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Cyanuric acid was identified as a chemical 
substance over two centuries ago. However, it was 
not until the late 1950's that it attained industrial 
significance with the introduction of chlorinated 
isocyanurates by Monsanto and FMC, Although the 
majority of cyanuric acid production is used in the 
manufacture of chlorinated isocyanurates, some of 
it is also used as a swimming pool available chlo
rine stabilizer, Cyanuric acid is also used in the 
manufacture of specialty intermediates used in the 
production of plastics and coatings. The properties, 
chemistry, uses, etc, of cyanuric acid and chloroiso-
cyanurates have been comprehensively reviewed 
(Wojtowicz 1993a and 1993b), In addition to its 
function as a stabilizer for available chlorine, cya
nuric acid also contributes to buffering of swim
ming pool water. This paper discusses the structure, 
properties, analysis, chemistry, manufacture, and 
uses of cyanuric acid as well as the mechanism of 
stabilization, the effect on disinfection, and the 
effect of chloramine formation. 

T y p i c a l Analysis 

Typ i ca l analysis of commercia l cyanuric acid 
(CA) is shown i n Table 1. The product also typ i ca l ly 
contains s m a l l amounts of a m m o n i u m sulfate or 
a m m o n i u m n i t r a t e (<0.2%). 

Structure 

Cyanur ic acid can exist i n e i ther of t w o 
structures as shown i n Figure 1. The keto f o r m 
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C y a n u r i c A c i d >99% 
A m m e l i d e a n d A m m e l i n e <0.5% 
W a t e r ~ 0 . 1 % * 
p H o f s a t u r a t e d s o l u t i o n a t 25°C 4.5-5.0 

*Water content w i l l v a r y w i t h manufac turer ; some 
products can conta in up to 4% water . 

Table 1 ~ T y p i c a l Analysis of 
Commercia l C y a n u r i c Acid 

predominates i n the sol id whereas the enol f o r m 
predominates i n so lut ion . The keto f o r m is techni 
cal ly re ferred to as isocyanuric acid whereas the 
enol f o r m is s imply cyanuric acid. B o t h forms are 
collectively re ferred to as cyanuric acid. 

OH 9 

HO N ^ o H I 

H 

enol keto 
Cyanuric Acid Isocyanuric Acid 

F i g u r e 1 - C y a n u r i c A c i d 
Structures 

Properties 

Physical 

Cyanur i c acid is a w h i t e crysta l l ine solid. Some 
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of i t s physical properties are s u m m a r i z e d i n Table 2. 

Sohd Forms G r a n u l a r , powder 
Aqueous So lub i l i t y a t 25°C 1500 m g / L 

" 50°C 7000 m g / L 
Dens i ty (anhydrous) 1.75 g / m L 

(d ihydrate ) 1.66 g /mL 
M e l t i n g Po in t Does not me l t up 

to 350°C 

Table 2 - Some P h y s i c a l 
Properties of C y a n u r i c A c i d 

Sublimation 

Solid cyanuric acid does not me l t , instead i t 
undergoes s u b l i m a t i o n , i.e., i t volat i l izes d irect ly 
f r o m the sol id to the gaseous state. S igni f i cant 
s u b l i m a t i o n commences a t about 350°C as shown 
by the react ion below, w h e r e ( H N C 0 ) 3 is a l inear 
representat ion of the t r i cyc l i c f o r m u l a of CA. 

( H N C O ) , (solid) ^ (HNCO)^ (gas) 

Dissociation in the Gaseous State 

H e a t i n g gaseous cyanuric acid above 400°C 
causes dissociation i n t o isocyanic acid as shown 
below. 

( H N C 0 ) 3 (gas) 3 H N C 0 (gas) 

Ionization in Aqueous Solution 

Cyanuric acid (HgCy, where Cy represents the 
t r i i socyanurate anion) is a weak acid, even weaker 
t h a n carbonic acid. The p H of a saturated so lut ion 
is only 4.8. I o n i z a t i o n forms hydrogen and cyanu
ra te ions as shown below: 

H X y + H , 0 H ^ + H X r 

Effect on Swimming Pool Water 
Alkalinity 

pool water . W h e n the p H is restored to the n o r m a l 
range, t o t a l a l k a l i n i t y w i l l be increased, due to 
f o r m a t i o n of cyanurate ions. Cyanuric acid is 73— 
9 1 % neut ra l i z ed at pool p H . T o t a l a l k a l i n i t y is 
corrected for cyanurate a l k a l i n i t y by the fo l l owing 
equat ion to y i e l d carbonate a l k a l i n i t y (Wojtowicz 
1995): 

AlkeoKK = A l k , , , , , - 0 . 3 3 . C A 

Buffering Effect 

Aqueous cyanuric acid a n d cyanurate i on f o rm 
a buffer system s i m i l a r to carbonic acid and bicar
bonate i on and therefor w i l l contr ibute to the buff
e r i n g of s w i m m i n g pool w a t e r (Wojtowicz 1999). 

