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An extensive review of acid gas removal units covering 5 decades and more than 120 amine units 
showed that units treating sweet gases (i.e. with CO2 only) presented the worst risks of corrosion. In 
some extreme cases, a quite uniform corrosion in an active mode was observed on stainless steel 
grades such as AISI 410 and 304L, despite apparently mild corrosive conditions. Strong scaling of the 
heat exchangers by corrosion products was also observed. A detailed analytical survey of those 
corrosive DEA units was then performed over more than two years. Immediately after fresh solvent 
swap, dissolved iron concentration increased until stabilization at several hundreds of mg/L after a few 
months. Good correlation was found between dissolved iron, amine degradation, and the amount of 
scaling products that was recovered in the heat exchangers. Comparisons with similar units using 
activated MDEA revealed dissolved iron levels several orders of magnitude below those in DEA.  
In order to understand more precisely the driving forces for steel corrosion and for the precipitation of 
corrosion products, a laboratory program was launched. Comparisons between different amines in rich 
and lean conditions were performed in autoclave. A specific protocol was developed which aimed at 
degrading the amine solutions and at providing dissolved iron before corrosion tests to image the 
degradation of industrial solvent in actual life of plant. The laboratory degraded DEA was successfully 
compared to an industrial DEA solution sampled in a gas sweetening unit experiencing corrosion 
problems. Active corrosion of carbon steel (CS), AISI 410and even AISI 304L was reproduced in 
laboratory conditions with hot rich DEA and with industrial DEA solution as well. Industrial trends of 
strong precipitation of iron carbonate in the amine – amine exchangers could be explained. Iron 
solubility was found to depend on amine loading, with a lower solubility in rich conditions, thus a 
strong tendency to precipitate.  
Based on a the same protocol to obtain degraded MDEA and energizedMDEA, the study further 
looked at the behavior of those commonly used amines made of on the shelf and generic amine 
molecules.  
 
The experience and know-how gathered from the feed-back, inspection and laboratory experiments is 
applied to understand the performance of existing units, for which carbon steel has been used 
extensively. When improvements are welcome, the key corrosion mitigating issues are exposed in 
term of appropriate amine selection for sweet or sour gases, flow velocities and procedures for solvent 
preservation. The article also discusses about material selection and replacement of carbon steel by 
appropriate corrosion resistant alloy (CRA) when needed and only on selected areas, as normal 
maintenance operations following periodic inspections. This considerably extends the service life, 
while also enabling operation above the initial specifications.  
For newly built compact units, the design criteria focus on application of AISI 316L, now preferred 
instead of lower grades like 304L or AISI 410, to areas potentially prone to corrosion. With 
appropriate use of CRA's, acid gas loadings of 0.85 or even higher can be considered in design, 
without velocity limitations on the rich amine lines or stringent material selection. Furthermore, the 
amine units based on the AdvamineTM technologies remain fully versatile and flexible to encompass 
the widest range of amines, including MDEA and energizedMDEA.  
 
 
 
Keywords : alkanolamines, corrosion, gas sweetening, scaling 



1 Corrosion likelihood in amine units 
 
Corrosion in amine units represents one of the main operational problems. A recent survey by Tems 
and Al-Zahrani on the evaluation of cost of corrosion in gas sweetening plants concluded that 25 % of 
the maintenance budget was committed to corrosion control [1]. In such complex units, numerous 
pieces of equipment are exposed to equally numerous types of corrosion, including both weight loss 
corrosion and cracking modes. As far as weight loss corrosion is concerned we can adopt the 
classification proposed by Nielsen [2], who identifies:  
- wet acid gas corrosion, 
- amine solution corrosion. 
 
Wet acid gas corrosion may be encountered in all parts of the unit in contact with an aqueous phase 
with a high concentration of dissolved acid gases CO2, H2S, as well as HCN for refinery units. This 
type of corrosion is found primarily in zones where the gaseous phases have high concentrations of 
acid gases and where water may condense, mainly at the bottom of the absorber and at the top of the 
regenerator. 
For gas containing mostly CO2, parts of the installation made from carbon steel may suffer fast wet 
CO2 corrosion, up to several mm/year. In the presence of H2S, this uniform corrosion is generally 
lowered by the formation of a protective iron sulfide layer. A minimum H2S/CO2 ratio of 1/20 is often 
considered as sufficient to avoid risks of CO2 corrosion [3,4].  
 
The second type of corrosive media found in acid gas removal units is the amine solution itself. 
Generally, amines are not intrinsically corrosive, since they associate both high pH and low 
conductivity. They may nevertheless become corrosive when they absorb CO2 or H2S or when 
exposed to degradation. Furthermore, since the treatment units operate in semi-closed circuit, the 
solvent itself now circulates in closed loop equipped with water wash sections that limit the solvent 
losses to the minimum. The solvent may then become polluted with possibly corrosive degradation 
products.  
No consensus has yet been reached concerning the mechanisms of corrosion by amine solutions. The 
models proposed vary depending on the type of amine (in particular, primary, secondary and tertiary), 
the H2S/CO2 ratio in the gas to be treated, the possible presence of oxygen either as contaminant in the 
circuit or as component of the input gas (e.g. CO2 capture in fumes). For more information on specific 
corrosion models, the reader may refer to the relatively extensive bibliography on this subject [2,5-8]. 
We may nevertheless identify some systematic trends governing the corrosiveness of acid gas 
chemical solvents. Acid gas loading and temperature are usually considered as the most important 
factors. The acid gas loading (α) is defined as the quantity of acid gas absorbed by a defined quantity 
of solvent and is often expressed in moles of acid gas per mole of amine. Increasing the acid gas 
loading increases the corrosiveness of amine solutions [7-10]. Temperature generally has an extremely 
important effect on corrosion phenomena since most electrochemical reactions involved are thermally 
activated. It is common practice in industry to consider that the corrosion rate is doubled when the 
operating temperature increases by 10 °C to 20 °C. For gas treatment units, the effect of temperature is 
relatively difficult to assess on an individual basis. Temperatures vary widely in the installation, with 
extreme values ranging from 40 °C in the absorber up to 130 °C in the regenerator bottom section and 
in the reboiler. However, these temperature variations have a significant effect on the chemistry of the 
solution, in particular the acid gas loading. Taking into account both the loading and the temperature, 
we may consider that the main corrosion risks are encountered in areas with high loading and high 
temperatures [8,11]. These conditions are generally found in the rich amine line from absorber bottom 
to the regenerator through the rich amine / lean amine inter-heat exchanger.. 
The type of amine is also one important factor. Usually, primary amines (e.g. MEA) are the most 
corrosive, secondary amines (e.g. DEA) slightly less and tertiary amines (e.g. MDEA) exhibit the 
lowest risks of corrosion [7,8,10,12-15]. Amine concentration also has an influence on corrosion. 
Excessively high amine concentrations should generally be avoided with C steel facilities. 
Nevertheless, the results obtained from the few laboratory studies conducted on the effect of amine 



