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• The phenolic structure that lignin possesses makes it a desirable candidate for the synthesis of
high-value products through chemical or thermochemical transformations.

• The hydrothermal carbonization process is a production method for carbon structures with low
energy consumption and is the most attractive way to carbonize biomass with high moisture
content [1].

• The field of electrode construction for supercapacitors or batteries, the use of carbonaceous
structures have reached the nano-size due to their surface area or the decrease of the ion diffusion
distance.

INTRODUCTION
• To develop carbon structures of black liquor

and commercial Kraft lignin through
hydrothermal carbonization and its potential
use in an energy storage system

• To evaluate the production of carbon
structures from black liquor lignin Kraft
through hydrothermal carbonization.

• To study the electrochemical performance of
carbon structures from kraft lignin for its
potential use in energy storage.

OBJECTIVES

Biomass Characterization and Preparation 
• moisture measurement

• Carbon content and Functional groups (elemental, FTIR)

• Lignin thermal treatment [2]

The characterization of the carbon structures 
• Experiments were performed through a factorial experimental design table 1, 23 and 4

central point

• physical-chemical, morphological ( SEM/TEM) , FT-IR, and Brunauer-Emmett-Teller
(BET) surface area)

Electrode preparation for the electrochemical study 
• Doctor blade adapted methodology [3]

• Cyclic voltammetry

• Constant current charge/discharge behavior

METHODS

Lignin Pretreatment 

Electrode preparation

Preparation supercapacitor film

RESULTS

• The factors of the experimental design are the surface area in
m2/g, specific capacitance which is proportional to the specific
area, and the yield in % of hydrochar and carbon content.

• The FTIR analysis on commercial lignin and kraft lignin from
ARAUCO shows a similarity between them and the carbon
content is similar to those reported by [4]

• The pretreatment of the biomass was necessary because, in the
first attempt to get hydrochar, the powder of lignin was
carbonized as a solid mass, this is because the particles over
200°C began to fuse with one each other, which changes the
thermoplastic properties of lignin to thermosetting.

The treatment has an effect on the hydrochar yield % without
the thermostabilization the yield of the carbonization was about
38% average and before the treatment an increase of 42% to
62% at temperatures of 250°C and 200°C respectively.
• The preparation of the supercapacitor film was made with a

PVA and PHB as a binder, the PVA has a better performance
in the creation of the film because of the volatile nature of the
chloroform which is the solvent to dilute PHB.

• The work is continuing with the full characterization of the
hydrochar and completion of the factorial design.
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Factor Levels
-1 0 1

Temperature (ºC) 200 225 250
carbonization time (h) 2 7 12

catalyst (% w/w) 1 5,5 10

Table 1 Factors of the experimental design for HTC to produce carbon structures from kraft lignin.
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Biomass Characterization

Lignin

Moisture 
1,6 to 2,5 %

Sample % C % N
Commercial 
lignin (LG) 48,90 0,80

Kraft lignin 
(LK) 59,34 0,68

Elemental Analysis

Fourier Transform infrared

Lignin carbonization after the thermal 
treatment 

200°C 24 h

Lignin carbonization before the 
thermal treatment 

Carbon 90% + 
Binder 10%


