
 
Serviço Público Federal 

MINISTÉRIO DA EDUCAÇÃO 
UNIVERSIDADE FEDERAL DA PARAÍBA 

SISTEMA INTEGRADO DE PATRIMÔNIO, ADMINISTRAÇÃO E CONTRATOS 

PROCESSO 
23074.114028/2025-79

Cadastrado em 30/10/2025

Este é um PROCESSO ELETRÔNICO e não pode ser
tramitado em sua forma física.

NATALY ALBUQUERQUE DOS SANTOS natalys.ufpb@gmail.com Nome(s) do Interessado(s):  E-mail:  Identificador:
1964406 THIAGO CLAUDINO MENDES DE ALMEIDA thiagoufpb15@gmail.com 20200139910 WALLACE DUARTE FRAGOSO
wallace@quimica.ufpb.br 1352049  Tipo do Processo:

 PAGAMENTO Assunto do Processo:
 053.1 - OPERAÇÃO BANCÁRIA - PAGAMENTO EM MOEDA ESTRANGEIRA Assunto Detalhado:

 CHAMADA INTERNA PROPESQ/PRPG/UFPB NO 04/2025 - PPGQ - THIAGO ALMEIDA Unidade de Origem:
 CTDR - DEPARTAMENTO DE TECNOLOGIA DE ALIMENTOS (11.01.32.02) Criado Por:

 NATALY ALBUQUERQUE DOS SANTOS Observação:
---

MOVIMENTAÇÕES ASSOCIADAS

Data Destino

30/10/2025 PROPESQ - COORDENAÇÃO GERAL DE PESQUISA (11.00.79.01)

30/10/2025 PRPG - DIVISÃO DE ATIVIDADES FINANCEIRAS (11.00.40.01)

03/11/2025 PRÓ-REITORIA DE ADMINISTRAÇÃO (PRA) (11.00.47)

03/11/2025 PRA - ASSESSORIA DE COMERCIO EXTERIOR (11.01.08.02.05)

Data Destino

SIPAC | STI - Superintendência de Tecnologia da Informação - 32167000 | Copyright © 2005-2025 - UFPB -
producao_sipac-4.sipac-4



MINISTÉRIO DA EDUCAÇÃO 
UNIVERSIDADE FEDERAL DA PARAÍBA 

FORMULÁRIO Nº 20250830/2025 - CTDR-DTA (11.01.32.02) 

 NÃO PROTOCOLADONº do Protocolo:
João Pessoa-PB, 30 de Outubro de 2025

DADOS DO PROGRAMA DE POS-GRADUACAO

Nome do Programa: Programa de Pós-Graduação em Química

Area na CAPES: Química
Nome do Coordenador: Wallace Duarte Fragoso

Nome do Proponente: Nataly Albuquerque dos Santos

Nome do discente: Thiago Claudino Mendes de Almeida

DADOS DO ARTIGO

Titulo do artigo: Biochar production from sugarcane residual biomass lignin through
pyrolysis

DADOS DO PERIODICO

Nome: Materials
Fator de Impacto: 3.2 (2024)
ISSN: 1996-1944
Site: https://www.mdpi.com/journal/materials
Qualis: A3
Valor da Proforma Invoice: EUR 1403.83

ATESTO QUE O ARTIGO ATENDE AOS REQUISITOS ESTABELECIDOS NA CHAMADA INTERNA
PROPESQ/UFPB PRO-PUBLICACAO.

(Assinado digitalmente em 30/10/2025 00:48)
NATALY ALBUQUERQUE DOS SANTOS
PROFESSOR DO MAGISTERIO SUPERIOR

Matrícula: 1964406

(Assinado digitalmente em 30/10/2025 10:10)
WALLACE DUARTE FRAGOSO
COORDENADOR(A) DE CURSO

Matrícula: 1352049

Processo Associado: 23074.114028/2025-79

Para verificar a autenticidade deste documento entre em https://sipac.ufpb.br/documentos/ informando seu número: 
, ano: , documento (espécie): , data de emissão:  e o código de20250830 2025 FORMULÁRIO 30/10/2025

verificação: e474a212fc



Nataly Albuquerque <natalyjp@gmail.com>

[Materials] Manuscript ID: materials-3917775 - Accepted for Publication
1 mensagem

Materials Editorial Office <materials@mdpi.com> 29 de outubro de 2025 às 22:09
Responder a: Melora Li <melora.li@mdpi.com>, Materials Editorial Office <materials@mdpi.com>
Para: Thiago Claudino Mendes de Almeida <tcma@academico.ufpb.br>, Nataly Albuquerque Dos Santos <natalys.ufpb@gmail.com>, Nataly Albuquerque Dos Santos
<natalyjp@gmail.com>
Cc: Hélio Merá de Assis <hassis@ms.senai.br>, Sarah Inglid dos Santos Silva <sarahidnts@gmail.com>, Angela Maria Tribuzy de Magalhães Cordeiro
<atribuzycordeiro@gmail.com>, Ramon Kenned Sousa Almeida <ramon.almeida@ufrpe.br>, Materials Editorial Office <materials@mdpi.com>, Melora Li <melora.li@mdpi.com>

Dear Mr. Almeida, Professor Santos,

Congratulations on the acceptance of your manuscript, and thank you for
submitting your work to Materials. Please see the relevant manuscript details
below:

Manuscript ID: materials-3917775
Type of manuscript: Article
Title: Biochar production from sugarcane residual biomass lignin through
pyrolysis
Authors: Thiago Claudino Mendes de Almeida *, Hélio Merá de Assis, Sarah
Inglid dos Santos Silva, Angela Maria Tribuzy de Magalhães Cordeiro, Ramon
Kenned Sousa Almeida, Nataly Albuquerque Dos Santos *
Received: 22 Sep 2025
E-mails: tcma@academico.ufpb.br, hassis@ms.senai.br, sarahidnts@gmail.com,
atribuzycordeiro@gmail.com, ramon.almeida@ufrpe.br, natalys.ufpb@gmail.com
Green Materials
https://www.mdpi.com/journal/materials/sections/green_materials
https://susy.mdpi.com/user/manuscripts/review_info/92f288df9e47be395ffece249fdaf946

We will now edit your paper; once complete, we will return it to you for your
review and approval. Within the next few days, an invoice for the article
processing charge (APC), required for publication, will be sent by email from
the Editorial Office in Basel, Switzerland.

If, however, your manuscript requires extensive English language and grammar
revisions, we will need to return the paper and request that such changes are
made.

At MDPI, we offer two options for proofreading: normal proofreading and
online proofreading. To ensure the smooth processing of your manuscript, we

29/10/2025, 23:37 Gmail - [Materials] Manuscript ID: materials-3917775 - Accepted for Publication

https://mail.google.com/mail/u/0/?ik=60fbf13302&view=pt&search=all&permthid=thread-f:1847367113016846108&simpl=msg-f:1847367113016846108 1/2

mailto:tcma@academico.ufpb.br
mailto:hassis@ms.senai.br
mailto:sarahidnts@gmail.com
mailto:atribuzycordeiro@gmail.com
mailto:ramon.almeida@ufrpe.br
mailto:natalys.ufpb@gmail.com
https://www.mdpi.com/journal/materials/sections/green_materials
https://www.mdpi.com/journal/materials/sections/green_materials
https://www.mdpi.com/journal/materials/sections/green_materials
https://susy.mdpi.com/user/manuscripts/review_info/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/user/manuscripts/review_info/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/user/manuscripts/review_info/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/user/manuscripts/review_info/92f288df9e47be395ffece249fdaf946


request that you choose either normal or online proofreading by clicking the
following link:
https://susy.mdpi.com/manuscript/choose_proof_mode/92f288df9e47be395ffece249fdaf946
to this email. If you don't make any choice before the manuscript finished
English Correction Done, we will give priority to proceed this manuscript
with Online Proofreading Mode.

We encourage you to set up a profile on SciProfiles.com, MDPI’s researcher
network platform. Articles you publish with MDPI will be linked to your
SciProfiles page, where your colleagues and peers will be able to see all of
your publications, citations, and other academic contributions.

Have an idea for an open access book? Please  contact us through
bksubmission@mdpi.com if you are interested in publishing an open access
book. MDPI Books offers quality open access book publishing to promote the
exchange of ideas and knowledge across all disciplines in a modern,
globalized world.

Lastly, MDPI is pleased to announce the launch of our Academic Video Service,
which aims to enhance the visibility of our journals’ manuscripts. This
comprehensive service includes professional scriptwriting, animation design,
and strategic promotion. To celebrate the launch of this service, we would
like to offer you a limited-time promotional discount. For further
information and to see examples of Academic Videos we have created, please
visit https://encyclopedia.pub/video_service.

Kind regards,
Maryam Tabrizian
Editor-in-Chief

29/10/2025, 23:37 Gmail - [Materials] Manuscript ID: materials-3917775 - Accepted for Publication

https://mail.google.com/mail/u/0/?ik=60fbf13302&view=pt&search=all&permthid=thread-f:1847367113016846108&simpl=msg-f:1847367113016846108 2/2

https://susy.mdpi.com/manuscript/choose_proof_mode/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/manuscript/choose_proof_mode/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/manuscript/choose_proof_mode/92f288df9e47be395ffece249fdaf946
https://susy.mdpi.com/manuscript/choose_proof_mode/92f288df9e47be395ffece249fdaf946
mailto:bksubmission@mdpi.com
https://encyclopedia.pub/video_service
https://encyclopedia.pub/video_service


MINISTÉRIO DA EDUCAÇÃO
UNIVERSIDADE FEDERAL DA PARAÍBA
SISTEMA INTEGRADO DE PATRIMÔNIO, ADMINISTRAÇÃO E CONTRATOS

FOLHA DE ASSINATURAS

Emitido em 30/10/2025

ANEXO Nº 00/2025 - PPGQ (11.01.14.55) 

 NÃO PROTOCOLADO)(Nº do Protocolo:

(Assinado digitalmente em 30/10/2025 00:48 ) 
NATALY ALBUQUERQUE DOS SANTOS 

PROFESSOR DO MAGISTERIO SUPERIOR

1964406

(Assinado digitalmente em 30/10/2025 10:10 ) 
WALLACE DUARTE FRAGOSO 

COORDENADOR(A) DE CURSO

1352049

Para verificar a autenticidade deste documento entre em  informando seu número: https://sipac.ufpb.br/documentos/
, ano: , documento (espécie): , data de emissão:  e o código de verificação: 00 2025 ANEXO 30/10/2025 5b6194628b

https://sipac.ufpb.br/public/jsp/autenticidade/form.jsf


 

 

 
 

 

 
Materials 2025, 18, x https://doi.org/10.3390/xxxxx 

Article  1 

Biochar production from sugarcane residual biomass lignin 2 

through pyrolysis 3 
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  Highlights 18 

 19 

• The current study utilizes lignin extracted from sugarcane bagasse as the primary 20 

feedstock for biochar production, rather than employing the raw bagasse itself. 21 

