation of bark extracts followed that of Paridah et al.(1999). Hot water extract was prepared 
by heating a mixture of water and bark(6:1 w/w) based on the oven-dried weight (OD) of the bark)at 75 
°C in a water bath. The sulfited tannin extract was prepared by boiling a mixture of bark, water, sodium 
sulfite and sodium carbonate at 100:600:4:0.4 (w/w) for 3h.The solution was first screened through a 
fine filter (140 mesh) and further filtered on a sintered glass (porosity2). Both types of extracts were 
con-centrated to 40-50% solids under reduced pressure using a Buchi Rotavaporrotary evaporator at 
50-55 °C.The resulting solid was further dried in an oven maintained at50 °C until the weight was 
constant. The yield of tannin was calculated as follows:

Yield (%) = (Total weight solids in the extract -  Total weight OD Sodium Salts used)
X 100 / oven -  dried weight of bark

Difference concentrations of sulfite-carbonate were used in the extraction process : (1) Water 
(Control), (2) Na2SQ3 (4%) / Na2C 03 (0.4%) and (3) Na2SQ3 (8%) / Na2C 03 (0.8%).



The tannin solution (45% (w/w) solid content; 10 g) was placed in a test tube and paraformaldehyde 
powder (0.3 g of 96% (w/w)) was added into the test tube. The mixture was heated in a water bath at 90 
± 2 °C and stirred with a glass rod until it had formed a gel (until the product had solidified sufficiently 
easy removed from the side of the beaker). Then a soft spiral wire was inserted into tannin solution 
(test tube) to examine the gel state. The gel time required for this to take place is the gelation or gel 
time. The test was duplicated for each treatment.

Determination of gel time

Resin formulation

Three different adhesive formulations were prepared where three difference hardeners used. For 
adhesive formulation, a tannin solution (45% solids) was prepared. The hardemer used in these 
formulation are parafomaldehid in pH 7, Haxamine in pH 10 and the last hardener is glyoxol in pH 9, 
and the hardemer content is 5 %, 9%, 6% of weight of over dried tannin content respectively. The 
adhesive formulations used in the study are given in Table 1

Table 1 : Resin formulation used in this research.

Type of Hardener Hardener Content (%) 
(from OD tannin) Tannin Content (g) pH*

Parafomaldehid 5 47. 13 7
Hexamine 6 47. 13 9
Glyoxol 9 47. 13 10

* NaOH solution (33% ) and Acetic acid Solution (30%) to adjust the pH

Thermo mechanical Analysis (TMA)

30 mg of tannin-fomaldehid adhesive were placed between two plywood to form a joint of 21 x 6 x 14 
mm dimension tested in three bending for a span of 18 mm subjected to an alternating force of 0.1/0.5 
with a 6 s6 cycle at a constants heating rate of 10 C/min, from 40C to 250C.The minimum value of the 
deflection corresponding to the tighter network formed by the adhesives in the joint is then measured.

Preparation of Particleboards

Homogeneous particleboard of dimensions of 23 cm X 23 cm X 1.4 cm were produced at a targeted 
density of 700 kg/m3 and three difference hardeners of 10 percent based on the oven dry weight of the 
wood particles. The particles were 70% from hardwood species mainly from beach and 30% softwood 
like fur, conifer and the raw materials for particleboard manufacturing. The wood was processed into 
particleboard furnish by passing through a chipper and in flaker. The board were presses at 195 °C 
temperature under 75 kg/cm2 pressure 450 s. The panels after conditional in a room at 65% relative air 
humidity at 20 °C were tested for internal bond (IB) (EN 319)

Result and discussion 

Sulfitation : Effect of medium extraction

Table show percentage of tannin yield in three diference medium extraction. The result show the 
highest yield is come from the Water + 8% Na2S03 + 0.8% Na2C 03, follow Water + 4% Na2S 03 +
0.4% Na2C 03, and the less yield is from the hot water extraction which 25.8 %, 21.6 % and 17.7% 
respectively. Sulfitation has been used to modify the chemical and physical properties of tannins 
(Richtzenhain and Alfredson, 1956) by increasing the amount of lower molecular weight flavonoids, 
resulting in more reactive sites for reaction with formaldehyde . A similar study using Mangrove barks 
by Paridah et al.(1999) also found the tannin yield to be 25.2%.Weissmann(l983),and Dixand 
Marutzky (1984) also reported that by adding up to 0.25% Na2S03, the extracted tannin yield from the 
barks of Pinus radiata, Pinus silvertris, and Piceaabies increased significantly.



