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Urea-Formaldehyde Resins'« 

A. E. LADHABHOY* 

Introduction: — 

THE non-crystalline products formed 
by condensation of uxea and formal

dehyde, are usually referred to as urea-
formaldehyde resins (or U-F resins), and 
belong to the well-known class of syn
thetic resins, wrongly, but generally 
called by the generic name of " Amino 
resins" or " Aminoplasts." Strictly 
speaking, U-F resins should be classed 
as amido resins, but because of simila
rity of performance of urea resins and 
melamine resins, the term "Amino 
resins " is employed to include both the 
amine and the amide condensation pro
ducts with formaldehyde. Instead of 
urea, thiourea or guanidine, which are 
analogous to urea in structure, as also 
dicyandiamide and melamine can be 
used to give resins with properties com
parable to those of U-F resins. How
ever, because of the low price and ease 
of manufacture, coupled with good dura
bility, pale colour and fastness to light, 
U-F resins are finding by far the largest 
number of uses and applications. 

U-F resins can be looked, upon as 
truly synthetic resins, as the basic raw 
materials, urea and formaldehyde, can 
be manufactured from simple materials 
like carbon dioxide, nitrogen and hydro
gen. However, unlike synthetic resins, 
such as phenol-formaldehyde conden
sates, polystyrene, polymethyl metha-
crylate, etc., U-F resins by themselves 
possess little or no useful properties and 
have to be employed with other ingre
dients in order to bring out th~eir many 
desirable characteristics. Thus, U-F 
resins are employed with cellulosic 
fillers to give moulding powders, or 
applied to cellulosic fabrics to impart 
such properties as crease-resistance and 

stiffness; they can also be used as 
adhesives for wood, and for increasing 
the wet-strength of paper. Modified 
with an appropriate alcohol, they find 
use in various types of surface coatings. 
The production of U-F resins, therefore, 
has acquired considerable importance in 
the industrially advanced countries and 
despite competition from various natural 
and synthetic products they continue to 
hold their own. 

History: — 

. The reaction between urea and for
maldehyde was studied by Holzer, Gold-
schmidt, John and others, but the first 
systematic work on the resinous pro
ducts appears to have been carried out 
by Einhorn and Hamburger. Gold-
schmidt and NeusS, Mittasch and Raus-
tetter also studied the condensation re
action of urea and formaldehyde.employ
ing mineral acids, acid salts and organic 
acids as condensing agents. The indus
trial "development of U-F resins, how
ever, was due to Pollak, who was the 
first to prepare moulding powders which 
could be fabricated by techniques similar 
to those employed for processing of 
phenol-formaldehyde powders. Pollak 
was the first to reahse the importance 
of carrying out the reaction in two stages 
to get useful products, with superior per
formance. Urea, is first condensed with 
formaldehyde under alkaline conditions 
and the intermediate products so ob
tained are blended with cellulosic fillers 
and subsequently cured under acid con
ditions to give the moulded articles. It 
may be added that his attempts to pre
pare an "organic glass" from the inter
mediate U-F condensate were not suc
cessful. The production of moulding 

-powders was then taken up by British~ 
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Cyanides Ltd., who also started manu
facturing moulding powders based on 
thiourea. Much of the information re
garding moulding powders is to be 
found only in patent literature, part
icularly as regards the catalyst to be e.u-
ployed to get the final cure. 

In 1926, Tootal Broadhurst Lee Co., 
Ltd., patented a process employing the 
condensation product of urea and for
maldehyde for rendering cellulosic fibers 
and fabrics, shrink or crease resistant. 
Adhesives suitable for bonding of wood 
were developed in Germany in 1936 
while the modification of U-F resin con
densates by means of monohydric alco
hols to obtain products useful in surface 

coatings was first described by Hodgins 
and Hovey. 

Since many of the earlier patents on 
U-F resins have now expired, there is at 
present a considerable interest in the use 
of these materials and a number of 
newer and better uses have been devel
oped in recent years. 

Chemistry of U-F Resins: — 

The primary reactions which occur 
when urea is condensed with formalde
hyde in aqueous solution, are the forma
tion of methylol derivatives under al
kaline conditions, and methylene deriva
tives under acid conditions. 

alkali 

0 = C + HCHO -( 

acid 

0=C 
/ 

NHCHpOH 

(monomethylol urea) 

^ N = C I ^ 

o=c 

(monomethylene urea) 

OR / ^ % 

y N H , 

0 = C + 2 . H C H 0 . ^ 

/ N H C H a d H 
alkali ^ / 

acid. 