• This study investigates, through pyrolytic thermal treatment of two lignin sources, the 22 

production of biochars and the evaluation of their potential applications. 23 

• The pyrolysis conditions were designed to limit the removal of surface functional 24 

groups and to assess the effect of this approach on the higher heating value of biochars, 25 

given that elevated oxygen-to-carbon ratios tend to reduce the calorific value of 26 

biochar. 27 

• The analyses indicated that the biochar derived from sugarcane lignin exhibited higher 28 

energy density, moderate stability and a high carbon content. 29 

Abstract 30 

Lignin is the most structurally complex component of lignocellulosic biomass. Each 31 

year, thousands of tons of lignin-rich residues from enzymatic hydrolysis are generated 32 

in sugarcane-based cellulosic ethanol biorefineries. The current study specifically 33 

utilizes lignin extracted from sugarcane bagasse as the primary feedstock for biochar 34 

production, rather than employing the raw bagasse itself. This study investigates, 35 

through pyrolytic thermal treatment of two lignin sources, the production of biochars 36 

and the evaluation of their potential applications. Kraft commercial lignin and 37 

sugarcane bagasse lignin samples, along with their corresponding biochars, were 38 

characterized by elemental and proximate analyses, higher heating value determination, 39 

spectroscopic techniques, thermogravimetric analysis, X-ray diffraction, scanning 40 

electron microscopy coupled with energy-dispersive spectroscopy, and true density 41 

measurements. The results revealed a lower contamination level associated with the 42 

extraction process and confirmed the amorphous nature of sugarcane bagasse lignin and 43 

its derived biochar.  An O/C ratio of approximately 0.3 was obtained for the sugarcane 44 
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bagasse lignin biochar based on both elemental and Raman spectroscopy analyses. Both 45 

elemental composition assessment and Raman spectroscopic analysis indicated that all 46 

biochar specimens exhibited hydrogen-to-carbon (H/C) ratios exceeding 0.5. The 47 

analyses, therefore, indicated that the biochar derived from sugarcane lignin exhibited 48 

higher energy density, moderate stability and a high carbon content. The proposed 49 

approach thus provides promising alternatives for the valorizing lignin residues derived 50 

from second-generation ethanol production processes. 51 

Keywords: sugarcane; lignin; biochar; pyrolysis. 52 

 53 

                                           1. Introduction 54 

 Brazil stands as one of the global leaders in second-generation ethanol (E2G) 55 

production. This alternative energy source is obtained through the biological 56 

fermentation of sugars derived from lignocellulosic biomass. Although sugarcane 57 

bagasse and straw are the main feedstocks used in second-generation ethanol 58 

biorefineries, other agricultural residues—such as corn stover, agave bagasse, wood, and 59 

cellulosic paper waste—can also serve as potential raw materials [1]. 60 

The continuous advancement of E2G production technologies, particularly those 61 

based on sugarcane bagasse, has led to the generation of large quantities of residual 62 

materials [2].  63 

 Sugarcane bagasse (Saccharum officinarum) typically consists of approximately  64 

32.7% to 46.4% cellulose, 20.2% to 29.6% hemicellulose, 18.9% to 27.5% total lignin, and 65 

3.1% to 10.3% extractives [3]. In 2024, according to the Brazilian Institute of Geography 66 

and Statistics (IBGE), sugarcane production in Brazil reached 759.662.482 metric tons. 67 

During its processing, various residues and by-products are generated, including straw, 68 

bagasse, boiler ash, and vinasse. Bagasse is primarily utilized in boilers or cogeneration 69 

units to supply heat and power [4]. 70 

Certain pretreatment and processing technologies can disrupt the fibrous structure 71 

of bagasse, enabling access to cellulose and hemicellulose sugars required for ethanol 72 

synthesis. During steam explosion, a reactor is operated under elevated pressures and 73 

temperatures to carry out the pretreatment of sugarcane bagasse using water vapor. 74 

Following the disruption of the bagasse structure, the material can be treated with a 75 

sodium hydroxide solution, which is capable of solubilizing lignin and a portion of the 76 

hemicellulose. Subsequently, lignin can be recovered from the resulting black liquor. 77 

Despite the entirety of this process, most of the lignin generated during E2G 78 

production is still discarded or combusted for bioenergy generation [5].  79 

 Globally, it is estimated that less than 2% of the lignin generated by the pulp and 80 

paper industry is employed in the manufacture of high-value products such as 81 

dispersants, adhesives, and surfactants [5]. In turn, in a typical sugarcane-based 82 

cellulosic ethanol biorefinery producing 80 million liters annually, approximately 70–130 83 

thousand tonnes of lignin-rich enzymatic hydrolysis residue are generated annually  [6]. 84 

Alternative extraction methods, such as organosolv and alkaline processes, still face 85 

limitations in producing lignin with low degradation, high purity, and satisfactory 86 

yields [7;8].  87 

Kraft lignin holds a larger market share compared to soda lignin, lignosulfonates, 88 

and organosolv lignin, with an estimated cost ranging from US$ 250 to US$ 364 per ton. 89 

During the cooking process in the production of kraft lignin, the lignin present in the 90 

wood is solubilized in an aqueous solution of sodium hydroxide and sodium sulfide. 91 

Subsequently, lignin can be extracted from the black liquor. The kraft alkaline extraction 92 

method, commonly employed in the paper industry, produces lignin with a higher 93 

sulfur content. Its application is already well-established at an industrial scale, making it 94 
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an appropriate benchmark for comparison with lignins derived from other biomass 95 

sources using different extraction methods [9]. 96 

Due to its highly thermoresistant and carbonaceous nature, lignin can be effectively 97 

modified only through thermochemical processes. Among these, pyrolysis—thermal 98 

decomposition in the absence of oxygen—produces various industrially relevant 99 

products. In particular, slow pyrolysis favors the formation of a solid carbonaceous 100 

material known as biochar. 101 

Biochar is recognized by the United Nations Intergovernmental Panel on Climate 102 

Change  as both a carbon dioxide removal (CDR) technology and a viable market-based 103 

solution. The CDR potential of biochar derives from the CO₂ initially captured via 104 

photosynthesis during biomass growth, which is subsequently converted into a stable 105 

form of carbon through pyrolysis [10; 11] . 106 

Despite the growing interest in lignin valorization, few studies have focused on the 107 

use of lignin residues from sugarcane bagasse–based E2G production for biochar 108 

synthesis. The valorization of lignocellulosic biomass into value-added products 109 

through hydrothermal treatment (<300 °C) has been explored [12]. A previous study [6] 110 

investigated the production of bio-oil and biochar from lignin-rich residues derived 111 

from sugarcane bagasse. However, the present study specifically employs lignin isolated 112 

from sugarcane bagasse as the feedstock for biochar production, rather than raw bagasse 113 

itself. This approach enhances the valorization of a more recalcitrant and underutilized 114 

by-product. 115 

In this context, lignin-derived biochar may provide enhanced energy efficiency 116 

when utilized as a solid fuel. Additionally, the valorization of lignin residues involves 117 

their transformation into materials capable of long-term carbon storage [13]. 118 

Biochar is composed primarily of carbon, oxygen, and heteroatoms, although 119 

mineral inclusions are frequently present and may limit its range of applications. Its 120 

composition is highly dependent on the precursor material and influenced by pyrolysis 121 

conditions. 122 

In this study, slow pyrolysis of kraft lignin and sugarcane bagasse lignin was 123 

conducted with the objective of maximizing the yield of the solid fraction. 124 

[14] indicate that conventional slow pyrolysis processes typically operate within a 125 

temperature range of 300 to 700 °C. Therefore, the selection of 500 °C as the pyrolysis 126 

temperature is supported by existing literature. Within this temperature range, an 127 

intermediate value may maximize the carbon yield of the resulting biochar relative to 128 

the original lignin, minimize potential losses in biochar yield, while concurrently 129 

enhancing the efficiency of thermal energy utilization during the pyrolysis process. 130 

Many studies have reported  biochars suitable for soil enhancement, carbon 131 

sequestration, environmental remediation, and as precursors for carbon-based materials. 132 

Moreover, biochars can improve the mechanical, thermal, and electrical properties of 133 

polymer composites and offer additional technological applications [15; 16; 17; 18; 19; 20; 134 

21; 22]. 135 

In light of these considerations, the potential applications of the resulting biochars 136 

were evaluated based on their suitability as solid fuels (assessed via energy density) and 137 

as stable carbon storage materials (assessed via stability). 138 

The pyrolysis conditions were designed to limit the removal of surface functional 139 

groups and to assess the effect of this approach on the higher heating value (HHV) of the 140 

resulting biochars, given that elevated oxygen-to-carbon (O/C) ratios—although 141 

associated with increased cation exchange capacity (CEC)—tend to reduce the calorific 142 

value of biochar[23]. 143 

Beyond energetic applications, a moderate oxygen-to-carbon (O/C) ratios of lignin-144 

derived biochars may contribute to other functions. A high O:C ratio is desirable must 145 

not be excessively high, as it would reduce the biochar’s half-life. The low (O/C) of 146 

biochars produced from conventional feedstocks limits their commercial applications; 147 



Materials 2025, 18, x FOR PEER REVIEW4 of 23 
 

 

therefore, an intermediary O:C ratio in lignin-based biochars could offer an alternative 148 

outcome. 149 

Furthermore, lignin-rich biomass can support decarbonization efforts and promote 150 

a circular economy, as lignin is the second most abundant renewable resource derived 151 

from lignocellulosic biomass.  152 

                                                    2. Materials and Methods 153 

2.1. Materials 154 

Two types of lignin were used in this study: commercial kraft lignin (LK) (Sigma 155 

Aldrich Co.), employed as a reference, and lignin extracted from sugarcane bagasse 156 

(LCA). The latter was obtained through a steam explosion pretreatment at 200 °C for 7 157 

min in a 5 m³ reactor. Delignification was carried out using 1 wt%  NaOH in a 350 L 158 

reactor at the Escola de Engenharia de Lorena (EEL-USP). 159 

 160 

2.2. Thermal Analyses of Sugarcane Bagasse Lignin and Kraft Lignin 161 

To determine the pyrolysis conditions of the sugarcane bagasse lignin, the effect of 162 

the different heating rate on the thermogravimetric curves was previously evaluated. 163 

Approximately 10 mg of sugarcane bagasse lignin were subjected to a non-isothermal 164 

heating program from room temperature to 1000 °C under a high-purity nitrogen 165 

atmosphere (99.997%) at a flow rate of 50 mL·min⁻¹. Alumina crucibles were used  in the 166 

analyses with thermal analyzer (Discovery SDT650, TA Instruments, Germany). Heating 167 

rates of 10 °C· min⁻¹ (LCA10), 20 °C·min⁻¹ (LCA20), and 30 °C·min⁻¹ (LCA30) were 168 

evaluated. 169 

Thermogravimetric analysis of kraft lignin (KL) was conducted under an inert 170 

atmosphere with a gas flow rate of 100 mL·min⁻¹ and a heating rate of 10 °C.min⁻¹. 171 

Alumina crucibles were used to analyze approximately 10 mg of sample in experiments 172 

performed on a thermobalance in a thermal analyzer (Discovery SDT650, TA 173 

Instruments, Germany), in which the sample were heated up to 850 °C. 174 

 175 

2.3. In situ pyrolysis in a fixed bed reactor 176 

Pyrolysis experiments were performed in situ to produce solid, liquid, and gaseous 177 

fractions. Lignin samples, either from sugarcane bagasse or commercial kraft lignin, 178 

were pyrolyzed under controlled conditions.. 179 

For each experiment, 10 g of lignin were weighed on an analytical balance. The 180 

fixed-bed reactor was purged for 20 min with nitrogen gas before heating. The gaseous 181 

products were condensed, and the furnace temperature was controlled via a computer-182 

based command system. All experiments were carried out in a horizontal tubular 183 

furnace (FT-1200/H model, Fortelab, Brazil). 184 

The pyrolysis process was adapted based on the previous thermal analysis of 185 

sugarcane bagasse lignin, with the objective of increasing the yield of the solid fraction.  186 

