
Scientific Achievement 

This work studies H2S adsorption isotherms and cyclic 
performance of three amine-modified adsorbents with 
similar amine loadings. Secondary amines are shown to 
have the best amine efficiency while tertiary amines are 
the most stable for H2S capture.
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Role of Amine Structure on Hydrogen Sulfide Capture from Dilute 

Gas Streams using Solid Adsorbents

Research Details
– This work focuses on using amine-oxide hybrid sorbents to remove H2S which is poisonous and corrosive 

to equipment.

– This study determines the efficacy of individual grafted amines (primary, secondary, and tertiary), and 
determines the effect of temperature and H2S concentration on cyclic stability and regenerative ability.

– 13C MAS NMR after H2S exposure showed no changes in the carbon species present in the aminosilane.

Significance and Impact

The high basicity of secondary amines improves amine-
H2S affinity, while the inductive effect of 3-alkyl groups 
on tertiary amines improves stability but lowers

basicity. To provide the most robust design for H2S removal in dilute gas streams over 
multiple cycles, secondary and tertiary amines should be considered.  

https://pubs.acs.org/doi/10.1021/acs.energyfuels.8b00936
presenter
Sticky Note
Biomass-derived biogas is mainly composed of methane and can potentially supplement natural gas in regions with limited supply. As an example, the methane supply from different biogas sources in the United States is about 7.9 million tonnes per year and can supplement 5% of natural gas in the electric power sector and 56% in the transportation sector. However, upgrading biogas to renewable natural gas (RNG) to meet the same specifications as conventional natural gas requires the removal of impurities composed of 30−50% carbon dioxide (CO2) and 0−5% hydrogen sulfide (H2S). H2S is a highly poisonous, corrosive, flammable, and explosive molecule and is mitigated via chemical scrubbing, water scrubbing, pressure swing adsorption (PSA), and membrane-based separation. Liquid phase chemical scrubbing with amines is one of the major acid gas removal techniques. Limitations to this technique include high absorption regeneration costs, loss of amine via oxidative or other chemical degradation, and corrosion of the metallic components of the equipment due to the acidic nature of H2S. Adsorption on solid materials, on the other hand, is a potentially more energy-efficient technique for both CO2 and H2S capture. This technique requires materials with high and stable adsorption capacity, as well as selectivity under mild conditions. Preliminary studies have shown that amine-modified adsorbents are promising materials for H2S capture. This contribution assesses three adsorbents with similar textural and physical properties but with different amines grafted to the surface. Specifically, materials containing primary, secondary, and tertiary amines at the end of a propyl surface linker grafted on a silica support are explored. H2S adsorption isotherms and cyclic studies are presented for these materials, and it is shown that secondary amines have the best amine efficiency while tertiary amines are the most stable for H2S capture, of the materials studied. The results suggest the consideration of secondary and tertiary amines for the design of amine adsorbents suitable for H2S removal in dilute gas streams over multiple cycles.



Solid Amine-based Hybrid Sorbents for CO2 Capture Suitable for H2S 

Capture 

Covalent tethering via silane linkage

Physical impregnation

Mesoporous oxide supports:
Silica (SBA-15, MCM-41)

Alumina

3-aminopropyl-
trimethoxysilane 

(primary-APS)

N-methylaminopropyl-
trimethoxysilane 

(secondary-MAPS)

N,N-dimethylaminopropyl-
trimethoxysilane 

(tertiary-DMAPS)

Amine loading: 
1.7-2.0 mmol N/g 

sorbent 



SBA-15_DMAPS Offers Stability & Cyclability

• MAPS adsorbed the 
most H2S, DMAPS 
adsorbed the least

• Loss of amine content 
led to drop in adsorption 
capacity for APS and 
MAPS after 10 cycles

10% H2S in N2 at 30 °C

SBA-15_APS

SBA-15_MAPS SBA-15_DMAPS



Heat of Adsorption Calculated with Temperature Dependent Toth
Isotherm 

Adsorption isotherm 
shows increase in 
capacity as pressure 
increases, and decrease 
in capacity with 
increased temperatures.

Amine Amine Type Weight % Heat of adsorption 

or absorption 

(kJ/mol)

Reference 

liquid DEA secondary 35 40 Bullin et. al

solid MAPS secondary 2.8 45 this work 

liquid MDEA tertiary 35 36 Bullin et. al

solid DMAPS tertiary 2.4 35 this work 

• Temperature dependent Toth isotherm suitable for heterogeneous adsorbents and high and low 
pressure was modeled to the experimental data. 

• Heat of adsorption shows efficacy for MAPS for capture of H2S at dilute concentrations. 
• These adsorbents have similar protonation energy to liquid amines at low operating conditions. 


