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ABSTRACT 
 

The formation of organic acid and inorganic acids in CO2 and H2S removal process are common phenomenon. 
Amines are basic in nature, which react easily with the acidic components to form heat stable salts and other 
degradation products. Heat stable salt and degradation products are problematic in the operation of CO2, H2S 
removal unit, as they reduce the solvent capacity to absorb CO2 and H2S, cause corrosion, foaming and solvent 
losses. This paper gives an insight on the degradation of amine solvent due to these acidic components and 
highlights the latest findings and research work carried out in this area of study. 
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1. INTRODUCTION 

Amines and alkanolamines are widely used in the 
natural gas refining for the sweetening of sour gas by 
absorbing the CO2 and H2S acidic gases.  During the 
absorption process amine are highly degraded by this 
acidic oxide as a result amine loses its capacity to 
absorb these acidic gases. All acidic gases of natural 
gas composition play an important role to form amine 
to aldehyde and acids. Oxygen directly oxidized the 
amine and converted into carbonyl compounds like 
aldehyde or ketone or acid compound. Aldehydes 
react with water; in aqueous solution of formaldehyde 
is hydrated [1]. Aldehydes also react readily with 
primary amines. These reactions would not be 
significant with tertiary amines. In aqueous solution 
of monoethanolamine, formaldehyde will be present 
as an equilibrium mixture primarily in the form of 
imine with some hydrated aldehyde, carbinolamine, 
and aminal. Similar reactions can occur with other 
aldehydes such as hydroxyacetaldehyde. The imine 
formed from primary or secondary amines such as 
MEA may be subject to similar attack by radical 
oxidants. The presence of formaldehyde may also 
facilitate the oxidation of the amine molecule. Other 
less compounds easily hydrated to aldehydes, such as 
acetaldehyde and hydroxyacetaldehyde, react at room 
temperature with oxygen to produce the 
corresponding organic acid [2, 3]. The oxidation 
ususally takes place by a free radical chain 
mechanism. An initiator extracts a H from the α 
carbon to produce a free radical. The radical reacts 
with O2 to produce a peroxyacid radical. The 
peroxyacid radical reacts with aldehyde to propagate 
the reaction with the production of the aldehyde 

radical and a peroxyacid.  So the prevention of amines 
loss is the major focus of interest for the chemical 
engineer. The prevention of amine losing by acid is 
the one of the condition for successful plant operation. 
This prevention of amine loss is also the key of 
economical benefit. Hence, to identify the 
alkanolamines degradations are important. Amine 
degradation compounds are quantified by 
chromatographic methods. Identification of 
degradation products is performed with several 
analytical methods like GC/MS, IC and HPLC etc. In 
some cases, synthesis of molecules is necessary to 
confirm structure of degradation products. The 
highest molecular weight compounds are identified 
with a high resolution mass spectrometry technique 
(FT-ICR/MS) with electrospray ionization (ESI). In 
some cases, NMR analyses are useful to determine 
compound structure. Formic, glycolic, acetic and 
oxalic acids, nitrite and nitrate are quantified by ion 
chromatography. The role of these acids and 
degradation path way was critically reviewed and a 
brief discussion was given by the following 
representation. 
 
2. AMINE BASED ABSORPTION AND 
    STRIPPING SYSTEM 

For over seventy years the alkanolamine process 
has been considered the best approach in removing 
H2S and CO2 for the purpose of purification and 
separation. It is based on the reaction between weak 
acid (H2S and/or CO2) and weak base (alkanolamines) 
to give a water soluble amine acid gas salt. An amine 
based sour gas sweetening plant was configured with 
absorber and regenerator. The temperature range is  
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formic acid. The heat and water present in the stripper 
of the amine unit will generate a new equilibrium if 
removing one of the above components disturbs the 
balance of the equation. 
 
HEED 

HEED is a degradation product of MEA from 
reactions with CO2. There is a wealth of literature on the 
reaction mechanisms and the corrosive nature of HEED 
[20]. While much of the literature has focused on MEA 
in CO2 service only, HEED has been found in many 
combined systems treating H2S and CO2. 

 
 
HEEU 

HEEU is a degradation product of MEA that is not 
that well known since most of the literature has focused 
on degradation in CO2 service. HEEU is formed via the 
same reaction pathway as HEED when COS is present 
in the gas [21]. 

 
Polymers 

We generally find polymers when HEED, is present 
in MEA systems treating H2S and CO2. These polymers 
are formed from the reaction of HEED with MEA 
molecules to make longer chained ethylenediamines 
[22]. We also find polymers when THEED is present in 
DEA systems treating H2S and CO2 [22]. 

 
BHEEU 

BHEEU is an inert degradation product of DGA 
which formed in the presence of COS and CO2 [21]. 
.Formation of BHEEU can be reversed by thermal 
reclaiming. 

 
Morpholine 

This is an inert degradation product of DGA that, 
while rare, can occur when the solution is subjected to 
high temperatures. 

 
THEED 

THEED is a well-known degradation product of 
DEA from reactions with CO2. There is a wealth of 
literature on the reaction mechanisms and the corrosive 
nature of THEED [20, 21].  While much of the literature 
has focused on DEA in CO2 service only, THEED has 
been found in combined systems treating H2S and CO2. 