^ N H C H j O H 

(dimethylol urea) 

/ 
.N=CH. 

G=C 

\ . K=CHa 

{(jimethylene urea) 

+ 2H20 
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While the methylol derivatives *have 
been obtained as crystalline products, 
the methylene derivatives have not been 
isolated, as onlj' resinous compounds are 
obtained under acid conditions. How
ever, certain polymeric substances with 
a definite structure have been claimed 
to have been isolated by workiiig in 
glacial acetic acid medium. 

The reactions -that occur when the 
methylol derivatives subsequently con
dense are, however, not completely un
derstood. As water is liberated during 
the condensation, one can presume that 
either of the following reactions have 
occurred: — 

HN-CHj 
I 
C = 0 

OH H N-CH,OH HN—CH^—NCH2OH 

L ^inter molecular A p. 
, condensation , 

C = 0 and further 
condensation 

H N C H J O H H 1 N C H , 0 H H N — C H , — N C H 2 O H 

OR î 
HNCH,OH 

C = 0 intramolecular 
dehydration 

HNCH,OH 

N=CH2 

I 
c=o 
I 

N=CH, 

and subsequent 
polymerisation 

H N—CHa—N—OH 

I I 
.c=o c=̂ o 

I I 
H-N—CH2—N—CHa—N—CHa—N--OH 

I I 
c=o c=o 
I i 

H- •• N—CH2—N—CH2—N—CHs—N- • • O H 

1 I 
C=:0 C = 0 

I I 
H'-N-^Ha—N—OH 

Cross-linked 3-dimensional 
structure of U-F resin. In the first case, the hydroxyl group of 

the methylol urea reacts with H of the 
HN— group of another molecule of 
dimethylol urea with the elimination of 
water; in the second case, intramole
cular dehydration occurs with the for
mation of the hypothetical dimethylene 

urea which subsequently polymerises in 
a manner similar to vinyl compounds. In 
either case, the final products will have 
similar .structures. As the fully cured 
resin is insoluble and infusible, there is 
no unambiguous proof for its structure. 
It is, however, generally accepted that 
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the resin" will be-esseiitiaHy composed of 
8-mdnbered ring'-systems without end 
methylol groups, the end vajencies being 
satisfied by H and OH groups. The 
only evidence in favour of the above 
hypothesis is the nitrogen content of the 

fully-cured resin;which is in close agree
ment-with -that determined experiment
ally. -

An alternate structure for the fully 
cured resin suggested by Redfarn 

C H , CH, •CH, CHo—CHo CH,—-CHo CH, 

N—CO—N • N—CO—N ^N—CO—N- -N—CO—N-

is unlikely to be correct, as the proper
ties of the fully cured material, are not. 
at all characteristic of linear molecules. 

The structure of U-F resin is! of com
paratively minor importance", for. the 
resin by itself has no useful application. 
The optimum i>roperties of U-F resin in
termediates ari developed only in con
junction with dther molecules containing 
hydroxyl or jsimilar reactive groups. 
Thus, just as \ methylol ureas can give 
ethers with butyl or amyl alcohol, the 
methylol deriMatives combine with the 
hydroxyl groupŝ  of r.the- added material 
to give complex ethers. Ins moulding 
powders, the cellulp^ic fillip jiipplies the 
necessary hydroxyl group, /while in 
organic surface .coastings " thft plasticisr. 
ing'resin]' (castor oil" modified glycerol 
phthajate.l resin, monoglycerides, blown; 
castor'tfilp etc.) does the needful. The ' 
adhesion bf U-F resin to wood and the! 
very high -strength-of" the bond"so -ob
tained is also readily explained on the 
same basis. In textile finishes the U-F 
resin actually goes Jn combin[ation with 
the fibre moleciiles.and because prim-ary 
valence linkages are formed, the inci
dental effects Of stiffness,'lower water ab
sorption; etc., are developed; 

