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ABSTRACT
This  work  is  centred  on  improving  the  density  of  foams.  The  reaction  and  polymerization  
reaction are of particular importance. In this case the gas reaction is the major determinant of  
the density of the foam. Some chemicals are either eliminated or limited during the course of  
production in other words, reducing the level of water and also the blowing agents improves the  
density of the foam. This can be related to the fact that the complete elimination of the blowing  
agents will improve the density of the foam. Water cannot be completely eliminated from the  
formulation; instead it can be greatly reduced.
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INTRODUCTION
From the chambers twentieth century dictionary, foam or foamed plastics are very light plastics, 
soft and flexible like sponges or rigid with excellent heat insulation properties, foam rubber in 
the form of a foam-like substance, is used chiefly in upholstery and bedding. Also the oxford 
dictionary, on the other hand defines foams as light form of rubber or plastic similar to sponge 
(that is, in a spongy form) and they are used to fill seats, cushions and beds.
Polyurethane make varied and increasing contributions to our daily lives from foam insulation to 
shoe soles, car seats to abrasion resistant coatings. Foam can be described either as low-density 
foam (foam with low density) or high density (foam with a high density), although there are 
super soft foams (very low density foams and intermediate density foams; foams that are not too 
low  dense  or  too  highly  dense).  Low  density  flexible  foams  form  over  50%  of  the  total 
worldwide products of polyurethane, and in Europe today such foams are produced at a rate 
corresponding to about 1kg per head of the population each year. Most of these vast volumes of 
foams are used in furniture, bedding and vehicle industries (like car seats etc.) foams of this type 
are characterized by a density ranging from about 10kg/m3 to about 80kg/m3,  a high tensile 
strength and elongation to break, and high resilience of fast recovery from deformation. (Robert 
1990). In terms of foam densities, there are very simply tests carried out when determining their 
densities. So, the measurement of the apparent density (which is the weight of the foam per unit 
volume) is the simplest test of the product uniformity: also, standard test calls for an accurately 
cut  standard  specimen  for  measurement.  The  most  important  quality  control  tests  are  the 
determination of the apparent density of the foam; which obviously include the measurement of 
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compressional  strength  and  monitoring  the  dimensions  of  e  and  foam  under  condition  of 
temperature and humidity that are related to those expected in the intended applications, (Robert 
1990).   
The usual production of low density flexible foam was based upon slightly branched polyester 
polyol (poly diethylene adipates) and 65:35-toluene diisocyanate (TDI). Polyester based foams 
of this type are still produced, but over 90% of all flexible polyurethane foam production is now 
based  upon  polyether  polyol  and  80:20  toluene  diisocyanate.  The  density  of  the  foam  is 
controlled by the volume of water and blowing agents (Burt et al 1995).  Carbon dioxide (CO2) 
produced as a by-product of the reaction between water and TDI  means that the density of the 
foam will be lowered when water level in the formulation is increased.
Since this gas reaction is highly exothermic, it is not possible to use unlimited quantity of water 
in order to achieve lowest attainable density. As the density of the conventional flexible foam 
(slabstock) is reduced by increasing the amount of water, the increase in the poyurea content of 
the hard block (foam) increases the stiffness of the foam polymer (Robert 1990). 
Water blown flexible polyurethane foams are usually catalyzed with a synergistic mixture of one 
or more tertiary amines and an organo tin catalyst. Low density flexible polyurethane foams are 
made by the simultaneous reaction of a diasocyanate with a hydroxyl group-ended polyether or 
polyester and with water but then the catalyst mixture is required to maintain a balance between 
the reaction of isocyanate with the hydroxyl end-group of the polyol and the reaction of the  
isocyanate with water. Though  the rate off the polymer forming reaction and the rate of CO2 

evolution from isocyanate/water reaction are kept sufficiently in balance by using polyol and 
isocyanate of appropriate reactivity, by using catalyst and foam stabilizers and by controlling the 
temperature of the materials and the operations of the foam machinery.
The CO2  produced by the water/isocyanate reaction is thus contained within the polymerization 
material  which  expands  to  form a  foam.  According  to  the  dow chemical’s  (1998),  physical 
(usually physically seen) blowing and chemical blowing (it chemically takes place) usually occur 
during foaming. Physical blowing utilizes some of the heat from the polymerization and water 
reactions  to  vaporize  a  chemically  inert  liquid  having  a  low boiling  point  usually  blowing 
agents). Many low density foams are made by a combination of chemical and physical blowing. 
The  chemical  blowing  also  stiffens  the  polymer  by  increasing  the  polyurea  content  of  the 
polymer structure and the degree of bonding between polymer chains. Physical blowing on the 
other hand, has no effect upon the hard segment of the polymer chain but tends to reduce the  
stiffness of the polymer by reducing the polymerization reaction temperature and the final curing 
temperature of the polymer.
Despite the discussion centred on low density foams, the best means of improving the densities 
of foams is by checking the amount of water level to be used in production. This fact holds 
because the level of water used determines the various densities of foams: in essence, a lower 
quantity  of  water  will  give  a  good  and  improved  density  of  that  foam.  Generally,  it  is 
impracticable to blow high density flexible polyurethane foams without some water blowing 
because in addition to generating CO2, the water/isocyanate reaction produces not only polyurea 
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which is an essential part of the polymer hard-segment, but also the exothermic heat (heat given 
out to the surrounding) required to complete the polymerization reaction and to vaporize any 
non-reactive blowing agent if used. The water level in foam production is not the only blowing 
agent or reagent that reduce or determine the density of the foams, but there are some other 
factor that obviously lower density of foams. These factors generally include the following:
(a) Blowing agents
(b) Temperature and atmospheric pressure
(c) Chemical and mechanical problem.

