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Stabilization of ammonia in products of coal
combustion with SNCR DeNOx technology
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Metoda selektivni katalytické redukce (SCR)
Ammonia / Catalyst

Metoda neselektivni katalytické redukce (SNCR)
Ammonia Flue Gas Temperature

900 - 1100 °C
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* the condition is a source of NH, ions

Ammonia solution Urea Cyanuric acid
NH,CH (NHz)}.CO (HCNO)s
NH: + H,0 NH; + HNCO ——— 3 HNCO
NH; + OH > NH; + H,0 HNCO +H - NH; + CO
v v
NHs + HO5 —» NH, + 20H HNCO + OH — NCO+ H,0
NCO + NO - N;0+CO
NH;+ NO - N, + H,0
| N:0 + M > N;+O+M
NHz + NO; —» N, + 20H NCO # NO —» Ny + CO; N:O + OH — N4+HO,
N;O + H— N;+OH
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2NH, +0, > N,0+3H,0
4NH, +50, >4 NO+ 6H,0
4NH, +4NO+30, >4 N,0+6H,0
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Ammonia slip - unreacted ammonia:
* in flue gases
* in CCPs:

* NH,HSO, (mainly SNCR)

« (NH,),50, (mainly SCR)

« NH,NO;, (NH,),CO;, NH,HCO, (rarely)

+ fly ash - up to 100 (300) ppm NH;
* gypsum - up to 50 ppm NH,

* in technology waters
* upto1%
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« Fly ashes especially after SNCR make serious problems if used in
alkali binders (with cement or lime)

— Concretes, mortars, stabilizate:

* Quality of concretes is not affected (strength, volume changes, rheology,
outward

+ Some additives to concrete does not work
* at pH>9 ammonia releases
— corrosion of concrete mixer construction
— deteriorated working environment (smell detection limit is below 50 ppm of NH,)

Ammonia compounds (if present in fly ash)

NH; concentration

NH,HSO, (NH,),S0,
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smell: + weak, ++ strong, +++ very strong
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Thermal decomposition and vaporization and backward
condensation of amonium sulphate and bisulphate:

2NH,HSO, «2=2%¢ 5 (NH, ),S,0, +H,0

1. stage: PO g
2(NH,),S0, (NH,),S,0, +2NH, +H,0
2. stage: 3(NH,),S,0, «222%C ;5 NH, +6S0,+2N, +9H,0

« occuring problems during thermal treatment of CCPs (porland
cement, gypsum)
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A. Evolution of NH; out from CCPs
» controlled evolution and capture of NH,

« ammonium is displaced from solution at pH>9

» applicable during the production of stabilizate (fly ash + gypsum +
lime)

B. Stabilization of NH, within the CCPs

+ reaction of NH," ions with an agent to produce insolluble compound

C. Microbial consumption of NH- in CCPs

» utilization of a nitrophilous bacteria which consumes ammonia
compounds

» applicable mainly at fly ash landfills
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Il almost all ammonia compounds are well soluble !!!
but

2 solutions have been developed at
BUT
BRNO FACULTY

UNIVERSITY OF CHEMISTRY
OF TECHNOLOGY

1. Stabilization of NH,* by reaction with tannins

- reaction of condensed tannins (organic polyphenols) with ammonia ions
creating imid groups instead of hydroxyl ones.

2. Stabilization of NH,* in hexanitrocobaltate(lll) complex

— reaction of soluble sodium hexanitrocobaltate(lll) with ammonia ions
creating insoluble ammonium hexanitro-cobaltate(lll) complex
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+ reaction of soluble sodium hexanitrocobaltate(lll)
complex with ammonia ions creating insoluble
ammonium hexanitrocobaltate(lll) complex

3NH +Na,[Co(NO, ), ] ¥ (NH, ),|Co(NO, ), |+ 3 Na*

» the ammonium complex precipitates from the solution and fast
sediments

» the ammonium complex should not interact in concrete (under
research)

» hexanitrocobaltate(lll) complex could be recycled and reused
(under research)
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Stabilization of ammonia in water from desulphurization unit after

SNCR
Composition of desulphurization water [mg-1"!]