Dimethylol urea formed by condens
ing 1 mole bf urea with 2 moles of for
maldehyde is, however, not necessary for 
the production of industrial U-F resins, 
where a lower formaldehyde ratio is 
desirable as. the resin intermediate has 
to combine with the reactive groups of 
the filler or plasticiser. For the pro

duction of U-F moulding powders, a 
,ratio of 1 mole urea to 1.5 :moles,for-
imaldehyde has become the general prac-
. tice' since it has been found that a lower 
: formaldehyde ratio gives a m,ore rapidly 
thermosetting prbduct, with reduced 
gassing— î.e., less liberation of vapours 
during the moulding process, 'and a 
finished product with decreased water 
absorption. .Sirhilarly, -specific •. ratios 
have to be ^niployed, when the Ifinal 
product is to be used in surface coat
ings, adhesives or textile finishes. How
ever, in order to prolong the shelf fife 
of the resin syrups, higher formaldehyde 
ratios are sometimes employed. 

The type of intermediate formed as 
also the rate and extent to which the re
action proceeds is dependent not only 
on molecular ratio of the reactants, but 
also on factors like concentration, time 
and temperature, pH of the solution and 
the type of catalyst. Exhaustive study 
of the kinetics of U-F reactions has been 
described by G. Smets and A. Borzee.̂  

Uses of U-F Resins: — 

(1) Moulding Powders: Details re
garding the manufacture of U-F resin 
sjTups are not available in published 
literature but it is understood that the 
syrup is prepared by reacting 1 mole 
urea with 1.5 moles formaldehyde (as 
formahn) under alkaline conditions. 
The amount and'type of alkali used, as 
also the temperature at> which reaction 
is carried out, are closely guarded trade 
secrets. The syrup should .be in a low 
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state of condensation and sufficiently 
hydropliilic in order to incorporate the 
filler uniformly with a minimum amount 
of poAer consumption. As urea resins 
are noted for their pale, colour, the syrup 
is generally prepared in glass-lined resin 
kettles, though nickel alloys or even alu
minium have been claimed to be satis
factory. The syrup may be concentra
ted by vacuum distillation prior to in
corporating the filler. The blending is 
generally carried out at about 50°C in 
heavy duty mixers provided with appro
priate type of mixing gear. Alpha-
cellulose or chemical cotton, as also 
bleached sulphite pulp is the preferred 
filler, though, when the colour of f.nal 
products is of- minor importance, other 
cellulosic fillers like wood flour or wal
nut shell powder can also be employed. 
The wet pulpy mixture is dried in trays 
at temperatures below 90°C. At this 
stage, the material still contains a certain 
amount of combined moisture (about 
7%). It is, however, essential to have 
a small quantity of moisture as other
wise the moulding powder will not have 
the required degree of flow. The dried 
powder is then disintegrated and blended 
with other additives in a ball mill. 
Mould lubricants like stearic acid or sle-
arates and a hardening agent which is 
usually an acid or latent acid, are the 
most essential of these additives ; pig
ments, colourants, etc., may be added to 
meet specific requirements. 

An alternative process, referred to 
as the " dry process " may also be em
ployed. In this case, the U-F conden
sate is obtained as a free flowing powder 
by dehydrating under vacuum or by 
spray drying. The powder is then blend
ed with the filler and the mixture is sub
sequently compounded on hot-roll mills 
into thin sheets. The latter, on cooling, 
is brittle enough to be disintegrated to 
a fine powder which is subsequently 
mixed with lubricants, accelerators, etc., 
in the usual manner. 

U-F resins are generally fabricated by 
compression moulding or its modifi(ja-
tion, transfer moulding. It is not suit
able for injection moulding or extrusion. 
The moulding is generally carried out at 
temperatures between 130-150"C, pres
sures ranging from 1 to 3 tons/sq. inch. 
The rnaterial of construction of the 
mould, however, should be acid resistant, 
and as such, in certain cases, even g-'̂ ld-
plated moulds have been claimed to be 
employed. 

The moulded articles possess a num
ber of excellent characteristics. They are 
resistant to oxidation, to oil, grease, 
weak alkalies, weak "acids, alcohol and 
other solvents. They are very hard, 
resist abrasion and scratching. As they 
have no taste and smells they are popu
lar for the production of domestic ware. 
Urea resins possess excellent insulating 
characteristics. Probably, the best knov>'n 
mouldmgs made with U-F resins are 
tableware—cups, saucers, plates, ^rays, 
lampshades, reflectors, etc. 