AUXILIARY BLOWING AGENTS
A substance incorporated in the mixture for the purpose of producing a much more blown foam. 
Cellular  polyurethane  is  manufactured  by using  blowing  agents  to  form gas  bubbles  in  the 
polymerization reaction mixture. Auxiliary blowing agents may be used in a foam formulation to 
aid in attaining densities and softness not attainable with conventional water- isocyanate blowing 
chemistry. Until recently, the auxiliary blowing agents most often used in preparing extra low-
density and/or soft foam was chlorofluorocarbon 11,(Sayad et al 1979). Technology for using 
urethane grade methylene chloride (MC) as an auxiliary blowing agent was developed in the 
1970’s. Acetone has been used successfully and liquid CO2 is growing in popularity. The use of 
dialkyl  bicarbonates has been proposed. Many other  agents are  currently under investigation 
because of the suspected effect of chlorofluorocarbon in the ozone depletion issue.         

TEMPERATURES AND ATMOSPHERIC PRESSURES
Although  the  foam  density  primarily  depends  on  the  level  of  blowing  agents  used  in  its 
manufacture, many other chemicals and process variables also affect the efficiency of blowing 
and the density of the foam. The effect of variations in atmospheric pressure is usually ignored in 
lowland factories but when foam is made at high altitudes, the reduced atmospheric pressure will 
have a corresponding effect upon the density of the foam. 
The first pilot plant production of flexible polyurethane foam was announced in Germany in 
1952. Commercial production of flexible polyurethane foam began in 1954. Using the German 
technology,  numerous companies worldwide raced to  polyurethane commercials  to  fill  many 
industrial and consumer needs.

MATERIALS AND METHODS
MATERIALS
The raw materials as well as apparatus used in these experiments area as follows:

REAGENTS
 Polyol
 Toluene diisocyanate (TDI)
 Amine
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 Stannous octoate (tin)
 Silicone oil
 Colorants 
 Water
 Auxiliary blowing agents

Though all chemicals like activator, foam stabilizers and water are necessary, but the additives 
and auxiliary agents are optional.

APPARATUS
 Measuring cylinder (with different calibration)
 Beakers (also calibrated)
 Stirrers
 Mixing bowl
 Square shaped box (with paper insert) and 
 Timer

METHOD OF EXPERIMENT
The method employed in  the  experiment  was the discontinuous foam production  method or 
generally known as box foaming. In this  method, mixing of components were carried out in 
stages inside an open vessel. Although there could be a problem of air entrapment but with some 
skills and adjusting mixing time and stirrer speed, the problem can be minimized.

EXPERIMENTALS
METERING AND TEMPERATURE MAINTENANCE
Accurate measurements are required in foam production since slight inaccuracy of a particular 
chemical can affect the general physical structure of the produced foam. Before the chemicals are 
metered, some protective materials like eye goggles, hand glove, lab coats and facemasks are 
worn. Moreover, before chemicals are metered and used for production, required temperatures 
are maintained; examples are the polyol and TD (which are maintained at the range of -17 °C (59-
63°F) and methylene chloride ismaintained at room temperature of 20°C (68F). Other chemicals 
are maintained at room temperature (George et al 1990).

PROCEDURE ONE
Firstly, the square shaped box was made ready using paper to cover up the inside of the box. A 
measuring cylinder was used to measure out polyol, and another measuring cylinder was used to 
measure out amine. Separate cylinders were to measure water and silicone oil.

TABLE 1: AMOUNT OF CHEMICALS FOR PROCEDURE ONE
Chemical Part by weight (p.b.w) in millilitre
Polyol 100
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Amine
Water
Silicone
Stannous octoate
TDI
Methylene chloride

0.16
4.8
1.3
0.23
59
4.0

In  a  clean  beaker,  polyol,  amine,  water  and  silicone  were  premixed  for  15  seconds.  Then, 
separate measuring cylinders were used to measure out stannous octoate and methlene chloride 
and they were premixed in another beaker foe 15 seconds. Finally, the TDI was measured using a 
measuring cylinder and then the whole chemicals were all poured into a mixing bowl and it was 
mixed vigorously at high speed for 8-10 seconds and simultaneously, the stopwatch was started. 
The mixture was then poured or dumped into the square shaped box and the droppings left in the 
mixing bowl were not allowed into the mixture in the box. Afterwards, methylene chloride was 
used in cleaning the mixer. Then finally, the time was observed when the full height was attained 
as well as when the blow-off appeared. The sample was allowed to cure a room temperature.