concentration on corrosiveness vary widely, between a marked effect [8,10] and a moderate or null 
effect [16,17]. 
The concentration in degradation products and contaminants can significantly influence corrosion 
reactions. A distinction must be made between basic and acidic degradation products. Basic amine 
degradation products mainly result from chain reactions between amine and CO2, for example the 
following compounds: HEOD (3-(2-hydroxyethyl)-2-oxazolidone), BHEP (N,N'-bis(2-
hydroxyethyl)piperazine), THEED (N,N,N'-tris(2-hydroxyethyl)ethylenediamine). The studies on 
corrosiveness by these degradation products date back a number of years, the general conclusion being 
an absence of specific corrosiveness [13,14]. Most acidic degradation products result from reactions 
with oxygen. The main products include salts of oxalic, glycolic, formic and acetic acids, which are 
stronger than carbonic acid. As a result these salts are not thermally regenerated in the process, hence 
their name: Heat Stable Salts (HSS). The effect of these products on corrosion has been well 
documented through laboratory tests; they increase corrosion of carbon steel [18-20]. 
Finally, the solvent flow rate and conditions favorable to turbulence (degassing of acid gases in flash 
effects, aggressive lines profiles or restrictions, with high velocities, severe fluid impact  etc.) may 
cause risks of erosion-corrosion. This type of corrosion is specific to carbon steels, since stainless steel 
grades are far more resistant. This type of corrosion is probably aggravated when the content of 
degradation products becomes too high: as indicated above, some of these products have a chelating 
effect on iron and may favor more efficient and faster dissolution of the protective deposits exposed to 
erosion [2,3,9,21]. 
 

2 Industrial experience on fouling and corrosion 
Industrial experience of gas purification within the authors' companies cover more than 120 units 
operated over more than five decades. A review performed in 2004 [11] showed that corrosion in sour 
units (i.e. with CO2 and H2S) was well understood and easily resolved by appropriate design and 
operating practices, resulting from long term field proven performance of sour DEA and MDEA units. 
On the other hand, unprecedented corrosion damages were reported for DEA units treating sweet gas 
(i.e. with CO2 only).  
The main findings of inspection data on sweet DEA units published in [11] are summarized here 
below: 

- The most severe and surprising corrosion case is the quick failure of AISI 410 (13 % Cr) 
material, mainly used for trays decks and downcomers. This material shows a very uniform 
progressive corrosion on the upper section of the regenerator and, at a lesser extent, on the 
bottom section of absorbers. Worst corrosion rates are in the range of 0.7 to 1 mm/year, 
leading to complete failure within 1 year for trays of 1 to 1.5 mm thick with corrosion on both 
sides. Inside the regenerator, this corrosion is the worst on trays located below the entry point 
(trays 2 and 3) and it then progressively decreases down to 0 on bottom trays. This corrosion 
has also been detected on the bottom section of the absorber. Thus it is clearly related to the 
combination of the highest CO2 loading (i.e. the lowest pH), high temperature and high 
agitation/velocities on and through tray decks. Among these two parameters, the temperature 
clearly appears to be the most determining one. 

- The shell in carbon steel of the absorber only shown some slight corrosion attack (< 1 mm 
after 3 years), with no significant evolution from the 1st to the 2nd inspection. This slight 
corrosion is mainly located on the bottom section of the shell, where the amine is at its 
maximum loading. 

- The Carbon Steel section of the regenerator shells  has shown local attacks, with pitting rates 
in the range of 1 mm/year. On these corroded areas, the iron carbonate corrosion layer appears 
to be loosened and poorly adherent whereas it is thin and well attached on other areas with no 
corrosion. Some erosion-corrosion has also been observed on an area subjected to high 
impacting velocities, in front of the vapor inlet from the reboiler. The application of an 
"impingement plate" has allowed to control this corrosion. 

- These corrosion events have produced significant amounts of iron, both from carbon steel 
(CS) shells and piping and from AISI 410 trays. This dissolved iron was clearly noticed in the 



recirculating amine at increasing levels with time up to 600 to 700 ppm. In addition, the 
detrimental impact of this iron carbonate has been to produce iron carbonate deposition on hot 
areas, typically the amine-amine exchanger, the piping from this exchanger to the regenerator 
and the upper trays of the regenerator. As long as this precipitation has started, the iron 
content remained almost constant, whatever the amount produced by corrosion. 

- As far as the heat stable salts (HSS) are concerned, none of the units have shown any high 
concentration when these corrosions occurred. The values gathered are always in the range of 
50 to 200 mg/L, i.e. very low amounts when compared to those currently found on sour units 
(3000 to 5000 ppm). These corrosion events are clearly not related to HSS. 

- The austenitic AISI 316L material did not show any corrosion attack.  
 
On a corrosion point of view, the main lessons were: 

- Stainless steels such as AISI 410 (13% Cr) and even AISI 304L (18% Cr – 10% Ni) have 
shown an unexpected active behavior in the rich amine at high temperature, leading to 
respective uniform corrosion rates of ~1 and 0.3 mm/yr. 

- The cause of this corrosion is clearly not related either to chlorides or to acidic HSS, so it is 
typical of the DEA fluid and/or from its degradation by-products. 

- AISI 316L shows a complete corrosion resistance on all units inspected, including one 
working for more than 12 years. 

- Some corrosion is also locally found on the CS shell of two regenerators. 
- This corrosion is not found on all units, and is always limited to very local areas. In some 

cases high flow velocities are clearly involved but not necessarily on other cases. 
- The corrosive severity is clearly linked to the highest temperature and to the CO2 loading in 

solvent. 
- The protectiveness from the iron carbonate layer formed on CS surface appears not to be fully 

efficient on some local areas. As a consequence, it is sensitive to minor changes. There also, 
this situation is significantly different from the one of sour amine units where the 
protectiveness from iron sulfide is only affected by high flow velocities. 

 
These specific corrosion phenomena in sweet amine fluids were unprecedented and not described in 
the literature as such. Three main areas of concern raised from these negative experiences: 
1. What are the main causes of this unexpected behavior on sweet DEA units ? 
2. What about its possible extension to widely used MDEA and formulated MDEA units ? 
3. What design changes must be applied on new units in order to prevent these corrosions ? 
 
