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INTRODUCTION 

–  Global warming mitigation 
–  Carbon sequestration 
–  Soil fertility 
–  Energy source 
–  Bioremediation 
–  Catalysis 
 



PRODUCTION OF BIOCHAR 
Raw materials:  
•  Agricultural and forestry wastes 
•  Sludge from wastewater treatment plants  
•  Animal manure 

González et al., 2012 



PRODUCTION OF BIOCHAR 

Lehmann, 2007 



Pyrolysis Processes 

PRODUCTION OF BIOCHAR 

IEA, 2006; Brown, 2009 



PRODUCTION OF BIOCHAR 



Araucan
ia 

Region 

Agro-forestry  woody 
residues 

Ø Forest industry residues  
(Pine bark, sawdust, shavings, 
among others). 
 
Ø  Agricultural residues 
(Straw, corn cobs, oat hull, 
among others) 

PRODUCTION OF BIOCHAR 



Operational conditions 

• The pyrolyzer was fed at full load with oat 
hull  or pine bark 
 
• Purged with nitrogen gas (to displace air) 
before starting the process. 
 
• Carbonization temperatures used were 300 
and 500ºC.  
 
• Heating rate until the required temperature 
+  maintained for 1 h. 

• A cooling down procedure until room 
temperature was carried out. 
 
• Finally all biochar samples were gently 
crunched. 

PRODUCTION OF BIOCHAR 



OPERATIONAL CONDITIONS INFLUENCE ON 
BIOCHAR PROPERTIES 



 
–  Soil ammendment 
–  Controlled release fertilizer (CRFs) 
–  Immobilization of biomeolecules and  

 microorganisms 
 

CURRENT AND POTENTIAL APPLICATIONS 
OF BIOCHAR 



- Soil ammendment 
 

CURRENT AND POTENTIAL APPLICATIONS 
OF BIOCHAR 
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Nitrogen 
fertilizers  

Yield 

Cold  
resistance 

Disease 
resistance 

Water 
stress 

CO(NH2)2 

- Urea commonly used in world 
agriculture (50%). 
- N recovery by crops from urea is 
low as 30~40% with  a potentially 
high environment cost associated. 
-   N losses  may depend on: 
Temperature, soil pH, CEC, organic 
matter, dose and fertilization 
location (Gioacchini et al., 2002). 

CURRENT AND POTENTIAL APPLICATIONS 
OF BIOCHAR          -Controlled release fertilizer 
(CRFs) 
 



O P BO300 BO500 BP300 BP500 BO300 BO500 BP300 BP500 

%wt Trace elements mg kg-1 
Al2O3 0.05 6.86 0.03 0.02 3.05 5.11 As <0.1 <0.1 <0.1 1.12 
CaO 0.30 0.58 0.30 0.28 1.03 1.28 B 19.4 7.0 12.6 18.9 
Na2O 0.04 0.20 0.06 0.06 0.25 0.48 Ba 14.2 13.7 57.6 86.6 
K2O 1.36 0.61 1.73 1.94 0.65 0.77 Ce <0.1 <0.1 7.0 10.2 
MgO 0.21 0.30 0.24 0.23 0.44 0.64 Co <0.1 <0.1 3.7 5.2 
MnO 0.02 0.03 0.02 0.01 0.05 0.06 Cr 1.0 1.2 10.0 18.7 
SO3 0.31 0.25 0.13 0.08 0.06 0.05 Cs <0.1 0.9 <0.1 0.9 
P2O5 0.45 0.07 0.46 0.34 0.16 0.19 Cu 5.8 26.3 18.6 26.3 
Fe2O3 0.03 1.26 0.04 0.02 1.40 2.29 Ga <0.1 5.5 3.3 5.5 
TiO2 <0.01 0.35 <0.01 <0.01 0.17 0.29 Hg 0.03 0.02 0.01 n.d.* 
CT 42.65 46.35 70.13 76.97 57.92 72.39 La <0.1 <0.1 2.0 2.9 
NT 0.49 0.65 1.03 0.95 0.41 0.37 Li <0.1 <0.1 2.5 4.4 
Ash 6.20 5.6 7.70 9.43 13.76 20.39 Nb <0.1 <0.1 0.8 1.3 
V.M. 73.93 74.93 77.59 59.76 Nd <0.1 <0.1 2.8 4.2 
F.C. 18.37 15.64 8.65 19.85 Ni <0.1 <0.1 4.4 8.6 
Moisture  2.20 1.64 2.06 1.98 

Pb <0.1 <0.1 2.3 3.5 

pH 3.06 3.94 7.77 9.57 4.73 8.29 Rb 35.6 39.0 13 16.6 
Scarboxyls (mmol g-1) - - 0.39 0.11 0.11 0.11 Sr 7.3 7.5 40.8 63.3 
Sphenolic (mmol g-1) - - 2.05 3.47 2.52 5.36 V <0.1 <0.1 27.4 49.4 
STotal acidity (mmol g-1) - - 2.44 3.58 2.63 5.47 Zn 42.2 30.3 67.9 84.7 
SBET (m2 g-1) - - 0.1 6.6 1.9 63.0 

Vp (cm3 g-1) - - 0.009 0.012 0.008 0.028 

Dp (nm) - - 3.2 2.2 3.1 3.1 

Characteristics of biochar used for ecofertilizer production and enzyme 
immobilization 
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Characteristics of biochar used for ecofertilizer 
production and enzyme immobilization 

X-ray diffraction patterns from (a) oat 
hull. (b) pine bark. oat hull biochar at 
300°C (c) and 500°C (d). S: sylvite. KCl; 
Q: quartz. SiO2; A: anorthite. CaAl2Si2O8. 
C: calcite. CaCO3. M: magnetite. Fe3O4 
and T: tridymite. SiO2. 