The selected temperature of 500 °C was also supported by the literature, as authors 187 

such as [14] report that typical conditions for slow pyrolysis involve temperatures 188 

ranging from 300 to 700 °C. Within this broad temperature range, an intermediate value 189 

was chosen to enhance the carbon content of the resulting biochar compared to the 190 

original lignin, while maintaining low thermal energy input, as reflected in the residence 191 

time and the final temperature employed during pyrolysis. 192 

Optimization based on the heating rate variation indicated negligible standard 193 

deviations, with approximately 0% variation in kraft lignin biochar yield and about 2% 194 

variation for sugarcane bagasse lignin biochar yield.  195 

The selected pyrolysis parameters were as follows: heating rate of 20 °C·min⁻¹, 196 

nitrogen flow of approximately 100 mL·min⁻¹, final pyrolysis temperature of 500 °C, and 197 
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residence time at the final temperature of 15 min. The resulting biochars were labeled as 198 

K20 (kraft lignin biochar) and CA20 (sugarcane bagasse lignin biochar). 199 

Biochar yield, adapted from  [24], was calculated on a dry basis to eliminate 200 

moisture-related bias. The yield (mass %) was determined as the ratio between the mass 201 

of dried biochar obtained after pyrolysis and the mass of dried lignin feedstock. 202 

 203 

2.4. Proximate analysis and determination of the higher heating value 204 

Proximate analyses of the biochars were carried out according to the methodology 205 

described by [25]. Thermogravimetric analyses were conducted under both nitrogen and 206 

synthetic air atmospheres (100 mL·min⁻¹) at a heating rate of 10 °C·min⁻¹, using alumina 207 

crucibles and 10 mg of each sample in a thermobalance (Discovery SDT650, TA 208 

Instruments, Germany), heating up to 600 °C. 209 

Moisture content was defined as the mass loss between 30 °C and 105 °C under air. 210 

Ash content corresponded to the residual mass at 600 °C under air. Volatile matter was 211 

defined as the mass loss between 105 °C and 600 °C under both synthetic air (MVar) and 212 

nitrogen (MVN₂). For accurate volatile determination, the nitrogen atmosphere curve 213 

was used since oxidation under air may affect fixed carbon estimation. The fixed carbon 214 

content (%) was obtained from the difference (MVar – MVN₂). 215 

The Higher Heating Value (HHV) was measured using an IKA c-200 calorimeter 216 

(Germany), in triplicate, following ASTM D5865. 217 

 218 

2.5. Thermal profile of biochars 219 

To assess the thermal behavior at higher temperatures, thermogravimetric 220 

analyses (TG) of the biochar samples were performed using a simultaneous thermal 221 

analyzer (STA 449 F3 JUPITER® , NETZSCH, NETZSCH-Gerätebau GmbH: Selb, 222 

Germany). Approximately 20 mg of each sample were placed in alumina crucibles and 223 

heated from 30 °C to 950 °C at a rate of 20 °C·min⁻¹ under an inert nitrogen atmosphere 224 

(20 mL·min⁻¹). 225 

 226 

2.6. Elemental analysis 227 

Elemental analyses (C, H, N, S) of lignins and biochar samples were obtained 228 

using a Unicube®  Elemental Analyzer (Elementar Analysensysteme GmbH, 229 

Langenselbold, Germany). Approximately 1 mg of each sample was analyzed in 230 

duplicate. In this elemental analysis technique, the results are based on the entire 231 

product, as the mass includes the ash content. 232 

The oxygen content of the biochars was determined using the following equation: 233 

O(%) = 100 − C(%) − H(%) − N(%) − S(%) − Ash(%). 234 

 235 

2.7.  X-ray diffraction of lignins and biochars 236 

X-ray diffraction analysis was performed using a Shimadzu Lab X XRD-6000 237 

diffractometer (Kyoto, Japan). Both lignin and biochar samples were analyzed using 238 

CuKα radiation (λ = 1.5406 Å), at 30 kV and 30 mA, under ambient temperature. Scans 239 

were conducted at a rate of 2° min⁻¹ over a 2θ range of 2° to 55°. 240 

 241 

2.8. Fourier transform infrared spectroscopy (FTIR) 242 

Infrared spectra of the in natura lignin and biochar samples were acquired using a 243 

Nicolet iS10 spectrometer (Thermo Scientific, Thermo Fisher Scientific / Nicolet -  244 

Madison, WI, United States of America), employing the Attenuated Total Reflectance 245 

(ATR) sampling technique with a diamond crystal. The samples were oven-dried at 60 246 

°C for at least 1 h 30 min and subsequently stored in a desiccator. Analyses were carried 247 
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out in duplicate, with 32 scans per measurement, in the spectral range of 4000–400 cm⁻¹, 248 

using transmittance (%T) mode and a spectral resolution of 4 cm⁻¹. 249 

 250 

2.9. Raman spectroscopy 251 

Raman spectra were collected using a Renishaw InVia confocal Micro-Raman 252 

(England) using an Ar laser (514 nm) with the output power set at 2,5 mW power. The 253 

spectral range analyzed was 100–3700 cm⁻¹ and the equipment was operating with a 254 

detector exposure time of 10s and 10 accumulations per sample. 255 

The D and G bands were fitted using Gaussian curve fitting, with coefficients of 256 

determination (R²) of 0.98483 for kraft lignin biochar and 0.99149 for sugarcane bagasse 257 

lignin biochar. 258 

Intensities at 800 cm⁻¹ (IAr), 1800 cm⁻¹ (IBr), and the D band intensity (IDr)were 259 

used to calculate several derived parameters, following the equations proposed by  [26]. 260 

Several references used these calculations, which are already consolidated in the area of 261 

carbonaceous materials [27; 28; 29; 30].   262 

These were applied to calculate parameters including the fluorescence interference 263 

coefficient (α), biochar yield (CY), residual volatile content (RV), volatile matter (Vdaf), 264 

and the H/C and O/C ratios: 265 

 266 

α = (IBr-IAr)/(IDr-IAr) (1) 

CY=26.53+30.1758*α (2) 

RV= -23.70 + 1.07735*CY (3) 

Vdaf=-23.70/CY+1.07735  (4) 

H/C=-0.0144+ 0.01769 * Vdaf (5) 

   O/C=0.0077+0.3253 * (H/C)+ 0.0647 * (H/C)2 (6) 

 

                                                    2.10. Scanning electron microscopy coupled with energy dispersive spectroscopy 267 

Samples were dehydrated, mounted on aluminum stubs with carbon tape, and 268 

sputter-coated with a ~2 nm gold layer using a Quorum Q150T E coater under argon (20 269 

mA, 120 s).  270 

Surface morphology was observed using a Zeiss EVO LS15 high-resolution 271 

scanning electron microscope (Carl Zeiss Microscopy, Cambridge, United Kingdom) 272 

operated under high vacuum at up to 20 kV in backscattered electron (BSE) mode. 273 

Magnifications varied between 300× and 15.000× . 274 

Elemental composition was determined using an Oxford Instruments (Oxford, 275 

United Kingdom) INCA X-act EDX detector (133 eV resolution for Mn Kα) operated at 276 

20 kV. Analyses were performed on representative regions (30–60 s acquisition per point 277 

or map). Data were processed using Aztec software with ZAF corrections to quantify 278 

major and trace elements (Fe, Si, Ca, K, Mg, Al). 279 

 280 

2.11. True density analysis 281 

True densities of kraft lignin, sugarcane bagasse lignin, and their respective 282 

biochars were determined after pre-drying, cooling, and grinding the materials.   283 

This technique is widely employed for the characterization of solid materials such 284 

as lignins, biochars and other biomass-derived products, providing critical information 285 

about their internal structure and degree of compactness. In this procedure, the samples 286 

were initially oven-dried to a constant mass, cooled in a desiccator, and ground to obtain 287 
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homogeneous particles. They were subsequently weighed with precision and analyzed 288 

using a helium gas pycnometer ( Micromeritics AccuPyc 1330, Georgia, United States of 289 

America), an instrument that determines the true volume of the sample by measuring 290 

the pressure variation between chambers of known volume. The true density was 291 

calculated as the ratio of the dry mass to the measured volume. The average of five 292 

measurements was used to ensure repeatability. 293 

3. Results and discussion 294 

3.1. Lignin 295 

The thermal decomposition profiles of sugarcane bagasse lignin at different heating 296 

rates are presented in Figure 1. The decomposition behavior of sugarcane bagasse lignin 297 

exhibited an initial mass-loss stage associated with dehydration, occurring up to 298 

approximately 150 °C, where a weight reduction of about 8% was observed for the 299 

samples heated at 10 °C·min⁻¹ (LCA10), 20 °C·min⁻¹ (LCA20), and 30 °C·min⁻¹ (LCA30). 300 

The second stage of decomposition—evidenced by a shoulder in the derivative 301 

thermogravimetric (DTG) curves—was observed between 250 °C and 290 °C and can be 302 

attributed to the degradation of residual hemicellulose and cellulose. Beyond this range, 303 

up to  1000 °C, the major decomposition event corresponded to the breakdown of the 304 

lignin aromatic structure. 305 

The DTG curves indicated maximum decomposition rate temperatures, or peak 306 

temperatures (Tmax) ranging from 360 °C to 385 °C.  Among the three thermal 307 

conditions tested, the highest Tmax ocurred at the highest heating rate, while the lowest 308 

was observed at the lowest rate. This shift of the DTG peak toward higher temperatures 309 

with increasing heating rate is consistent with the low thermal conductivity of lignin and 310 

the presence of thermal lag effects [31]. 311 

At 1000 °C, the residual mass ranged from approximately 38% to 42%. The highest 312 

residual mass was obtained at a heating rate of 20 °C min⁻¹, which was therefore selected 313 

for subsequent pyrolysis experiments to maximize the yield of the solid biochar fraction. 314 

 315 

 316 
Figure 1. Thermal profile of sugarcane bagasse lignin under a nitrogen atmosphere at 317 

heating rates of 10 °C min⁻¹, 20 °C min⁻¹, and 30 °C min⁻¹. Thermogravimetric curves (a) and 318 
derivative mass-loss curves (b). 319 
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 320 

Among the main stages of mass loss of kraft lignin under a nitrogen atmosphere—321 

analyzed from the thermogravimetric (TG) and derivative thermogravimetric (DTG) 322 

curves shown in Figure 2—a mass loss of nearly 10% is observed up to approximately 323 

120 °C, which can be attributed to the evaporation of moisture from the sample. Between 324 

120 °C and 170 °C, a second region of mass loss of about 2% is identified, also associated 325 

with the dehydration of kraft lignin. Subsequently, a shoulder appears in the DTG 326 

curve, primarily related to the degradation of residual sugars, occurring between 327 

approximately 170 °C and 295 °C, resulting in a 10% mass loss. Another significant mass 328 

loss region, mainly attributed to the degradation of sugars and lignin, is observed 329 

between 295 °C and 420 °C, with a maximum degradation rate (Tmax) around 345 °C. 330 

Beyond 420 °C, a final stage of mass loss occurs, with a Tmax  near 750 °C, 331 

corresponding to further thermal degradation of the lignin structure. At the final 332 

analysis temperature of approximately 850 °C, a residual mass of about 46% remained. 333 
 334 

