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CHAPTER ONE
INTRODUCTION
Amino resins are product of polymeric reaction of amino compound with aldehyde especially
formaldehyde by a series of addition and condensation reaction. The reaction between
formaldehyde and amino compound to form methyl derivatives of the later which on heating
condenses to form hard, colourless transparent resin, when cured or heat set, the amino resins
are more properly called amino plastics.
1.1

Background to the Study

Melamine, the amino group in the production of melamine-formaldehyde is manufactured from
coal, limestone and air, we do not indeed use coal as an ingredient but coke, its derivatives. It
is obtained together with coal gas and coal tar when bituminous coal is heated in a by-product
oven. Lime, another important reactant in the production of melamine is obtained by heating
limestone in a kiln to liberate carbon dioxide with nitrogen to form calcium cyan amide which
on further reaction with water and acid forms cynamide from which dicyandiamide is obtained
by treatment with alkaline.
Finally, dicyandiamide is heated with ammonia and methanol to produced melamine.
Production of formaldehyde involves the reaction of coke with superheated steam to form
hydrogen and carbon monoxide when these two gases are heated under high pressure in the
presence of chromic oxide and zinc oxide or some other catalyst, methanol is formed.
Methanol is then oxidized with the aid of catalyst to form formaldehyde (HCHO) and water
(H2O).
With the outline above, the economic advantage of the area to be studied can be noted as there
are availabilities of these basic raw materials in Nigeria.
1.2

Aims and Objectives of the Study

The objective of this study was to produce, modify and characterize melamine-formaldehyde
resin and melamine-urea-formaldehyde resins. The synthesized melamine-formaldehyde resin
can be used for the production of useful products like moulding powder, adhesive, foam,
dinnerware, mixing bowl, laminated counter top, button surface coatings and other items.
1.3

Scope of the Study

The emphasis of the work is placed on production and formulation of the melamineformaldehyde resins into moulding powder. Subsequently, the formulated powder/resin would
be characterized with their physiochemical properties such as pH, measurement, viscosity
measurement, specific gravity, and refractive index, infrared and molecular weight
measurement.
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CHAPTER TWO
LITERATURE REVIEW
2.1

Melamine Formaldehyde Resin

Melamine-formaldehyde (MF) resin is a polymeric thermosetting material which is synthesized
by the reaction of melamine and formaldehyde. It has a good strength and chemical resistance
to heat, water and detergent. The fact that they could be produced in various colours gives it a
distinct edge on the already established brown-black phenolic resins. It is widely used as
moulding material for household items, adhesive laminating resin, paper and textile finished
and surface coatings. Mel Mac is a common trade name.
2.1.1

History of Amino Resins

The history of the two most important amino resins melamine-formaldehyde (M-F) and ureaformaldehyde (U-F) is long but interestingly urea was first synthesized by Wohler in 1824 and
formaldehyde was identified by Butlerov in 1859. However, the resin formed by reaction of
urea with formaldehyde was not investigated until 1884 by Tollens. The commercialization of
U-F resins could be said to date from 1899 when Goldschmidt published the first important
patent in the area. Modern U-F resin technology, however, owns much to the work of Hans
John carried out in the first two decades of this century. By 1930, U-F resins could be said to
have become a mature product with uses to have become a mature product with uses in surface
coatings adhesives and as a moulding materials (Faweet, 1990).
Melamine was synthesized by Liebig in 1834 but production of M-F resins did not begin until
1936. M-F resins were used first as a moulding material; their most important advantage over
U-F resins were used first as a moulding material; their most important advantage over U-F
resins in this application lies in their comparatively better resistance to water and staining.
2.2

Raw Material for M-F Resin Production

The main raw materials for M-F resin production include the following: - melamine and
formaldehyde.
2.2.1

Melamine

Melamine is an organic compound with chemical formular C3H6N6, which is the most
valuable of the triazines. In a pure state, it crystallizes into colourless, monoclinic prism that
melts at about 3500C. At this temperature, it decomposes slightly and the remainder sublimes
and can be reclaimed unchanged. In the presence of ammonia or in a high vacuum small
quantities of melamine can be sublimed with almost no decomposition, so that this method has
proven useful for quantitative analyses of melamine in crude melamine. The solubility of
melamine in water at 200C is about 0.03g/100ml and at 98-1000C is about 5g/100ml.
Melamine is almost insoluble in most organic solvents but is soluble to some extent in ethylene
glycol, ethanolamine and triethanolamine. Heating melamine over 3000C for a long time
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causes the amino group to be split off in the form of ammonia with the formation of deamination products as shown below-