In reply to question 3 here above, appropriate mitigation strategies were proposed in a 2008 paper 
[22]. However, there still miss some clear understanding to explain the increase of corrosivity for 
sweet versus sour DEA systems, as well as for DEA versus MDEA or formulated MDEA.  
A new program was then launched, aiming at comparing industrial feedback at more detailed scale and 
at supporting the analysis by laboratory studies. Two distinct industrial units were selected. The main 
characteristics of these units are summarized in Table 1.  
 

Table 1: Characteristics of industrial units submitted to monitoring and inspection program 

 Unit 1 Unit 2 
Gas pressure and composition 

C1+C2+C3 
CO2 
H2S 

55 bar 
96 % mol 
2 % mol 

/ 

80 bar 
93 % mol 
3 % mol 

0.0005 % mol 
Solvent DEA 40 % weight MDEA + DEA 

Start-up date 1999 2001 
 



2.1 Results from the DEA sweetening unit 
The first unit using 40 % weight DEA experienced severe corrosion and scale problems. The main 
equipments affected were: 

- AISI 410 trays at the bottom of the absorber and top of the regenerator, which suffered 
perforation and loss of mechanical integrity after less than 27 months operation (Figure 1).  

- Uniform and well adherent deposits with a thickness above 1 mm were found on trays at the 
top of the regenerator. 

- Strong scaling of the amine / amine heat exchanger (FeCO3 deposits) (Figure 2). 
 
During this period, iron concentration measurements were performed and showed values in the range 
500 – 700 mg/L.  
 
 

 

Figure 1: Uniform corrosion of 13 % Cr trays at the top of the regenerator observed in DEA unit 1. 

 

 

Figure 2: Iron carbonate scale growth observed in DEA unit 1. 

 
The corrosion problems of the AISI 410 trays were solved by replacement with AISI 316L, and the 
unit now operates without specific corrosion troubles for more than 8 years. However, despite the 
absence of severe corrosion, this unit kept suffering strong FeCO3 scaling in rich – lean exchangers, 
with more than 300 kg of FeCO3 deposits removed every two years during maintenance. A close look 
at the evolution of amine composition was therefore undertaken, covering more than 3 years. The 
evolutions of iron dissolution and of amine degradation are summarized in Figure 3. DEA residue 



represents the difference between the total amine and the free amine analysis. It corresponds roughly 
the amine degradation products. 
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Figure 3: Evolution of the DEA residue and of the total iron content from lean amine aliquots of the 
DEA gas sweetening plant 1. 

 
In non-steady-state conditions, e.g. from summer 2005 (DEA renewal) to winter 2007, dissolved iron 
increases continuously from zero to approximately 600 – 700 mg/L. During this period, the average 
rate of iron dissolution is close to 2 mg x L-1 x day-1. Considering the large surfaces of wetted steel, 
this rate of dissolved iron increase still corresponds to a low average corrosion rate, i.e. below 0.1 
mm/year. On the other hand, once the saturation is reached, one can consider that all iron produced by 
corrosion is integrally compensated by precipitation mainly in amine / amine heat exchanger 
distributions boxes and inlet strainers. Thus, considering 130 m3 solvent inventory and a dissolution 
rate of 2 mg x L-1 x day-1, one easily calculates FeCO3 precipitation close to 0.5 kg/day, or 200 kg in 
one year. The order of magnitude is in good agreement with inspection and maintenance results 
indicating approximately 300 kg of FeCO3 deposits accumulated within 2 years in the heat exchangers.  
 
It is quite clear also that DEA degradation follows the same trend as dissolved iron. This is a strong 
indication that iron complexation could be the effect of reaction with degradation products of DEA. 
Indeed, natural solubility limit of iron in water saturated with bicarbonate is extremely low: 
thermodynamic calculations at pH 7 and with 1 M alkalinity indicate that iron saturation stands below 
1 mg/L. The presence of a very strong chelating agent is thus mandatory in order to reach several 
hundreds of mg/L, as observed in this plant. 
 

2.2 Results from the MDEA / DEA sweetening unit 
 
The second plant that was considered for our study uses MDEA formulated with DEA. The use of 
DEA in the solvent is a design choice to control the absorption of the CO2 and respect a wobbe index 
spec within a minimum / maximum range.  
At the time of design, the selection of materials considered a limited access due to offshore location of 
the plant and anticipated reduced maintenance and inspection needs. The use of special CS with high 
yield stength in order to reduce the weight of vessels eventually imposed stainless steel cladding. The 
metallurgy of the main components is as follows:  



- Absorber: CS + stainless steel cladding 
- Flash drum: CS + stainless steel cladding 
- Regenerator: CS + stainless steel cladding at three top trays 
- Reflux drum: CS + stainless steel cladding 
- rich amine lines: stainless steel 
- Lean amine lines: CS 

 
Compared to the previous one, this unit hardly presented corrosion related problems. As a 
consequence, the monitoring and inspection program was not performed as deeply as for the DEA 
unit. Nevertheless, dissolved iron measurements covering 6 years were obtained, showing levels two 
to three orders of magnitude below those in the DEA unit (Figure 4). Even though a large part of the 
equipment of this plant is made of stainless steel, carbon steel is used for the lean amine lines, and any 
residual corrosion of a few micrometers per year would correspond to higher values of dissolved iron. 
This extremely low level of dissolved iron should therefore not be explained solely by the metallurgy 
or by a presumably lower corrosion rate. More probably the chelating tendency of MDEA or of 
MDEA degradation products (that generally differ from the one produced by DEA) could be far less 
than that of DEA, and it could be assumed that all dissolved iron immediately precipitates.  
 

 

Figure 4: Evolution of the total iron content from lean amine aliquots of the MDEA + DEA gas 
sweetening unit 2. 

 

3 Laboratory investigations 
 

3.1 Experimental methods 
This laboratory investigations were devoted i/ to reproduce the main trends of both industrial findings, 
and ii/ to provide meaningful information on the mechanisms involved and on the governing 
parameters.  
 
Different types of solvents were used.  
Most of them were prepared in the laboratory with analytical grade amines and deionized water. 
Additionally, an industrial solution was sampled after more than one year operation in the DEA unit 1 
of § 2. This solution was also used for corrosion tests, in order to compare the different amines with a 
common reference. The complete set of test solutions is summarized in Table 2. EnergizedMDEA is 
the trade name of formulated amine from the AdvamineTM potfolio. The base MDEA solvent is mixed 
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with an activator to enhance the pick-up of CO2. Laboratory tests considered various activators and a 
range of concentration < 10 %wt.  

