
Suhag Patel, IJRIT  61 

 

IJRIT International Journal of Research in Information Technology, Volume 1, Issue 4, April 2013, Pg. 1-11 
 
 
 

International Journal of Research in Information Technology (IJRIT) 
 
 

www.ijrit.com ISSN 2001-5569 
 
 

Urea formaldehyde and Alkylated urea formaldehyde 
review paper 

 
Suhag Patel 1, Shital Amin 2 

Vishwakarma Government Engineering College, Chandkheda, Ahmedabad, Gujarat 

 

Abstract 

In preliminary studies of urea-formaldehyde reactions, the influence of the U:F molar ratio, the temperature and the catalyst were 

investigated. Subsequently, in a more rigorous evaluation of the influence of four variables on urea-formaldehyde resin 

formation, viz., U:F molar ratio, pH, temperature and reaction time, a set of twenty reactions were performed using a statistical 

approach. The results indicate that high resin viscosity is best achieved by using a high U:F molar ratio (2:1) and conducting the 

reaction at 90°C. Due to application of coating and paint urea formaldehyde resin blend with alcohol, oil  So we have think about 

the alkylated urea formaldehyde resin but in low molecular weight alcohol create a problem during the separation of water from 

the product so we can use butanol as a use for production of alkylated urea formaldehyde resin. And finally we have to find out 

the kinetics of urea formaldehyde resin. 
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1. Introduction 

The history of amino resins began with the synthesis of the two main raw materials, urea and 

formaldehyde; the former was prepared by F. W. Ohler in 1824 and the later by A. Butlerov in 1859. However, the 

first investigation of urea-formaldehyde (UF) resins was not carried out until 1880. The first reaction products were 

reported by B. Tollens [Tollens] and C. Goldschmidt [Goldschmidt] and the basic chemistry of amino resins was 

established about 1908 [E. Einhorn]. 

F. Pollack and K. Ripper [Ripper] synthesized a clear transparent material (which they called “Pollopas”) 

was introduced but did not commercialize because lack of sufficient water resistance. But this gave rise to number 

of experiments. The first commercial products manufactured by E.C. Rossiter of British Cyanides Co. in 1924 and 

1925, led to molding materials still in use today. The urea formaldehyde resins were sold to the coating industry in 
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1936 which was made from the reaction of urea with formaldehyde followed by butanol and the butylated melamine 

formaldehyde resins in 1940 [Payne, J. O. Santer]. 

Amino resins are also called aminoplast resins.  They are major cross linking agents for thermosetting 

coatings. Amino resins are derived from urea, melamine, glycoluril, benzoguanamine and (metha)acryl amide. 

Amino resins for coatings are made by reacting one of these compounds with formaldehyde (H2C=O) and 

subsequently with an alcohol (ROH) to yield activated ether with the general structure >NCH2OR [Zeno] where R is 

alkyl group. 

Amino resins are usually water-white, viscous materials that may contain added solvent to reduce viscosity 

for ease of handling. Most of the amino resins are mixtures of monomeric and oligomeric molecules. Figure 1. 

shows various types of amino resins precursors [Vaughan]. 

 

 

             

                                           FIGURE.1 Amino resins precursors 

 

Among all the above, Urea formaldehyde resins comprise about 80% of the amino resins produced 

worldwide. Melamine formaldehyde resins constitute the remainder of this class of resins and others are still very 

few [Zeno, Vaughan]. Our focus in this work is restricted to urea formaldehyde and melamine formaldehyde resins 

only. 

 

2.  Urea formaldehyde resin Literature Review. 

The chemistry of the reaction of urea formaldehyde carried out in two stages first stage urea is 

hydroxymethyloated by the addition of formaldehyde to the amino group. The addition of formaldehyde to urea take 

place over the entire range of pH. Second stage of urea formaldehyde resin synthesis consists of the condensation of 

methylolureas to low molecular weight polymers. The rate at which these condensation reaction occur is very 

dependent only the acid pH. The first reaction of urea and formaldehyde under basic condition pH of 8 to 9. And 

does not carried out condensation reaction. Second stages under acid pH of 5. Acid catalyst is used like Ammonium 
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chloride and ammonium sulfate are the most widely used catalysts for resins used by the forest products industry. A 

variety of other acids can be used as a catalyst, including formic acid, boric acid, phosphoric acid, oxalic acid. And 

finally discuss the avoid the issue of the formaldehyde emission in the atmosphere solution is ratio of formaldehyde 

to urea decrease about 2 to 1.2. so help the production of urea formaldehyde resin less formaldehyde emission and 

finally help the environment and health of people.[ H. Conner].  