Toxicity 

Cyanur ic acid is essential ly non- tox i c to h u 
mans , an imals , w i l d - l i f e , a n d aquatic l i fe . The t o x i 
c o l ogy o f c y a n u r i c a c i d a n d c h l o r i n a t e d 
isocyanurates have been reviewed ( H a m m o n d et al 
1986). The acute t ox i c i ty (oral L D J is >10 g/Kg for 
rabb i ts . 

Biodegradability 

Cyanur ic acid undergoes biodegradation by 
some soil bacter ia (Bagna l l et al 1984). 

Analys is of C y a n u r i c Acid 

Solid Cyanuric Acid 

Solid cyanuric acid dissolved i n water can be 
t i t r a t e d w i t h sodium hydrox ide so lut ion us ing a 
recording p H meter ; the equivalence po int is at 
about p H 8.8-9.0. A m m e l i d e a n d ammel ine are also 
t i t r a t e d (Wojtowicz 1974). A m m e l i d e and ammel ine 
do not in ter fere i f the t i t r a t i o n is performed i n a 
d i m e t h y l sulfoxide (DMSO)-benzene mixed sol
v e n t us ing t e t r a b u t y l a m m o n i u m hydroxide i n 
stead of sodium hydroxide (Morales 1968). Ammel ide 
a n d ammel ine can be de termined by gas chroma
t o g r a p h y a f t e r d i s s o l v i n g c y a n u r i c a c i d i n 
t r i m e t h y l s i l y l a c e t a m i d e (Wojtowicz 1974). 

I n Swimming Pool Water 

A d d i t i o n of cyanuric acid w i l l lower the p H of 
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B y T e s t K i t - The s w i m m i n g pool test k i t 
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analysis is based on the t u r b i d i t y caused by prec ip i 
t a t i o n of cyanuric acid as melamine cyanurate . 
Since me lamine cyanurate has a s m a l l so lub i l i ty 
(5 -10 ppm) , the m e t h o d is not suitable for very low 
cyanuric acid concentrations (<10 ppm) . The accu
racy of the test k i t method is ±10%. The react ion is 
shown below. 

( H N C 0 ) 3 + ( H , N C N ) 3 - > 

cyanuric acid + me lamine 
( H N C O ) 3 - ( H , N C N ) 3 

melamine cyanurate 

O t h e r M e t h o d s - D i l u t e aqueous solutions of 
cyanuric acid can also be analyzed by l i q u i d chro
matography (Downes et al 1984), i on chromatogra
p h y ( W o j t o w i c z 1985) , u v s p e c t r o p h o t o m e t r y 
(Downes et al 1984), and d i f f e rent ia l pulse polarog-
r a p h y (Struys a n d Wolfs 1987). These methods are 
more accurate t h a n s w i m m i n g pool test k i t s . 

Manufacture of C y a n u r i c A c i d 

Pyrolysis Of Urea 

Cyanur i c acid is manufac tured by pyro lyz ing 
(i.e., heat ing) urea (see F igure 2). A mol ten or a 
concentrated aqueous so lut ion of urea is sprayed 
onto a mov ing bed of crude cyanuric acid granules 
i n a d irec t ly heated r o t a r y k i l n . The crude cyanuric 
acid is m a i n t a i n e d at about 250°C for about one 
hour . A b o u t 90% of the crude cyanuric acid e x i t i n g 
the k i l n is recycled to the f r o n t of the k i l n . U r e a 
dissociates i n t o isocyanic acid a n d ammonia i n the 
k i l n . The isocyanic acid t r imer i zes to cyanuric acid. 

SH^NCONH^ - > 3 H N C 0 + 3NH3 

The a m m o n i a offgas f r o m the k i l n is scrubbed i n the 
urea feed so lut ion to remove s m a l l amounts of 
vo la t i l i zed urea and cyanuric acid and can e i ther be 
f lared (i.e., burned) or recovered as a m m o n i u m 
n i t r a t e by react ion w i t h n i t r i c acid for use as f e r t i l 
izer . 