Table 2 : Matrix of test solutions composition 

Sol. n° Composition 
1 DEA (industrial) 
2 DEA (laboratory)  
3 MDEA (laboratory) 
4 MDEA + DEA (laboratory) 
5 energizedMDEA 

 
For each solution, three autoclave exposure tests were carried out successively, using the same batch 
of solution.  
The first experimental step aimed at degrading the solutions, to better represent plant actual conditions 
of work. This step was therefore not carried out for the industrial DEA. In order to increase the 
degradation rate, temperature and acid gas loading (α) were set to high values, respectively 140 °C 
and 0.5, conditions encountered in rich solvent from the absorber treating 60 to 70 bar natural gas 
pressure with 10 – 15 % CO2. Additionally, it is also assumed that dissolved iron could participate in 
the degradation of amines. Thus, 60 g of iron filing was fed in the reactor, allowing reaching 1 mL of 
test solution for 1 cm² of exposed iron. The duration of these experiments was 1 week, which was 
considered sufficient to reach a reasonable degradation of the solvent. This solution was then filtered 
through 3 µm membrane, and then used for the next two experimental sequences.  
 
The second experimental step aimed at studying corrosion in hot rich conditions, representative of the 
regenerator inlet. Acid gas loading was now fixed between 0.45 and 0.5 and the temperature was 
110°C. 
The last experiment aimed at studying corrosion in hot lean conditions encountered at the stripper 
outlet. Lean acid gas loading below 0.1 was obtained by vigorous stripping under N2 flux of CO2 from 
the rich solution after test n°2. Test temperature was 120°C. 
 
The complete experimental sequence is schematically illustrated on Table 3.  

Table 3: Sequence of corrosion experiments in amine solutions. 

Test solution Degradation sequence Rich solvent tests Lean solvent tests 

Synthetic 
1 week exposure 
140 °C  α= 0.5 

Iron fillings 

4 weeks exposure 
110 °C  α= 0.5 

Weight loss coupons 

4 weeks exposure 
120 °C  α< 0.1 

Weight loss coupons 
Industrial Real sweet gas plant 

    

Analysis performed degradation products 
dissolved metals 

weight loss corrosion 
dissolved metals 

 
 
For all these tests, CO2 titration was checked before and after exposure, to ensure that the target 
loading was reached and maintained throughout the experiment. The method used to determine the 
quantity of absorbed CO2 consisted in a volumetric measurement after adding an excess amount of 
hydrochloric acid to a sample of the solution [23]. Acid gas loading was then expressed as the ratio 
between the number of moles of CO2 and the number of moles of amine.  
 
All experiments were carried out in a 1L autoclave made of Hastelloy C276. The autoclave was first 
filled with the test solution at the set CO2 loading. It was then closed and heated to the desired 
temperature. During this heating, a new equilibrium between the gaseous and dissolved CO2 was 
established. Nevertheless, the gaseous volume in the autoclave was sufficiently low to consider that 



the loading remained unchanged. Furthermore, after all corrosion tests CO2 titration was 
systematically performed to ensure that the loading did not significantly evolve during the experiment.  
 
Corrosion coupons were made of AISI 1020, AISI 410, 304L and 316L. Those grades are respectively 
representative of carbon steel and, ferritic and austenitic stainless steel used in gas treatment units. The 
chemical compositions are given in Table 4.  

Table 4: Chemical composition (wt. %) of steels used for the corrosion tests. 

 Fe Cr Ni Mo C Mn Si S 
AISI 1020 bal. 0.01 0.01 <0.005 0.17 0.75 0.01 0.003 
AISI 410 bal. 11.85 0.27 0.84 0.138 0.32 0.42 0.003 
AISI 304L bal. 19.14 9.27 022 0.02 1.62 0.04 0.001 
AISI 316L bal. 16.86 10.30 2.18 0.02 1.34 0.45 0.002 
 
 
Weight loss coupons were cut from thin plates into 26 mm x 26 mm squares. Before each experiment, 
all specimens were ground with 600 grit SiC paper, degreased with ethanol and rinsed with deionized 
water. The specimens were mounted to the rotating axle with polymer spacers to prevent galvanic 
coupling effects. Stir speed was maintained constant, and the peripheral speed of the coupons was 
close to 0.4 m/s (< 1.3 feet / s).  
Before final weighing, each specimen was rinsed with distilled water and dried. When needed, 
corrosion scales were removed using a plastic brush and/or by a chemical cleaning method, as 
proposed in ASTM G1 standard [24].  
Analysis of the test solutions were also performed before and after each test in order to determine the 
concentration of dissolved metals. The levels of iron and chromium are presented in this paper. 
 

3.2 Results 

3.2.1 Artificial degradation step 
 
A complete analysis of the industrial solution was performed before it was used in the laboratory for 
corrosion tests. The results are presented in Table 5. Even though this DEA solution had a dark brown 
color, indicating a strong degradation, the concentration in degradation products remained below usual 
limits given in the literature [25]. 
The major HSS consists of acetate. Basic degradation products were also found, but most of them 
were not precisely identified. As already mentioned earlier, the dissolved iron concentration was close 
to 700 mg/L, corresponding to the highest level that was experienced in this industrial unit (Figure 3). 
 

Table 5: Analysis of the industrial DEA solution used for corrosion tests. 

Family product concentration  Family product concentration 
Amine DEA 477 g/L  HSS formiates 43 mg/L 
acid gas CO2 8 mg/L  acetates 496 mg/L 
anions chloride 4 mg/L  propionates 22 mg/L 

thiosulfate < 10 mg/L  oxalates < 10 mg/L 
sulfate 42 mg/L  glycolates < 10 mg/L 

cations iron 667 mg/L  basic 
degradation 
products 

MEA 0.02 wt. % 
chromium 65 mg/L  MAE 0.002 wt. % 
nickel 7 mg/L  BAE, BEA, DEP < 0.01 wt. % 
molybdenum 13 mg/L  HEED < 0.2 wt. % 
sodium 15 mg/L  HEP < 0.01 wt. % 
manganese 1 mg/L  others 1.1 wt. % 



 
 
For comparison, concentration of iron was measured after the autoclave degradation test (1 week at 
140 °C with 0.5 molCO2 / molamine and iron fillings). The results are gathered in Table 6. In comparison 
with industrial solution after two years operation, this accelerated procedure allowed to reach more 
than 200 mg/L dissolved iron for the synthetic DEA solution, i.e. one third of industrial result. On the 
other hand for the MDEA solutions, iron dissolution after the test was two to four times lower than for 
DEA. These values are therefore far higher than industrial measurements on the MDEA / DEA unit of 
§ 2 (i.e. < 1 mg/L). The presence of large sections of stainless steel in second unit, especially in rich 
solvent section may explain the result. 
 