 
Bis-HEP 

Bis-hydroxyethyl piperazine (Bis-HEP) is a well-
known degradation product of DEA from reactions with 
CO2. There is a wealth of literature on the reaction 
mechanisms of bis-HEP [20, 21].  While much of the 
literature has focused on DEA in CO2 service only, bis-
HEP has been found in combined systems treating H2S 
and CO2. 

MEA 
In the presence of certain chemical compounds 

(oxygen) or intermediates, it is possible to degrade or 
break down the DEA molecule to simpler amines. 
Monoethanolamine (MEA) is one of the simpler amines 
that may be formed from DEA degradation. It is 
important to monitor the level of MEA in the circulating 
DEA system due to Amine Stress Corrosion Cracking 
(ASSC) concerns associated with MEA. MEA will also 
generally further degrade in the system. 

 
Bicine 

Bis-(hydroxyethyl) glycine (Bicine) is a degradation 
product formed in the presence of DEA and unstable 
chemical intermediates, and is considered corrosive [23, 
24]. 

 
DIPA-OX 

Hydroxypropylmethyloxazolidone (HPMO or DIPA-
OX) is a well-known degradation product of DIPA from 
reactions with CO2. There is a wealth of literature on the 
reaction mechanism of DIPA-OX [20, 21, 25].  The 
literature also states that DIPA-OX is the endpoint of 
DIPA degradation in CO2 service (due to steric 
hindrance), so polymers of DIPA are not supposed to be 
formed like they are with MEA and DEA. 

 
MDEA Fragments 

MDEA in Tail Gas Treating units (TGTU), Acid Gas 
Enrichment units (AGE), and in some main amine 
systems should be monitored for MDEA fragments. 
These include MMEA, DEA, Bicine and C2+ HSS 
anions [26]. It is also important to note that as 
ethanolamines (from MDEA degradation) accumulate in 
the solvent, they will generally undergo further 
degradation to compounds listed in the above sections. 
The presence of these primary and secondary amines 
may affect the gas treating selectivity of the amine 
solution. 

 
Dimers 

The literature states that steric hindrance prevents 
further degradation of DIPA-OX to diamines 
(“dimers”). However, we generally do find dimers in 
Sulfinol-D systems treating H2S and CO2. These 
“dimers” are similar to the diamines found in MEA and 
DEA systems, and are likely formed via the same 
pathway. 

 
TIPA 

TIPA may be found in systems treating H2S and CO2 
utilizing Sulfinol-D, when evidence of oxygen 
degradation is present. Literature shows that when 
amines degrade they generally form simpler amines, but 
sometimes these simpler amines react with the base 
amine molecule (or others) to form a more complex 
amine [27]. 
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degradation products arises various difficulties and as a 
result the remediation of this problem has become a 
major focus of interest for the last few decades. HSAS 
neutralization techniques (vacuum distillation, 
electrodialysis, ion exchanges) are still being developed 
to improve plant efficiencies and  reduce operation 
problems.  

The literature mostly cited the heat stable salt and its 
minimization. HSAS are basically the reaction products 
of acid and amine. Amine is the main solvent; on the 
other hand an acid is the by product, if we control the 
acid formation in amine system then automatically 
reduces the HSAS formation. Acids can also be 
converted to acid amides by adding some additives. 
Because amides contain CONH2 functional group this is 
capable to capture more acid gases. So we need further 
research on it to recover the research gap. The author 
suggested the acid remediation by converting into 
amides compound. Author also would like to put 
emphasis for the minimization of the acidic content 
inside the solution. The above mentioned contents of 
this review paper highlighted very important and recent 
information regarding alkanolamines degradation by 
acid. Knowledge of the reaction mechanism aids the 
development of procedures to minimize degradation or 
purify partially degraded solutions. Therefore, the 
overall representation would help to understand the role 
of both inorganic and organic acid on amine 
degradation. 
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ABBREVIATIONS 
 
NG  Natural gas 
DIPA  Di-isopropanolamine 
DEA  Diethanolamine 
MDEA   Methyldiethanolamine 
MEA  Monoethanolamine 
DGP  Degradation product 
DGA  Diglycolamine 
HSS  Heat stable salts 
HSAS  Heat stable amine salts   
AMP  Aminomethyl propanol 
HEP  Hydroxyethyl piperazine 
BHEED N,N-Bis(hydroxyethyl) -

ethylnediamine 
BHEP  N,N-Bis(hydroxyethyl)-piperazine 
HEOD  Hydroxyethyl-oxazolidone 

THEED  N,N,N-Tris(hydroxyethyl)-  
  ethylenediamine 
BHEI N,N Bis (hydroxyethyl)- 

imidazolidone  
BHEEU  N,N-Bis(hydroxyethoxy-ethyl)urea 
NMR  Nuclear magnetic resonance 
GC-MS Gas chromatography mass 

spectrometer 
HPLC High performance liquid 

chromatography 
IC  Ion chromatography 
FTIR Fourier transforms infrared resonance 

spectrometer 
HPLC-RID High performance liquid 

chromatography-refractive index 
detector 
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