Byproduct Formation 

Pyrolysis of urea also produces undesirable 
amino t r iaz ine byproducts w h i c h can f o r m by reac
t i o n of a m m o n i a w i t h isocyanic acid to y ie ld cyana-
mide . 

H N C O + NH3 - > H ^ N C N + up 

Cyanamide can react w i t h isocyanic acid or w i t h 
i t s e l f to produce ammel ide (Ad), ammel ine (An) , or 
me lamine ( M m ) . The formulas for A d , A n , and M m 
shown below are l inear representations for the 
s t r u c t u r a l f ormulas shown i n F igure 3. Crude cya
n u r i c acid usua l ly contains 80% cyanuric acid, 18% 
ammel ide , 2% ammel ine , and < 0 . 1 % melamine . 

2 H N C 0 + H 3 N C N -± ( H N C O ) , ( H , N C N ) A d 

H N C O + 2 H 3 N C N - > (HNCO)(H2NCN)2 A n 

3 H 2 N C N -> (H^NChOg M m 

Hydrolysis of Aminotriazines 

The crude cyanuric f r o m the k i l n is pulver ized 
3 H N C 0 - > (HNCO)^ 

Urea 

NH3 

t 
Vent Gases 

Urea 
Scrubber 

Pyrolysis 
Kiln 

H,0 
i 

Acid 
i 

Amino 
Triazine 

Hydrolysis 

H,0 

CA 
Filtration 

i 
WetCA 
to Dryer 

i 
Purge 
Acid 

Figure 2 - Process F l o w Diagram for Manufacture of C y a n u r i c A c i d 
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Ammelide Ammeline Melamine 

F i g u r e 3 - Structures of Aminotriazines 

to a powder, s l u r r i e d i n d i l u t e sul fur ic (or n i t r i c ) 
acid, and heated at the b o i l i n g po int for about one 
hour. Th i s hydrolyzes the aminotr iaz ines to cyanu
r ic acid as shown below. 

Ammel ide + H^O + -> CA + N H / 

A m m e l i n e + 2H2O + 2H^ - > CA + 2 N H / 

Me lamine + SH^O + 3H^ - > C A ± 3NH/ 

Recovery of Purified Cyanuric Acid 

The p u r i f i e d cyanuric acid crystals f r o m the 
hydrolys is step are filtered, washed w i t h water to 
remove the digestion acid, a n d f lash dr i ed . The dry 
powder is compacted and granu la ted . 

Reactions of C y a n u r i c A c i d 

Hydrate Formation 

Cyanuric acid forms a d ihydra te on react ion 
w i t h water . 

(HNC0)3 + 2H2O - > (HNCO)3-2H20 

The d ihydrate effloresces, i.e., i t loses water on 
exposure to a i r of low to moderate h u m i d i t y . W h e n 
heated to 5TC, the d i h y d r a t e undergoes a t r a n s i 
t i o n to anhydrous cyanuric acid and w a t e r . 

Neutralization (Salt Formation) 

O n react ion w i t h sod ium hydroxide , cyanuric 

1 2 

acid forms a series of sod ium salts, i.e., mono - , d i -
and t r i s o d i u m cyanurate as shown by the reactions 
below, where Cy represents the tr i i socyanurate 
anion, i.e., ( C N 0 ) 3 ^ . 

H3Cy + N a O H - > H . N a C y + 

H^NaCy + N a O H - > HNa^Cy + H^O 

HNa^Cy + N a O H - > Na3Cy + H^O 

The so lubi l i t ies of these salts are greater t h a n t h a t 
of CA, e.g., the so lubi l i t ies of mono - , d i - , and t r i so 
d i u m cyanurates are: 0.9, 5.7, and 14.1 g/100 m L of 
so lut ion at 25''C. 

Chlorination 

P r e p a r a t i o n of D i c h l o r - C h l o r i n a t i o n of an 
aqueous s l u r r y of d isod ium cyanurate produces 
dichloroisocyanuric acid. 

HNa^Cy + 2 Cl^ - > H C l , C y + 2 N a C l 

The dichloroisocyanuric acid is recovered by filtra
t i o n a n d is washed w i t h w a t e r to remove the 
byproduct sod ium chloride. I t is r e s lur r i ed i n water 
and reacted w i t h sodium hydroxide to produce 
sodium dichloroisocyanurate (Dichlor) . 