Table 6: Solubility of iron measured after 1 week degradation experiments at α = 0.45 and 140°C 
with 60 g iron filling (1 mL/cm²). 

Test solution Fe (mg/L) 
DEA 204 
MDEA 17 
MDEA + DEA 102 
energizedMDEA 59-97 

 
 

3.2.2 Rich amine experiments 
 
Rich amine experiments were realized in the industrial DEA solution and in artificially degraded 
synthetic solutions. Dissolved metal were systematically measured before and after each test. The 
results are presented in Table 7. Weight loss corrosion rates are reported in Table 8. 
 

Table 7: Solubility of different cations (mg/L) measured before and after 4 weeks corrosion 
experiments in rich (α = 0.45 at 110°C) solutions. 

Test solution Fe (mg/L) Cr (mg/L) 
Industrial DEA 667 / 244 65 / 175 
DEA 200 / 175 100 
MDEA 19 / 14 55 
MDEA + DEA 93 / 20 33 
energizedMDEA 59-92 / 7-11 14-22 

 
 

Table 8: Corrosion rates (µm/year) for different steel grades in rich (α = 0.45 at 110°C) solutions of 
different amines. 

Test solution 316L 304L 410 1020 Observation 
Industrial DEA 65 127 < 5 162 FeCO3 scale on 1020 and 410 
DEA 15 83 29 145 FeCO3 scale on 1020 and 410 
MDEA < 5 < 5 < 5 21 thin FeCO3 scale on 1020 
MDEA + DEA 5 11 7 29 thin FeCO3 scale on 1020 
energizedMDEA < 5 < 5 < 10 < 20  
 
 
From these results, it appears quite clearly that iron solubility in rich conditions is strongly enhanced 
in DEA in comparison to MDEA solutions. Indeed, dissolved iron measured after the tests showed 



values close to 200 mg/L for the industrial and the synthetic DEA solutions, while the measurements 
in MDEA solutions stayed close to or below 20 mg/L. For all these tests, it was found that iron 
solubility decreased between the start and the end of the experiment. One can thus conclude that i/ iron 
solubility reached after degradation step at 140 °C is greater than at lower temperature, ii/ dissolved 
iron levels after the test at 110 °C in rich conditions represents a true solubility limit, iii/ all dissolved 
iron produced by corrosion reactions during the experiment produced iron carbonate precipitates. 
Dissolved chromium levels were also measured after these tests. Similarly to iron, the highest levels 
are found for industrial DEA and synthetic DEA, with values as high as 175 mg/L. However, 
surprisingly high levels were also found after all tests in MDEA and formulated MDEA, in a range 
comprised between 14 and 55 mg/L. This indicates that the complexing capacity of amines also 
applies to metals constituting the passive layer of stainless steels.  
 
With regards corrosion rates, the highest values were found for the experiments in DEA solutions. 
Nevertheless, each type of material presents specific trends that have to be commented separately.  
For AISI 316L and AISI 304L, measurable weight losses were obtained in DEA solutions, with values 
above 0.1 mm/year for 304L in the industrial DEA. Although these values usually remain at an 
acceptable level, they illustrate the ability of degraded DEA to weaken the protectiveness of the 
passive layer of austenitic stainless steels, as already inferred from high concentrations of dissolved 
chromium. On the other hand corrosion rates of 304L and 316L presented values close to or below the 
detection limit in all MDEA solutions. Even though chromium levels were found at a lower level in 
these solutions, the values remained too high to be compatible with perfect passivity. Thus, low 
corrosion rates of austenitic stainless steel grades might also be explained by a considerably lower 
intrinsic corrosivity of MDEA based solvents. Compared to pure MDEA, formulation with DEA  
increases slightly the levels of dissolved iron in the rich solution. Furthermore, although corrosion 
rates remained extremely low for the stainless steel grades, measurable weight losses were observed, 
while they remained below the detection limit with pure MDEA or with energizedMDEA. It is 
therefore thought that MDEA + DEA shows an intermediate behavior while pure MDEA or 
energizedMDEA demonstrate equally good performances. Compared to other activators of 
energizedMDEA, DEA seems more detrimental to corrosion risks. Nevertheless, the low concentration 
allows to maintain a moderate impact. . Inside this family, MDEA and energizedMDEA seem to 
present the best combination between low tendency to attack the passive layer (complexing power) 
and low natural corrosivity.  
In comparison to stainless steels, corrosion rates of carbon steel in DEA solutions might seem 
surprisingly low. Indeed, it is well admitted that the highest levels of corrosion are encountered in hot 
rich conditions similar to those of the present experiments, and values far above 0.1 – 0.2 mm/years 
were expected in such conditions. In the present case, it appeared that a relatively adherent FeCO3 
scale had formed at the surface of the coupons, providing some protection against corrosion (Figure 
5). This behavior is directly related to the hydrodynamic conditions of the laboratory experiments. On 
the contrary, in places of plant facing high velocities, turbulent solvent circulation and effects of flash 
of gas, erosion of iron carbonate deposit does not allow to obtain a good barrier effect, resulting in 
rapid active corrosion.  
AISI 410 presents an intermediate behavior in these hot rich solutions. Although its raw corrosion rate 
remains low in DEA solutions (i.e. < 5 µm/year in the industrial DEA and 29 µm/year in synthetic 
DEA), visual observation and SEM cross section analysis revealed an active corrosion behavior with 
the formation of a protective iron carbonate layer very similar to the one observed on carbon steel 
coupons (Figure 6). In that case, it is assumed that AISI 410 presents an active corrosion in rich DEA, 
only balanced by laboratory conditions favorable to the formation of a protective scale. In plant 
conditions with erosion, impingement and gas flash, rapid active corrosion is expected. In comparison, 
the low corrosion rate of AISI 410 in MDEA solutions was not attributed to iron carbonate, but to a 
good passivity of this stainless steel grade in these solutions. This hypothesis was confirmed by 
electrochemical measurements in hot rich DEA for AISI 316L and AISI 410 (Figure 7). Indeed, it was 
found that the corrosion potential of the austenitic grades remained at a relatively high value (> - 0.5 V 
vs. Ag/AgCl) corresponding to the passive region, while AISI 410 showed a strong decrease of 
corrosion potential to - 0.7 V vs. Ag/AgCl, in the active corrosion potential range.  
 



