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PROCESS DESCRIPTION 
Polyurethane foam is manufactured from the following chemicals

· Polyether polyol (polyoxy propylene triol)

· Toluene diisocyanate

· Cat. Dimethyl amino ethanol

· Water

· Trichloroflouro methane

· Silicone surefactant

The temperatures of the ingredients are usually kept between 

21˚C to 32˚C. However for a given formation once temperature is seen, they should be maintained within ± 1˚C and free from contamination by other materials.



The above chemicals are metered directly by a pump in fixed proportion and generally mixed with simultaneously addition of chemicals to a central mixing chambers at a very high speed by turbine agitator.



The mixed chemicals are dispensed on a conveyor surface, the conveyor started and reaction takes place. The reaction is highly exothermic and completed in 2 to 30 minutes, depending upon the catalyst. The miximum “exotherm” rate, which is a measure of gelation, occurs at the same time as the maximum carbon dioxide evolution rate. The foaming ingredients as usually deposited on a release paper which should be as free as possible of wrinkles. The mass of chemicals rises in 90 seconds and foams up.



Foam slabs leaving the foam machine conveyor have to be cut into usual foams. So the foam is in a continuous form like loaf of bread and is transferred on a roller conveyor where it is cut into desired length. Foam can be cut by vertical cutting machine of horizontal cutting machine. It is then outside in open space for 12 to 24 hours and then sent for packing. Polyethene sheet covered on it and packed in to gunny bags.

Note :  However the reaction is exothermic so cooling is required. But much of reaction takes place on conveyor, which is lattice type, and length of the conveyor is kept long so much that much of the heat is removed.

Chemistry of the process
Polyurethanes are made by the polyaddition polymerization, which was discovered by Otto Bayer. In this polyaddition, two or polyfunctional hydroxyl- or amino-group-containing compounds are allowed to react with Di- or polysicocyanates.

POLYURETHANES FORMATION



The case of the reaction of a diisocyanate with a diol is presented in the following equation:

HO-Rˈ-OH + OCN-R-NCO + HO-Rˈ-OH + OCN-R-NCO +…



⇨  O-Rˈ-CO-NH-R-NH-CO-O-Rˈ-CO-NH-R-NH-CO



This simple equation is an expression of the principle of the polyaddition reaction, which leads to an exceptional multitude of any imaginable polymer structure.



The technical importance of polyurethane foams justifies a few additional comments with respect to their production:



The blowing of foam requires the presence of a blowing agent. There are different methods to accomplish the blowing:

a) The reaction of isocyanate with water leads to carbon dioxide which can be used as blowing agent,

b) Low boiling liquids (for example, cholorofluoroalkanes) can blow the exothermically reacting mixtures by being evaporated.

c) Air can be blown in or whipped into the reaction mixture, thus forming the foam. Reaction a) is preferred for the manufacture of flexible polyurethane foams. The polyurea groups, which are formed this way, contribute essentially to the buildup of the polymer skeleton.

Reaction of isocyanates:


With polyols



Poly+urethanes are addition polymers formed by the reaction of di-or-poly-isocyanates with polyols:

Polylo
+
Diisocyanate    ⇨
 Polyurethane

OH-R-OH    +      OCN-Rˈ-NCO    ⇨     -CO-NH-Rˈ-NH-CO-O-R-O-



The reaction is exothermic. The rate of the polymerization reaction depends upon the structure of both the isocyanate and the polyol. Aliphatic polyols with primary hydroxyl end-groups are the most reactive. They react with isocyanates about 10 times faster than similar polyosls with secondary hydroxyl groups. Phenols react with isocyanates more slowly and the resulting urethane groups are easily broken on heating to yield of ‘blocked’ isocyanates, which are activated, by heating. The term polyurethane or even simply ‘urethane’ is often used to describe any polymer that has been chain extended by reaction with  di-or-poly-isocyanate. The isocyanate group (-NCO) can react with methyl maganesium iodide to form methane), and diisocyanates may therefore be used to modify many other products.

With water



After the reaction with polyols, the next most important reaction of isocyanates is that water. The reaction of isocyanates and water yield a substituted urea and carbon dioxide. This reaction provides the principle source of gas for blowing in the manufacture if low-density flexible foams. The initial product of the reaction with water is a substituted carbamic acid, which breaks down into an amine and carbon dioxide. The amine then reacts with further isocyanate to yield the substituted urea.

2HOH + OCN-Rˈ-NCO    ⇨          H2N-Rˈ-NH2 + CO2
Water + Diisocyanate       ⇨         Diamine        + Carbon dioxide

H2N-Rˈ-NH2 + 2(OCN-Rˈ-NCO)




   ⇨    OCN-Rˈ-NH-CO-NH-Rˈ-NH-CO-NH-Rˈ-NCO






     Diisocyanatopolyurea



Diisocyanates having isocyanate group of similar reactivity, such as MDI, p-phenelene diisocyanate and naphthalene-1, 5-dissocyanate, tend to give complex crystalline polymeric ureas. On the other hand, 2,4-TDI has an isocyanate group in the shielded 2-position, which is less reactive than that in the 4-position, and the simple di-substituted urea is the main product of the reaction with water at temperature below 50˚C.