 335 
            Figure 2. Thermal profile of kraft lignin under a nitrogen atmosphere  336 
 337 

 3.2. Biochar production, proximate analysis, and higher heating value 338 

The yield of biochar derived from sugarcane bagasse lignin (53.20%) was consistent 339 

with values previously reported in the literature [32]. In contrast, the biochar produced 340 

from kraft lignin exhibited a higher yield (70.70%), which can be attributed to its 341 

elevated ash content. 342 

Figure 3 the thermogravimetric (TG) and differential scanning calorimetry (DSC) 343 

curves of both biochars under nitrogen and air atmospheres.   344 

In the DSC curves of the biochars, under a nitrogen atmosphere, a continuous 345 

endothermic process was observed throughout the thermal analyses starting at 346 

approximately 100 °C. Under a synthetic air atmosphere, the DSC curve of CA20 347 

exhibited not only continuous endothermic events during the combustion of the material 348 

but also an exothermic peak at approximately 430 °C. Additionally, in synthetic air, a 349 

prominent exothermic peak was observed at around 495 °C for K20. 350 

The thermal profiles were employed to perform proximate analysis calculations, 351 

following the methodology described in [25]. Table 1 shows the loss percentage in 352 

weight of biochars as a function of temperature and atmosphere used. The peak 353 

temperatures of the DTG (Tmax) are presented in Table 1. 354 

 355 
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356 
  357 

Figure 3.  Thermogravimetric curves of biochar in nitrogen (a) and air (b) atmospheres and 358 
DSC curves in nitrogen (c) and air (d) 359 

 360 

Table 1. Mass loss of biochars  under nitrogen and synthetic air atmospheres  361 

Mass Loss in Synthetic Air (Wt%)  Mass Loss in Nitrogen (Wt%) 

Biochar 30 e 105 oC  

range 

105 e 600 oC 

 range 

30 e 600 oC  

range 

Tmax 

(oC) 

105 e 600 oC 

range 

Tmax (oC) 

K20 6.60 62.80 69.40 496.40 11.70 86.59 

CA20 6.00 85.60 91.60 430.68 25.10 56.24 

 362 

The biochar derived from sugarcane bagasse lignin exhibited an ash content below 363 

10%. A comparable value of approximately 13% was reported for lignin-derived biochar 364 

in a previous pyrolysis study [33], while lignin biochars have generally shown ash 365 

contents ranging from 5% to 15%  [34]. 366 

The elevated ash content observed in the kraft lignin biochar (K20, 367 

30.60%),suggested the presence of salts, which was confirmed in subsequent analyses. 368 

This result is consistent with the kraft pulping process, which employs sodium 369 

hydroxide and sodium sulfide solutions for lignin extraction  [35]. The high ash content 370 

of K20 led to a lower volatile matter fraction (11.70 wt%) compared with the biochar 371 

obtained from sugarcane bagasse lignin (CA20, 25.10 wt%). 372 

Moisture contents below 10% are generally desirable, as higher values can decrease 373 

the energy density of biomass-derived materials  [36]. The moisture contents of K20 and 374 

CA20 were 6.60% and 6.00%, respectively. 375 

Both biochars presented experimental fixed carbon contents exceeding  50%, with 376 

the sugarcane bagasse lignin biochar exhibiting the highest value. Similar findings were 377 

reported by  [37], who observed approximately 58% fixed carbon content for kraft lignin 378 

biochar. The fixed carbon content of lignin biochar, obtained by [34] was above 60%, 379 
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observing, as expected, an increase in the percentage of fixed carbon, with the increase 380 

in the pyrolysis temperature. 381 

The lignin source and extraction method played decisive roles in conferring 382 

favorable characteristics to the sugarcane bagasse lignin biochar, as evidenced by the 383 

proximate analysis results, which were further supported by the higher heating value  384 

(HHV) measurements. 385 

In this context, the HHVs of kraft lignin and sugarcane bagasse lignin were 386 

22.36 MJ·kg⁻¹ and 22.78 MJ·kg⁻¹, respectively. According to [38] lignin typically exhibits 387 

HHV values ranging between 22.20 MJ·kg⁻¹ and 28.50 MJ·kg⁻¹. The sugarcane bagasse 388 

lignin biochar (CA20) presented a higher specific energy content (HHV = 25.95 MJ·kg⁻¹) 389 

compared with kraft lignin biochar (K20, HHV = 23.05 MJ·kg⁻¹), highlighting its greater 390 

potential as a solid biofuel. 391 

The results of the proximate analyses and higher heating value determinations for 392 

both biochars are summarized in Table 2. 393 

 394 
          Table  2.  Proximate analysis and higher heating value of biochars 395 

 K20 (wt%) CA 20 (wt%) 

Proximate analysis 

Moisture content 6.60 6.00 

Ash content 30.60 8.40 

Fixed carbon 51.10 60.50 

Volatile matter 11.70 25.10 

Higher Heating Value (MJ/kg) 

 23.05 25.95 

 396 

3.3. Thermal profile of biochars 397 

Figure 4 shows the thermogravimetric and DTG curves of sugarcane bagasse lignin 398 

biochar (CA20) and kraft lignin biochar (K20) under a nitrogen atmosphere. These 399 

analyses provided an extended thermal profile of both materials, employing the same 400 

heating rate used in the initial thermal analysis of sugarcane bagasse lignin and during 401 

the pyrolysis experiments (20 °C min⁻¹). 402 

The thermal behavior of the commercial kraft lignin biochar revealed a more 403 

pronounced mass loss at higher temperatures. From ambient temperature up to 150 °C, a 404 

weight loss of approximately 2.46% was observed, primarily due to moisture 405 

evaporation. Between 150 °C and 500 °C, the thermogravimetric curve of K20 showed a 406 

modest mass loss of  7.80%, followed by a more substantial loss of 32.20% in the 500–950 407 

°C range. At the final temperature, 57.54% of K20 biochar remained as residual mass. 408 

For the K20 DTG profile, the peak decomposition temperature (Tmax) was 409 

approximately 730 °C 410 

In contrast, the sugarcane bagasse lignin biochar (CA20) exhibited a higher mass 411 

loss at lower temperatures compared with K20. Between ambient temperature and 412 

150 °C, CA20 exhibited a 2.40% mass loss was recorded, corresponding to moisture 413 

release. From 150 °C to 500 °C, CA20 presented a 12.94% mass loss, and an additional  414 

18.60% loss occurred between 500 °C and 950 °C. At the end of the analysis, the residual 415 

mass of CA20 under a nitrogen atmosphere was 66.06%. 416 
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  417 

 For the CA20 DTG profile, the peak decomposition temperature was 418 

approximately 570 °C. 419 

 420 

 421 
Figure 4.  Thermogravimetric (a) and DTG curves (b) of sugarcane bagasse lignin 422 

biochar and kraft lignin biochar under a nitrogen atmosphere. 423 

 424 

Table 3 presents the mass loss of the biochars under a nitrogen atmosphere. 425 

 426 
Table  3. Mass loss of the biochars under a nitrogen atmosphere 427 

Mass loss under a nitrogen atmosphere (Wt%) 

Biochar 30 e 150 oC range 150 e 500 oC range 500 e 950 oC range Tmax (oC) 

K20 2.46 7.80 32.20 730 

CA20 2.40 12.94 18.60 570 

 428 

3.4. Elementary analysis of materials 429 

The elemental compositions of both lignins are summarized in Table 4. The results 430 

for kraft lignin and sugarcane bagasse lignin were consistent with those reported in the 431 

literature, with elemental percentages varying according to the extraction method 432 

employed. Notably, sulfur was detected in kraft lignin but was absent in both the 433 

sugarcane bagasse lignin and its corresponding biochar, reflecting the distinct 434 

delignification processes used [7; 39]. 435 

The relative increase in carbon content observed in the sugarcane bagasse lignin 436 

biochar suggests enhanced hydrophobicity, a reduction in hydrogen content, and 437 

oxygen depletion resulting from the slow pyrolysis treatment. This compositional shift 438 

indicates a higher degree of carbonization, which contributes to the improved stability 439 

and potential functional performance of the biochar. 440 

The oxygen content calculated for the kraft lignin and sugarcane bagasse biochars 441 

was 11.21 wt% and 26.37 wt%, respectively, while the O/C ratios obtained for these 442 
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biochars were 0.15 and 0.32, respectively.The lower O/C ratio of the kraft lignin biochar 443 

reflects its higher ash content compared to the biochar derived from sugarcane bagasse 444 

lignin. 445 

 446 
Table 4.  Elemental Analysis of  the Materials 447 

 Elements  (wt%) 

Materials        C      H S N H/C 

LK 49.20 4.71 1.96 0 1.14 

LCA 54.29 4.89 0 0.73 1.07 

K20 54.77 2.66 0.76 0 0.58 

CA 20 61.64 2.74 0 0.85 0.53 

 448 

3.5. X-ray diffraction (XRD) of lignins and biochar 449 

The X-ray diffraction (XRD) patterns of lignin extracted from sugarcane bagasse 450 

(LCA) and its corresponding biochar (CA20) indicate that both materials are amorphous, 451 

as shown in Figure 5.  452 

The same figure also displays the XRD patterns of kraft lignin (LK) and its biochar 453 

(K20).  The diffractogram of K20 reveals low structural ordering and revealed the 454 

contaminant phase , identified as sodium carbonate (Na₂CO₃).  This phase became more 455 

prominent due to the relative concentration increase after pyrolysis. Similar crystalline 456 

salt phases, particularly Na₂CO₃ on the surface of carbonaceous materials derived from 457 

black liquor, were also reported by  [40]. 458 

 459 

 460 
Figure 5. X-ray diffraction pattern of lignins and their biochars. 461 

 462 
 463 

 464 

 465 
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3.6. Characterization by Fourier transform infrared spectroscopy of lignins and biochar 466 

Figure 6 shows selected absorption bands in the infrared spectra of the lignin 467 

samples. For both kraft lignin (LK) and bagasse-derived lignin (LCA), , prominent bands 468 

are observed at approximately 1605 cm⁻¹ and 1515 cm⁻¹,characteristic of aromatic ring 469 

vibrations in the phenylpropane units of lignin.  A distinct band at ~ 1420  cm⁻¹, is also 470 

present, attributed to aromatic skeletal vibrations coupled with in-plane C–H 471 

deformation  [41; 42; 43]. 472 

The band at 2922 cm⁻¹ corresponds to C–H stretching,vibrations of methyl and/or 473 

methylene groups. A band near 1330 cm⁻¹ is characteristic of syringyl (S) units, resulting 474 

from C–O stretching in sinapyl alcohol. Additionally, the  ~1120 cm⁻¹,band is assigned to 475 

in-plane aromatic C–H deformation.  For guaiacyl (G) units, derived from coniferyl 476 

alcohol, band near 1220 cm⁻¹ and 1030 cm⁻¹ are observed, corresponding to C–C, C–O, 477 

and C=O stretching, and in-plane C–H deformation, respectively  [41; 42; 43]. 478 