These results in rich amine solution presents good correlation with industrial feedback as exposed in § 
2. In particular, the rapid active corrosion of AISI 410 trays in the hot rich sections of the absorber and 
of the stripper of the DEA units can fully be explained by the insufficient resistance of the passive 
layer of the 13 % Cr alloy, allowing rapid active dissolution, with FeCO3 layer collapse under the high 
liquid / gas local velocities supported by tray deck. Even the active dissolution of AISI 304L in highly 
degraded DEA could be reproduced in the laboratory. Additionally, these experiments also justify the 
choice of AISI 316L as replacement material for the trays of the DEA unit described in § 2.1. 
As regards the MDEA / DEA unit having experienced much less corrosion troubles, the explanation 
lies both on the lower corrosivity of the MDEA based solvent but also on a more extensive use of 
corrosion resistant alloys.  
 

 

Figure 5: Cross-section SEM analysis of AISI 1020 coupon after the test in hot rich synthetic DEA 
solution [26]. SE view (a), and EDS mapping for iron (b), carbon (c) and oxygen (d). 

 

 

Figure 6: Cross-section SEM analysis of AISI 410 coupon after the test in hot rich industrial DEA 
solution [26]. SE view (a), and EDS mapping for iron (b), carbon (c) and oxygen (d). 

 



 

Figure 7: Evolution of the corrosion potential of different stainless steel grades in the CO2 loaded  
industrial DEA at 120 °C [26] 

 

3.2.3 Lean amine experiments 
 
Lean amine experiments were realized in the industrial DEA solution and in artificially degraded 
synthetic solutions. Dissolved metal were systematically measured before and after each test. The 
results are presented in Table 9. Weight loss corrosion rates are reported in Table 10. 
 
 

Table 9: Solubility of different cations (mg/L) measured before and after 4 weeks corrosion 
experiments in lean (α < 0.1 at 120°C) solutions. 

Test solution Fe (mg/L) Cr (mg/L) 
Industrial DEA 244 / 1790 175 / 82 
DEA 163 / 827 94 / 94 
MDEA 22 / 24 69 / 62 
MDEA + DEA 28 / 75 45 / 49 
energizedMDEA 10-17 / 5-10 13-26 / 12-22 

 

Table 10: Corrosion rates (µm/year) for different steel grades in lean (α < 0.1 at 120°C) solutions of 
different amines. 

Test solution 316L 304L 410 1020 Observation 
Industrial DEA < 5 < 5 < 5 486  
DEA 8 8 9 2040 Thick scale on 1020 (45 mg/cm²) 
MDEA < 5 < 5 < 5 11  
MDEA + DEA < 5 < 5 5 25  
energizedMDEA < 5 < 5 < 5 < 5  
 
 
Compared to rich amine conditions, more marked differences are observed between stainless steel 
grades and carbon steel and between DEA and MDEA.  
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For all tests, AISI 316L and AISI 304L presented excellent corrosion resistance, confirming the ability 
of these materials to maintain passive state in gas treatment conditions. AISI 410 also presented good 
results in both DEA and MDEA solutions. Contrary to tests with rich amine, it has not been observed 
iron carbonate deposit on AISI 410 coupons, suggesting that corrosion resistance in lean conditions is 
also associated with good passive behavior.  
 
On the other hand, carbon steel exhibited extremely high corrosion rates in lean DEA, with 0.5 to 
2 mm/year. These results are probably a consequence of two distinct factors. First, a residual 
corrosivity of the solutions is expected associated with an insufficient stripping of CO2. Indeed, lean 
amine solutions were prepared after rich amine experiments, by stripping with N2 for 24 hours at 
ambient temperature. This procedure does not allow to reach very low levels of residual CO2, 
especially in secondary amines. This laboratory procedure can thus be considered a pessimistic 
situation regarding lean amine corrosivity. The second assumption is associated to conditions not 
prone to form a FeCO3 protective deposit. Indeed, iron saturation is highly increased in lean solutions, 
mainly because bicarbonate concentration is vanishing. This fact is confirmed by iron concentration 
measurements after the tests, showing an increase from around 200 mg/L to 800 mg/L in the synthetic 
DEA solution, and to around 1800 mg/L in the industrial DEA. This considerable increase of iron 
solubility confirms both the naturally high complexing power of DEA solutions and high corrosion 
rates to generate dissolved iron. On the contrary, all tests in lean MDEA solutions gave good results 
for carbon steel, with corrosion rates below 30 µm/year and no evolution of dissolved iron 
concentration. These results are thus necessarily linked with a naturally lower corrosivity of the lean 
MDEA or formulated MDEA. Again, results of MDEA + DEA shows that DEA contributes to a slight  
increase of corrosivity of MDEA, not observed with other activators.  
 

4 Discussion 

4.1 Factors controlling corrosion in sweet amine units 
 
Laboratory experiments allowed to explain most corrosion and fouling problems encountered in the 
DEA sweet gas unit. The high level of iron solubility suggests a high concentration of chelating 
species, capable of complexing metals [13]. This complexing power is increased in the industrial DEA 
solution compared to the laboratory DEA solution, which confirms that degradation products of DEA 
play an important role in industrial plants. Among these degradation products, salts of carboxylic acids 
have been shown to increase the solubility of iron, thus increasing the corrosion rate of carbon steel 
[18,19]. Complexing effect may play in two distinct directions. For stainless steels, complexation 
might induce depassivation and allow subsequent rapid active corrosion. This was confirmed in the 
laboratory and in the field for AISI 410, and even for AISI 304L in strongly degraded solution. For 
low alloy steels or other alloys, complexation also retards precipitation of iron salts such as FeCO3, 
which currently provide some corrosion protection. Austenitic grade AISI 316L was found to present 
good corrosion resistance for all DEA experiments, and confirms the positive field experience.  
As regards iron carbonate fouling, the experimental study showed that iron solubility strongly 
depended on CO2 loading, with 4 to 8 times higher dissolved iron in lean conditions. This result is 
assumed as consequence of the bicarbonate concentration in rich and in lean solvent. The iron 
carbonate formed in the rich section are precipitated out of the lean solvent solution when the 
bicarbonate content tends to be zero. The cooling phase that occurs in the amine / amine heat 
exchanger may further increase the precipitation of salts. The behavior tends to be cyclic and should 
fully explain the local precipitation of iron carbonate in the hot side of the amine / amine exchanger, 
observed in the DEA sweet gas plant.  
 