HCl^Cy + N a O H ^ NaCl^Cy + H^O 

The sod ium dichloroisocyanurate crystals are 
isolated by filtration. The crystals are flash dr ied 
w i t h hot a i r to so-called anhydrous sodium d i ch lo ro -
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isocyanurate ( - 2 % water , - 6 3 % available chlorine) . 
The r e s u l t a n t powder is t h e n compacted a n d g r a n u 
lated . T r e a t m e n t w i t h w a t e r converts anhydrous 
sodium dichloroisocyanurate to the d ihydrate (12 .5 -
13.0% water , 5 5 - 5 6 % avai lable chlorine) . D i ch lor is 
used p r i m a r i l y for spa s a n i t a t i o n . Ano ther impor 
t a n t use for D i c h l o r is i n commerc ia l d ishwasher 
f o rmula t i ons . 

P r e p a r a t i o n o f T r i c h l o r - Reaction of a n 
aqueous so lut i on of t r i s o d i u m cyanurate w i t h gas
eous c h l o r i n e y i e l d s t r i c h l o r o i s o c y a n u r i c ac id 
(Tr i ch lor ) . 

NagCy + 3 Cl^ -> ClgCy + 3 N a C l 

Uses of C y a n u r i c Acid 

Manufacture of Chloroisocyanurates 

M o s t of the cyanuric acid produced commer
c ia l ly is converted to chloroisocyanurates. See above 
for a discussion of the chemistry . 

Stabilizer for Available Chlorine 

Cyanur ic acid is used i n s w i m m i n g pools as a 
stabi l izer for avai lable chlor ine . See below for a 
discussion of the mechanism of stabi l izat ion . 

Tr ichloro isocyanuric acid is also manufac tured by 
react ion of a n aqueous s l u r r y of monosodium cya
n u r a t e w i t h ch lor ine and hypochlorous acid. 

H^NaCy + 2 H O C l + C I , -± Cl^y + N a C l + 2 H , 0 

The t r i ch l ro i socyanur ic acid crystals are recovered 
by f i l t r a t i o n a n d w a t e r w a s h i n g to remove the 
byproduct sod ium chloride. F lash d r y i n g w i t h hot 
a i r gives a d r y powder w h i c h is compacted and 
granulated and t h e n pressed i n t o 1" and 3" tablets 
as w e l l as st icks for use i n s w i m m i n g pool sani ta 
t i o n . 

Other Uses for Cyanuric Acid 

Cyanur ic acid has a n u m b e r of i m p o r t a n t n o n -
pool uses w h i c h inc lude preparat i on of h i g h perfor
mance m a g n e t - w i r e enamels and i n electrical var 
nishes, plastics w i t h enhanced properties, f lame 
r e t a r d a n t resins a n d solid lubr i cants , c ross - l ink
i n g a n d c u r i n g agent i n the manufacture plastics 
and coatings. C A is also used to reduce n i t rogen 
oxides (NOx) i n s tat ionary diesel engine exhaust 
gases. 
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F i g u r e 4 - Effect of C y a n u r i c A c i d on Photochemical 

Decomposition of Available Chlorine 
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Stabil ization of Available 
Chlorine by C y a n u r i c Ac id 

Cyanuric acid is used i n outdoor s w i m m i n g 
pools to stabil ize free avai lable chlor ine against 
photochemical decomposition by s u n l i g h t (Fuchs 
and L i c h t m a n 1961). N e a r o p t i m a l s tab i l i zat ion 
occurs a t 25 -50 p p m cyanuric acid as shown i n 
Figure 4. (Nelson 1974). The m a i n equ i l i b r ia i n 
s w i m m i n g pool water are (Wojtowicz 1996): 

H O C l ^ H^ + CIO-

H3Cy ^ H - ± H , C r 

H,Cr + HOCl ^ HClCr + H , 0 

H C l C y - + H O C l ^ C l , C r + H , 0 

A l l of the above chlor ine compounds absorb u l t r a 
v io let l i g h t . The wavelengths (X) of m a x i m u m ab
sorpt ion are tabu la ted i n Table 3. 

U l t r a v i o l e t l i g h t f r o m the sun is p a r t i a l l y ab
sorbed by the ozone layer i n the upper atmosphere 
(the stratosphere) , i.e., a l l wavelengths below 290 

C o m p o u n d max 

Hypochlorous acid, H O C l 235 
Hypochlor i te i on , C lO" 290 
Monochlor isocyanurate i on , H C l C j r 215 
Dichlor isocyanurate i o n Cipy 220 

Table 3 - Absorption Maxima 
for M a i n Chlorine Species 

n m are absorbed. Since H O C l and the chloroisocya
nurates absorb p r i m a r i l y below 290 n m , they are 
re la t ive ly stable to decomposition. B y contrast , 
hypochlor i te i on whose absorpt ion m a x i m u m oc
curs at 290 n m , absorbs u v l i g h t out to about 350 n m 
and therefore w i l l be decomposed by sun l i gh t . Since 
available chlor ine exists predominate ly i n the f orm 
of ch l o ro i so cyanurates , photodecompos i t i on is 
great ly reduced, i.e., the avai lable chlor ine is con
sidered to be stabi l ized. A d d i t i o n of bromide to the 
pool w i l l r e s u l t i n a drast ic reduct ion i n the stabi l iz 
i n g effect of cyanuric acid (see Wojtowicz 2001). 