More Triazine rings through the gradual loss of ammonia have very low solubility in
formaldehyde and therefore cannot be used for commercial resin production. Their solubility in
water is practically nil and they possess a remarkable resistance to heat, melon for example
may be heated to red heat without further decomposition.
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Production of Melamine
There are several processes for the production of melamine but a few would be outlined
briefly. Melamine can be prepared from Cyanamide. The overall process including the
cyanamide synthesis is shown below (Perry, 1984).
CaO + 3C 20000 → C Ca C2 + CO
Ca C2 + N2 10000 → C Ca N2 + C
CaCN2 + H2 SO4 CaSO4 + H2 N

→

C=N
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Cyan amide at elevated temperature and pressure
When this reaction above is carried out in an auto-clave at elevated temperature and pressure
(e.g. 2000C and 800-1400psi or 1600C and 4000-5000psi) and using pure well dried
dicyandiamide, melamine is obtained in a yield of 97-99%. This is crude melamine; however,
it can be used for production of melamine resins for some applications. Usually it must be
purified for the preferable by recrystallization.
In another process, large scale production of melamine is done using a process similar to that
mentioned above in which dicyandiamide is trimerized in the presence of an alcoholic diluent
usually methanol. This permits better control of the highly exothermic reaction and the use of
lower temperature and pressure. Melamine so produced appears after reaction as a suspension
of melamine crystals in methanol-ammonia solution. The crystal are treated to remove
impurities, washed and finally dried to a fine sandy, snow-white crystalline powder. One
disadvantage of this process is the necessity of processing the by-product, methanol ammonia
solution to recover the pure methanol and pure liquid ammonia for reuse. It is economically
essential that only a minimum of these substances be lost during the regeneration step. Stirring
mechanism prevents the formation of lumps of crystals which otherwise would stick together
to form bothersome blocks. Ammonia in excess of that required to maintain the desired
pressure is distilled off and condensed for reuse. Probably the cheapest melamine could be
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produced by the dehydration of urea; a reaction that has hunted producers of melamine ever
since the discovery of melamine-formaldehyde resins. If water is split off the urea molecules in
the presence of ammonia, cyan amide is formed and this is turn can be trimerized to melamine.
The reaction has been investigated thoroughly by many competent researchers.

From Urea
This equation above reveals the said fact that only 3 out of 6 moles of urea give off water to
give cyan amide and finally melamine. Three moles of urea combined with this water to form
ammonium carbamate, the intermediate product in the synthesis of urea.
The ammonium carbamate has to be separated from the crude melamine and transformed into
urea again for recycling of this only 50%| of the urea gives melamine in one step from
stoichiometric calculation, a maximum of 35% by weight of urea can be converted into
melamine in one cycle.
2.2.2

Urea

Properties of urea are formula weight of 60.06g melting point of 132.70C solubility of 78g in
100ml of water at 50C and 119.3g at 250C solubility in alcohol to the extent of 15.8g in 100ml
alcohol at 200C slightly soluble in either and insoluble in chloroform.
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Production of Urea
The first ever synthesis of organic compound was that of urea by isomerization of ammonium
cyanate through an intra-molecular rearrangement. This was one of the most famous.
NH4 OCN → NH2 CONH2
And an important chemical discovery, for inexpensive commercial production, however, the
process used by I. G. forbemindustie. A. G. becomes the really significant method where the
carbon dioxide reacts with ammonia at 140-1600C and 700-1400psi leading to an equilibrium
mixture containing about 40-50% urea and ammonium carbonate. This reaction is simple as it
first looks demanded much technical know how CO2 + 2NH3
NH2 CONH2 +
H2 O H2 HCOONH2
Work to overcome all of its inherent difficulty and problems, one of the toughest of which was
probably the enormous corrosion encountered.
Various processes for production of urea have been suggested but were unable to compete with
the above method, one of the most original was the Lindholn process of union carbide co.
Calcium carbide is treated with nitrogen to form calcium cyanamide which is converted to
weakly acidic solution. This in turn is hydrolysed in dilute acid solution producing urea.
Ca C2 + N2 CaN CN + C
CaNCN + CO2 + H2 O