Corrosion in hot rich MDEA solutions showed radically different results than in DEA. In the former 
solutions, corrosion rates of both stainless steel and carbon steel remained low. Nevertheless, carbon 
steel corrosion was again associated with iron carbonate protective scale formation. On the other hand, 
AISI 410 appeared to behave like a passive alloy. It is quite obvious that the intrinsic corrosivity of 



MDEA or formulated MDEA is strongly reduced in comparison with DEA. Furthermore, iron 
solubility was at least one order of magnitude below that in DEA solutions, i.e. less complexing 
agents. This difference might help to identify the nature of complexing species. Indeed, one major 
difference between MDEA and DEA is the possibility to form amine carbamate with secondary amine 
(DEA), while the only product of reaction between tertiary amine (MDEA) and CO2 is bicarbonate 
ion. It is well known that metals can form extremely strong complexes with carbamate, as already 
observed in the urea synthesis with ammonium carbamate [27-40]. Adversely, presence of bicarbonate 
in MDEA rich solution would reduce the levels of dissolved iron. The combination of a lower 
corrosivity and a lower iron solubility observed in the lab in MDEA, and MDEA + DEA is in prefect 
agreement with positive feed-back of industrial MDEA – DEA gas sweetening plant.  
 

4.2 Updated design bases of amine units 
 
As regards present and future needs for sweet and sour amine units, most users are looking for their 
energy efficiency, reliability and flexibility to gas composition, amine type... These joined 
requirements are fully incorporated in present design bases, which promote the use of stainless steel 
instead of carbon steel on all corrosion susceptible locations (but only on those), combined with the 
use of high solvent loadings of generic amines without any addition of corrosion inhibitors. About the 
use of such products, it has always been difficult to confirm they are totally harmless on the long term 
performance of the plant.  
 
The present study gives precious results in the view of improved performance of units at reduced 
maintenance costs. The present design criteria are based on all field experiences which have been 
continuously updated from inspection results in respect of process constraints. They are summarized 
on Table 11 below. The table indicates design solution adopted to cover all corrosion concerns 
reported in previous paragraphs. It also indicates the operational impact of these solutions such as 
operation precautions, monitoring..., if any. For sour amine units, these design criteria were first 
defined for DEA units with 40% weight concentration then extended to 50 % weight selective MDEA 
units since no significant difference has been observed between these two types of amines in sour 
conditions. For sweet units, the study now indicate that DEA should be avoided if carbon steel is used, 
more because of the risk of precipitation of plugging powders than because of the risk of generalized 
corrosion of carbon steel or of low alloy steel. The requirement for extensive use of use of CRAs with 
a selection of grades with improved corrosion resistance equivalent to AISI 316L (i.e. 304L and AISI 
410 must be avoided) should be the first priority in case DEA solvent is kept in use in sweet condition, 
or in case of maintenance of an existing plant affected by corrosion issues., as illustrated by the 
present study. For MDEA’s (either MDEA or energizedMDEA solvent) in sweet service, risk of 
corrosion of carbon steel due to the lean and rich solvent should not be considered as an issue while 
any type of alloys give trustable solutions for internals.  
 
This selection of materials however excludes other risks of corrosion that remains in any amine unit in 
operation like erosion-corrosion and other sources of corrosion resulting from the presence of 
degradation materials including HSS. Based on 50 years of operational experience, the selection of 
material respects all those sources of corrosions. Criteria are reflected in Table 11. This also applies to 
EnergizedMDEA. 
 
  



Table 11: Present design bases of sweet amine units 

Equipment 
- Design solution 

Corrosion concern Operational impact 

Gas scrubber and filter coalescer 
All internal parts fully wetted with 
condensed water in CRAs. 
CS for the shell, unless high condensed 
water flow rates are predicted 

 
condensed acid water 
corrosion 

 
Reduces carry-over. Minimizes 
foaming – sludge problems. 
Reduces chloride content and 
risks of pitting of CRAs. 

Absorber 
- CS shell 
- All internals in CRA 

 
 
erosion - corrosion 

 

Rich amine lines 
- All in CRA 
 
- Alternate solution: CS, with velocity 

< 2m/s and loading <0.35 mol/mol or 
velocity < 1.4 m/s and loading < 0.9 
mol/mol 

 
erosion - corrosion 

 
Allows higher loadings, higher 
velocities 

Rich / lean exchanger  
- Plates/Tubes in CRA 
 

 
 

 

Regenerator 
- CS shell 
- CRA clad of the top  
- All internals in CRAs- Reinforced 

thickness of thermal insulation to 
minimize water condensation rates 
for reboiler vapor returning area 

- CRA clad for reboiler vapor returning 
zone in cases condensation is feared 

 
 
condensed acid water 
corrosion 
erosion corrosion 

 

Reboiler 
- CS shell, 
- CRA tubes, 
- Sufficient duty to ensure lean 

amine quality 
- Temperature limitation to avoid 

thermal degradation of solvent 
 

 
 
 
Wet gas corrosion of 
the regenerator 
bottom 
Erosion corrosion  

 
 
 
The reboiler duty must not only 
be adjusted to reach the CO2 
specification in the treated gas, 
but also to minimize the residual 
CO2 content in the lean amine. 

Overhead lines and condenser 
- CRA 

 

 
condensed acid water 
corrosion 

 

Lean amine lines + amine tank 
- CS 

  

All plant 
- monitoring Cl- (< 500 mg/L) and 

resistivity (> 300 000 ohm.cm) 
 
- Periodic monitoring of HSS < 5g/L 
- Strict avoidance of O2 ingress through 

water make-up and nitrogen for 
blanketing 

 

 
SCC, pitting and 
crevice resistance of 
CRAs 
lean amine corrosion 
HSS corrosion of hot 
lean solvent area  

 

 
 



Starting from the inlet of the gas treating unit, installation of a filter coalescer is now recommended on 
all new natural gas sweetening units, immediately upstream the contactor inlet. This solution has 
proved exceptional results as regards foaming and sludge problems, as well as it prevents ingresses of 
produced water and liquid hydrocarbon in case of carry-over.  
 
CS is the choice material for the absorber shell. Careful design must be adopted to limit jetting at the 
bottom entry of acid gas. All absorber internals are in corrosion resistant grades. 
 
Any part of piping subject to high velocities should be in CRA (think to line reductions, elbows…). 
The rich amine lines are designed in CRA as a base case, from the nozzle at the outlet of the absorber 
to inlet of the regenerator to limit local risk of corrosion due to high velocities or degassing. Rich / 
lean heat exchanger should also be in CRA, at least for the parts in contact with the rich amine of 
degassing. Stainless steel solution allows both high acid gas loading (at least up to 1 mol/mol) and no 
limitations in velocities. 
 