Swimming Pool Disinfection 

Bacterial Ki l l Time 

The f o l l owing equat ion was obtained on analy
sis of l i t e r a t u r e data on t h e effect of cyanuric acid on 

I 250 1 

3 200 
-a 
o 150 
0 100 

1 50 
re 0 "1 1 1 1 1 1 1 

^ 0 1 2 3 4 5 6 7 

Calculated Free Available Chlorine (ppm) 
Based on Laboratory Data 

(Andersen 1967 and Wojtowicz 1996) 
Figure 5 - Minimum Available Chlorine for 30-second 

99% K i l l Time of S. Faecalis at p H 7.5 and 85°F 
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the k i l l t i m e of S. facaelis i n d i s t i l l ed water (Woj
towicz 1996): 

t , g , ( p H 7.5 @ 85°F) = 0.03 + 0 . 0 1 4 [ C y ^ C y 

where t^^^ is t h e 99% k i l l t i m e , Cy^ is the t o t a l 
cyanurate concentrat ion i n p p m and Cl^ is the free 
avai lable chlor ine concentrat ion i n p p m . Th is equa
t i o n was used to calculate the m i n i m u m avai lable 
chlor ine for a 30-second 99% k i l l t i m e at 85°F for 
var ious cyanur ic acid concentrations w h i c h are 
p lo t t ed i n F i g u r e 5. The p lo t predicts t h a t h igher 
free av. CI concentrations are requ i red to achieve a 
99% k i l l for S. Facaelis i n 30 seconds at p H 7.5 a t 
85''F w i t h increas ing CA concentrat ion . The N S P I 
recognizes t h a t cyanuric acid affects the ra te of 
dis infect ion by chlor ine a n d recommends h igher 
av. C I levels for s tabi l ized pools compared to t h a t i n 
unstab i l i zed pools, i.e., 1-3 p p m vs. 0.4 p p m ( A N S I / 
N S P I - 5 1995). I n fact the N S P I has a dra f t proposal 
to raise the idea l recommended av. CI range to 2 -4 
p p m ( A N S I / N S P I - 4 199X). 

Interferences in S w i m m i n g Pool 
Disinfection 

Combined Chlorine Formation 

I m p u r i t i e s in t roduced by bathers (i.e., sweat 
and ur ine ) add n i t r o g e n compounds to the water . 
Some of these compounds (e.g., ammonia , c reat i 
n ine , amino acids, etc.) react w i t h free avai lable 
chlor ine to f o r m combined chlor ine . Combined chlo
r i n e compounds are poor dis infectants because they 
b i n d chlor ine ve ry s trongly , a n d consequently do 
not hydrolyze s ign i f i cant ly to hypochlorous acid. 
A n increase i n combined chlor ine reduces the con
cent ra t i on of free avai lable chlor ine and therefore 
increases the k i l l t i m e of bacter ia for a g iven t o t a l 
av. C I . Indeed, e x p e r i m e n t a l data (Fi tzgerald a n d 
D e r V a r t a n i a n 1967) show t h a t ammonia great ly 
increases the k i l l t i m e of chlor ine whether CA is 
present or not . A t low to moderate levels of added 
ammonia , the C A system as expected showed longer 
k i l l t imes t h a n the CA- f ree system. 

Studies i n s w i m m i n g pools report t h a t k i l l 
t imes are comparat ive ly l ong w h e t h e r C A i s present 
or not . Gardner (1972) states t h a t " the reason for 
t h i s is presumably the effect of ammonia and amines 
on the free H O C l concentrat ion . . . " . He also states 
t h a t "The a i m of b r e a k p o i n t ch l o r ina t i on , however. 
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is t h a t the t o t a l ch lor ine concentrat ion should a l 
ways be kept i n excess of the ammonia and amine 
concentrat ion , a n d the effect of cyanuric acid on the 
H O C l concentrat ion is t h e n expected to be s i m i l a r 
to the effect i n t h e absence of ammoniaca l n i t rogen , 
i.e., as i n the d i s t i l l e d w a t e r experiments" . 
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