H2 NCN + CaCO3

It may be noted that some processes give rise to thiourea when the cyanide solution is reacted
with hydrogen sulphide instead of water.
Other derivatives are:Ethylene urea is produced by ammonolysis by heating of urea with ethylenediamine; two
molecules of ammonia are evolved (Vernon, 1979).
Cyananic acids are produced when urea is heated to 1300C; it evolves ammonia and gives rise
to a series of de-amination products.
2.2.3

Formaldehyde (HCHO)

Formaldehyde is an organic compound from the aldehyde group; it is a gas at room
temperature and a poisonous, clear, colourless liquid solution 15 -210C with pungent odor. Its
density at -200C is 0.8153. Its formula weight is 30.03. Formaldehyde is the common
component of all amino and phenolic resins and also as a chemical intermediate, as an
embalming fluid and as a disinfectant. It is also called formal, methylene oxide.
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Production of Formaldehyde
All major commercial processes for making Formaldehyde initially yield an aqueous solution
of HCHO. In over 90% of the installation, methyl alcohol is the charge stock. Other feed stocks
uncommonly used include methane, hydrocarbon gases and dimethyl; either of those processes
commencing with methyl alcohol are of two types.
The silver-catalyzed process in which Formaldehyde results from a combination of
dehydrogenation-oxidation reaction.
CH3 OH

HCHO + H2 + ½O2 2H2 O + C The first part of the two step reaction is endothermic

CH3 OH

HCHO + H2 ∆H 298 = 85KJ/mol

HCHO

CO + H2 ∆H 298 = 5KJ/mol

The second part of the two step reaction is exothermic
H2 + ½O2 H2 O ∆H 298 = exothermic
A mixture of air (i.e. Oxygen) and methanol is made to pass over a suitable catalyst or metal
oxides product containing water, Formaldehyde and methanol is purified by fractional
distillation.
2.3

Chemistry of Amino Resin Formation

Amino resins are two stage resins, i.e. their synthesis is normally accomplished in two main
stages. In the first stage, the amine (or amide) is reacted with controlled neutral or slightly
alkaline conditions and at moderate temperature to give a low molecular weight resin. During
this first stage, a series of additions and condensing reactions take place to give a mixture of
short linear and branched chains with an average molecular weight of the order of 103. The
resin may be concentrated to give a viscous liquid suitable for use as an impregnant or as an
adhesive or may be spray dried to give a solid. At this stage, the resin is both soluble and
fusible although reaction will continue in liquid resins during storage and shelf lives of these
resins are consequently relatively short.
During the second stage, the resin is cured with the application of heat pressure, and in the case
of U-F resins, of an acid catalyst, during further chain reaction and also cross linking take place
to give an insoluble, infusible product. Mouldings made from amino resins are normally filled
with fillers since the mechanical properties of unfilled cured resins are relatively poor.
2.3.1

Addition Reaction

The addition of an aldehyde to amine can be catalyzed by both acids and bases. Under acid
conditions, however, addition is rapidly followed by condensation. Under neutral to basic
conditions it is possible to study the kinetics of addition relatively free from interference by
condensation.
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2.3.2

Reaction of Amino Group with Formaldehyde

Addition of Formaldehyde to melamine takes place in a manner similar to its addition to urea
but more reactions are possible because of higher functionality of melamine. In all, nine
distinct methyl melamine are formed in a complex series of competitive and consecutive
equilibria. These additional reactions are depicted schematically in figure below

Addition reaction of melamine and Formaldehyde depicted schematically
The larger open circle represents Azine rings; the smaller filed circles represent methyl groups.
The complexity of MF system, coupled with the fact that only hexamethycol melamine can be
obtained as a pure compound by conventional means, makes it difficult to determine the
Kinectics of MF additions by H.n.M.r. instead, reserve phase high performance liquid
chromatography (h.p1.c) has being used.
Timita, 1977 obtained all the relevant equilibrium constant (at three different temperature at
pH 9.8) and also many of the constituent rate constants by the monitoring bt h.p.1.c the
appearance of the various methylol melamine of melamine in
(i)
(ii)

Aqueous mixtures of melamine and formaldehyde
In aqueous solutions of hemamethylol melamine addition rate constants have been
obtained more recently by O’Rourke (1984) who separated from the mixture of
methylol melamine by h.p.1.c N1 N, N, N, N1 tertramethylol melamine monitored
by analytical scale h.p.1.c equilibrium constants for MF addition are compared, and
some conclusions drawn from them in table 1.
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Comparisons of equilibrium constant for various stages of MF addition at 480C and pH 9 and
conclusions drawn from them.
Shows the relative strength of consultant in fig 5 K0,1>K1,2>K2,3>K3,4>K4,5>K5,6
(methylolation progressively become more difficult) K0, 1 K 2, 3 K 4, 5 25
Presence of tertiary N
K0,1>K 1,2> K2,3 but K1,2> K3, 4
25