S()i* sirany 16 404.30 Ni2* nikelnaty ion 3.94
Cl- chloridy 7 054.56 Zn**t zine¢naty ion 3.86
NO, dusiénany 5 566,86 Cu** médnaty ion 235
Na* sodny iont 5 462,80 Co*" | kobaltnaty ion 1.78
Py amoniakalni dusik 283545 Al hlinity ion 0.25
Mg?* hofeénaty ion 1701,30 Cr** chromity ion 0.21
K" draselny ion 920,90 Cd*" | kademnaty ion 0.11
Ca’" vapenaty 101 696,23 As?t arzenity ion 0,03

F- fluoridy 80.57 NO; dusitany -

Fe?" Fe®" | zeleznaty, zelezity ion 8,36 Pb** olovnaty ion -
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de:{ggu’ﬁlz;fon Dependency ammoniacal nitrogen on addition of
srter 3000 ')( coordination complex
10 % solution Ammoniacal __ 2500 X
Na,[Co(NO,)4] nitrogen %o X
[ml] [mg:k] E 5000
=
-
1 2805.11 2
-é 1500 X
10 2593.83 G
Z
20 228814 E 1000
- X
40 1 460,99 -
500
60 §58.61 X %
) T T x 1
80 307.37 4] 20 40 60 30 100 120 140
100 187.68 10 %o solution Na,[C o(No,)s] [ml]
130 81,20 . !
+ the complex can decrease the ammonia concentration 100x
150

/ Brno Univer

*« XRD

22,87’# + to fix 600mg of ammoniacal N 15g of complex is needed
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pattern of precipitated (NH, ),[Co(NO,),] from desulphur. water

B n

mei.l)\r

2-Theta - Scale

BAIFte: (NH4)3(Co(NO2)5).raw - Type: 2Th/Th locked - Stark: 5.007 = - End: §9.999 * - Step: 0.013 * - Step time: 1. s - Temp.: 25 °C (Room) - Time Staried: 0 & - 2-Theta: 5.007 * - Theta; 2.503 * - Fhi 0.00 * - Auxi: 0.0 - AuxZ: 0.0 - Au
Operations: Background 1.000,1.000 | Imj

[Elooosz-03s7 |

"} - AMMORIGM GOBaTt Ml - (NH4)3{CO(NO2)6] - ¥: 81.13 % - 0  by: 1. - WL 1.54056 - GUDIC - 3 10.75840 - B 10.75840 - ¢ 10.75840 - 3Ipha 90.000 - beta 90.000 - gamma 90000 - Face-centered - Fm-3 (202} - 4 -
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Stabilization of ammonia in fly ash products: stabilizate and aglomerate

Mixture Leachate
CaO | Gypsum | Fly ash | H,O |Co-complex| Ca Co SO, |ammon. N
lg] lg] lg] el lg] [mg ]| [mg "] | [mg-I"]| [mg'17]
A (stabilizate) | 3 5 70 22 0,3 529 37 1565 11
B (aglomerate) | 0 0 78 22 0.3 29 335 125 12
C (aglomerate)| 0 0 78 22 0 18 2 122 126
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Stabilization of ammonia in fly ash products: stabilizate and aglomerate
- influence of mixing time

N{gligg Am%onia Depency ammoniacal nitrogen on duration of
[min] | [mg1'] mixing
1 405 Euw ] X
5 295 g
g 350
10 256 L
& 300 X
15 247 :
E 250 X
- X
20 240 g
200 T T T 1
a 5 10 15 20
Duration of mixing [min]
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Tannins
« vegetal polyphenols of high molecular weight (500 - 3000 g.mol™")
« sources: wood, bark, leaves, fruit, coffee, tea, wine, nuts

+ utilization: leather tanning, feeding of animals, anti-corrosion
coatings

« principle of reaction of tannins with ammonium ions:

NH,
—N 0
Xy OH

OH
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Tannic acid with ammonia
02
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Functional Wavenumbers Functional
group [emr1] group

Wavenumbers Functional Wavenumbers
[em-1] group [em-1]

3550-3230 -OH | 1410-1310 Ar-OH | 900830 Ar
1730-1705 Arco-0R | 12251175 arco- | 70735 Ar
1690-1650 _

14751315 C=N- I 1150-1060 -0- I

1625-1590 ~

s Ar | 980-955 R-CH=CH-R |
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Commercial source of tannins: Farmatan Plus (Tanin company, Sevnica,
Slovenia)

— animal feed additive
— contains 74 % tannins

« preparation of tannin-fly ash concentrate
— dissolution of Farmatan, mixing with fly ash, drying

Fly ash REL T Senzoric test
after SNCR (Farmatan)
100 40 100 1 positive
100 40 100 2 intermediate
100 40 100 3 negative
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Preparation of tannin extract from wood

* two types of wood sawdust: oak, beech

+ several extraction modes:
— in water: autoclave, reflux, shaking, non-shaking, ...
— in organic solvents: ethanol, aceton, isopropanol

» determination of tannins in extract
— spectrophotometry with Folin-Ciocalteau agent
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» Stabilization of ammonia is suitable solution for CCPs after SNCR
DeNOx technology

+ Two ways of ammonia stabilization have been developed:
1. Stabilization of NHf+ by reaction with tannins
2. Stabilization of NH; in hexanitrocobaltate(lll) complex

« Both the solutions have been applied for patents

* Further research needs:
— optimization of dosage of stabilizing agents
— optimization of stabilization for the individual applications
— finding an economic comercial source of tannins
— optimization of Co content in leachate or solution
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