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Melamine Cyanurate, Halogen and 
Phosphorus Free Flame Retardant 
GERHARD STERN and HEINRICH HORACEK 
Chemie Linz Ges.m.b. H. 
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Melamine cyanurate chemistry, manufacturing, and application as a flame retardant are reviewed. 

KEY WORDS Flame retardant polymers, nylon 6, melamine cyanurate 

1. INTRODUCTION 

In human history mankind has always used new materials. The first human tools 
were produced from stones, then mankind learned to gain metals.and alloys like 
bronze and iron. The entrance into the plastic century has increased hazards of 
fire because nearly all polymers are not selfextinguishing without additives. There- 
fore, plastics are the largest field of application for flame retardation. 

In the European Common Market, the producers of flame retardants (FR) are 
optimistic about the future because they expect an increasing demand for FR by 
rules and legislation. Figures show that in 1991 214,000 tons of flame retardant 
chemicals were sold; by 1995 an increase to 275,000 tons is expected. 

The realization of the common European market abolishes borders and restric- 
tions of commerce. The new European Community's rules give profit to these 
companies that produce FR that are in agreement with legislation. 

2. SYNTHESIS 

Melamine cyanurate (MC) is synthesized by the reaction of melamine with cyanuric 
acid or isocyanuric acid.'-" In general the ketostructure (Isocyanurate) is more 
stable than the hydroxy structure (Cyanurate). Therefore, the name melamine 
isocyanurate would be rather more correct. Another route to MC starts from urea 
in the presence of melamine.* Urea reacts to cyanuric acid and further to MC. 
Cyanuric acid is a weak tribasic acid with the constants lo-', lo-" and 1O-I4, 
melamine is a weak triacidic base with the constants and lo-''. As 
the solubility of the reaction product of one mole melamine with one mole cyanuric 
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Solubility xn w a t e r  

Temp in "C 

1 Melmlne 

2 Cyanuric A c i d  

3 Melamine Cyanurate 

0 . 3 2 5  g/lOOg H20 25'C 

0.2W g/lOOg HgO 

0.W1 g/?oOg H20 

FIGURE 1 
perature. 

Solubility of melamine, cyanuric acid and melamine cyanurate in water. Effect of tem- 

acid is very low (Figure l ) ,  the salt precipitates and no other stoichiometric com- 
pounds are known.12 

This neutralization reaction can be performed homogeneous in high dissolution 
or with less water in dispersion, as a batch process or in a continuous production 
line. 

The reaction product is a real salt proved by the IR spectrum. The y (R) vibration 
band is shifted to 774 cm ~ I ,  a new band appears at 1718 cm- and new NH valence 
vibration bands are detected at 2900 and 2880 cm-'. 

In the CL process the primary particles have a size of about 0.5 Fm, but they 
agglomerate to particles with a much larger size so that the product has to be 
ground (Figure 2). 

As a consequence of solid state, the performance is better with very small particles 
but handling is naturally easier with coarse particles. To overcome these difficulties 
many attempts have been made in producing definite particle size distributions, in 
agglomerizing, in pelletizing, and in the formation of master batches. Also the 
technique of coating or microencapsulation are applied to powders. A vast field 
of activities are the successful application of flow- and dispersing aids, compati- 
blizers and coupling agents. 

In the family of plastic additives FR have a unique position; nearly every polymer 
needs FR. By improving their glass-transition temperature and their burning be- 
havior plastics become more and more ready to substitute metals. 

The FR applied to polymers are divided into different chemical groups: 

inorganic, water releasing compounds as metallic hydroxides; 
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MELAMINE CYANURATE AS FLAME RETARDANT 257 

FIGURE 2 Electro-microscopy of MC particles. 

organic halogen compounds; 
organic phosphorous compounds; 
organic nitrogen compounds; 
inorganic compounds that contain nitrogen, phosphorous boron, tin and zinc. 

The share of N-FR in the total FR market is 13% and that of MC is 3%. 
Melamine cyanurate is a white crystalline powder with a molecular weight of 

255.21 g/mole and a nitrogen content of 49.4 weight percent. It crystallizes in  a 
hexagonal lattice. 