12

43

12

7

Secondary N deactivates neighbouring primary N
K 1,2>K1,2>K2,3 >K2,3, K3,4> K3,4
12

0.9

4.3

1.8

2.9

0.5

(Formation of secondary N preferred over tertiary N where possible)
2.4

Condensation and Cross Linking (Curing)

Two types of condensation reactions are possible in amine resins; the mutual condensation of
pairs of methylol groups to give methylene either links and the reaction of a methylol group
with an amino group to give a methylene link. The former reaction has long been believed to
be favoured by high pH and by high formaldehyde to amine ratio whilst the later is believed to
be favoured by low pH, by relatively low formaldehyde to reaction of a methylol group with a
secondary amino group is believed to be the source of the cross linking. These reactions are
depicted in scheme below –
NHCH2 OH + HOCH2 NHNHCH2 OC2 NH
NHCH2 OH + H2 H − NHCH2 NH
NHCH2 OH + NHCH2 NH − NHCH2 NHCH2 NH

2.4.1

Condensation and Cured in Melamine Formaldehyde Resins

Mechanism of the further reaction of melamine methylols to hydrophobic intermediates that
are still fuible and often still soluble in special solvent is the same scheme of splitting of water
and formaldehyde. Methylene and ether bridges are formed and the molecular size of the resin
is rapidly increased. The intermediate condensation stages constitute the large bulk of the
commercial melamine-formaldehyde resins, which are used for the fabrication of articles
consisting or containing cured melamine-formaldehyde resins, (Howard, 1991).
During the fabrication steps the final curing process transforms the intermediate to the desired
melamine-formaldehyde plastic by the reaction of amino and methylol groups that are still
available, as in the case of urea for formaldehyde resins, of particular interest in the systems,
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therefore, are the extent and nature of chain extension and branding in both the soluble and the
cured resins and the effect upon theprocess variables. As for urea-formaldehyde resins useful
information about the overall compositions and structures of soluble melamine-formaldehyde
resins show evidence of both methylene and methylene ether links whilst the chromatographic
techniques show evidence for a range of oligomeric fraction, X1, X2, X3 and X4 are more
isolated from low molecular weight soluble MF resin (pre-condensate) by preparative reserve
phrase h.p.1.C. and were characterized by high field H and c.n.m.r. spectroscopy. Fraction X1
was shown whilst X2 was shown most probably to be a mixture of dimmers containing
methylene ether links. It was concluded and tetramers respectively containing both methylene
and methylene either linked species

Figure 2: Reserved phase H.p.i.C trace of on M-F precondensate showing peaks from
oligomeric fraction (X1, X2, X3, X4).
The structure of cured resin, like those of cured U-F resins, can be derived in part by solid state
(CPMAS) C.N.M.R spectroscopy. Fig 2.2 shows c.n.m.r. spectra of two cured M-F resins
made different melamine to formaldehyde ratio the signal between 40 on 63ppm arise from
carbons in methylene links whilst those between 63 and 80p pm arise mainly from methylene
either links.
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Fig 2.2: 100mH3 solid states (CPMAS) c.n.m.r spectra of cured M-F resins made with M-F
ratio of (a) 1.1.5 and (b) 1.3, what is not clear from this spectra is whether or not there are
many residual unreacted methylol groups. This question can be answered by studing the solid
state (CPMAS) N.n.m.r. spectra of the samples.
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Fig. 3: Signal spectra characteristic of Azine nitrogen
These spectra contain signals characteristics of azine ring nitrogen (150ppm) and secondary
band taking nitrogen in methylene and methylene ether links and at branch points (77 and 93
ppm respectively) (encyclopedia of polymer science, 1984).
This, it may be concluded that M-F resins cure in similar manner to that of U-F resins with the
formation of a cross linked structure.
Methylene ether ratios appear to be controlled, like those in UF resins, partly at least by the
amine to formaldehyde ratio in the staring mixture.
2.5

