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Abstract 
  
In this study characteristics of foaming and pot life of the ammonium carbonate, ammonium bicarbonate and 
sodium carbonate in phenol formaldehyde (PF) and Melamine urea formaldehyde resin (MUF) were analysed to 
understand the best possible formulation. The light weight wood composites of varied formulations were 
manufactured in a single step with and without veneer overlay for a thickness of 12mm and density 
500=700Kg/m3. Influence of Polyethylene glycol (PEG) along with foaming chemical on the properties of the 
board were analysed. Physical and mechanical properties   of the composites were evaluated. As per IS:3087. 
Results indicated that ammonium carbonate of 4.5- 10% with Phenol formaldehyde resin and Melamine urea 
formaldehyde resin has reduced the total weight and density of the products. Viscosity changes with temperature 
for ammonium carbonate incorporated adhesive has been displayed Veneer overlaid wood particle composite 
has shown high strength properties. light weight composite panels can be successfully manufactured using 
foaming agent. 
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I. Introduction 
 
At present there exist a healthy competition among particleboard manufacturers and pulp mills. Thus, there is 
acute shortage of raw material for the manufacture of wood composites which has led to the search of 
alternative panel product. Lightweight panels are increasingly used in construction sectors, which include doors, 
house hold furniture, cabinets, shelving, etc. The main reasons for the lightness of engineered panel are design 
trends, easy to handle, transport cost would be reduced and ease of assembly for the customers. The reduction in 
the amount of raw material required to make these panels light weight due to the non-availability of wood is also 
one of the important factor for the necessity of light weight panels. 
 
Engineered wood composites such as particle board are manufactures using any lops and tops of trees or any 
agri residues. Using of the low density materials allows reducing the structural weight of products. That may 
result in substantial savings of material. It has been reported that a weight saving of over 27% is attainable in 
most of the structures due to the lower density of composites without compromising with their inherent 
properties. Density of the panels were also tried to reduce by the foaming process, the low density of the light 
intermediate layers can be achieved in an efficient manner. Many studies have carried out the foaming process 
by thermally activating an aerating agent, in particular, with subsequent physical or chemical reaction of the 
aerating agent.  The main reason is that porous components allow reducing the amount of raw materials and 
fuelling consumption at the same time The lightweight wood composite panels could provide a solution for 
housing constructions that accomplish the similar task as conventional panels with less quantity of raw material 
input.  
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R. F. Sterling (1990) describes a phenol-formaldehyde resin formulation using peroxide as a foaming agent at a 
temperature between 110° C and 350° C. Peter J. Crook et al (1975) synthesized a self-catalyzing phenol-
formaldehyde resin foam formulation by cross linking a strong acid moiety into the resin as a pendant sulphonyl 
group. Honeycomb boards with the phenolic foam of a density of 7-20 Kg/m3 on both sides in the cavities of the 
honeycomb was the method developed by Yasuhiko Watanabe et.al (1990). Phenol-formaldehyde resin foam 
was developed using nitrogenous modifier, capable of permitting dispersion of the blowing agent in the resin, 
and a surfactant along with an acid catalyst system dispersed in a liquid polyhydroxy compound by krishan 
sudan & Antonnie Berchrm (1983). GAO, M., et.al (2016) have used dicyandiamide as a toughening agent to 
alter the brittleness of the phenolic foam. Hang et.al. (2010) have reported that Melamine Formaldehyde (MF) 
foam has attracted much attention all over the world.  D.W Wang et.al (2012)   has prepared MF resin foam by 
microwave radiation. Ali Shalbafan et.al (2010, 2011 & 2013) has developed foam core particle boards using 
expandable microspheres and polystyrene as core layer. The development of lightweight wooden structure 
followed different patterns for core density reduction in earlier days. The use of composite structures has 
become an increasingly important factor in engineering design. The light weight panels if characterized apart 
from being light with fire-resistant, thermally insulating, and of high strength are much useful for building 
panels, and also in transportation equipment. Many studies have been worked on the utilisation of plastic foams 
in the manufacture of light weight panels, whereas fewer studies were conducted on the utilisation of foaming 
chemicals in the manufacture of wooden panels. However, the load capacity and functionality of lightweight 
engineered wood panels is highly dependent on compacting their cover layers as much as possible and on 
minimizing the density of the intermediate layers. Hence a study was carried out to study the properties of light 
weight particle board made using foaming chemicals. 
II.   Materials and methods 
  
Poplar particles were used for the manufacture of light weight panels. Phenol formaldehyde resin (PF), 
Melamine urea formaldehyde resin (MUF), were used for the study. Phenol Formaldehyde resin with weight 
ratio of phenol to formalin being 1:1.6 and 1:1.8 with 6-8% of catalyst was synthesized in a batch reactor. 
Melamine Urea Formaldehyde resin with weight ratio of (0.5M+0.5U): 2F was synthesized in the resin kettle at 
a pH of 8.5-9.0. The flow properties of the resin were maintained as given below in Table 1. 
Phenol Formaldehyde resin/ Melamine Urea Formaldehyde resin having the above properties were taken in a 
beaker. A known percentage of ammonium carbonate, sodium carbonate and ammonium bi carbonate (which 
acts as foaming agent) were added to the resin. Stearic acid of about 1% on the weight of liquid phenol 
formaldehyde resin and 2.5% of melamine were added to the resin admixed using mechanical stirrer with the 
foaming agents. 10% poly ethylene glycol was also used in this study. 

