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 Pilotscale

TCM flue gases
* Liquid solvent degradation data
— LC/MS (measured at TCM)
— Amino acids (measured at UT)
* Gas phase evidence of oxidation
* Modeling NH; evolution due to oxidation
 Oxygen measurements

e Conclusions
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CO, (%) 15.7 9.9
0, (%) 2.5-3.5 3.8
NO, (ppmv) 0.5-1.5 15.7
Total particle no. (TN) (#/cm3)* 7.9-9.5X 104 -

*From Laborelec report (2025).
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Degradation data — liquid phase
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Table 1. PZ oxidation by NO, at absorber temperature
by Ref: Chen, C. and Rochelle, GT. Amine

Type of reactions Reactions Numbers Oxidation  Catalyzed by NO,,  16%
NO: absorption NO, + PZ - PZ-+NO,~ (1) 7 International Conference on Greenhouse
- . Gas Control Technologies, Lyon, France
Radical propagation PZ-+0, = PZ00O- (2 ¢ ¢ ¢
Propas ) October 23-27, 2022.
R-+PZ > PZ-+P (3)

R-=PZ00-PZ0-,and - OH

P = PZOOH, PZOH,and H,0 _ ,
Reactions in absorber and

Radical termination 2PZ - +H,0 = PZOH + PZ 4 L )
Organoperoxy dissociation PZOOH + PZ - 2PZOH (5) abs packing; plenty of O,
PZOOH — PZO - +-OH (6)
Nitrosamine nitramines generation NO + PZ -— MNPZ (N
NO,™ + PZ - MNPZ (8)
NO, + PZ - m — nitro PZ ©)

Table 2. MNPZ generation and decomposition in the stripper (high temperature)
Type of reactions Reactions Numbers

Nitrosation NO,” + H* + PZ - MNPZ (10) Reactions in stripper;
MNPZ thermal decomposition MNPZ + 0.5 H;0 —3 PZOH + 05 N;0 (11) absence of O,
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Amino acids
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Gas phase evidence of oxidation
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Steady state run periods modeled

Gas Start Time End Time Total time Avg O, (%) Ave NO; Mols NH;/Mols NO,
(d) (ppm)

RFCC 11/5 11/14 10 3.1 0.7 5.2
RFCC 11/18 11/25 8 3.1 0.8 3.7
RFCC 12/30 1/7 8 2.9 0.9 3.8
MHP 11/25 12/6 12 3.8 15.3 1.7
MHP 2/26 2/26 2 3.7 17.0 1.0
Dil-RFCC 12/20 12/24 5 16.0 0.4 7.6
Dil-RFCC-2 12/24 12/30 7 9.4 0.8 4.0
Dil-MHP 1/7 1/21 15 13.8 5.5 1.2
Dil-MHP 2/20 2/22 3 13.4 6.3 1.1

(a) Data sets represent steady state conditions
(b) No weighting based on run duration in model
(c) Included NH; in CO, stream; <5% but ~9% when P, lowered for reclaiming
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0

mols NH3/ 48 _ 44

mols NO, = 0.01[02]4pg + 4.4[NO2 100y

Where: [0,] (%) & [NO,] (ppm)

Key takeaways:

(1) Relationship between cumulative mols NH,/mols NO, and [NO,]
obeys power law

(2) Flue gas O, concentration has little bearing on model results —
indicates the model over-simplifies the chemistry

(3) Modeling oxidation should account for accumulation and oxidation of
amino acids

inst
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Oxygen measurements
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DO probe measurement served as a real-time indicator of solvent oxidation.
Commercial benefits include helping detect accelerated solvent oxidation
due to NO, increase, corrosion, temperature excursions, etc...
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* MHP flue gas with 16 ppm NO, accelerated formation of amides, amino
acids, and MNPZ

* Mols MNPZ formed/mols NO, absorbed ~0.3
* NO, accelerated evolution of NH,

— Modeled the ratio using steady state run periods

— Model may be improved by accounting for amino acids
* Oxygen measurements

— 0, >10 ppm in CO, product when not depleted before stripper;
supports argument for DO stripping in absorber

— DO measurement is a useful real-time tool for monitoring solvent
health
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