Additives and Fillers Used in M-F Production

Many plastics are virtually useless alone but are converted into highly serviceable product by
combining them with particulate or fibrous solids. Phenolics and Amino resins are most always
compounded or filled with substance like wood flour, pure short-fiber, cellulose powder, mica
and asbestos. These materials greatly enhance dimensional stability, impact resistance, tensile,
compressive strength, abrasive resistance and thermal stability. The principal fillers used in
plastics can be divided into two types (a) particulate and fibrous. They are usually mixed
together with various additives which can either be monomeric or polymeric form and are in
the solid liquid or gaseous state. It is aimed at achieving specific desired properties of the end
product or to ease processing and to facilitate its fabrication into articles.
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Bleached sulphite cellulose is well suited for amino moulding compound but traces of
yellowish tint are inevitable in most cases, it improves the mechanical properties.
Cellulose filler not only has the advantage of higher colour than wood flour but because of its
fibrous nature it confers higher mechanical strength. While walnut flour and walnut – shell
improve the viscosity and spread ability (Hassle, 1986)/
Glass fiber filled with melamine-formaldehyde give high impact strength high. Heat and are
resistance with good electrical properties.
Stearate salt of metals is used as lubricants.
2.6

Characterization of Melamine Resin
2.6.1 Infrared (IR)

Of all the properties of an organic compound, the one that, by itself gives the most reliable
information about compound’s structure is its infrared spectrum. The IR region of the
electromagnetic spectrum lies at the vibration portion with wavelength (λ) between 2.5 m and
15µm, which corresponds to frequencies between 400 and 650cm-1 (wave numbers) by
compound having covalent bond within the infrared region of the electromagnetic spectrum.
Spectrophotometer is the instrument that determines the absorption spectrum for a compound,
like melamine-formaldehyde resins and the fillers added. It determines the relative strength and
positions of all the absorption in the IR region and plots this is as calibrate chart paper.
The region (4000-1500cm-1) is useful for the identification of the various groups while the
region from (1500-650cm-1) is useful for comparing two compound for identification.
2.6.2

pH Measurement

This is a measure that is used to know the degree of acidity or alkalinity or neutrality of
melamine resin sample. The standard literature value of melamine resins is 7.5 – 9.5.
2.6.3

Refractive Index

This is a measure of dispersion of light through appropriate made for it. The standard literature
value for melamine-formardehyde resin is between 1.52-1.58.
2.6.4

Specific Gravity

The ratio of the weight of melamine resin at room temperature to the weight of an equal
volume of water at 40C. the standard literature value is between 1.47-1.52.
2.7

Methods of Moulding of M-F

Composite can be fabricated as sheets, rods and tube or as moulded shapes. The methods of
moulding process are commonly used for thermosetting material. These are: injection
moulding, compression moulding and transfer moulding.
2.7.1

Transfer Moulding
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The Resins Transfer Moulding (RTM), also known as resin injection moulding, was a low cost
process involving relatively simple tooling. Fibre mat was put into one half of a two part
mould, the other half was put into potion and locked by a mechanical clamping device. The
resin was then injected into the mould from a higher shear mixing head where the initiating
system was incorporated by means of 0.1-0.2Mpa (Malcolm, 1989). Because of the low
pressure, the compaction of the resin system was little better than with contact moulding but
the process has the advantage that two good surfaces are produced and resin handling was
mouldmaterial such as glass-reinforced resins, aluminum or casting alloys. The mould life
depends on the material but can be useful in making up to 3000 mouldings. Large area
moulding can be produced and with time saving of between 40% and 80% compared to contact
moulding. Moulding with area up to 9cm2 have been made but up to 4m2 is more usual.
Typical moulding includes small boats, randomes freezer cabinets, pods, caravans and large
containers.
2.7.2

Compression Moulding

Compression moulding is one of the oldest moulding techniques and consists of charging a
plastic powder or perform plug into a mould half and applying to compress heat and cause flow
of the plastics to conform to cavity shape. The process is primarily used for thermosets and
consequently the mould is heated to accelerate the chemical cross-linking.
2.7.3