 

 

FIGURE 2. Influence of pH on the rate constant (k) for addition and condensation              

   reactions of urea and formaldehyde 

 

Scientist work on manufacture urea formaldehyde resin with six different category. In all category they 

have use different ratio of formaldehyde to urea, acid-catalyst, reaction time, reaction temperature, some experiment 

also use the stabilizer but use of base catalyst is same NaOH for adjust the pH of solution 8.5. and use of lactic acid 

for reduce the pH of solution 5.5 and increase the rate of polymerization. Finally analysis of urea formaldehyde 

solution and find out viscosity, density, pH, solid contain, port of life. For all six experiment. And compare with 

original data given in the literature. And find out the optimum parameter. [Ansar Mehmood Sheikh]. 

 

 

TABLE1.  Various samples of urea formaldehyde adhesive prepared. 
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 If we have reduced the formaldehyde to urea ratio in the experiment. We  have observe  the change  This 

leads to a reduction in the content of crosslinking groups in cured UF resins, lowering the strength and water 

resistance of adhesive joints in boards. Collect the mixture of different linear and mostly branched macromolecules 

characterized by the average molar mass and the content of different functional groups. The well-known 

trifunctionality of Urea described as a property of amide of amino acid cannot be realized in synthesis due to 

reversibility and sterical hindrances. So the actual functionality attainable in the synthesis conditions of UF resins is 

about 2.5. Urea that leads to the liberation of Formaldehyde from hydroxymethyl or dimethylene ether groups. It 

seems that the ratio between methylene and dimethylene ether binding groups obtained in acid polycondensation.  

The influence of different initial F/U ratios in hydroxymethylation was also discussed previously.  In this study the 

ratio F/U = 2.1 was used. The main attention is paid to the structure formation in acid promoted polycondensation 

and to changes in the structure of final resins due to different post-treatment conditions. The analysis was carried out 

by the 13C NMR method, described previously. The changes in the content of different functional groups are caused 

by short-range influences of substituents of the neighboring groups. The long-range effects of the shape and size of 

chains on the chemical shifts can be considered only indirectly  And finally analysis the structure of urea 

formaldehyde resin by 13C NMR. [Peep Christjansona] 

In all this 4 paper discussed about the new technology in the polymer technology it’s copolymerization. 

Urea formaldehyde resin cannot be use directly in purpose of the coating, paint etc. but use of these resin in coating 

and paint application by the blind urea formaldehyde with soya bean oil, ethylol urea , poly ethylene. Procedure is 

Only One Step Reaction By Using 1 Mole Trimethylol Urea And 3 Moles Of Formaldehyde. And Finally Reactive 

Blending Of Methylol Urea With Soybean Oil. And Compare The What Is Effect On The Physical Property Of Urea 

Formaldehyde.  Discuss decrease viscosity, moisture up take, density, and increase the tensile strength, and 

mechanical property.[ Osemeahon, S. A] 

The purpose of this investigation has to obtain kinetic data for the reaction between urea and formaldehyde 

in aqueous solution within defined conditions of hydrogen-ion concentration. It was early recognized that the 

resultant products and course of the urea-formaltlehyde reaction depend on: (a) the hydrogen-ion concentration, (b) 

the relative proportions of reactants, (c) the temperature, (d) catalysts, if present. They have doing experiment with 

different temperature. In every experiment they have found out the free formaldehyde contain in the experiment in 

different time interval. After finish the experiment find out rate constant by equation. And also find out the order of 

reaction.[ Lloyd E. Smythe] 

Discuss about the infra-red range of urea formaldehyde resin. Basically in this paper range analysis is 900 

to 1800 cm-1 all three component mono, di and tri urea formaldehyde resin. 

First Methylol absorption 1300 cm-1 than after III amide 1290 to 1300 cm-1 and finally II amide 1510 to 1520 cm-1.[ 

George E. Myers]    

 This reaction is reversible in neutral, acidic and basic solutions. The forward reaction is bimolecular and 

the reverse reaction is monomolecular, and both the forward and reverse processes are catalyzed by hydrogen ions 

or hydroxide ions. In dilute, aqueous solutions, formaldehyde is in equilibrium with methylene glycol. In acidic 

conditions, assuming that only the non-hydrated formaldehyde will react with urea, the mechanism follows the 
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steps. The addition of acid (HA) increases the electrophilicity of the carbonyl carbon, which is readily attacked by 

the nucleophilic urea nitrogen; loss of the proton then gives monomethylolurea .  