(2) Surface Coatings: U-F resins as 
such, are unsuitable for use in surface 
coatings, as the films formed are brittle 
and lack adhesion. It is, therefore, es
sential to use them in conjunction with 
the appropriate plasticiser. In order that 
U-F resins are rendered compatible with 
plasticisers, it is necessary to modify the 
U-F resin intermediates with a suitable 
alcohol. Modified U-F resins in conjunc
tion with the appropriate plasticiser are 
best employed in pigmented finishes of 
the baking type, though air-drying com
positions are also known. 

A number of methods for, the manu
facture of U-F varnish resins are known, 
but the most widely employed method is 
condensation of urea, formaldehyde and 
butyl alcohol in the presence ot an acid 
catalyst and removal of the free water 
and water of reaction by azeotrooic 
distillation. The resin is usually made 
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available as a 50-60% solution in butyl 
alcohol. In recent years, resins soluble 
in hydrocarbon solvents have been 
marketed in solid form. The resin of 
this type can be dissolved in any appro
priate organic solvent to give a solution 
which can be used in preparation of 
stoving enamels. 

The U-F-alkanol resins are best em
ployed in pigmented coatings after being 
plasticised with appropriate material 
(the best is oil-modified alkyd resin), the 
choice of which is governed by the pro
perties desired in the end products. U-F 
resins have acquired great importance as 
baking enamels. This type of enamel is 
employed for many widely used products 
such as refrigerators, hospital equip
ment, "hardware, industrial equipment 
and indeed all articles which are able 
to stand the baking temperatures. 

(3) Adhesives: The manufacture of 
adhesives may be regarded as the most 
important application of U-F resins. The 
adhesives can be used either by cold- or 
hot-pressing methods ; they are resistant 
to moisture, unaffected by bacteria, 
fungi, high temperature and corrosive 
action, and are widely used for plywood 
manufacture,, air-craft' construction, boat 
building, house construction, etc. The 
adhesives are always used in' conjunction 
with a " hardener," which is inixed with 
the resin syrup just prior to use. It 
could also be apphed to one surface to 
be joined, the adhesive being applied to 
the other surface. The function of the 
hardener is to bring about a chemical 
and physical change in the adhesive, 
leading first to its gelatinisation and 
finally to setting. The hardener is usu
ally a weak acid. The stronger the acid, 
the more rapid will be the setting ac
tion. The ability to extend or load these 
resin adhesives with rye flour or starch 
has an important bearing on the cost. 
The water resistance of such joints is 
not so high as that of those made with 
the pure adhesive, but is letter than. 

those obtained with many other adhe
sives. 

The liquid resins are generally pre
pared by condensing urea and formal
dehyde under shghtly acid conditions to 
a predetermined degree. The resin solu
tion is then neutralised and water 
removed by distillation under reduced 
pressure until the required viscosity or 
solid content is achieved. The addition 
of certain metal salts prior to the con
densation is said to give resins with in
creased stability. Zinc chloride, alkaline 
earth chlorides such as calcium chloride, 
may be employed for this purpose. 

Urea resins to be used as adhesives 
are now available in the form of powders. 
The dry powder may be kept for over a 
year provided that it is kept- cool, and 
it only requires to be mixed with the 
appropriate quantity Of cold water to 
regenerate a liquid adhesive having all the 
desirable properties of the resin syrup 
which is used with hardeners as before. 

Recently, urea adhesive " foams " have 
been developed for use in the manufac
ture Of thin sheets of plywood. 

(4) textile Finishes: The use of 
U-F resins in textile finishes is on the 
decrease because of the superiority and 
ease of cure obtainable with melamine-
formaldehyde resins. However, because 
the original patents have expired, tliere 
is a renewed interest. 

Urea resin solutions for use in textile 
finishes are generally prepared by the 
consumer himself, though stabilised U-F 
resin syrups_in water are also available. 
A ratio of 1 mole of urea to 1.6 moles 
of formaldehyde, is generally preferred 
and the initial cOndensatTon is carried 
out in the presence of weak alkali usu
ally ammonia. The condensation is 
carried out further in the presence of a 
hydroxy acid and the syrups so obtained 
are subsequently employed in textile 
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finishes. The.treated fabric, however, 
has to be heated at temperatures between 
120—130°C to bring about the necessary 
combination between the resin and cel
lulose. The stoved fabric is then soaped, 
washed and dried, For obtaining satis
factory crease resistance, at least 8-14% 
resin must be present on the fabric. 