Table 2 : Yield of extraction in difference medium extraction.

Name of Sampel Medium extraction Yield (%)
Water Tannin Hot Water 17. 7
4% Tannin Water + 4% Na2S03 + 0.4% Na2C03 21.6
8% Tannin Water + 8% Na2S03 + 0.8% Na2C03 25.8

Gel time of A.mangium tannin-paraformaldehyde adhesive

The gel time of the A.mangium tannin with paraformaldehyde highly depended on the pH of 
the tannin solution.The gel time decreased when the pH of the tannin solution was increased from 
acidic to alkaline. As illustrated in Fig 1, the gel time of the tannin solution varied from pH 5 to 10. 
Based on the slope there are essentially two stages: (1) from pH 5-6 and pH 8-10 the gel time 
decreases slowly between 102s and 43 s per pH unit increase and (2) at pH 6-8 the gel time decreases 
rapidly at 68s per unit of pH. Small amounts of sulfite added (4% and 8%) made very little difference 
to the gel time. Weissmann(1983) attributed this to the opening of the heterocyclic ring of some of the 
flavonoids. When this happens, the ether oxygen becomes an-OH on the A-ring and the A-ring 
becomes more reactive.The effect should be small because the amount of sulfite used is low and thus 
only a very limited amount of heterocyclic rings open.The range is sufficient for applications in the 
manufacture of plywood and particleboards (Yazaki and Collins, 1994).

pH

Figure 1: Gel time of tannins with paraformaldehyde in difference pH



Thermomechanical analysis (TMA)

Figure 2: Thermograph of A.Mangium-Formaldehyde Adhesives

The graph in figure show the maximum resistant of the A.Mangium adhevies using 
parafomaldehid , but the tannins extracted in differences medium extraction. The graph show at 0 
minute, the 8 % tannin gives the better strength because this tannin have higher molecular weight 
tannin. The reaction show the 8% tannin is faster than 4% tannin than the water tannin because much 
less steps needed to harden more polymerise tannin. There is some difference curve for the 8% tannin 
compare to the others, when the peaks at maximum, then it go down. When the reaction is faster, the 
peak will appear because network form through -(CH2O Q 2 which is unstable, they degrade with 
increase in temperature.

Mechanical testing (Internal bonding)

Internal bonding provided an overall measured of the board’s integrity, which defines how 
well the core material bonded together, and this property is influenced directly by the board density and 
resin content. The internal bonding strength of particleboards bonded with these adhesive is shown in 
Table 9.The results of this mechanical test showed that the all particleboard with A.mangium tannin 
adhesive met the requirement for general purpose and furniture manufacturing. Then minimum IB 
value of 0.24 and 0.35 N/mm2 required of European Standards EN 312. Based on the result, we can 
said that the best hardener for acacia mangium tannin are parafomaldehid > hexamine > glyoxol.

Table 3 : Internal bonding of particleboard

Type Hardeners Hardener Content 
(%) pH Density (kg/m3) Internal Bonding (MPa)

Parafomaldehid 5 7 710 0.392
Glyoxol 9 9 706 0.244

Hexamine 6 10 719 0.367

Conclusions

Tannin from the acacia mangium barks in Tawau, Sabah, Malaysia has a great potential for use as 
adhesives. Research show using the 8% Sodium Sulphite + 0.8 % Sodium Carbonate as the medium 
extraction will increase yield in extraction. Parafomaldehid is the best hardener for A.Mangium Tannin 
which proven in the internal bonding testing (0.392 MPa) follow by the hexamine (0.367 Mpa) and 
Glyoxol (0.244 MPa).
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