 
In the rheometry experiments a TA Instruments AR 1000 model rheometer was used to characterize the cure of 
both resins. a temperature ramp of 10°C per minute was used upto a temperature of 150C. An initial gap of 
0.5mm was used that allowed for enough sample to gather data.  
 
The resin admixed with the above ingredients were heated at 100°c to evaluate the time taken for the formation 
of foam and the foaming behavior of the resin. An amount of foam formed is quantified using the measuring jar, 
electronic balance and stop watch. The said formulations with different foaming agents were kept at 250C in the 
laboratory to study the pot life of the adhesive at   30, -,200 minutes.  
 
Manufacturing process: Particles of slenderness ratio around 50-8- for core and 160-180 for face respectively 
were used for the manufacturing of   three layered particle board. However, for single layer particle board, 
slenderness ratios of 80-160 were used. Particles were dried to a moisture content of 3-4% before blending with 
the adhesive incorporated with the foaming agents. Light weight panels of three compositions were 
manufactured viz: single layered (B1, B2), Multi layered (B3, B4, B5) and veneers of 1.6mm were overlaid on 
single layered particle board in single step process (B6, B7). The details of the boards formulated are given in 
Table 2, 3, 4. The particles were blended with resin on dry solid basis. The glue blended particles were placed 
into a mat forming box with base dimensions of 330mm x 330mm.Prepressing and compression of the particles 
were done by pressing a matching wooden plate on the mat in the forming box by applying manual pressure. 
Considering the foaming agent added in the glue Care was taken to mat form and press the boards accordingly. 
Supporting rods to control the thickness to12mm were placed on either ends of the assembly. The assembly was 
then loaded into a hot press of size 350mm x 350mm wherein temperature of the platens was maintained at 165 
– 170 °c for particle board. Pressure of 25 kg/sq cm for compression cycle and 12 -14 kg/cm2 for curing cycle 
with requisite curing time for respective resin systems were employed. 
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The boards were kept for stabilization for about 24 -48 hours to attain equilibrium moisture content and then 
trimmed. The trimmed boards were further dimensioned to required sizes and subjected for testing as per 
relevant specifications. 
 

Table-1: Properties of Resin 
 

Sl. No. Particulars MUF PF 
1. Flow time of resin in B4 flow cup 22 ±2 seconds 24 ±4 seconds 
2. Water tolerance 1:2- 1:3 1:8- 1:10 
3. Solid content 50% 48% 

4. Shelf life One month @ ambient 
temperature 

One month @ ambient 
temperature 

 
 

Table 2.  Compositions of Single Layered Particle board 
 

Composition B1 B2 
MUF resin(g) 144 144 

Ammonium chloride(g) 0.6 0.6 
Ammonium carbonate(g) 14.5 14.5 
Polyethylene glycol (ml) 14.4 0 

Stearic acid(g) 1.5 1.5 
Wax(g) 1.5 1.5 

 
 

Table 3. Compositions of Multi layered Particle board 

 
Table 4 Compositions of Single layered particle board overlaid with Veneer 

 
Composition B6 B7 
PF resin(g) 90 90 

Polyethylene glycol (ml) - 9.0 
Ammonium carbonate(g) 7.2 7.2 

Stearic acid(g) 2.5 2.5 
Wax(g) 1.5 1.5 

 
 
 
III. Results and Discussions 
 
The pot life of the formulations was visually observed and measured in B6 flow cup once in 30 minutes for each 
percentage addition of chemicals to understand the working conditions of the adhesive. It was observed that the 
adhesive prepared using sodium carbonate and ammonium bicarbonate thickened in both the amino resin and 

Compositions B3 B4 B5 

 Face Core Face Core Face Core 
MUF resin(g) 55 76     
PF Resin(g)   55 76 55 76 

Polyethylene glycol(ml) - - 5.5 7.6   
Ammonium Carbonate(g) 2.75 3.8 2.75 3.8 2.75 3.8 

Stearic acid(g) 1.5 2 1.5 2 1.5 2 
Melamine(g) 3 3 - - - - 

Wax(g) 0.6 0.8 0.6 0.8 0.6 0.8 
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phenolic resin individually at a 1-2% addition on the percentage of liquid resin. The adhesive thickens with 
shorter span of 45 - 60 minutes at ambient temperature, and started gelling within a shorter duration indicating a 
faster reaction. With increase in viscosity in shorter period, the adhesive penetration and its interaction with the 
wood particles would inhibited bonding forming the starved joint leading to the failure of bond between resin 
and wood particles. Hence, sodium carbonate, and ammonium bicarbonate practically was not feasible, whereas   
ammonium carbonate yielded better pot life up to 150-170 minutes.  
 