U-F. resins have also been employed 
in textile printing in the form of pig
mented lacquer-resin emulsions. 

Miscellaneous applications: U-F res
ins have been employed in the produc
tion of wet strength .paper. Wet strength 
paper is paper that has been specifically 
treated so that it retains a considerable-
proportion of its dry tensile and burst
ing strengths when completely saturated 
with water. Urea resins, as also mela-
mine resins are capable of conferring 
wet strength to paper when applied in 
small quantities. The resins employed 
•are similar to those used for adhesives 
and textile finishes. • 

U-F resins have been used in the 
bonding of sand grains to make the 
cores and moulds used in the casting of 
metals. It is found that wliere rapid 
breakdown of binder and easy knockout 
are required, U-F resins have advant
ages over other foundry sand-binders. 
U-F resin cores of high dry strength can 
safely be used for light-alloy castings,-
thus greatly reducing core breakage and 
improving casting finish. 

Another contribution of U-F resins is 
in , the field of orthopjedic surgery.^ 
Although, plaster of paris is used ex
tensively, it is known to suffer from a 
number of defects, including impermea
bility to X-rays, lack of resistance to 
water and an inherent briftleness. It is 
possible by the use of U-F resin 
adhesives, used alone or in conjunction 
with other additives, to overcome some 
of these defects. The techniques devel
oped so far are far from perfect, and 

much remains to be done to make it a 
worthwhile contribution to orthopaJdic 
surgery. 

U-F resins are also used in the form 
of foamed resins and in solid-dot Braille 
printing. Aqueous solutions of U-F 
condensates are used as laminating 
agents in much the same manner as phe-
nohc resins. Uses of U-F resins in con
junction with deodourising and preserv
ing agents for the preservation of i:eri-
shable animal products such as hides, 
impregnation of leather, to fix the resi
dual tanning substances, are also known. 
Urea and other fertilisers which are hy
groscopic or have a tendency to cake 
during storage, can be preserved by coat
ing with a U-F condensate. The most 
recent use of U-F resin is as a blasting 
explosive'' for which a patent has been 
taken. 

Production of U-F Resins 
in India: — 

The wide variety of applications of 
U-F resins in different industries is 
sufficient proof for starting the production 
of this synthetic resin in India. The ' 
first question one would ask: " Are 
the raw materials available ? What are 
the prospects, for their production ? 
Would the resins have a ready market?" 

There is every likelihood of urea and 
formaldehyde being manufactured in the 
near future. It is understood that there 

. are plans to install a urea plant near 
the Government Fertiliser Factory at 
Sindri (Bihar)" capable of producing 
10,000 tons per.annum. This plant, when 
estabhshed, will be able to divert a por
tion of its production for use in the plas
tics industry. Formaldehyde was being 
manufactured on a small scale at Bhad-
ravati (Mysore) from methyl alcohol ob
tained as a by-product in the destructive 
distillation of wood. A plant for the 
manufacture of synthetic methyl alcohol 
is also being planned at Sindri. As al-
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p/jfl-cellulose^ of good qiaality is avail-
able,̂  a small unit for the manufacture 
of urea resins with a capacity of 400 
tons of resins per annum and equipped 
for the production of 500-600 tons of 
moulding powder per annum could suc
cessfully satisfy the immediate require
ments of the different industries consum
ing this resin. The plant and equipment 
required are simple and could readily 
be fabricated in this country. 

As for their use in surface coatings, 
much will depend on the availability of 
butyl alcohol, though, fractionated fusel 
oil, a by-product of the alcohol indus
try, may perhaps be employed. There 
is an established marl<et for U-F adhe-
sives in the manufacture of plywood 
and there is considerable interest in the 
use of U-F resins for finishing of rayon 
textiles. Thus, the market for the pro
ducts is assured.and if the raw materials 
are available, the prospects for establish
ing a U-F resin industry appear to be 
attractive. 
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