Injection Moulding

The process consists of heating and homogenizing plastics granules in a cylinder until they are
sufficiently fluid to pressure injection into relatively cold moulds where they solidify and take
slope of the mould cavity. For thermoplastics no chemical changes occur within the plastic and
consequently resin differs primary in that the cylinder heating is designed to homogenize and
preheat the reactive material and the mould is heated to complete the chemical cross-linking
reaction to form an interaction solid. Solid particles in the form of pellet or granules constitute
the main feed for injection mouldable plastics.
Application of Melanmine-Formaldehyde Resin
Melamine-formaldehyde resins are not as widely exploited as urea-formaldehyde resin and
probably form no more than 7-8% of the total resin production. Melamine-formaldehyde resins
are particular useful in applications where heat and water resistance are required.
The major uses of M-F resin are in the production of decorative laminates. In such laminates
the decorative (uppermost) paper layer is laminated with M-F while he lower layers (or craft
paper) are laminated with a phenolics resin.
Impact resistance crockery (e.g. for hospitals and picnics) toilet seats, pan handles and knobs,
stain and cut resistance decorative laminates.
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Though melamine-formaldehyde resin in inferior to phenolic in dimensional stability in hot dry
condition but it is more expensive than area, or phenolic limited resistance to concentrated
acids and alkaline.
It is easily coloured (unlike phenolics), taste and odour free, good resistance to solvent-stain
resistance in general although dependent upon filler choice. Electrical properties relatively
unaffected by high humidity (unlike phenolic) self-extinguishing.
M-F resins have also enjoyed uses as moulding material but recently have been displayed from
many of these uses by newer, more easily fabricated and no more expensive thermoplastics. MF resins are often added in small qualities to U-F resins in many applications to upgrade the
properties of the later. It is also used in dinnerware household item like cups, plates etc.
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CHAPTER THREE
3.0

Methodology

The experimental methods were divided into four stages which include synthesis of melamine
resins, modifications and formulation of melamine resins into powder. Conventional names of
the materials used are shown in table 3.1 and the various equipment employed throughout the
investigation are shown in table 3.2.
Table 3.1: Materials Used
Materials
Melamine
Formaldehyde
Distilled water
Zinc stearate
Wal-nut-flour
Wal-nut-shell

Sources
Aldrich-Chem.
Gillian Ham
Avondale
Chemistry lab
FUT Minna
Aldrich-chem
Gillian Han
Locally sourced
Locally sourced

Research Code
N/A

Comments
Powder

VN 1198
NA

30% w/v
Liquid

NA

Powder

NA
NA

Powder
Powder

Table 3.2: Equipment Used
Equipment
Water-bath regulator
Double-jacketed
Distilled water rector
pH meter/electrode
Thermometer
Weighing balance
Pump
Retort stand
3.1

Sources
Clifton Eng
Quick fit Eng
Chemistry lab
Kent Ind Ltd Eng
Zeal Eng
Ohaus, UK
Charles Pump Ltd
Eng
PH and Co Eng

Research Code
CE 94
MAF 2/2
NA
Na
Mm76
B.300
NA

Comments
At 95-1000C
Glass apparatus
Liquid
Digital display
Mercury in glass
Digital display
Glass apparatus

NA

Steel

Equipment Set-Up for Melamine-Formaldehyde Moulding Powder Preparation

In this study the equipment set up for the preparation of M-F resins is shown below:
A round bottom water-bath jacketed reactor that consisted of five-lids equipment, a
thermometer to measure the temperature during the reaction, a Kent EL, 7055 pH/Electrode for
noting the pH changes and adaptor in form of an inverted “h” advantageously adapted to
accommodate a dropping funnel or syringe with needle the formaldehyde and the melamine. A
thermostat water-bath was connected to the reactor that helped the system to maintain a
constant temperature.
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The pump was arranged such that they fitted in the stirring, and was initiated using a
mechanical stirrer electrically.

Fig. 3.1: Melamine Formal Dehyde Resin Set Up

3.1.1 Melamine Resin Production
Two hundred and twenty-five (225ml, 2.25moles) of a neutral aqueous formaldehyde of 30%
concentration was charged into the reactor with a stirrer, thermometer and pH meter/Electrode.
The pH of the formalin was adjusted to 8.0- 8.2 with 2m NaoH (about 0.03ml is required).
One hundred and twenty-six (126) 1 mole of melamine was added with vigorous agitation and
the heating was done with stirring under reflux in a boiling water-bath.
The slurry was heated for 30 minutes after which a small sample of the reacting mixture was
placed in a test tube; it yielded a precipitate of resins when diluted with much water. The batch
was refluxed between 95% to 100% and on further heating for about 10 minute or more; the
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sample yielded a precipitate of resin when diluted with an equal volume of water. The resin
was maintained at this temperature until the reaction was completed.
The pH and degree of reaction was determined periodically the hydrophobe test and was
maintained at 8.8-9.2 at 250C.
The syrup was cooled rapidly and the pH adjusted to 9.2-9.4 by the addition of caustic solution
(about 0.1ml of 2M NaoH was used). The second sample of the same concentration product was
obtained likewise.

