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Adapting acid gas treating to CO2 capture

X  Health & safety
impact of emissions

To atmosphere

X  Amine oxidation
by O2 and NO2

Risk!!
$$$

 Much larger overall cost

 Greater 
energy use

 Compression 
to 50 bar

 Larger absorber
at 1 bar
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With results from MEA, PZ, and Cesar-1 
We Know

1. Fe2+/3+ catalyzes  oxidation 
2. Dissolved O2 reacts w amine throughout
3. NO2 catalyzes amine oxidation in the absorber
4. Common products incl NH3, formate, et al.
5. Stable amines incl PZ, AMP et al.
6. When oxidized, amines can emit hazardous 

pollutants 



1. We know 
Amine oxidizes by a radical mechanism catalyzed by Fe2+/3+

[Fe2+/3+] may be limited by corrosion or solubility
As solvents degrade, Fe+2/+3 and oxidation rate increase

We do not know
If Mn+2 , Cr+2/+3 Ni+2 et al. catalyze oxidation?

The detailed free radical mechanism?
If peroxide decomposition is the dominant initiation?

If there are useful inhibitors?



The probable free radical mechanism 
Initiation

PZOOH → PZO. + OH.

Fe3+

PZH  + PZO. → PZ. + PZOH
PZH + NO2 →  PZ. + NO2

- + H+

Propagation
PZ. + O2 → PZOO.

PZH + PZOO. → PZ. + PZOOH
Termination

2 PZ. + H2O→ PZOH + PZH


 The probable free radical mechanism 

Initiation

     PZOOH → PZO. + OH.

Fe3+ 

PZH  + PZO. → PZ. + PZOH

PZH + NO2 →  PZ. + NO2 - + H+

Propagation

PZ. + O2 → PZOO.

PZH + PZOO. → PZ. + PZOOH

Termination

2 PZ.  + H2O→ PZOH + PZH









The probable free radical mechanism
niiaion
P200H S P20+ Of
P2 + P20 2+ P20
P2H 4 NO, P2+ NO, +
Propagaton
P2 40,3 200
P2 +P200-> 72+ FZ0OH
Tarminaton
272 W02 PZOM + PZH






We Know 
• Fe+2/+3 is provided by corrosion 

• Equipment design and operating conditions matter
• Effective mitigation of oxidation may result in corrosion 

by dissolving the Cr2O3 on stainless steel at greater T
• Fe+2/+3 solubility and activity may be increased by 

complexing with amine carbamate or amino acid 
degradation products



Peroxide  decomposition catalyzed by Fe+3 at 22oC
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10 mM H2O2, 3-40 min
30 wt% amine, 𝛼 = 0.4, 22℃
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Peroxide  decomposition catalyzed by Fe+3 at 22oC



7

10 mM H2O2, 3-40 min

30 wt% amine, 𝛼 = 0.4, 22℃  













Room temperature

用不同的颜色展示前两个点



Ferric has more effects on peroxide consumption in DETA than in PZ.

In PZ, it has a breakpoint at 0.5mm, which may be because of the low iron solubility.

This result shows that amine type matters in the peroxide reaction. 

DETA can form complex easier with iron than PZ, complex can make H2O2 more reactive even at ph~9. (ref)

In DETA, Fenton reaction should be easier to occur, and radical should be formed much quicklier. In this case, iodide may not have time to terminate radical reaction in the presence of iron.
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DO consumption and peroxide decomposition have similar dependence on Fe3+


5 m PZ (𝛂 = 0.4)
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DO consumption and peroxide decomposition have similar dependence on Fe3+


5 m PZ (𝛂 = 0.4)
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2. We know oxidation occurs
In the hot rich line at elevated T

In the absorber & sump with degraded solvent

We suspect oxidation occurs in the stripper



We know oxidation occurs in the hot rich line
We know it can be reduced by N2 sparging
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We know oxidation occurs in the hot rich line

We know it can be reduced by N2 sparging
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DO removal by N2 Sparging

Cycling 5 m PZ from 40 to 150C

N2 sparging reduces oxidation but does not stop 
oxidation in  the stripper ??
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(Nielsen, 2018)

    

              

 DO removal by N2 Sparging

   

 

Cycling 5 m PZ from 40 to 150C

    

              