Methods of grafting and surface reactions are frequently described and often 
used. As the specific area A, changes strongly with particle size a,  it has a large 
influence on burning behavior, physical properties, color and gloss (Figure 3). 

For spheres the specific surface A, is reverse proportional to the particle size a 
and the density pf = 1.7 g/cm3 of MC. 

6 
A, = - 

a. Pf 

For a particle size of 1 pm, the specific surface is calculated to be 3.5 m2/g. 
MC is characterized by the particle size, the specific surface, the flowability, the 

bulk density, the compression set, and the dispersibility. The particle size and the 
specific surface are measured by different methods, the flowability is tested after 
Jenike, the bulk density in accordance with DIN 53466, the compressibility in a 
force-distance diagram, and the dispersibility during the extrusion process by the 
pressure filter value (Figure 4). 
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FR 
The Influence of the partlcle 

size of the Ff? on the propertles of the 

\ 
--.--QlOfS 

FIGURE 3 The influence of FR particle size on the properties of the flame retardant polymer. 

100 200 300 LOO mm-' 500 
revolution n - 

FIGURE 4 The influence of revolution rate n during extrusion on the complex viscosity q*, average 
particle size a,,, and filter pressure DF at an output of 4 kg/h for polyamide 6 + 10 weight o/o MC. 
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MFI DIN53735 

Polyamide 6 with Flame Retardants 

MFI 
100 

0 
0 10 20 30 
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m %I flame Retadant 

FIGURE 5 Melt flow index (MFI) of polyamide 6 with flame retardants. 

In general the mechanical properties increase with decreasing particle size of the 
additive. The slope B of the correlation of mechanical properties versus volume 
fraction of filler is proportional to the specific surface A, of the filler: 

where I is the thickness of the sample, 3f is the density of the filler, Syi is the 
property of the interface, and SYj is the property of the matrix.I3 

Therefore, the particle size of MC should be as small as possible. But handling, 
dosage, and dust oppose particles below 1 pm. If melamine and cyanuric acid are 
not reacted in a stoichiometric ratio, one component is present in excess. Cyanuric 
acid increases the melt flow index (MFI). In respect to MFI, a mixture of melamine 
and cyanuric acid are equivalent, but the burning behavior of a nylon sample 
containing 10% of a mixture will be worse than that containing 10 percent MC 
(Figure 5). In addition, the decomposition temperatures are different: melamine 
decomposes at 350"C, cyanuric acid at 380"C, and melamine cyanurate at 410°C. 

3. MECHANISM 

Nitrogen compounds are applied as FR, as blowing agents (CBA), and as explosives 
(E). Their chemical compositions are similar and they exert the same mechanism in 
performance: they decompose to gases under high gas yields. Ideally, the liberated 
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Compounds 

.. 
wmof- -wd- ' o n  

Mgb cro(heam b a t  of d s o m p d t b n  ~ ~ h a t d d a n n l ~  

FIGURE 6 Schematics of decomposition rates and heat of decompositions for flame retardants, 
chemical blowing agents and explosives. 

gases are non-burning and non-toxic as nitrogen, carbon dioxide and water. The 
velocity of decomposition increases from FR over CBA to E. For a successful appli- 
cation, FR and CBA need accommodated decomposition temperatures (Figure 6). 

A homologous series with an increasing amount of nitrogen is melamine as a 
FR, trihydrazinotriazine as a CBA, and triazidotriazine as an E. 

The decomposition temperature of pure MC lies at 410°C (maximum of decom- 
position) and the heat loss per 1 gram of MC has an amount of 0.25 kJ1g. One 
mole of MC produces 32 I of gases. In comparison to water one mole produces 
22.4 1 vapor and the heat loss per 1 g is 0.13 kJ/g. 

MC. acts similar to water by heat sink and diluting the burnable gases by non- 
burning gases. Ideally, the decomposition temperature of the polymer should co- 
incide with that of MC (Figure 7). 