In the absence of catalysts, both TDI and MDI-because of their low solubility-react with water quite slowly. Aqueous emulsions of polymeric MDI have thus a sufficienty long life for tehm to be used as a binder in the manufacture of particleboard.

With amines



The reaction of diisocyanates with primary and secondary amine compounds, especially diamines, is the third most important reaction in practical PU chemistry. Diamines are used as chain extending and curing agents in PU manufacturing.



The effect of selected diamine addition is to increase the reactivity of the reaction mixture and the resulting poluyurea segments in the polymer increase the potential for both primary (covalent) and secondary or hydrogenb bonded, cross-linking.



The reaction of unhindered isocyanates with primary amines, at room temperature in the absence of catalysts, is about 100-1000 times faster than the reaction with primary alcohols. The reactivity of amines increases with the basicity of the amine, and aliphatic amines react much faster than aromatic amines.



Substantial reduction in the reactivity of aromatic amines, useful in elastomer formulation, result from stearic hindrance by substituents such as ethyl group, ortho to the amine group or from the presence of electron with drawing groups such as chlorine, in the molecule.

INVENTORY CONTROL

Assume the capacity of plant is 500 Ton/year. Assuming the plant runs for 280 days and for 24 hours a day.



Hence production capacity per day = 500/280








     = 1.7857 tons/day








     = 1785.714 kgs/day



Typical formulation for producing flexible polyurethane foam.

Formulation

	Material
	Parts by weight

	Polyether polyol
	                   100.00

	TDI(80:20)
	                     46.40

	Water
	                       3.80

	Refrigerant II (Trichlorofluoro methane)
	                     18.10

	Silicone surfactant
	                       1.34

	Amine catalyst
	                       0.18

	Stannous octate
	                       0.42

	Total
	                   170.24




Hence total input on the basis of formulation in terms of weight is 170.24 kg.

PRODUCT SPECIFICATIONS

	SOLVENT TYPE:
	Mineral Spirits

	RESIN TYPE:
	Oil Modified Urethane

	FINISH:
	Gloss 90+ %,
Semi-Gloss 50 - 55  %                       Satin 12 - 18  % @ 60 º

	COLORS:
	Clear

	BASES:
	Not available

	VISCOSITY AT 77 F (25 C):
	Gloss 17-21 sec.#2 Zahn, Semi-Gloss 45- 49 KU, Satin 47 - 51 KU.

	VOC CONTENT:
	Gloss 577 g/L, Semi-Gloss 547 g/L, Satin 544 g/L.

	SOLIDS BY VOLUME:
	27 - 30  % 

	SOLIDS BY WEIGHT:
	33 - 38  % 

	WEIGHT PER GALLON:
	7.2  - 7.4  pounds

	COMPOSITION BY WEIGHT:
	Vehicle 
33 - 35 %
Solvent and additives
67 - 65 %



CONSTRAINTS
Effect of polyester



The most common polyesters employed in one-shot formulations are adipate of dimmer acid aster having a low degree of branching. Most polyestors are hygroscopic and therefore care must be taken to avoid absorption of moisture from the air.

Effect of diisocyanate



The toluene diisocyanates used in one shot polyester formulations are usually the 80/20 and the 65/35 mixture of the 2,4 and 2,6 isomers. If 65/35 TDI is used, then a foam with slightly higher density and compression modules will result.



The effect of the isomer ration in TDI on the properties of polyester foams was investigated by Gmitter and Gruber. It was found that the foaming time increased progressively when going from the 65/35 TDI ratio the 100% 2,4 isomer. The highest tensile strength values were obtained with the low 2,4 TDI contents. Tear values were highest for the low2,4 TDI isomer content.



Berger found that increasing the 2,6 isomer content of a TDI isomer mixture resulted in increased branching in the polymer.

Effect of water



The amount of water used in foam formulation largely determines the foam density. As the amount of water increases (with a corresponding increase in TDI) the density decreases. If the water content is increased without increasing the TDI, foams may be obtained having coarse cell and a harsh texture.

Effect of other blowing agents



In addition to water other blowing agents such as fluorocarbons may be included in flexible polyester foams. These auxiliary blowing agents are decreased density and softening of foams.



Other volatile liquids such a acetone, pentane, ethyl ether and dichlorotetrafluoroethane have been investigated as blowing agents in flexible polyester foams but trichlofluoromethane has proved to be outstanding in overall performance.

Effect of catalysts



Tertiary amines most commonly used are N-ethylmopholine, N-cocomorpholine and Airmeen DM16D (MW :115,272,276). Slightly raising the catalyst concentration increases the reactivity of the system and speeds up the sure. Increasing the catalyst concentration also tends to decrease the cell size, density and compression modulus.

Mechanical variation



Degree of mixing, speeds of mixing, duration of mixing, back pressure on mixing head and variation in orifice diameter are among the mechanical variables which influence the cell size, texture and physical properties of finished product foam.

Physical variation



Air entrained during the mixing operation can cause coarse or “dual” cells in foam. Dust or dirt introduced into the foaming systems can cause coarse cell or “pinholes”.



To obtain uniform processing characteristics and reproducible foam, it is necessary to control the temperature of all raw materials in the foaming formulation. It is suggested that these temperatures be controlled in the range of 24˚C  
[image: image1.wmf]±

 3˚C.
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