Other absorption features include a band at 2847 cm⁻¹ (common to both lignins), 479 

attributed to aliphatic methylene C–H stretching, and a band at 1708 cm⁻¹ in LCA, 480 

assigned to conjugated carbonyl/carboxyl stretching [44]. A peak at ~ 834 cm⁻¹ , observed 481 

in LCA, corresponds to out-of-plane C–H vibrations at positions is attributed to out-of-482 

plane C–H vibrations at positions 2 and 6 of S units and at all positions of H units, 483 

derived from p-coumaryl alcohol [45]. 484 

Furthermore, a broad band centered at 1030 cm⁻¹  in LCA is attributed to C–OH 485 

stretching in G units  [46]. A medium-intensity band at 1501 cm⁻¹ is associated with C–H 486 

deformation in methyl and methylene groups. A shoulder at approximately  1294 cm⁻¹ is 487 

linked to C–O stretching in syringyl units. 488 

 489 

 490 
          Figure 6. Infrared spectra of kraft lignin (LK) and sugarcane bagasse lignin (LCA)  491 

 492 

Figure 7 presents the infrared spectra of the biochars derived from kraft lignin 493 

(K20) and sugarcane bagasse lignin (CA20). 494 

In the spectrum of K20, several bands are identified, including a broad band at 495 

3448 cm⁻¹ corresponding to O–H stretching vibrations, a band at 1460 cm⁻¹ associated 496 
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with C–H deformation and aromatic ring vibrations, and a band at 850 cm⁻¹ attributed to 497 

asymmetric in-plane bending of isolated aryl C–H groups [47]. 498 

For CA20, a distinct band at 1585 cm⁻¹ is observed, which is attributed to the 499 

presence of carbonyl and carboxyl functional groups. 500 

 501 

   502 

        503 

 504 
Figure 7. Infrared spectra of the biochars derived from kraft lignin (K20) and sugarcane 505 

bagasse lignin (CA20). 506 
 507 

3.7. Analysis by Raman spectroscopy 508 

 The analysis of the D and G bands, depicted in Figure 8, provides insights into 509 

structural disorder and defects in biochar samples. The D band, centered at ~1360 cm⁻¹, 510 

is associated with structural defects in sp²-hybridized carbon and indicates the presence 511 

of amorphous carbon domains [48]. In contrast, the G band, located at ~1590 cm⁻¹, 512 

corresponds to the in-plane stretching of sp²-hybridized carbon atoms and is 513 

characteristic of graphitic (crystalline) structures  [49]. 514 

The presence of both D and G bands suggests a mixed structure comprising 515 

amorphous and crystalline carbon [48]. The  ratio was employed to assess the structural 516 

properties of the biochar. 517 

It is noteworthy that Raman spectroscopy and X-Ray diffraction (XRD) analyses 518 

provided complementary structural information. Raman analysis revealed a highly 519 

disordered carbon structure with small graphitic domains, while XRD confirmed the 520 

predominantly amorphous nature of the materials. These results indicate that both 521 

short-range (Raman) and long-range (XRD) ordering are limited in K20 and CA20. 522 

For the K20 biochar, the integration area in the D band was in the order of 9.4974 × 523 

10¹⁹, while in the G band, the integration area was in the order of 9.2423 × 10¹⁹. For the 524 

CA20 biochar, the integration area in the D band was in the order of 1.6226 × 10²⁰, 525 

whereas in the G band it was in the order of 1.5508 × 10²⁰. 526 
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In this study, the intensity ratio (ID/IG)  for kraft lignin biochar (K20) and 527 

sugarcane bagasse lignin biochar (CA20) was respectively 1.028 and 1.089, indicating a 528 

degree of disorder similar to that reported in [40]. 529 

The drift coefficient (α ) for biochars calculated from the intensity of points A at 800 530 

cm⁻¹ (IAr), B at 1800 cm⁻¹ (IBr), and the intensity of the D band (IDr), was greater than  531 

0.48. 532 

The biochar yield (CY) was greater for K20. A nearly linear correlation between 533 

biochar yield and residual volatile content (RV) has also been reported [26]; the RV value 534 

for biochars was greater than 20.00%. 535 

Using this methodology, the ash-free dry volatile content (Vdaf) for sugarcane 536 

bagasse lignin biochar and kraft lignin biochar was determined to be respectively  50.13 537 

wt.% and 54.64 wt%.  538 

The H/C ratio decreases linearly with decreasing Vdaf, as described in [26]. 539 

Biochars with volatile matter < 80% and and an O/Corg ratio >0.2, H/Corg > 0.4 , such as 540 

lignins biochars, indicate a moderate potential for carbon sequestration [50].  541 

In this study, the hydrogen-to-carbon (H/C) ratio of the biochars, as determined 542 

from the α coefficient obtained via Raman spectroscopy, was considerably higher than 543 

the H/C ratio measured through elemental analysis. The primary challenge in accurately 544 

determining the H/C ratio lies in the inherent properties of hydrogen, which is a light 545 

and volatile element, thereby complicating its precise quantification. Nevertheless, both 546 

analytical techniques revealed H/C ratios greater than 0.5 for all biochar samples. 547 

Furthermore, in both methods of analysis, the H/C ratio was higher for the kraft lignin-548 

derived biochar compared to the sugarcane bagasse lignin-derived biochar. 549 

 According to the Van Krevelen diagram for biochars, lower contents of oxygen and 550 

hydrogen are preferred—particularly when targeting applications such as solid fuels or 551 

decarbonizing agents. This trend was observed in the lignin-derived biochar from 552 

sugarcane bagasse, which showed an O/C ratio of 0.34. This corresponds to an O/C ratio 553 

closely matching the value obtained via elemental analysis (0.32). 554 

The H/Corg and O/Corg ratios in biochars are recommended by the European 555 

Biochar Foundation and the International Biochar Initiative as indicators for assessing 556 

biochar stability. Thus, a decreasing H/C ratio in biochars indicates superior aromatic 557 

condensation and increased biochar stability, while a decreasing O/C and H/C ratios 558 

indicate increased hydrophobicity and aromaticity in biochars [51]. 559 

Typically, a  high H/C ratio (>1.0) indicates a higher proportion of aliphatic bonds 560 

and low carbonization, resulting in more volatile compounds and lower energy density. 561 

Conversely, a  low O/C ratio (<0.2)is indicative of stable, hydrophobic materials with 562 

higher energy content.  In contrast, an O/C ratio >0.5 suggests high oxygen content and 563 

low calorific value [52; 53]. 564 

Broad-range Raman analysis (150–3500 cm⁻¹) also revealed signals potentially 565 

corresponding to overtone and combination bands, such as 2D and 2G, commonly 566 

observed in graphitic materials. Polycyclic aromatic hydrocarbons present in K20 and 567 

CA20 may have contributed to combination bands such as G+D and G+A. Furthermore, , 568 

the use of a 514 nm laser likely facilitated the detection of these overtones  [54]. 569 

 570 

 571 
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 572 
Figure 8.  Raman spectra of lignin biochars 573 

 574 

Table 5 presents the parameters obtained using the Raman spectroscopy technique. 575 

 576 
          Table 5. Parameters obtained by Raman 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

3.8. Scanning electron microscopy coupled with energy dispersive spectroscopy   592 

Figure 9 presents scanning electron microscopy (SEM) images of the biochars 593 

derived from sugarcane bagasse lignin (CA20) and kraft lignin (K20), highlighting 594 

significant variations in particle size and morphology. These differences are influenced 595 

by the milling process, which can cause fragmentation, as well as by the potential 596 

deposition of volatile matter forming granular surface structures  [33].  597 

The SEM images of CA20 predominantly show smooth, flat, and compact surfaces. 598 

This morphology is attributed to the intrinsic characteristics of sugarcane bagasse lignin 599 

and the behavior of lignin during pyrolysis, which involves particle fusion and 600 

aggregation under thermal decomposition  [55]. Depressions observed on the surfaces 601 

Parâmetro K20 CA20  

ID/IG 1.028 1.089 

α  0.60 0.48 

CY (%) 44.64  41.14  

RV (%) 24.39 20.62 

Vdaf (%) 54.64 50.13 

H/C 0.95 0.87 

O/C 0.38 0.34 
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likely result from volatile release and structural rearrangements occurring during 602 

carbonization. 603 

In contrast, K20 exhibits more irregular surface features, including filamentous 604 

structures and heterogeneous topographies. While some compact regions are present, 605 

the overall morphology is rougher and less uniform compared to CA20, likely due to 606 

differences in the structural composition and thermal behavior of kraft lignin during 607 

pyrolysis. 608 

 609 

 610 

       611 

 612 
                                                      Figure 9. Micrographs of kraft lignin biochar (a) and sugarcane bagasse lignin biochar (b). 613 
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 614 

Table 6 presents the results of the elemental analysis performed via scanning 615 

electron microscopy (SEM) coupled with energy-dispersive X-ray spectroscopy (EDS) on 616 

the biochar surfaces. 617 

The biochar derived from sugarcane bagasse lignin exhibited a silicon content of 618 

2.01 wt%, consistent with values typically reported for biochars produced from agro-619 

industrial residues [7; 56]. Trace elements such as aluminum (1.53 wt%) and iron 620 

(0.88 wt%) were also detected. The major elements present were carbon and oxygen, 621 

with CA20 showing the highest surface carbon content among the samples analyzed 622 

(67.59 wt%), which is indicative of higher energy density. 623 

In contrast, kraft lignin biochar (K20) contained elevated levels of sulfur (0.91 wt%), 624 

nitrogen (4.15 wt%), and sodium (11.21 wt%). These elements are characteristic of kraft 625 

lignin due to the use of sodium sulfide during the alkaline pulping process, which 626 

typically results in sulfur concentrations ranging from 1.5 to 3.0 wt% [57]. The presence 627 

of these elements contributes to a reduction in energy density and potential limitations 628 

for some applications. Additionally, potassium (0.53 wt%) and silicon (0.01 wt%) were 629 

detected in K20. 630 

 631 
Table 6.  Elemental analysis of biochar 632 

Element K20 (wt%) CA20 (wt% )  

C 44.86 67.59 

O 38.33 27.98 

Si 0.01 2.01  

S 0.91 - 

Na 11.21 - 

N 4.15 - 

K 0.53 - 

Fe - 0.88 

Al - 1.53 

 633 

3.9. True density analysis 634 

 The true densities of kraft lignin and sugarcane bagasse lignin, determined by 635 

helium pycnometry, were 1.2939 g/cm³ and 1.2911 g/cm³, respectively. These values are 636 

close to the lower end of the typical range for lignin at room temperature (1.3000–637 

1.5000 g/cm³) [58], indicating consistency with previously reported data. 638 

Following pyrolysis, the true densities increased to 1.5067 g/cm³ for kraft lignin 639 

biochar (K20) and 1.3881 g/cm³ for sugarcane bagasse lignin biochar (CA20). This 640 

increase is attributed to the thermal degradation and structural rearrangement of lignin 641 

during pyrolysis. However, both biochars exhibited true densities significantly lower 642 

than that of graphite (2.2500 g/cm³) [59]. 643 

Typically, the inorganic component of a biochar possesses a greater density than its 644 

organic counterpart. Consequently, in biochars with elevated ash content, the 645 

experimentally determined true densities may be moderately overestimated [60]. 646 

According to [61], increased true density in biochars may correlate with higher 647 

porosity. Additionally, [59] reported that raising the pyrolysis temperature increases the 648 

true density of sugarcane bagasse biochar. In that study, a feedstock with slightly higher 649 

initial density (1.3100 g/cm³) produced a biochar with a true density of 1.5900 g/cm³ after 650 
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pyrolysis at 500 °C, exceeding the values observed for lignin-derived biochars in the 651 

present work. 652 

 653 

4. Conclusions 654 

Lignin is an undervalued byproduct of the second-generation ethanol industry. Its 655 

conversion via slow pyrolysis yields a solid carbon-rich material, known as biochar, 656 

offering a promising route for lignin valorization. Biochar represents a promising route 657 

for adding value to lignin. When applied as a solid fuel or precursor for carbon-based 658 

materials, sugarcane bagasse lignin biochar demonstrates viability as a sustainable 659 

alternative. 660 

This research employed purified lignin derived from sugarcane bagasse as the 661 

primary substrate for biochar synthesis instead of using the untreated bagasse. 662 