The regenerator is also designed with a CS shell. CRA cladding on the top part down to the 5th tray is 
necessary to avoid corrosion – erosion in case of turbulences or jetting in this hot rich amine area, as 
well as corrosion by acid gas condensation. All the internals are also in CRA. From the recent 
experience, a particular emphasis is also given now to the thickness of the thermal insulation of CS 
walls exposed to internal condensation of water in CO2 atmosphere, as it can be necessary to limit the 
risk of wet CO2 corrosion phenomena in the vapor returning area of regenerator, reinforced insulation 
minimizes thermal losses to avoid too high water condensation rates from the steam coming from the 
reboiler.  
 
The acid gas overhead outlet of the regenerator is another corrosion sensitive area, as acid water 
massively condensate. The most critical component is the cooler, which tends now to be designed in 
CRA, even though CS coolers have frequently assured very long service life with sour acid gas. The 
practical experience is that corrosion risks in the tubes are low, provided that a sufficient gas flow 
velocity (> 7-8 m/s) ensures no local acid water accumulation. However, since flow velocities can 
hardly be controlled over years of service, a more conservative but fully safe attitude is now to apply a 
CRA solution on these condensing areas as a base case on coolers, all the more so as a failure in this 
part would results in a gas leak with high H2S concentration. 
 
Reboiler heating tubes have also shown some corrosion failures. Although most of those failures are 
suspected to result from a too high concentration in amine degradation products or from a too severe 
heating, it is now considered as preferable to build these tubes in stainless steel in order to provide 
increased operational flexibility. No problem has been experienced on such 316L tubes until now. 
 
As far as the reboiler is concerned, the corrosion case reported in § 1.4 above the chimney tray of 
regenerator has also highlighted the need to control the residual amount of CO2 in the lean amine by 
applying a sufficient duty to the reboiler, even when this duty is higher than the one needed for 
assuring the CO2 (H2S) specification of the treated gas. A solution consists in applying a CRA cladding 
of this area to avoid this operational constraint. However, as this corrosion case has only been 
observed one time until now over all units in service, this cladded option is not considered as a base 
case solution.  
 
Finally, the lean amine sections at the outlet of the regenerator are in CS, including the amine storage 
tank.  
 
The role of HSS in corrosivity of degraded amine solvents is not discussed in this paper, but well 
reported in literature. It is recommended to keep oxygen ingress at very low levels, especially when 
plant is made of carbon steel. 
 
This illustrates how simple is the corrosion control on such amine units during the operation phase, as 
long as it is designed into all details with due consideration of years of practical experience. As 



underlined by this table, the quality of the gas blanketing, the temperature control and the control of 
water and hydrocarbon carry-over by an appropriate filter-coalescer are the most important operating 
conditions. 
The selection of the appropriate solvent now confirms how the plant can be preserved from corrosion 
and scaling problems.  
 
At the design stage, the appropriate selection of CRAs gives the opportunity to solve all erosion – 
corrosion failures related to high velocities and high loading. The extended use of stainless steel has 
also the major advantage of minimizing the inspection and maintenance efforts and costs, which is 
always welcomed during field operations. It is also aimed at guarantying the long term flexibility of 
the amine plant. This approach gives the operators the best benefit of the process efficiency of these 
units first by minimizing shut-down periods for maintenance, inspection and repairs and moreover by 
minimizing consumable costs with the use of generic amines. 
It is also strongly emphasized that design is of course only the first step of the story. These units are 
quite easy to operate, but the few key issues indicated here above need not to be forgotten at any time, 
as well as a minimum monitoring program must be periodically performed. 
Last but not least, the complete integrity management scheme must also include inspection activity, 
with internal visits of vessels and inspection of piping, mostly for CS equipment. Based on experience, 
the periodic inspection is particularly important during the first years, not only for corrosion purpose 
but also to verify the mechanical integrity of the numerous internals inside absorbers, regenerators and 
reboilers. 
 

5 Conclusions 
 
From these laboratory experiments and field experience in sweet gas conditions, it finally appears that: 

- DEA solutions present severe risks of losses of material and corrosion of parts subject to 
high turbulences. Iron solubility is high, especially in degraded solutions, suggesting a 
high concentration of chelating species, resulting in a tendency to produce poorly 
protective corrosion scales. Intrinsic corrosivity is enhanced in hot rich conditions, and the 
lower grades of stainless steels as AISI 410 (13 % Cr) and even AISI 304L lose passivity 
and are subject to active dissolution. Good corrosion resistance is found for AISI 316L 
whatever the temperature and CO2 loading encountered in the gas plant.  

- DEA solutions also present specific risks of localized fouling. Huge difference of iron 
carbonate solubility between rich and lean conditions, combined with a relatively high 
level of average dissolved iron concentration is at the origin of localized precipitation in 
hot amine sections, such as the exchanger leading to plugs.  

- Selection of DEA solvent for gas sweetening should be carefully balanced with the 
composition of inlet gas with CO2 and H2S. The current study pursues with tests of 
solvents behavior in presence of H2S. 

- In Sweet service, MDEA solutions present a much lower chelating tendency than DEA 
solutions: in hot rich conditions, iron carbonate solubility is at least one order of 
magnitude weaker. The absence of fouling problems in sweet MDEA units also suggest 
that dissolved iron and precipitation mechanisms are not present, reducing the risk of 
scaling and renewed corrosion phenomena.  

- Mixtures of MDEA + DEA (at low activation grades) behave close to MDEA, even if the 
corrosivity is slightly increased with the presence of DEA. 

- The energizedMDEA from AdvamineTM portfolio features similarly low corrosivity to 
pure MDEA in sweet service for carbon steel. 
 

 
 
 



Based on these new data and on large field experience, the 4 following rules are still considered as the 
best long term answers to present and future needs of most operators: 

- No limitation to the amine loading for corrosion reasons, in order to privilege the process 
cost efficiency. 

- Use of generic amines, blends of generic amines are possible and preserve the flexibility 
to suppliers and to future solvent changes if needed. 

- Use of CRA (316L) on all corrosion prone areas, in order to preserve the reliability and  
flexibility of the unit to changes in flow rates, process conditions, type of amine… 

- Good operating practice including avoidance of oxygen ingress, limit of the thermal stress 
and of the thermal degradation and periodic monitoring of solvent composition, with 
analyses of the levels of degradation products. 
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