The rate of heat release is measured in the CONE calorimeter and is slowed 
down by the addition of MC. The heat sink derives from the endotherm heats of 
sublimation and decomposition as can be shown by a rough calculation using the 
Kirchhoff law: 

T = HlCp (3) 

Nylon with 10 weight percent MC loses 0.15 kJ/g heat. The specific heat of nylon 
is 0.30 kJ/(mole.grade) and the molecular weight 113 g/mole. 
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NYLON 6 and Melamine Cyanurate 
DSC and weight loss in cornparsion 

I"" 

7 5 j l  

% Weight loss 
Inn, 

Nylon 6 DSC 

* Nylon WelQht IOSS 

-9 MC weight loss 

"1-. 1- , , 4 
0 
200 250  300 350 400 450 500 550 6@!9 

Temp.Grad C 
DSC ?O WIN-RATE 

FIGURE 7 DSC and weight loss comparison of nylon 6 and melamine cyanurate. 

T = 0.15/0.3/113 == 56.5"C (4) 

The calculated heat sink is about 50°C. 

4. COFLAME RETARDANTS 

From the literature, a nitrogen-phosphorus synergism is well known, though in a 
deeper insight the actual examples are very rare.l4,ls Zinc borate, magnesium 
hydroxide, hexamethoxymethylmelamine, intumescent graphite, melamine, di- 
cyandiamide, thiourea and cyanuric acid are applied in combination with MC. 

In many cases dripping is a problem with MC especially if in the UL 94 test a 
V - 0  classification should be reached. Burning drops ignite the cotton and the 
sample has failed. Therefore, antidripping agents as trisglycidylisocyanurate or 
Teflon powder are added in small amounts. 

5. APPLICATION 

Looking at the patents," MC is applied to many plastics. But the application of 
economic importance is in its use as a FR for nylons. MC is fed in concentrations 
of 10 weight percent to nylon 6,66 and 66/6 to reach V-0 in the UL test 94. Nylon 
11 and 12 are more similar to polyethylene and need a higher dosage of 15 weight 
percent to meet the UL 94 test. With the increase in the amount of MC in 
polyamide, the LOI-value increases (Figure 8) and the mechanical properties de- 
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LO1 - Value of PA6 
containing 

Melamine Cyanurate 

UnR 
ports 

Parts 
100 90 85 80 

10 15 20 

selfextinguishing / 

I Elongatlon - 
'Flexural strength 

Shrinkage 
Impact strength 
Impact strength notched 
Water content 

E-MOdUlUS 

- 38 

- 32 

Nlmm' 
% 
N/rnrnZ 
N/rnm2 
% 
W/m' 
Wlm' 

?O 1 # I I ' 2 0  
c- 0 10 20 30 4 0  v_ GC 

% MC 
FIGURE 8 LO1 values of polyamide 6 containing melamine cyanurate. 

70 73.9 72.7 61,2 
29.7 5.2 4 .? 3 ,O 
02.8 89.9 87 A 90.3 
2535 2966 2997 3138 
1.14 0.82 0.84 0 90 
w b. w.b. 73,3 44.5 
0.3 7 5  7 #3 5.0 

0.14 0.15 0.16 0,14 
23 35 37 42 

TABLE I 

Melamine cyanurate as flame retardant in polyamide properties 

Melamlne cyanurate 

Test: 
Tensile strenath 
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Nitrogen Content 

Relative Standard Deviation 

10 % Melamine Cyanurate in PA 6 

0 100 200 300 400 500 600 700 

Bulk Density WI 

a50 m1 

- i  
1 5 10 20 Id00 I 

FIGURE 9 Effect of the particle size and bulk density of MC on the relative standard deviation of 
nitrogen content. 

crease as described in Table I. Therefore, the skilled manufacturer goes to the 
limiting concentration just meeting the burning test. The limiting concentration 
depends on the particle size and the smoothness of distribution. The deviation of 
the MC content was measured as the deviation of the nitrogen content in nylon 6 
containing 10 weight percent MC in dependence of the particle size or the bulk 
density of the MC. The relative standard deviation corresponds to 100 times the 
standard deviation divided by the average value. With decreasing particle size and 
bulk density the deviation decreases (Figure 9) and the distribution becomes very 
even. 