 

 
 

FIGURE 3. Urea formaldehyde reaction with acid catalyst 

 

The proposed mechanism for the formation of monomethylolurea, under basic conditions. The base (B) 

removes a proton from a urea nitrogen making it more nucleophilic; this is followed by attack of the nuc1eophile on 

the formaldehyde carbonyl carbon to give an anion, which is protonated to form monomethylolurea. [J. I De Jong 

And J De Jonge] 

 

 

 

FIGURE 4. Urea formaldehyde reaction with base catalyst 

 

Following the method of and using the apparatus, UF ratios of 1:1.5,1:2.0 and 1:3 were examined. Urea and 

formaldehyde were heated in a flange flask, the formaldehyde fumes being absorbed by a water scrubber. The 

thermometer was kept in the flange flask to monitor the temperature of the reaction, and the mixture was 

continuously stirred during the reaction period. In all cases the pH of the formaldehyde solution was adjusted to pH 

5.0 using sodium hydroxide and dilute sulphuric acid. Urea was then added slowly with constant stirring, and the 

reaction was initiated by heating the solution to 80°C, a temperature which was maintained throughout the reaction. 

On extended heating at this temperature, the reaction mixture solidified. The urea:formaldehyde molar ratio (U:F) 

was varied and the progress of the reaction was monitored fact, five parameters, viz . the pH, the reaction 

temperature, the duration of the reaction, the U:F molar ratio and the nature of the catalyst have all been found to 



Suhag Patel, IJRIT  66 

 

affect the average structure and properties of urea-formaldehyde resins, and resins with particular properties can be 

produced by varying these parameters. The results of our studies on the influence of these factors will be discussed 

in the following and subsequent sections. [C.Y. Hse]. 

 

3. Alkylated Urea formaldehyde resin Literature Review. 

The urea resins in this category are all partially n-butylated and very polymeric in nature. They differ in 

extent of methylolation, butylation, and polymerization. In general, higher extents of methylolation and butylation 

result in more hydrophobic resins with lower viscosities, higher stability, and slightly higher film toughness, film 

gloss and adhesion but slower cure response. Higher extents of polymerization result in faster film property 

development but also in higher viscosities and, therefore, higher VOCs. None of the resins require the addition of a 

strong acid catalyst for adequate cure at 125°C. Usually, the acidity of the other resin components in the formulation 

is sufficient for catalysis. In addition to reacting with hydroxyl, carboxyl and amide functional polymers, the resins 

also self condense readily. Their practical equivalent weight is typically 220-300 on a solids basis. High 

concentrations of the urea resins in the formulation result in high film hardness, but, possibly, lower film toughness 

and lower adhesion properties. They can be stabilized by amine and stabilizing alcohol addition to the formulation. 

As with other urea resins, they are recommended for interior, non-UV resistant applications. The most typical 

applications are interior container coatings and 2-component solvent-based wood finishes, In the latter application, 

the acid catalyst is added to the fully-formulated system just prior to use. A concentration of 1-2% on total binder 

solids of a strong or weak acid is recommended for systems that require low bake temperatures - typically less than 

70°C. [CYMEL® Resins]. 

According to Blaise, alkylated urea formaldehyde resins are commercially available since 1930. They are 

usually prepared by an etherification of methylol urea condensates with an alcohol; usually butanol (mostly n-

butanol) in the presence of acid catalyst. Various catalyst could be used for the alkylation but butanol gives a 

product that is more generally adoptable to baking enamel formulations. Propanol gives a fast curing product with 

diminished solvent tolerance while higher alcohols like capryl give slower converting products having greater 

compatibility with hydrocarbon solvents. Traditionally butylated amino resins are manufactured in a semi batch 

reactor with no feed in but removal of water during the process. Technical grade urea, 37% aqueous formaldehyde 

and n-butanol are used as raw materials and proton donors catalyst such as phosphoric acid, sulphuric acid, oxalic 

acid, formic acid , phthalic acid etc. can be used as acid catalyst. Since water is a byproduct of condensation reaction 

and also water is present in raw materials, it is important to remove water from the product for the reaction to 

proceed in right direction in reaction (3) & (4). An azeotrope of butanol and water is formed in vapor phase and 

upon condensation aqueous layer (rich in water) is removed in the separator while butanol rich layer is recycled. The 

inorganic catalyst which is used in the process, remains in the process and creates mineral impurity in the product 

which is not desired. [Blaise]                                                     