To quantify Foam Formation, for every 50ml adhesive taken the foaming of 50 ml was measured with the 
foaming agent of ammonium carbonate, ammonium bicarbonate while for sodium carbonate the foam formed 
was 25ml on the weight of the resin taken. Hence based on the foaming behavior and the pot life of the adhesive 
mix achieved on the laboratory, the adhesive mix with ammonium carbonate was employed for the manufacture 
of light weight composites. 
 
 

 

 
Fig.1.  parallel plate  viscosity of PF resin 

 
 
 

 
Fig.2.  parallel plate  viscosity of PF resin with 5% ammonium carbonate 
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Fig.3. parallel plate  viscosity of MUF resin 

 
 

 
Fig-.4. parallel plate  viscosity of MUF resin with Ammonium carbonate 

 
 
 
 
With the rheological method different modules and other physical properties of material are measured as a 
function of temperature. Based on these parameters, which depend on the curing temperature and time, the 
whole curing process of PF and MUF resin with and without ammonium carbonate (Fig 1-4), was determined. 
The parallel plate rheometer showed that the PF resin initiated curing after 1300C as the increase in viscosity 
was observed after 125C (Fig-1). peak   after 600c in the ammonium carbonate incorporated PF resin (Fig-2) 
was observed. MUF resin (Fig-3) showed the systematic mobility of molecules till 1000C. slight decrease in 
viscosity was observed for 100-120 C, then increase in viscosity was observed after 120 C indicating the 
crosslinking of the reaction. MUF resin incorporated with ammonium carbonate showed rise in viscosity after 
1020 C indicating the onset of curing. (Fig-4). Ammonium carbonate presence has decreased the curing 
temperature. 
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Fig-5 Density of light weight panels 

  Fig-6Thickness swelling properties of light weight panels 

   

 

 

 
Fig-7 Water absorption (2h) property of light weight panels  Fig-8 Water absorption (24h) property of light weight panels 

   

 

 

 

Fig-9 Modulus of Rupture of light weight panels  Fig-10 Modulus of Elasticity of light weight panels 
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Fig- 11Tensile strength property of light weight panels  Fig- 12 Screw withdrawal property  of light weight panels 

 
All the panels’ density was in the range of 530-680 kg/m3. Fig-1-7 shows the physical and mechanical 
properties of composites, of adhesive incorporated with the ammonium carbonate. All the boards made using 
foaming agent has shown better physical and mechanical properties than the controlled board. It can be observed 
that the density of the single layered boards made using MUF resin incorporated with ammonium carbonate is 
relatively equal. Board made by the addition of PEG along with ammonium carbonate in MUF resin yielded 
enhanced tensile strength, MOR and water absorption properties than the board made without PEG.  
 
Phenolic based resin formulation along with ammonium carbonate has shown better properties than amino based 
resin incorporated foaming chemicals except MOR. Phenol formaldehyde resin is a non-gap filling adhesive, 
foaming agents made glue line more brittle.  The brittleness of the adhesive has led to the reduction in the 
property of the panels. Incorporation of polyethylene glycol along with the ammonium carbonate in phenolic 
resin has shown negligible difference in all the properties except tensile strength properties. than the board made 
without PEG. Comparable properties were observed with the Boards made with the addition of Melamine in 
MUF resin and or the addition of PEG in PF resin along with ammonium carbonate. Small difference in the 
MoR and MoE of the boards made with and without PEG has been observed. 
 
 
Single layer particle board overlaid with Veneer manufactured in a single step has observed the board density 
530-580kg/m3. Incorporation of PEG in PF has shown 9% reduction in the density of the boards. With the 
veneer overlay of 1.6mm during the construction of the panel, the mechanical properties of the boards were 70 
% increased   
 
 
 IV. Conclusions 

 
From the research findings, it is concluded that ammonium carbonate can be used as a foaming agent with 
Phenol formaldehyde resin and Melamine urea formaldehyde resin to reduce the total weight and density of the 
products. All the boards using foaming agents achieved higher physical properties when compared to control 
boards. Veneer overlaid single layer light weight panel has shown excellent strength properties Multi-layered 
light weight panel without overlay showed lower density with optimum physical properties. 
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