
-20

-15

-10

-5

0

 Weight loss

 Differential WL

350ºC 800ºC550ºC

H2SO4

Air Calcination

W
e
ig

h
t 
lo

s
s
, 
%

600ºC

H2SO4

Pyrolysis (He)

K2CO3

Air Calcination

-0.4

-0.3

-0.2

-0.1

0

D
if
fe

re
n

ti
a
l 
w

e
ig

h
t 
lo

s
s
, 
%

 x
1
0

 /
m

in

200 400 600 800
-20

-15

-10

-5

0

Temperature

200 400 600 800

K2CO3

Pyrolysis (He)

Temperature

-0.4

-0.3

-0.2

-0.1

 
Image 1. TG-MS profile of chemically activated bone char. 
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1. Introduction – The revalorisation of waste material is essential for sustainable development. Recently 

were proved the potential of animal waste bone derived biochar as adsorbent or catalytic support [1,2]. Firstly, 

the waste bones were heated to remove the organic fraction and obtain an inorganic material (precursor) 

which could be further activated. In the second step, the precursor was activated (chemically and/or 

physically). In our previous work [3] we prepared the precursor by heating waste bones in nitrogen flow up to 

450ºC (pyrolysis). The obtained biochar was mainly composed by apatite, though it was not completely 

mineralised (i.e. organic traces) what could result in stability issues in, for example, catalysis applications. In 

the present study we prepare the precursor by calcination (in air flow, up to 500 ºC) of waste bones. The as 

prepared precursor was then chemically and physically activated under varying conditions. The main 

objective was to investigate the reactions that takes place during the physical activation, depending on the 

applied previous chemical treatment, and relate them to the crystallinity and porosity of the obtained biochars.  

2. Experimental – Animal waste bones were precharred in air flow at 500 ºC. The obtained material, so-

called “precursor”, was contacted with either an acid (H2SO4) or an alkali (K2CO4) solution and then heated 

(physical activation) in oxidative (air) or inert (He) atmosphere. Overall, eight activation procedures were 

tested. The physical activation was followed by thermogravimetry coupled to mass spectrometry analysis. 

The evolution of H2, CO, CH4, H2O, CN, HCN, aldehydes, CO2, SO, SO2 species was monitored. The 

obtained biochars were characterised by nitrogen adsorption/desorption at 77 K, X-ray diffraction and FTIR. 

3. Results and Discussion – based on the weight-loss profile (Image 1) two temperature levels were 

established for the oxidative (350 and 550 ºC) and pyrolysis (600 and 800ºC) physical-activation. A high 

correlation was observed between the charring temperature and the specific surface area of biochars (1.1 - 

112.9 m2/g; r2=0.90). Correlation was moderate with respect to the weight-loss (3.2 – 19.8%; r2=0.85), pore 

volume (Vp) (0.004 - 0.44 cm3/g; r2=0.70) and crystal 

growth (14.6 – 99.0 nm; r2=0,71). FTIR analyses 

revealed a deployment in the carbonate/phosphate ratio 

with temperature. Mass spectrometry was used to 

follow the release of H2O, H2, CH4, CO and CO2 during 

the physical activation. Water evolution occurred 

throughout a wide temperature range (100-500 ºC). The 

evolution profile was different whether air or nitrogen 

atmosphere was used. Hydrogen was released only 

during pyrolysis, and at high temperatures (>600 ºC). 

HCN and CN were not detected what suggested that 

most organics were removed in the precursor 

preparation step.  

4. Conclusions – BET area of the prepared biochars progressively decreased with weight-loss regardless of 

the activation protocol. Pore volume progressively decreased up to 600 C, and then drastically dropped. In 

general, porosity was better developed in air atmosphere as compared to pyrolysis conditions. In general, the 

apatite crystal-size was about 30-40 % higher for K2CO3 treated samples, what explained the lower BET area 

of the later samples. Also, results showed that the surface chemistry could be tailored by specific chemical 

treatment. FTIR data revealed a high correlation in carbonate/phosphate ratio and the BET area and pore 

volume, for each chemical agent and independent of charring atmosphere. It is likely that (excessive) 

gasification of carbonates deteriorated the porous structure of the biochar. The obtained information could be 

used to develop adequate activation procedure based on the desired physicochemical properties of the final 

product (biochar), 
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