PROCEDURE TWO
Initially, the square shaped box was prepared using paper in the inside of the box.
Then, a separate measuring cylinder was used to measure out polyol, amine, water and silicone 
oil. These chemicals were premixed in a beaker using the stirrer for about 15 seconds.  

TABLE 2: AMOUNT OF CHEMICALS FOR PROCEDURE TWO
Chemical Part by weight (p.b.w) in millilitre
Polyol
Amine
Water
Silicone
Stannous octoate
TDI
Methylene chloride

100
0.15
4.70
1.00
0.21
57.20
2.00

Separate measuring cylinder was used to measure out stannous octoate, methylene chloride and 
finally TDI. The stannous octoate and methlylene chloride were premixed for 15 seconds in a 
beaker before the whole chemicals were vigorously mixed in  a  mixing bowl for about 8-10 
seconds with a stop watch on, at the same time. The mixture was dumped into the box without 
allowing drops left  from the bowl into the box. The specimen was allowed to cure at  room 
temperature.

PROCEDURE THREE
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The same procedures used in one and two were employed in procedure three, though with some 
variations in the metering of some of the chemicals.

TABLE 3: AMOUNT OF CHEMICALS FOR PROCEDURE THREE
Chemical Part by weight (p.b.w) in millilitre
Polyol
Amine
Water
Silicone
Stannous octoate
TDI
Methylene chloride

100
0.15
4.70
1.00
0.21
57.20
-

PROCEDURE FOUR
The same procedure as in one and two were observed in procedure four with variations in the 
quantity of some chemicals.
TABLE 4: AMOUNT OF CHEMICALS FOR PROCEDURE FOUR
Chemical Part by weight (p.b.w) in millilitre
Polyol
Amine
Water
Silicone
Stannous octoate
TDI
Methylene chloride

100
0.12
3.5
0.9
0.19
44.7
-

PROCEDURE FIVE
The same procedure employed in one and two were also used in procedure five, but there was a 
significant variation in some of the chemicals used for the production.

TABLE 5: AMOUNT OF CHEMCIALS FOR PROCEDURE FIVE 
Chemical Part by weight (p.b.w) in millilitre
Polyol
Amine
Water
Silicone
Stannous octoate
TDI
Methylene chloride

150
0.5
4.5
1.2
2
85
4.5
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RESULTS
The results obtained at the foaming process study are presented in table 6
TABLE 6: RESULTS OF ANALYSIS ON FOAM FORMULATION 
______________________________________________________________________
PROCEDURES    MC    WATER     STANNOUS     DMEA      SILICON     TDI     POLYOL     DENSITY 
                                                            OCTOATE                         OIL                                               (KG/M)
____________________________________________________________________________________
One                         4.0        4.9               0.23                 0.16         1.3                 59             100               18
Two                         2.0        4.7              0.21                  0.15         1.0                57.2           100               25
Three                        –          4.7              0.21                  0.15         1.0                57.2           100              30
Four                         -           3.5              0.19                   0.12        0.9                44.7           100              39
Five                         4.5        4.5               1.2                    0.5         2.0                 85              150             15
____________________________________________________________________________________
DISCUSSION AND CONCLUSION 
From the result, it can be observed that there were variations in the density of the foams. These 
variations were due to the water and methylene chloride level which were also varied. The higher 
the  level  of  either  water  and /or  methylene,  the  lower the  density  of  the  foam.  In  the  case 
whereby  the  methylene  chloride  was  completely  eliminated,  the  density  of  the  foam  was 
improved. Apart from the fact that the density of foams solely depends on the level of water and 
the  methylene  chloride,  wrong  metering  can  also  affect  the  density  of  the  foam as  can  be 
observed in procedure five.
When water is used only in the foam formation; the rate at which the foam is blown is different 
from the blown foam when an auxiliary blowing agent is added. When comparing the results of 
the experiment it can be observed that the foams blown with only water gave better densities 
than the foams blown when  incorporated with blowing agent which is the TDI.
Generally, the quality of the foam decreases with decrease in the density of the foams; that is the  
durability of foams are mostly considered by foam users, in that case, hysteresis and fatigue 
performances are important. Cavender (1990) showed that density and hysteresis were the main 
factors affecting fatigue and that lower density gave worse fatigue performance. This study also 
showed that hysteresis is related to density, since higher density foams gave better hysteresis 
behaviour that  is  improved ability to recover  from compression.  It  is  also shown that  lower 
density foams showed poorer durability under humid conditions than higher density foams.  

RECOMMENDATION
Since  high  density  foams  have  better  qualities  than  lower  density  foams.  It  is  therefore 
recommended that methylene chloride is completely eliminated and on the other hand, water 
level is also reduced so as to obtained a highly density foam.

CONCLUSION
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It can be concluded that reduction or complete elimination of auxiliary blowing agent improved 
the density of foams. Also, minimized level of water improved the density of the foam.
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