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h i g h l i g h t s

� A new pyrolysis model is proposed based on generalized extreme value distributions.
� The reaction progress factor can be applied over an arbitrary temperature history.
� Rates of all first-order reactions obey a unified inverse Weibull distribution.
� Peak reaction rate occurs when the reaction progress factor approaches zero.
� The GEV-Arrhenius model can be used to evaluate kinetic data.
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a b s t r a c t

A novel model is presented that incorporates the Arrhenius integral into one of the generalized extreme
value (GEV) distributions to describe the pyrolysis of complex feedstocks. The model differs in structure
from distributed activation energy models (DAEM), and its self-variable differs from Weibull mixture
models. It is found that all first order reactions, regardless of their activation energies and pre-
exponential factors, can be best modeled by a unified Fréchet (inverse Weibull) minima distribution ver-
sus a reaction progress factor, followed by the Gumbel maxima and classical Weibull minima distribu-
tions. When applied to thermogravimetric analysis (TGA), the peak temperature is linked to a
characteristic reaction progress factor, which largely accounts for the increase of peak temperatures with
increasing heating rate. The model is able to deconvolute the contributions of multiple components in the
sample and to estimate kinetic parameters for individual components by least squares regression. A cor-
relation derived from the model can be used to evaluate apparent activation energy based on the shift in
peak temperature as the heating rate varies, similar to the Kissinger method and its variants. The present
work provides not only a different model framework, but also new perspective on the interactions
between the statistical distribution of material properties and reactivity.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Thermochemical conversion of biomass for the production of
renewable fuels and chemicals has received unprecedented atten-
tion in the past two decades [1–3]. However, several scientific
challenges, including reaction mechanism, kinetics and a general
lack of suitable process engineering tools, have greatly hindered
progress in industrial applications [4]. Typical results obtained
from thermogravimetric analysis (TGA) are kinetic triplets (activa-
tion energy, pre-exponential factor and reaction model) in the

Arrhenius rate equation. Slow but definite progress has been made
in standardizing the experimental and data processing protocols to
ensure data quality and consistency [5–8].

Most previous pyrolysis models are only able to describe global
weight loss, while some trace the evolution of group products, i.e.
gases, liquid vapour and a solid residue (char) of complex compo-
sition. Such models, with the absence of information about individ-
ual species, are unable to track elemental molar balances in the
process, although the overall mass balance is apparently satisfied.
Fast pyrolysis studies using Py-GC/MS have identified nearly 100
products [9]. One kinetic model for hemicellulose pyrolysis [10]
proposes 24 lumped reactions, most with multiple products. How-
ever, the complexity of the feed and products often demands inten-
sive efforts to identify the reaction mechanisms, precursors,
stoichiometry and chemical kinetics for all significant species.
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