Compared to commercial kraft lignin and its biochar, both the sugarcane bagasse lignin 663 

and its corresponding biochar exhibited higher carbon content, reflecting the influence 664 

of extraction methods. 665 

FTIR analysis confirmed the presence of characteristic lignin absorption bands at 666 

~1605 cm⁻¹ and ~1515 cm⁻¹ in both lignins. However kraft lignin and its biochar 667 

contained elevated levels of sodium—elements absent in sugarcane bagasse lignin. XRD 668 

analyses confirmed the amorphous nature of the sugarcane biochar and revealed the 669 

presence of sodium carbonate in kraft lignin biochar. 670 

The lower oxygen content observed in the sugarcane bagasse lignin biochar suggest  671 

superior potential as a solid fuel, as a high O/C ratio is characteristic of biomass with a 672 

low calorific value. An O/C ratio below 0.5 in biochars is indicative of low oxygen 673 

content, which enhances the energy density of the biochar compared to the original 674 

biomass. 675 

The elemental composition of solid fuels is critical for understanding their 676 

performance as solid biofuels. Sulfur—present only in the kraft lignin and its 677 

corresponding biochar—can contribute to energy release during combustion; however, it 678 

also promotes the formation of toxic gases. In this context, lignin-derived biochar from 679 

sugarcane bagasse has demonstrated a lower contaminant content. 680 

The pyrolysis temperature employed in this study resulted in a high fixed carbon 681 

yield in the sugarcane bagasse lignin biochar (exceeding 60%). The elevated carbon 682 

content directly influences the higher calorific value, as carbon oxidation serves as the 683 

primary source of energy during combustion. Accordingly, the sugarcane bagasse lignin 684 

biochar exhibited high energy density combined with low ash content. 685 

Elemental analysis and Raman spectroscopy revealed hydrogen-to-carbon (H/C) 686 

ratios greater than 0.5 for all biochar samples. The reduction of the H/C ratio in biochars 687 

will be explored in future studies to enhance the material’s stability, considering that 688 

only a moderate degree of carbonization was achieved in the present study, and the 689 

sugarcane bagasse lignin-derived biochar exhibited a moderate stability.  690 

One specific area requiring further improvement in future studies is the 691 

characterization of the textural properties of the materials, in order to further enhance 692 

their overall performance and broaden their potential applications when compared to 693 

biochars derived from other lignin-rich biomasses. 694 
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Nataly Albuquerque <natalyjp@gmail.com>

Request for APC Discount and Willingness to Contribute as Reviewers
6 mensagens

Nataly Albuquerque <natalyjp@gmail.com> 6 de setembro de 2025 às 13:12
Para: materials@mdpi.com

Dear Editors,

I hope this message finds you well.

My name is Nataly Albuquerque, and I am writing on behalf of myself and my Ph.D. student, Thiago Almeida, regarding the possibility of submitting our manuscript
entitled “Production of biochar from residual biomass lignin through the pyrolysis process” to your esteemed journal.

We are highly interested in publishing our research in Fuels, given the journal's reputation and focus on innovative developments in energy and fuel science. However, due to
current financial constraints and limited institutional funding, we would like to kindly ask whether there is a possibility of receiving a partial or full waiver of the Article Processing
Charges (APC).

Additionally, both Thiago and I would be pleased to support the journal by acting as reviewers for future submissions in our areas of expertise. I have been conducting research
in the field of sustainable aviation fuels, with a particular focus on the HEFA process and feedstocks, as well as on biomass residue utilization, antioxidants for biodiesel, and
oxidative stability. We value the peer-review process and are committed to contributing to the advancement of high-quality scientific publication.

For your consideration, we are also attaching the abstract of our work.

Thank you very much for your time and consideration. We look forward to your response and to the opportunity to contribute to Fuels.

Sincerely,
Prof. Nataly Albuquerque

Production of biochar from residual biomass lignin through the pyrolysis process
Authors: Almeida, Thiago C. M, Almeida, K. S. Ramon,  Santos, Cordeiro, Angela M.T.;  Santos, Nataly A. .
Postgraduate Program in Chemistry, Center for Exact and Nature Sciences, Department of Chemistry, Federal University of Paraíba, João Pessoa/PB, Brazil.

Lignin is the component with the greatest structural complexity in lignocellulosic biomass. Lignin-rich biomasses, such as sugarcane bagasse and coconut fibers, have high
carbon content and greater thermal resistance. In this study, pyrolysis of lignins extracted from sugarcane bagasse, coconut fibers, and a commercial kraft lignin was carried out
with the aim of producing biochars and evaluating their potential as an energy source. The samples were characterized by elemental analysis, proximate analysis, higher heating
value, thermal analyses, Raman spectroscopy, infrared spectroscopy, X-ray diffraction, scanning electron microscopy coupled with energy-dispersive spectroscopy, and surface
area testing. The results revealed that the biochars from sugarcane and coconut lignins exhibited amorphous and crystalline characteristics, respectively. The analyses also
indicated the lamellar morphology of the coconut lignin biochar and the densification of the sugarcane lignin biochar, which resulted in a material with higher carbon content and
greater purity compared to the others. The sugarcane bagasse lignin biochar showed the highest higher heating value (25.95 kJ/g), followed by kraft lignin (23.05 kJ/g), while the
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coconut fiber lignin biochar exhibited a lower value (18.85 kJ/g), associated with a higher ash content. These results highlight that both the choice of biomass and the lignin
extraction process influence the properties of the resulting biochar.

M.s. Hester Hu <hester.hu@mdpi.com> 10 de setembro de 2025 às 08:2
Responder a: hester.hu@mdpi.com
Para: natalyjp@gmail.com
Cc: materials@mdpi.com

Dear Professor Santos,

Thank you for your email.

I am Hester Hu, the internal editor of the Materials journal. Thank you for your support of MDPI. I would like to introduce you to our journal Materials: https://www.mdpi.com/journal/
materials with the IF of 3.2 and CiteScore of 6.8. Our journal is indexed in Scopus, SCIE (Web of Science), PubMed, PMC, Ei Compendex, CaPlus/SciFinder, Inspec, Astrophysics
Data System, and other databases.

We found that your proposed paper, "Production of biochar from residual biomass lignin through the pyrolysis process," fits within the scope of our journal, and we are happy to offer
you a discount. If you are interested in our journal, could you please share the authorship details of your manuscript?
all authors' name and email (Please indicate the corresponding author):
approximate submission time:

Also, thank you for your willingness to serve as a reviewer. Please apply to volunteer as a reviewer for MDPI journals by following this link: https://susy.mdpi.com/
volunteer/journals/review. So that you can choose the manuscript related to your research interest to review.

If you have any questions, please feel free to contact me. I look forward to hearing from you.

Kind regards,
Ms. Hester Hu
Section Managing Editor
Email: hester.hu@mdpi.com
Journal /Materials/ (http://www.mdpi.com/journal/materials)

Applications to become a Guest Editor of Materials (SCIE, IF 3.1, Q1) are currently open. Please view the news about recruiting Guest Editors for Materials or contact at
hester.hu@mdpi.com: https://www.mdpi.com/journal/materials/announcements/9876

We are proud to announce that Materials has achieved an increased Impact Factor of 3.2 in the 2024 Journal Citation Reports™ (Clarivate, June 2025). This follows our recent
accomplishment of a new increased CiteScore of 6.4 (https://www.scopus.com/sourceid/7662), placing the journal in Rank Q1 for 'Condensed Matter Physics' and Rank Q2 for
'General Materials Science'.
 
Materials Travel Award - Application deadline: 31 October 2025
https://www.mdpi.com/journal/materials/awards/3286
 
Welcome to attend the 4th International Online Conference on Materials:
https://sciforum.net/event/IOCM2025
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On 2025/9/7 11:19, materials@mdpi.com wrote:
>
>
>
> -------- Forwarded Message -------- Subject: Request for APC
> Discount and Willingness to Contribute as Reviewers Date: Sat, 6
> Sep 2025 13:12:51 -0300 From: Nataly Albuquerque
> <natalyjp@gmail.com> To: materials@mdpi.com
>
>
>
> CAUTION - EXTERNAL: This email originated from outside of MDPI
> organisation. BE CAUTIOUS especially to click links or open
> attachments.
>
> *Dear Editors,*
>
> I hope this message finds you well.
>
> My name is Nataly Albuquerque, and I am writing on behalf of myself
> and my Ph.D. student, Thiago Almeida, regarding the possibility of
> submitting our manuscript entitled /“Production of biochar from
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> residual biomass lignin through the pyrolysis process”/ to your
> esteemed journal.
>
> We are highly interested in publishing our research in Fuels, given
> the journal's reputation and focus on innovative developments in
> energy and fuel science. However, due to current financial
> constraints and limited institutional funding, we would like to
> kindly ask whether there is a possibility of receiving a partial or
> full waiver of the Article Processing Charges (APC).
>
> Additionally, both Thiago and I would be pleased to support the
> journal by acting as reviewers for future submissions in our areas
> of expertise. I have been conducting research in the field of
> sustainable aviation fuels, with a particular focus on the HEFA
> process and feedstocks, as well as on biomass residue utilization,
> antioxidants for biodiesel, and oxidative stability. We value the
> peer-review process and are committed to contributing to the
> advancement of high-quality scientific publication.
>
> For your consideration, we are also attaching the abstract of our
> work.
>
> Thank you very much for your time and consideration. We look forward
> to your response and to the opportunity to contribute to Fuels.
>
> Sincerely, *Prof. Nataly Albuquerque*
>
>
>
> *Production of biochar from residual biomass lignin through the
> pyrolysis process *Authors: Almeida, Thiago C. M, Almeida, K. S.
> Ramon, Santos, Cordeiro, Angela M.T.; Santos, Nataly A. .
> Postgraduate Program in Chemistry, Center for Exact and Nature
> Sciences, Department of Chemistry, Federal University of Paraíba,
> João Pessoa/PB, Brazil.
>
> Lignin is the component with the greatest structural complexity in
> lignocellulosic biomass. Lignin-rich biomasses, such as sugarcane
> bagasse and coconut fibers, have high carbon content and greater
> thermal resistance. In this study, pyrolysis of lignins extracted
> from sugarcane bagasse, coconut fibers, and a commercial kraft
> lignin was carried out with the aim of producing biochars and
> evaluating their potential as an energy source. The samples were
> characterized by elemental analysis, proximate analysis, higher
> heating value, thermal analyses, Raman spectroscopy, infrared
> spectroscopy, X-ray diffraction, scanning electron microscopy coupled
> with energy-dispersive spectroscopy, and surface area testing. The
> results revealed that the biochars from sugarcane and coconut
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> lignins exhibited amorphous and crystalline characteristics,
> respectively. The analyses also indicated the lamellar morphology of
> the coconut lignin biochar and the densification of the sugarcane
> lignin biochar, which resulted in a material with higher carbon
> content and greater purity compared to the others. The sugarcane
> bagasse lignin biochar showed the highest higher heating value (25.95
> kJ/g), followed by kraft lignin (23.05 kJ/g), while the coconut fiber
> lignin biochar exhibited a lower value (18.85 kJ/g), associated with
> a higher ash content. These results highlight that both the choice of
> biomass and the lignin extraction process influence the properties of
> the resulting biochar.