 H2NCONH2           +        CH2O                        H2NCONHCH2OH                                       (1) 
     Urea                            Formaldehyde                           Monomethylol Urea  
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 H2NCONHCH2OH      +             CH2O                                        HOCH2NHCONHCH2OH                      (2) 
 Monomethylol Urea             Formaldehyde                                    Dimethylol Urea                       
 
 
    
HOCH2NHCONHCH2OH    +       ROH                                    HOCH2NHCONHCH2OR    +     H2O      (3) 
     Dimethylol Urea             Butanol                                           
 
 
 
HOCH2NHCONHCH2OR    +    ROH                                        ROCH2NHCONHCH2OR   +      H2O     (4) 
                                      Butanol                                     UF resin                      
 
 

FIGURE 5. Reaction of alkylated urea formaldehyde resin 

 

They have discus batch production of butylated urea formaldehyde resin in 1979.  First reaction is 

formation of methylol urea and then dimethylol urea Under slightly basic conditions at pH 7 to 8, product formed is 

dimethylol urea which is a white solid which is soluble in water. This is an exothermic reaction. This product may 

be polymerized by heating and concentrating under vacuum and is the route taken for the production of moulding 

powder and adhesives. They are unsuitable for coating because they are not soluble in paint solvents and are 

generally incompatible with potential plasticizing resin.  So need for alkylated urea formaldehyde for the use of 

suitable coating now, Meyer describe method for production of butylated urea formaldehyde key parameter is 

proportion of urea, formaldehyde and n-butanol is 1:2:3 (mole basis). methylol urea and formaldehyde reaction is 

carried out at 95 to 105 0C and atmospheric pressure. It takes about 16 to 20 hours to complete the reaction and 

removal of water As discussed above by vaporizing the water-butanol mixture followed by recycling of condensed 

butanol while removing water part. After removal of water, temperature is raised and kept in the range of 105 to 120 
0C to recover excess butanol. This recovery takes additional 4 to 6 hours in a 6 ton semi batch reactor. In all a typical 

batch takes 24 hours for completion and of desired quality of product. [Meyer, B] 

 
FIGURE 6. Batch wise production of butylated amino resin 
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Etherified amino resins are widely used, normally in combination with other polymeric species, in surface 

coating systems. Since 1940, the most commonly used amino resins are those produced from urea More particularly, 

the principal types of amino resins used as cross-linking agents in industrial staving paints and lacquers are butylated 

urea- formaldehyde resins and more recently methylated melamine-formaldehyde resins have gained prominence. 

The first step in thepreparation of the etherified amino resins is hydroxymethylation, i.e. the reaction between 

theamino groups of urea or melamine and formaldehyde to form hydroxymethyl groups. Once formed, the 

hydroxymethyl groups can react to give a condensed structure by loss of water and/or formaldehyde and, by this 

means, stepwise polycondensation can occur with a gradual increase in molecular weight. The second synthetic step 

is the etherification of the produced hydroxymethyl compounds. Alkylation can, in fact, restrict the amount of 

condensation by removing hydroxymethyl groups and thus achieving a product suitable for use as a surface coating. 

The degree of etherification can be controlled by temperature, reaction time and pH of the reaction as well as by the 

molar ratio of the alcohol used. Normally, low pH and excess alcohol favors alkylation over the competing 

polymerization reaction. The most widely used alcohols for etherification are n-butanol, i-butanol and methanol and 

the solubility of the etherified resin products in either water or organic solvents then varies according to the alcohol 

used. Thus, methylated amino resins are soluble in water and methanol whereas butylated amino resins are soluble 

in less polar organic solvents. Etherified amino resins are used in conjunction with Samples alkyds, polyesters, 

epoxy or acrylic resins in coating formulations such as stoving paint or acid curing systems. They are described as 

polymers and react according to the general acid catalysis. Urea resins are known for better adhesion properties than 

melamine resins, which show, in turn, better chemical resistance and exterior durability. The etherified amino resins 

available on the market differ in the degree of alkylation and molecular weight distribution. The control of the 

reaction and, therefore, of the degree of hydroxymethylation and etherification is important in order to obtain. A 

mixture targeted for the specific intended use. The development of analytical procedures able to describe, and 

possibly quantify, the different species present in the final resin mixtures is consequently necessary.[ D. Favretto]  

. 