3.1.2 Preparation of M-F Resin with addition of Fillers
The first product obtained was divided into two samples. Twenty-five parts of walnut flour was
kneaded to the first sample, while the second sample was kneaded together with twenty-five
parts of walnut shell. The other part was left as a neat (M-F) base resin. The mass of the first
product was dried in an air oven at 70-800C for 2 to 4 hours and the dried products were
ground to powdery form with 0.5 parts of zinc stearate each.
3.1.3 Specific Gravity Measurement
The weight of the empty specific gravity was obtained and the same specific bottle was filled
with M-F sample and reweighted and its weight was recorded. The difference in weight
between them gave the density of the resin.
3.1.4 Viscosity Measurement
The standard method of viscosity measurement was employed using the viscometer bath and
U-tube viscometer with capillary inserted into the viscometer bath.
50ml of the sample was poured into the U-tube viscometer with capillary and then corked. The
U-tube was suspended into the viscometer bath containing water and the temperature of the
bath was 300C. The cork was removed and the time taken for the content to run up starting
from the top mark to the middle mark was noted using a stop watch. From the result given, the
viscosity of the sample was calculated.
3.1.5 pH Measurement
The pH of the M-F resin produced was measured using pH meter. 50ml of the prepared M-F
resin was collected into a beaker and the pH value was determined by inserting the pH meter
into it. The value was then read from the instrument.

3.1.6 Refractive Index
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A particular quantity of pre-heated M-F resin was introduced into the prism chamber through
the appropriate provision made for it, and allowed to stabilized for some times. The
refractometer was taken by turning the compensation of the refractometer until there was a
share division between the dark portions of the sample. The accurate refractometer reading was
taken as the whole number and the decimal unit shown on the micrometer screw gauge.
3.1.7 Infrared (IR) Measurement
A drop of the sample was placed in the center of the lower window and the second plate was
placed carefully on top spreading the drop into a thin film. The nut or screws was tightened
firmly but not excessively and placed in the holder provided in the instrument; the cell was
disassembled after obtaining the spectrum and the window was risen well with a dry solvent.

CHAPTER FOUR
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4.0
4.1

Results and Discussion
Results

The Physiochemical Properties of the Analysed Samples
Table 4.1: Shows the Properties of the Various Samples of Melamine-Formaldehyde Resin
Produced.
Properties and Temperature which were
determined
A
pH (at 250C)
8.2
Viscosity (at 300) cp
34.98
Specific gravity (gcm-3)
1.47
Refractive index
1.50
Molecular weight
2829.28
Kinematics viscosity (stokes)
23.80
Operation Temperature
95-1000C
Operating Pressure
1.00
4.2

SAMPLES
B
8.5
39.63
1.49
1.57
3254.25
26.46
95-1000C
1.00

C
8.8
45.35
1.46
1.66
3786.28
30.87
95-1000C
1.00

Discussion of Results

Table 4.1 shows the value of the various physiochemical properties of the sample. From this
table, it can be seen that the pH value at 250C of samples A,B,C were 8.2, 8.5 and 8.8
respectively, these are considered reasonable when compared to the pH obtained from the
literature 7.5-9.5 for the standard M-F resins.
The specific gravity to the samples are 1.47, 1.49, and 1.46 respectively and it falls within the
literature value. Which is 1.47-1.52 except that of M-F resins modified with wal-nut shell
which is 1.46.
The viscosity values are given as 34.98, 39.63 and 45.35 for samples A, B, C respectively. The
viscosity values for samples B and C are higher because of the modifier that was added during
the reaction, while sample A has the least value probably no filler was added to it.
The kinematics viscosity values of the samples are in order of 23.80, 26.46 and 30.87, strokes
respectively.
The molecular weight result shows that sample C has the highest value of 3786.28 while that of
A and B are 2829.29 and 2354.25 respectively.
The molecular weight difference is as a result of the fillers added. Sample C with wal-nut shell
had the highest molecular weight and this will enhance a better mechanical and thermal
property when compared to the remaining samples.
The refractive index of the sample did not agreed to some extent, with the literature value
nevertheless it is only the values of sample B (1.57) that fell between the literature value while
that of A (1.50) and C (1.66) are not close to the literature values (1.52-1.58). This difference
in the refractive index may be due to the addition of the fillers.
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Fig 4 gives the infrared spectra of samples A, B, C respectively. It is observed for sample A
that there is an absorption at region (3400=3480cm-1). The peak value shows only two band
which is a characteristic feature of secondary amine (-NH2- group). At peak of 2725cm-1, the
intensity of the absorption is at medium, which is an indication of C-H- stretching vibration; a
diagnostic for aldehydes. Thus -C-H- group is confirmed present.
The absorption at region 2705.91cm-1 for sample B is medium but the region also shows the
presence of -CH-group while peak 3456.94cm-1 while this indicates the presence of amino
group.
For sample C IR spectrum, it is observed that there is absorption at the region (3150.303415.70cm-1), the peak of the region is a bit medium and it shows the presence of secondary
amino group which could be considered as a result of intermolecular H-bonding with nitrogen.
The analysis of sample 4 shows the presence of amino group in a very dilute solution.
The absorption at 3725.84cm-1 is medium in nature and this is an indication that C-H-group is
also present.
So, using the standard characteristic infrared absorption frequencies, the infrared spectrum of
melamine-formaldehyde fortified with wal-nut shell indicated the presence of amino-group at a
frequency of (3150.30-3415.70cm-1) and a peak at 2725.84cm-1.