N2 sparging reduces oxidation but does not stop oxidation in  the stripper ??
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3. We know NO2 catalyzes oxidation in the 
absorber

With all amines, not just secondary amines
We should remove NOx by SCR 

We can remove NO2 with sulfite/thiosulfate

We do not know 
NO2 Rate with other specific amines 

If NO is readily converted to NO2
If we can remove NO2

 with C or by other methods
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7 m MDEA/2 m PZ = kg (>>50 e-7) >99

Fine, 2015

We know NO2 absorption will be high for all solvents
Fine (2015) measured NO2 absorption kinetics

& calculated NO2 Uptake
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4. We know relative oxidation rates in simple experiments 
Relative to MEA (w 1 mM Fe+3) (Onomura et al., 2025)

K50, NH3kDO
HGFODBRStructureAmine

711+CESAR1

117PZ

1618MPA

10024HMDA

1362HEP

100100MEA
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4. We know relative oxidation rates in simple experiments 

Relative to MEA (w 1 mM Fe+3) (Onomura et al., 2025)

						kDO		K50, NH3

		Amine		Structure		ODBR		HGF

		CESAR1		+		11		7

		PZ				17		1

		MPA				18		16

		HMDA				24		100

		HEP				62		13

		MEA				100		100





















image1.png







image2.png







image3.png







image4.png

OH
HZN/\/






image5.png

H,N






image6.png









A by rwiiive suisiiion ety I clingle Spmine
et e

=g et

= O v
e

S







We do not  fully understand for other amines 
 More complicated structures – such a 2-methyl- PZ

Fe2+/3+ solubility in other amines
Relative reaction rate with peroxide
Relative reaction rate with NO2



5. We Know Oxidation Products in MEA & PZ

  Analytical Methods
 IC, LC/MS (QTOF), HPAE-PAD, GC/MS, PTR-ToF-MS

  
 Small fragments

 NH3, volatile amines, organic acids/amides  

   Large fragments & oligomers
Imidazoles, amino acids/amides, diamines 



Amino acids in oxidized PZ may solubilize metals



We do not yet fully understand
Smaller amines, aldehydes, nitriles, 2C fragments
Larger aldehydes, carbinolamines, & aminals
Efficient, useful analytical methods 
 for all amines
 for all products

We risk not knowing
Alcohols, hydrocarbons
Unique products in proprietary amines
Other hazardous cats and dogs



6. We know and understand
When oxidized, amines can emit hazardous pollutants 
 We must minimize oxidation!!!
 Manage ammonia to address PM2.5 by acid wash et al.
 Manage volatile amines by acid wash
 Manage nitrosamine by SCR, high T stripping, or using  
 primary amine

 We do not yet understand
Mechanisms for formation and management of other HAPs
Emission levels of aldehydes, acetonitrile, et al. 
 With a given solvent?
 With specific operating conditions?
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We have made good progress in understanding and 
managing amine oxidation

• Fe2+/3+ catalyzes oxidation by decomposing peroxides to free radicals
• Reclaim and avoid corrosion
• Amino acids and other degradation products solubilize and activate Fe2+/3+

• What other metals and impurities catalyze oxidation?
• Are there any useful inhibitors?

• NO2 catalyzes amine oxidation in the absorber
• Remove NOx by SCR or scrub NO2 with sulfite/thiosulfate
• Does NO also catalyze oxidation by conversion to NO2 et al? 

• Dissolved oxygen reacts with amine in the hot rich line 
• Remove O2 by N2 sparging or other methods 
• Does the stripper T further increase oxidation? 
• Does n2 sparging result in corrosion?



• Common oxidation products include
• NH3, organic acids, smaller amines, aldehydes, amino acids and 

amides, imidazoles
• Analytical methods are needed for comprehensive analyses with new 

amines
• Stable Amines such as AMP  have no alpha hydrogen

• Why are PZ et al. resistant to oxidation? ,
• Why do MEA et al. readily oxidize?

•  When oxidized, amines emit ammonia, 2C HAPs, 
nitrosamines, volatile amines 

• Mitigate oxidation and/or enhance wash systems to manage 
emissions

• How do HAPs & volatile amines vary w solvent?  
• How can HAPs & volatile amines be specifically minimized?



Take Heart

We will solve this problem in my lifetime!
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