4. PROPERTIES AND APPLICATIONS OF UREA-FORMALDEHYDE RESINS 

 

The properties and applications of urea-formaldehyde (U-F) resins are similar to those of melamine and 

phenolic resins. A major advantage of U-F resins is that they are colorless and transparent and, consequently, 

particularly useful where color is important. Melamine resins are also colorless but are very expensive; however, 

they are more resistant to water than urea resins. Melamine tends to form more cross-linked polymers than urea 

because the melamine ring has 6 replaceable hydrogen atoms, whereas urea has only 4. Urea-formaldehyde resins 

have a wide variety of applications, including use as crease-resistant agents, moulding powders, adhesives, 

laminated products and surface coatings. 
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4.1 Urea-formaldehyde resins as adhesives 

Urea-formaldehyde resin are used as glues in the plywood used in the manufacture of aircraft structures; 

boats and in certain military equipment; they are also used as a binding in the production of chipboard. 

 

 4.2 Urea-formaldehyde resins as surface coatings 

As mentioned earlier, organic-soluble U-F resins may be prepared by including alcohols in the reaction 

mixtures to form ethers. Treatment of urea-formaldehyde resins with excess methanol results in the formation of 

acetals which can be diluted with benzene, xylene or hydrogenated naphthas. By adding a suitable pigment to the 

diluted resin and applying the resulting lacquer to metal or other surfaces, and then heating, coatings are produced 

with excellent light stability and good surface hardness. However, these coatings have been found to lack adhesion 

at the surface of the coated material. To overcome this problem, urea resins for coatings are not used alone, but are 

mixed with oil, phenolic resin or alkyd resin, normally in the ratio of 1:1. They are also mixed with other resins such 

as nitrocellulose, ethyl cellulose and natural resins. Products coated with urea-formaldehyde resins are used in 

kitchen ware, bathroom materials, hospital equipment and in refrigerators. 

 

4.3 Urea-formaldehyde resins as Moulding resins 

Moulding of urea-formaldehyde resins takes place at high pressure in the temperature range 132- 160°C. 

Although moulded urea-formaldehyde products are preferred over phenolic products because of their transparency 

and light color, they do have a tendency to absorb water. This property is not only related to the presence of 

carbonyl groups, but also to the presence of free -NH and methylol (-CH20H) groups. These groups are hydrophilic 

and tend to absorb water. To produce good, moulded products, U-F resins must have the minimal number of 

methylol and -NH groups. Moulded U-F products are highly resistant to alkali and can be used in bathroom 

equipment; they are also used in electrical appliances such as circuit breakers, switches and wall plates. 

 

4.4 Laminating resins 

Urea-formaldehyde resins find application in the production of laminated plastics, and may be produced in 

all colors by selecting suitable pigments. Paper, wood or cloth can be cultured or printed before impregnation with 

the resin. Decorative laminates based on phenolic and urea resins find use in table tops, and in office wall and door 

panels. Translucent urea-formaldehyde laminates are also commonly used in illumination, display and decoration, 

and can be made fluorescent or phosphorescent by including suitable additives [Xolani Wittleton Nocanda] 

 

5. Conclusion 

Due to less application of urea formaldehyde resin for coating and paint industry.  In order to change the 

Dimethylol Urea from a water-soluble material to an organic-solvent soluble material it must be made less polar. 

This is accomplished by alkylation with various alcohols. The lower alcohols with very short carbon chains, or small 
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non-polar groups, are less effective than the alcohols with longer carbon chains. For example, the methoxy methylol 

ureas are water soluble, the ethoxy products are soluble in ethanol, but good solubility in organic solvents is not 

obtained until butyl alcohol is used. In addition to this the better solubility and compatibility with other resins are 

obtained if the higher alcohols such as capryl or octyl are used. The extent of reaction is dependent upon the 

concentration of raw material and catalyst ratios and additionally for the third and fourth reactions, how fast the 

water is removed from the reaction 
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