Nataly Albuquerque <natalyjp@gmail.com> 10 de setembro de 2025 às 14:31
Para: hester.hu@mdpi.com
Cc: materials@mdpi.com

Dear Ms. Hu,

Thank you for your kind message and for considering our manuscript for Materials. I also appreciate the discount offer and the detailed information about the journal’s indexing.

We intend to submit the manuscript titled “Production of biochar from residual biomass lignin through the pyrolysis process.”
Please find the authorship details below:

Corresponding author: Prof. Nataly Albuquerque dos Santos — Universidade Federal da Paraiba - [natalyjp@gmail.com]
Lattes: http://lattes.cnpq.br/3104121895000367 ORCID: https://orcid.org/0000-0003-0001-5192

Angela Maria Tribuzy de Magalhães Cordeiro — atribuzycordeiro@gmail.com
ORCID: https://orcid.org/0000-0002-9475-0202

Ramon Kenned de Sousa Almeida — Universidade Federal Rural de Pernambuco — kenned20@gmail.com
ORCID: https://orcid.org/0000-0003-4186-8589 • Lattes: http://lattes.cnpq.br/4842545822949060

Hélio Merá de Assis — Instituto de Inovação SENAI Biomassa — hassis@ms.senai.br
Lattes: http://lattes.cnpq.br/5946429348484279

Thiago Claudino Mendes de Almeida — thiagoufpb1@gmail.com

Sarah Inglid dos Santos Silva — sarahidnts@gmail.com 

Approximate submission time: 22 september 2025.

Regarding the Article Processing Charge (APC), we are very grateful for the discount. We will cover the publication fee with our own funds, and our Ph.D. student, Thiago
Almeida, conducted this research without a scholarship; therefore, the discount is especially helpful to our group. In addition, we recently completed a project through which we
were able to purchase small laboratory equipment and reagents, but we do not have dedicated funds to cover APCs.

29/10/2025, 23:58 Gmail - Request for APC Discount and Willingness to Contribute as Reviewers

https://mail.google.com/mail/u/0/?ik=60fbf13302&view=pt&search=all&permthid=thread-a:r2475766187197897222&simpl=msg-a:r6122318581591120077&simpl=msg-f:1842875725434833215&simpl=msg-a:r-842250210651368200… 5/20

mailto:natalyjp@gmail.com
http://lattes.cnpq.br/3104121895000367
http://lattes.cnpq.br/3104121895000367
https://orcid.org/0000-0003-0001-5192
https://orcid.org/0000-0003-0001-5192
https://orcid.org/0000-0003-0001-5192
https://orcid.org/0000-0002-9475-0202
https://orcid.org/0000-0002-9475-0202
https://orcid.org/0000-0003-4186-8589
https://orcid.org/0000-0003-4186-8589
http://lattes.cnpq.br/4842545822949060
http://lattes.cnpq.br/4842545822949060
http://lattes.cnpq.br/5946429348484279
http://lattes.cnpq.br/5946429348484279


Kind regards,

Nataly Albuquerque

Graduate Program in Chemistry (PPGQ)
Federal University of Paraíba (UFPB)
João Pessoa, Brazil.

[Texto das mensagens anteriores oculto]

M.s. Hester Hu <hester.hu@mdpi.com> 11 de setembro de 2025 às 08:2
Responder a: hester.hu@mdpi.com
Para: Nataly Albuquerque <natalyjp@gmail.com>
Cc: materials@mdpi.com

Dear Professor Santos,

Thank you for providing the detailed information.

I applied the discount for your proposed paper from the Editorial Office. It is glad that the Office approved a 50% discount. The final Article Processing Charge will be 1300 CHF.
May I know if the 50% discount is acceptable for you? If yes, I will help reserve the discount in advance.
[Texto das mensagens anteriores oculto]
On 2025/9/11 1:31, Nataly Albuquerque wrote:
> CAUTION - EXTERNAL: This email originated from outside of MDPI
> organisation. BE CAUTIOUS especially to click links or open
> attachments.
>
> Dear Ms. Hu,
>
> Thank you for your kind message and for considering our manuscript
> for /Materials/. I also appreciate the discount offer and the
> detailed information about the journal’s indexing.
>
> We intend to submit the manuscript titled *“Production of biochar
> from residual biomass lignin through the pyrolysis process.”* Please
> find the authorship details below:
>
> *
>
> Corresponding author: Prof. Nataly Albuquerque dos Santos —
> Universidade Federal da Paraiba - [natalyjp@gmail.com] Lattes:
> http://lattes.cnpq.br/3104121895000367 ORCID:
> https://orcid.org/0000-0003-0001-5192
>
> *
>
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> Angela Maria Tribuzy de Magalhães Cordeiro —
> atribuzycordeiro@gmail.com ORCID:
> https://orcid.org/0000-0002-9475-0202
>
> *
>
> Ramon Kenned de Sousa Almeida — Universidade Federal Rural de
> Pernambuco — kenned20@gmail.com ORCID:
> https://orcid.org/0000-0003-4186-8589<https://orcid.org/0000-0003-4186-8589>
>
>
• Lattes:
> http://lattes.cnpq.br/4842545822949060<http://lattes.cnpq.br/4842545822949060>
>
>
>
>
Hélio Merá de Assis — Instituto de Inovação SENAI Biomassa — hassis@ms.senai.br
> Lattes:
> http://lattes.cnpq.br/5946429348484279<http://lattes.cnpq.br/5946429348484279>
>
>
>
>
Thiago Claudino Mendes de Almeida — thiagoufpb1@gmail.com
>
> Sarah Inglid dos Santos Silva — sarahidnts@gmail.com
>
> *Approximate submission time:* 22 september 2025.
>
> Regarding the Article Processing Charge (APC), we are very grateful
> for the discount. We will cover the publication fee with our own
> funds, and our Ph.D. student, Thiago Almeida, conducted this
> research without a scholarship; therefore, the discount is especially
> helpful to our group. In addition, we recently completed a project
> through which we were able to purchase small laboratory equipment
> and reagents, but we do not have dedicated funds to cover APCs.
>
>
> Kind regards,
>
> Nataly Albuquerque
>
> Graduate Program in Chemistry (PPGQ) Federal University of Paraíba
> (UFPB) João Pessoa, Brazil.
>
>
>
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> Em qua., 10 de set. de 2025 às 08:20, M.s. Hester Hu
> <hester.hu@mdpi.com> escreveu:
>
> Dear Professor Santos,
>
> Thank you for your email.
>
> I am Hester Hu, the internal editor of the Materials journal. Thank
> you for your support of MDPI. I would like to introduce you to our
> journal Materials: https://www.mdpi.com/journal/materials with the
> IF of 3.2 and CiteScore of 6.8. Our journal is indexed in Scopus,
> SCIE (Web of Science), PubMed, PMC, Ei Compendex, CaPlus/SciFinder,
> Inspec, Astrophysics Data System, and other databases.
>
> We found that your proposed paper, "Production of biochar from
> residual biomass lignin through the pyrolysis process," fits within
> the scope of our journal, and we are happy to offer you a discount.
> If you are interested in our journal, could you please share the
> authorship details of your manuscript? all authors' name and email
> (Please indicate the corresponding author): approximate submission
> time:
>
> Also, thank you for your willingness to serve as a reviewer. Please
> apply to volunteer as a reviewer for MDPI journals by following this
> link: https://susy.mdpi.com/volunteer/journals/review. So that you
> can choose the manuscript related to your research interest to
> review.
>
> If you have any questions, please feel free to contact me. I look
> forward to hearing from you.
>
> Kind regards, Ms. Hester Hu Section Managing Editor Email:
> hester.hu@mdpi.com Journal /Materials/
> (http://www.mdpi.com/journal/materials)
>
> Applications to become a Guest Editor of Materials (SCIE, IF 3.1,
> Q1) are currently open. Please view the news about recruiting Guest
> Editors for Materials or contact at hester.hu@mdpi.com:
> https://www.mdpi.com/journal/materials/announcements/9876
>
> We are proud to announce that Materials has achieved an increased
> Impact Factor of 3.2 in the 2024 Journal Citation Reports™
> (Clarivate, June 2025). This follows our recent accomplishment of a
> new increased CiteScore of 6.4
> (https://www.scopus.com/sourceid/7662), placing the journal in Rank
> Q1 for 'Condensed Matter Physics' and Rank Q2 for 'General Materials
> Science'.
>
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> Materials Travel Award - Application deadline: 31 October 2025
> https://www.mdpi.com/journal/materials/awards/3286
>
> Welcome to attend the 4th International Online Conference on
> Materials: https://sciforum.net/event/IOCM2025
>
> Most Viewed Reviews and Articles in August
> -------------------------------------- * Biomedical Applications of
> Titanium Alloys: A Comprehensive Review
> https://www.mdpi.com/1996-1944/17/1/114 * Advanced Injection Molding
> Methods: Review https://www.mdpi.com/1996-1944/16/17/5802 * Bone
> Grafts in Dental Medicine: An Overview of Autografts, Allografts and
> Synthetic Materials https://www.mdpi.com/1996-1944/16/11/4117 *
> Feature Selection in Machine Learning for Perovskite Materials
> Design and Discovery https://www.mdpi.com/1996-1944/16/8/3134 *
> Effect of Biochar Dosage and Fineness on the Mechanical Properties
> and Durability of Concrete https://www.mdpi.com/1996-1944/16/7/2809
> * Application of Lightweight Structure in Automobile Bumper Beam: A
> Review https://www.mdpi.com/1996-1944/16/3/967
> --------------------------------------
>
> MDPI Branch Office, Nanjing Phoenix Road No. 70, Jiangning
> Development Zone Headquarters Base, 15th Floor, Jiangsu Province,
> 211100 Nanjing, China Tel. +86 25 5211 5557
>
> Disclaimer: The information and files contained in this message are
> confidential and intended solely for the use of the individual or
> entity to whom they are addressed. If you have received this message
> in error, please notify me and delete this message from your system.
> You may not copy this message in its entirety or in part, or
> disclose its contents to anyone.
>
> On 2025/9/7 11:19, materials@mdpi.com wrote:
>>
>>
>>
>> -------- Forwarded Message -------- Subject: Request for APC
>> Discount and Willingness to Contribute as Reviewers Date: Sat,
>> 6 Sep 2025 13:12:51 -0300 From: Nataly Albuquerque
>> <natalyjp@gmail.com> <mailto:natalyjp@gmail.com> To:
>> materials@mdpi.com
>>
>>
>>
>> CAUTION - EXTERNAL: This email originated from outside of MDPI
>> organisation. BE CAUTIOUS especially to click links or open
>> attachments.
>>
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>> *Dear Editors,*
>>
>> I hope this message finds you well.
>>
>> My name is Nataly Albuquerque, and I am writing on behalf of
>> myself and my Ph.D. student, Thiago Almeida, regarding the
>> possibility of submitting our manuscript entitled /“Production of
>> biochar from residual biomass lignin through the pyrolysis
>> process”/ to your esteemed journal.
>>
>> We are highly interested in publishing our research in Fuels,
>> given the journal's reputation and focus on innovative developments
>> in energy and fuel science. However, due to current financial
>> constraints and limited institutional funding, we would like to
>> kindly ask whether there is a possibility of receiving a partial
>> or full waiver of the Article Processing Charges (APC).
>>
>> Additionally, both Thiago and I would be pleased to support the
>> journal by acting as reviewers for future submissions in our areas
>> of expertise. I have been conducting research in the field of
>> sustainable aviation fuels, with a particular focus on the HEFA
>> process and feedstocks, as well as on biomass residue utilization,
>> antioxidants for biodiesel, and oxidative stability. We value the
>> peer-review process and are committed to contributing to the
>> advancement of high-quality scientific publication.
>>
>> For your consideration, we are also attaching the abstract of our
>> work.
>>
>> Thank you very much for your time and consideration. We look
>> forward to your response and to the opportunity to contribute to
>> Fuels.
>>
>> Sincerely, *Prof. Nataly Albuquerque*
>>
>>
>>
>> *Production of biochar from residual biomass lignin through the
>> pyrolysis process *Authors: Almeida, Thiago C. M, Almeida, K. S.
>> Ramon, Santos, Cordeiro, Angela M.T.; Santos, Nataly A. .
>> Postgraduate Program in Chemistry, Center for Exact and Nature
>> Sciences, Department of Chemistry, Federal University of Paraíba,
>> João Pessoa/PB, Brazil.
>>
>> Lignin is the component with the greatest structural complexity in
>> lignocellulosic biomass. Lignin-rich biomasses, such as sugarcane
>> bagasse and coconut fibers, have high carbon content and greater
>> thermal resistance. In this study, pyrolysis of lignins extracted
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>> from sugarcane bagasse, coconut fibers, and a commercial kraft
>> lignin was carried out with the aim of producing biochars and
>> evaluating their potential as an energy source. The samples were
>> characterized by elemental analysis, proximate analysis, higher
>> heating value, thermal analyses, Raman spectroscopy, infrared
>> spectroscopy, X-ray diffraction, scanning electron microscopy
>> coupled with energy-dispersive spectroscopy, and surface area
>> testing. The results revealed that the biochars from sugarcane and
>> coconut lignins exhibited amorphous and crystalline
>> characteristics, respectively. The analyses also indicated the
>> lamellar morphology of the coconut lignin biochar and the
>> densification of the sugarcane lignin biochar, which resulted in a
>> material with higher carbon content and greater purity compared to
>> the others. The sugarcane bagasse lignin biochar showed the
>> highest higher heating value (25.95 kJ/g), followed by kraft lignin
>> (23.05 kJ/g), while the coconut fiber lignin biochar exhibited a
>> lower value (18.85 kJ/g), associated with a higher ash content.
>> These results highlight that both the choice of biomass and the
>> lignin extraction process influence the properties of the
>> resulting biochar.
>