Neat Melamine-Formaldehyde Resin
Fig 4.1: Infrared Spectral of Melamine-Formaldehyde Produced
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Fig. 4.2: Infrared Spectral of Melamine Formaldehyde Produced

CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1

Conclusion

The emphasis was on production and characterization of melamine-formaldehyde resin which
was formulated to moulding powder at F-M ratio of 2.25:1, pH range of 8.2-9.4, operating
temperature of 95-1000C and at atmospheric pressure. The results of the physiochemical
characterization and IR analysis confirmed that M-F resin was obtained at the above stated
thermodynamics conditions.
5.2

Recommendation

It is recommended that the melamine-formaldehyde resins be fortified using urea since urea is
relatively cheap compared to melamine.
It is also recommended that the present moulding powder be processed into final products
since it is from the testing of the final products that its mechanical properties such as tensile
strength, impact strength, compressive strength, elasticity, percentage elongation at break,
brittleness can be determined.
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Safety wears should be provided to whoever will be carrying out this research work in future
because of the nature of the reactant.
Inadequacy of equipment is one of the cardinal constraints that delayed this research work and
the materials especially melamine were expensive, thus the department should try to make
available the necessary materials and equipment. Certainly, this will help the students to carry
out their research work.
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APPENDIX
A1: DETERMINATION OF KINEMATIC VISCOSITY, DENSITY, VISCOSITY AND
MOLECULAR WEIGHT
Sample A
V

=

50ml

tA

=

270s

υA

=

C x tA

N1

=

12.20g

N2

=

85.70g,

N3

=

ρA
µA

=

0.0882 x 270 =

N2-N1

=

73.50g

=

73.50/50

=

1.47g/cm3

=

υ A x ρA

=

34.98cp
52

23.8 strokes
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(µ∆)1 =

µ∆−µ0

=

µ0 C

34.98−0.42

=

0.42 x 0.7

117.57

From the relationship of (µ)1 and molecular weight (i.e) (U)

=

KMa

Where K

=

9.2 x 10-2 cm3g-1 and a

=

0.9

So, MA

=

(U/K) 1/a

=

2829.28

MA

=

28.29.28

117.57

=

9.2 𝑥

10 −2

1/0.9

Using the same steps as shown above, sample MB, MC will be obtained as follows
Sample B
tB

=

300s, v

=

υ

=

C x tB, 0.0882 x 300 =

N3

=

74.9,

µB

=

υB x δB

µB

=

K

=

9.2 x 10-2cm 3g-1

MA

=

[N/K]1/a

MA

=

3254.25

ρB

µ∆−µ0

50ml
26.46 strokes

=

74.9/50

=

39.63cp
34.98−0.42

=

µ0 C

0.42 x 0.7

a
133.36 1/0.9

=

9.2 x10 2

=

1.49g/cm3

=

133.36

=

0.9

=

3254.25

Sample C
TC

=

350s, V

=

50ml

υC

=

C x tC

=

0.0882 x 350 =

30.87 stokes

N1

=

12.20g, N2

=

86.65g, N3

=

N2 – N1

ρC

=

=

1.469

µC

=

=

30.87 x 1.469 =

45.35cp

(N)C

=

=

152.82

MC

=

73.45
50

υC x ρC
45.35−0.42
0.42 x 0.7

v

1/𝑎

k

=

152.82 1/0.9
9.2 x10 2

53

=

3786.28

=

73.45
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