Characteristics of biochar used for ecofertilizer 
production and enzyme immobilization 
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X-ray diffraction patterns from pine bark biochar at 300°C (e) 
and 500°C (f). S: sylvite. KCl; Q: quartz. SiO2; A: anorthite. 
CaAl2Si2O8. C: calcite. CaCO3. M: magnetite. Fe3O4 and T: 
tridymite. SiO2. 



a) 

f) e) d) 

c) b) 

 Figure 1. SEM of (a) oat hull. (b) oat hull biochar at 300°C. (c) oat hull 
biochar 500°C (d) pine bark (e) pine bark biochar at 300°C  and (f) pine bark 
biochar at 500°C  

Characteristics of biochar used for ecofertilizer 
production and enzyme immobilization 



FTIR spectrum of (a) oat hull and its derived biochar. (b) pine bark and its derived biochar. 

Characteristics of biochar used for ecofertilizer 
production and enzyme immobilization 



Reactor for urea impregnation onto biochar 

Thermocouple Manometer 

Pressure 
Cooker Temperature 

control 

ü Materials 
   -BO300 
   -BO500 
  
ü Reactants 
   1:1:5 (B/N/DW) 
 
ü Particle size  ≤500µm 
ü Temperature 100±5°C 
ü Time 10. 20. 40. 60. 120 and  
    240 min 
ü NTK solid phase 

Methodology modified from Bimer et al. (1998) 

Ecofertilizer production at laboratory scale 
Reactor layout 

(González et al. 2012, PCT patent application) 
 



Nitrogen impregnation yields onto 
biochar 

Impregnation kinetics for a) BO300 and b) BO500 during 240 min at 100°C and the 
proportion of reactants of 1:1:5 (biochar, nitrogen and deionized water). 
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294.50 mg N/g 
BO300 

290.50 mg N/g 
BO500 
  

254.21 mgN/g 
BO300 

258.30 mgN/g 
BO500 

Ecofertilizer production at laboratory scale 



Encapsulation development using different polymers 

SA 2.5% 
Proportion B-P 1/6 SA 1% 

Proportion B-P 1/3 

EC 10%+10F 
Proportion B-P 1/4 

EC 10%+15F 
Proportion B-P 1/6 

CA10%+10F 
Proportion B-P 1/3 CA10%+15F 

Proportion B-P 1/3 Flattened ellipsoids shape 

Regular spherical shape 

Ecofertilizer production at laboratory scale 



Ecofertilizer production at semi-industrial scale 

Parameter Value Unit 
Biochar 6 kg 
Urea 12 kg 
Water 30 L 
I m p r e g n a t i o n 
time 

8 h 

Temperature  150 °C 

P a r a m e t e r s u s e d i n t h e 
i m p r e g n a t i o n  p r o c e s s 
of ecofertilizer 



Eco-fertilizer production at semi-industrial scale 



Eco-fertilizer production of semi-industrial scale 

Impregnated bioc
har  

Ecofertiliz
er 

(González et al. 2012,  
PCT patent 
application) 



- Ecofertilizer field tests 
 

CURRENT AND POTENTIAL APPLICATIONS 
OF BIOCHAR 

N initial 20% 
N final < 1% 
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Immobilization of 
Candida rugosa 

lipase on biochar Biochar 

Candida rugosa 
Lipase 

Sieves 

Treatment  
 

Methanol 
Ethanol 

Fractions  
<53. 53-75. 75-90.  
90-125. 125-250.  

250-500  

CURRENT AND POTENTIAL APPLICATIONS 
OF BIOCHAR 



Immobilization of Candida rugosa lipase on 
biochar (Cea et al., 2012) 

BO300 (< 53mm) 52.8 2109 24186 61.0
BO300 (53-75 mm) 60.2 2045 20573 51.9
BO300 (75-90 mm) 60.9 1453 14472 36.5
BO300 (90-125 mm) 54.0 1145 12836 32.4
BO300 (125-250 mm) 49.6 372 4547 11.5

BO300 57.0 825 8767 22.1
BO300-methanol 56.5 347 3703 9.3
BO3000-ethanol 57.1 476 5202 13.1
Free Lipase - 13080b 39636 100

BO300 (250- 500 mm) 39.7 188 2870 7.2

Sample
Protein loading 

yield (%)
Lipase activity 
(U/g-biochar)

Activity yield 
(%)

Specific activity 
(U/mg- protein)

             a Protein content of free lipase solution was 330 µg mL-1 

         bActivity of the free lipase is expressed for 1 mL  



Immobilization of Candida rugosa lipase on 
biochar (Cea et al., 2012) 

FTIR spectrum of free Candida rugosa lipase. Biochar derived from 
pyrolyzed oat hull at 300°C and of the immobilized lipase. 



CONCLUSIONS 
 

• Slow temperature increasing rates positively 
increases biochar surface area 
   
• Biochar is currently used as soil ammendment for 
soil fertility improvement and carbon sequestration 

•  Biochar can be used as a renewable matrix for a 
controlled release nitrogen fertilizer development  

• Biochar can be used as support material for 
enzymes immobilization for further use as catalyst 
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