
K-thermocouple 
 

Electric 
furnace

 

Compressed 
air 

 

Adsorbent 
bed 

 

Cooling 
system

 

NH3 

 

OBJECTIVE

TheauthorsexpressgratitudeforprovidingframesupportforthisworktotheProject PID2022-137016OB-I00 financedbyMinisterio de Ciencia, Innovación y Universidades 
and Agencia Estatal de Investigación (MICIU/AEI)/10.13039/501100011033, Spainand byFEDER, UE. Aragón Governmenthas alsogivenframesupport(Research

GroupRef. T22_23R). Alejandro Lete extendsspecialthankstotheGovernmentofAragónforitscontributionin theformofa grantforthehiringofpredoctoral researchstaff 
in training fortheperiod2024-2028. I. Fontsacknowledgesthepost-doctoral fellowship(RYC2020-030593-I) financedbyMICIU/AEI/10.13039/501100011033 and byEl 

FSE invierte en tu futuro. Theauthorswouldliketoacknowledgetheuse ofServicio General de Apoyo a la Investigación-SAI, Universidad de Zaragoza

BACKGROUND

Alejandro Lete *, Jana Sanz, Rodrigo Cardona, Angela Millera, Isabel Fonts, Gloria Gea
Thermochemical Processes Group, Aragón Institute of Engineering Research, Deparment of Chemical Engineering and Environmental Technologies, 

University of Zaragoza, Spain

* Corresponding author: alete@unizar.es

´

EVALUATION OF OLIVE PIT BIOCHAR AS A 
SUSTAINABLE ADSORBENT FOR  NH3 EMISSIONS 

Environmental challenge: NH3 emissions by livestock intensive farming

During storage and handling of manure, the non-protein
nitrogen is enzymatically degraded to NH3

Environmental impacts of NH3 [1]: 
• Fine particulate matter (PM2.5)
• Eutrophication
• Soil fertility loss
• Nitrate/Nitrite water pollution

CO(NH2)2 + H2O →2 NH3 + CO2

Urease
NH3

AdsorptionofNH3usingbiochar fromwaste lignocelullosicbiomass

Olive oil

Olive pit

Spain leads global olive oil production, generating 400,000 tons/year
of olive pits as a by-product [2]

Traditionally used for low-value combustion, this dense, low-ash
biomass is an ideal precursor for thermochemical valorization

Biochar production

Pyrolysis
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This study investigates how pyrolysis temperature affects the
biochar properties and its NH3 adsorption capacity, supporting
sustainable pollutant control within a circular economy framework

Two experimental setups were used to assess gas-phase NH3 capture under dynamic 
and static operation modes

Adsorption systems and conditions

Figure 2. Fixed-bed experimental setup for gas-phase NH3 dynamic adsorption

• 1,000 ppm ofNH3

• 100 cm3 STP/min
• 10 h adsorption
• 25 ºC, 1 bar
• µGC forNH3 analysis

• Batchprocess
• 30 % NH3 solution
• 24 h adsorption
• Roomtemperature, 1 bar
• Elemental analysis forNH3

quantification

• Crushed olive pits
• Heating rate: 8 ºC/min
• 30 minutes
• N2 atmosphere

Figure 3. Experimental setup for static NH3 adsorption

CHARACTERIZATION

Figure 1. Pyrolysis setup for olive pit biochar production 
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Feedstock

26.0 % cellulose
24.9 % lignin
19.8 % hemicellulose 
5.4 % humidity 
1.3 % ashes 
0.9 % protein

OLIVE PIT
COMPOSITION

Figure 4. Thermogravimetric (TGA) analysis of olive pit

Biochar properties

Biochar SBET (m2/g) a O/C ratio b pH c

OP-350 9 0.15 8.0

OP-550 83 0.04 8.7

OP-750 96 0.02 9.2

a Specific surface area from N2 physisorption
b Obtained from elemental analysis
c Measured after stirring 1 g biochar with 20 mL of water for 1.5 h

Table 1. Olive pit biochar properties

Higher temperatures enhance carbonization 
increasing surface area development

Higher O/C ratios are related to higher amount 
of acidic oxygenated functional groups [3]

Lower pH indicates higher density of acidic 
functional groups
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Figure 5. Adsorption capacity of biochar in dynamic (A) and static (B) experimental setups
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ADSORPTION PERFORMANCE CONCLUSIONS

OP-350 is the best biochar due to its higher density of acidic 
oxygenated groups, which are responsible for NH3 adsorption  

NH3 adsorption isdrivenbysurfacechemistry rather thanporosity

Higher pyrolysis temperatures increase surface area but promote 
the loss of oxygenated groups

Bothbatchand continuoussystemsshowsimilar 
performance trends
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