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Abstract

Black liquor (BL), a by-product of the pulp and paper industry, has always been challenging
for small-scale industries. Traditionally, BL is concentrated in multiple-effect evaporators
(MEE) and combusted in boilers for energy recovery. However, the process is capital-intensive,
requires frequent maintenance, and is inefficient for energy and chemical recovery. Among
other valorisation options, activated carbon (AC) preparation is very efficient since the
inorganics in black liquor can act as chemical activators. This study deals with the valorisation
of highly pollution-causing black liquor into the porous carbon material. This study uses raw
black liquor without any pre-purification as a precursor. ACs are prepared under conventional
heating and microwave heating, and the energy consumption is calculated. AC samples are
prepared under different experimental conditions, i.e., with a set of different temperatures,
single-step self-activation without carbonization, pre-carbonization followed by different times
of activation, and activation with the porogen potassium hydroxide. The prepared AC samples
were characterized with iodine number, nitrogen physisorption analysis, X-ray Diffraction
(XRD), Fourier-transformed infrared (FTIR), Raman spectroscopy, Thermogravimetric
analysis (TGA), CHNSO analysis and SEM imaging. The iodine number obtained in one of
the samples was 1022, more than equal to the commercially available activated carbons. The
oxygen content in the AC indicates the presence of functional surface oxygen groups, which
aids in the adsorption applications along with the textural characteristics. A single-step self-
activation of black liquor under conventional heating fetched AC with 1000 m?/g specific
surface area (SSA), and micropore volume (MPV) of 0.5 cm®/g. The maximum SSA and
micropore volume among the prepared activated carbons is 2046 m?/g and 0.86 cm®/g,
respectively. Microwave activation supports the precursor with high moisture content for the
rapid preparation of activated carbon in 30 minutes. At the lab-scale, it was estimated that

microwave activation consumes less than half of the energy required for conventional



activation. AC prepared under microwave heating with CO activation fetched AC with 980
m?/g specific surface area and micropore volume of 0.53 cm®g. Relying on the existing
experimental data set from literature, this study proposes regression models that describe the
variation of the textural properties of lignin-derived AC as a function of operation conditions,
such as temperature, activation time and impregnation ratio for different activators (KOH,
NaOH). The statistical significance of model parameters was verified by relying on the t-test
results. Using the proposed models, it was found that the activation temperature and
impregnation ratio parameters are the principal factors controlling the activation process, while
activation time has a less significant effect on the development of porous structure. The
optimum temperature range, to yield carbons with higher SSA and MPV, for single step lignin-
KOH/NaOH activation was shown to be 700-800 °C. Similarly, CMMR of 0.5-1 was observed
to be optimum for both single-step and lignin-char activation. Carbons produced by lignin
activation in the presence of KOH exhibit higher SSA and MPV than NaOH-activated carbons
and require shorter activation time to reach the highest porosity. KOH activation of lignin-

derived char requires a lower activation temperature than direct KOH activation of lignin.

Keywords: Black liquor, valorisation, activated carbon, conventional heating, microwave

heating, carbon metal molar ratio, regression model
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