The decomposition temperature of pure MC lies at 410°C and goes down with 
increasing amounts of polyamide to 200°C. The heat loss per one gram of MC was 
measured 0.25 kJ/g and fails down to 0.13 kJig at 50 weight percent polyamide 
(Figure 10). 

Much care has to be taken of the equipment: the feeder and the extruder. Fine 
powders such as MC should always be dosed by feeders with mechanical trans- 
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39 41 36 

27 27 27 
125 10 15 

7 10 10 
125 10 10 
2 2 2 

v-0 v-0 v-0 
93 95 88 

265 

38 47 47 
27 25 25 
15 

18 20 
8 4 3 
12 6 5 

v-0 v-0 v-0 
92 133 128 

TABLE I1 

Flame retardant polyamide 

Effect of flame retardant additives in polyamide 

Polyamide 6 
Polyomide 66 
Gloss fiber 
Melamine 
Cyanurate 
Melamine 
Zinc Borate 2335 
Dechlorane plus E+= Test: 

I Tensile Strennth 

The term is the hypothetical particle size at the bulk density 0. As the powder 
has a particle size distribution, the particle size at 50% u50 was chosen for all 
correlations. 

Ig u,,[pm] + 3.278 
0.0157 Bulk density BD[g/l] = - (7) 

A bulk of MC with a corn size of 1 p.m has a bulk density of 209 g/I as such, one 
with 10 pm particles has a bulk density of 270 g/l. 

The flowability measured as volume per time flowing through a funnel by gravity 
is theoretically independent of the bulk density and the particle size. Nevertheless, 
in practice, fine powders with low bulk densities tend to bridging and blocking, 
and the dosage is sometimes difficult. 

6. SUMMARY 

In the development and application of FR in plastics much work, endeavor, and 
investigation has been 
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Material I 
Arnite D 02 300 100 

melapure PET 
Test 

MFI 145 
E-Modulus 3100 
Flexural strength 80 
Impact strength 70 
Burning classification v-2 
Burning time 

267 

I1 Supplier 
75 Akzo 

25 Chernie Linz 

Unit Method 
130 9/10 rnin DIN 53735 
3700 Nlrnrn? DIN53457 
72 Nlrnrn' DIN 53452 
G 5 kJ/rnl DIN53453 
v-2 - UL 94 ( I  ,6rnrn) 
2 5 sek UL 94 (1,6rnrn) 

Polymer: 

87 
500 
40 

FLame Retardant ( % )  
melamine 

melamine cyanurate 
ATH 

melapur 

91 89 86 92 87 80 80 
473 590 680 520 690 450 450 
16 34 38 - 15 30 30 

Properties I 

70 63 

Hardness 
Elongation [ %] 
Tensile Strength 

Tear Strength 
lMPal 

"/mml 
MFI [g/lO'] 
UL 94 

*MelapurCcoatedor 

125 114 - 95 80 80 
I I I I I I 

9 11141 23 I 2 6  I - I - I 490 
V-2 I V-1 I V-i j V-I I V-O I V-1 I V-O 

15 
V-o 

microencapsulated melamine 

The following advantages convince many manufacturers and compounders to 
use MC as a FR: MC is not toxic, it has a high LD,,, value of more than 10 g/kg 
and a high MAK-value of 6 rng/m3 (dust). MC is a white powder and does not 
heavily interfere with color pigments. MC is not blooming as melamine. 

MC does not reduce the glass transition temperature of the polymers it is applied 
to. During extrusion, molding or pressing MC does not evolve any toxic gases- 
only NH, and CO;, are detectable. In the case of burning, MC does not split off 
corrosive gases. In nitrogen containing polymers, MC does not contribute any other 
element as already present in the polymer. Hydrogen cyanide is produced in rare 
cases at high temperatures above 800°C and in the lack of oxygen. 
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