Nataly Albuquerque <natalyjp@gmail.com> 19 de setembro de 2025 às 18:08
Para: hester.hu@mdpi.com
Cc: materials@mdpi.com

Dear Ms. Hester Hu,

Thank you very much for your kind support and for applying the discount to our proposed manuscript. I truly appreciate the approval of a 50% discount from the Editorial Office.

Yes, the 50% discount is acceptable for us. Please kindly proceed with reserving the discount in advance.

Once again, thank you for your assistance.

Sincerely,

Nataly Albuquerque

[Texto das mensagens anteriores oculto]

M.s. Hester Hu <hester.hu@mdpi.com> 22 de setembro de 2025 às 08:2
Responder a: hester.hu@mdpi.com
Para: Nataly Albuquerque <natalyjp@gmail.com>
Cc: materials@mdpi.com
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Emitido em 30/10/2025

ANEXO Nº 00/2025 - PPGQ (11.01.14.55) 

 NÃO PROTOCOLADO)(Nº do Protocolo:

(Assinado digitalmente em 30/10/2025 00:48 ) 
NATALY ALBUQUERQUE DOS SANTOS 

PROFESSOR DO MAGISTERIO SUPERIOR
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(Assinado digitalmente em 30/10/2025 10:10 ) 
WALLACE DUARTE FRAGOSO 

COORDENADOR(A) DE CURSO

1352049
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MINISTÉRIO DA EDUCAÇÃO
UNIVERSIDADE FEDERAL DA PARAÍBA
SISTEMA INTEGRADO DE PATRIMÔNIO, ADMINISTRAÇÃO E CONTRATOS

FOLHA DE ASSINATURAS

Emitido em 30/10/2025

DOCUMENTO COMPROBATÓRIO (ANEXO) Nº 9/2025 - PROPESQ - CGPQ (11.00.79.01) 
(Nº do Documento: 77) 

 NÃO PROTOCOLADO)(Nº do Protocolo:

(Assinado digitalmente em 30/10/2025 14:10 ) 
LUANA PEIXOTO RODRIGUES 

ASSISTENTE EM ADMINISTRACAO

1995004

Para verificar a autenticidade deste documento entre em  informando seu número: https://sipac.ufpb.br/documentos/
, ano: , documento (espécie): , data de emissão: 77 2025 DOCUMENTO COMPROBATÓRIO (ANEXO)

 e o código de verificação: 30/10/2025 3ff197ec1c

https://sipac.ufpb.br/public/jsp/autenticidade/form.jsf


MINISTÉRIO DA EDUCAÇÃO 
UNIVERSIDADE FEDERAL DA PARAÍBA 

OFÍCIO Nº 43/2025 - PROPESQ - CGPQ (11.00.79.01) 

 NÃO PROTOCOLADONº do Protocolo:
João Pessoa-PB, 30 de Outubro de 2025

À Divisão de Atividade Financeira/PRPG

De acordo com a lista de verificação, o Pró-Reitor de Pesquisa solicita conversão da moeda e autorizo o pagamento
da Invoice em anexo (Doc.05) com recursos PROAP-PRPG, conforme Chamada interna PROPESQ/PRPG/UFPB -

Diante disso, solicita-se a autorização do Pró-Reitor de Pós-Graduação paraPró-Publicação nº 04/2025. 
prosseguimento do processo.

Adicionalmente, solicita-se à Pró-Reitoria de Administração a análise do documento de ordem 8 e 9, correspondente
à Declaração de regularidade fiscal da empresa no seu país de origem.

Adicionalmente, solicito que seja emitido empenho após o dia 20/10/2025, considerando que a Chamada Interna
Pró-Publicação é de fundamental importância para os Programas de Pós-Graduação da UFPB e que o recurso só
estava disponível para a publicação da segunda edição da chamada no dia 19/09/2025.

Critério de elegibilidade Sim Não

01. O  é servidor efetivo da UFPB, credenciado como docente permanente de PPG da UFPBproponente
(verificar na página do PPG e Portal da Transparência).

x

02. O  não possui pendências em programas de apoio desta Pró-Reitoriaproponente x

03. O artigo possui coautoria de um  de Programa de Pós-Graduação desta instituição (alunadiscente
doutorado)

x

04. Periódico classificado com Percentil  75 ( )79% x

05. O artigo possui na folha de rosto a identificação "Universidade Federal da Paraíba" ou "Federal
University of Paraíba", sem nenhuma abreviação

x

06. O artigo não está publicado x

Check list de documentação obrigatória

Documento Sim Não NA

01. Formulário de solicitação assinado pelo coordenador do PPG e pelo proponente Doc.1

02. Comprovante da revista informando a aprovação do manuscrito para publicação Doc.2

03. Galley-Proof (ou equivalente) do artigo a ser publicado Doc.3



04. Comprovante de vínculo do discente Doc.4

05. Invoice,  em , em nome da Universidade Federal daexclusivamente  dólar ou euro
Paraíba, informando os dados bancários, valor da despesa externa e NIF

Doc.5

06. Declaração de regularidade fiscal da empresa no seu país de origem Doc.8 e 9

07. Comprovante de percentil  75 ( ) em condensed matter e physics79% Doc.6

08. E-mail ou outro documento que comprove a solicitação de desconto no valor da taxa de
publicação junto à revista

Doc.7

09. Comprovante de que os proprietários da empresa residem nos EUA, em caso de empresa
LLC

x

Atenciosamente,

(Assinado digitalmente em 31/10/2025 10:47)
JOSE ROBERTO SOARES DO NASCIMENTO

PRO-REITOR(A)
Matrícula: 337210

Processo Associado: 23074.114028/2025-79

Para verificar a autenticidade deste documento entre em https://sipac.ufpb.br/documentos/ informando seu número: 
, ano: , documento (espécie): , data de emissão:  e o código de verificação: 43 2025 OFÍCIO 30/10/2025 9a9c403321



MINISTÉRIO DA EDUCAÇÃO 
UNIVERSIDADE FEDERAL DA PARAÍBA 

DESPACHO Nº 1510/2025 - PRPG - DAF (11.00.40.01) 

 NÃO PROTOCOLADONº do Protocolo:
João Pessoa-PB, 03 de Novembro de 2025

À PRA

Prezados,

Informamos que há solicitação de análise documental direcionada à PRPG, contudo tal atribuição não compete a esta
Pró-Reitoria. Dessa forma, encaminhamos a autorização para pagamento com recursos do PROAP/PRPG, após a
devida análise da instrução processual.

A solicitação está de acordo com o que preceitua o art. 7º da PORTARIA Nº 156/14 da CAPES, que trata das despesas
a serem custeadas, e em particular com a alínea "b", do inciso I c/c a alínea "e" do inciso II.
Deste modo, autorizamos o pagamento da referida publicação, com recursos PROAP da Pró Reitoria de
Pós-Graduação, conforme célula orçamentária abaixo.

PI: OCCCUO9414N PTRES: 230547 FONTE: 1000A00237 UG: 150900 ED: 339039
TED nº 12.180/2023 - PROAP com vigência até 30/06/2026

Atenciosamente,

(Assinado digitalmente em 03/11/2025 10:45)
EVANDRO LEITE DE SOUZA

PRO-REITOR(A)
Matrícula: 2380741

(Assinado digitalmente em 03/11/2025 10:29)
GISELLY MOURA DE LIMA

COORDENADOR(A)
Matrícula: 3158844

Processo Associado: 23074.114028/2025-79

Para verificar a autenticidade deste documento entre em https://sipac.ufpb.br/documentos/ informando seu número: 
, ano: , documento (espécie): , data de emissão:  e o código de verificação: 1510 2025 DESPACHO 03/11/2025

f97d042cb7



MINISTÉRIO DA EDUCAÇÃO 
UNIVERSIDADE FEDERAL DA PARAÍBA 

AUTORIZAÇÃO Nº 7378/2025 - PRA (11.00.47) 

 NÃO PROTOCOLADONº do Protocolo:
João Pessoa-PB, 03 de Novembro de 2025

À ASSESSORIA DE COMÉRCIO EXTERIOR,

Considerando a necessidade e solicitação da Unidade demandante, na condição de Ordenador(a) de
Despesas, no exercício da função delegada pelo ordenador originário, nos termos do art. 80, do Decreto-Lei
nº 200/67 e Portaria nº 155, de 19 de novembro de 2024 do Gabinete da Reitoria, encaminho para análise
quanto à instrução processual. Se adequada, autorizo empenhamento/dedução do empenho.

Atenciosamente,

(Assinado digitalmente em 03/11/2025 12:39)
GEORGE RODRIGO BELTRAO DA CRUZ

PRO-REITOR(A)
Matrícula: 3301269

Processo Associado: 23074.114028/2025-79

Para verificar a autenticidade deste documento entre em https://sipac.ufpb.br/documentos/ informando seu número: 
, ano: , documento (espécie): , data de emissão:  e o código de verificação: 7378 2025 AUTORIZAÇÃO 03/11/2025

93f2b7d90c


