NORDIC PULP & PAPER
RESEARCH JOURNAL

THE INTERNATIONAL RESEARCH JOURNAL
ON SUSTAINABLE UTILIZATION OF FOREST BIORESOURCES

EDITOR-IN-CHIEF
Gunnar Henriksson, KTH Royal Institute of Technology, Stockholm, Sweden

EDITORS
Josefin Illergdrd, KTH Royal Institute of Technology, Stockholm, Sweden
Anastasia Riazanova, KTH Royal Institute of Technology, Stockholm, Sweden

EDITORIAL BOARD

Geoffrey Daniel, Swedish University of Agricultural Sciences, Uppsala, Sweden

Per Engstrand, Mid Sweden University, Sundsvall, Sweden

Merima Hasani, Chalmers University of Technology, Géteborg, Sweden

Magnus Lestelius, Karlstad University, Karlstad, Sweden

Tom Lindstrom, KTH Royal Institute of Technology, Stockholm, Sweden

Kristiina Oksman, Lulea University of Technology, Lulea, Sweden and University of Oulu, Oulu, Finland
Monika Osterberg, Aalto University, Espoo, Finland

Anna Sundberg, Abo Akademi University, Turku/Abo, Finland

Kristin Syverud, RISE-PFI and Norwegian University of Science and Technology, Trondheim, Norway
Hans Theliander, Chalmers University of Technology, Goteborg, Sweden

Lars Wigberg, KTH Royal Institute of Technology, Stockholm, Sweden

INTERNATIONAL SCIENTIFIC ADVISORY BOARD

Angelés Blanco, Universidad Complutense de Madrid, Madrid, Spain

Jorge Luiz Colodette, Federal University of Vicosa, Vicosa, Brazil

Emily B. Cranston, McMaster University, Hamilton, Canada

Patrick Gane, Aalto University, Espoo, Finland

Gil Garnier, Australian Pulp and Paper Institute, Melbourne, Australia

Oivind Gregersen, Norwegian University of Science and Technology, Trondheim, Norway
Akira Isogai, Tokyo University, Tokyo, Japan

Monika Osterberg, Aalto University, Espoo, Finland

Herbert Sixta, Aalto University, Espoo, Finland

Per Stenius, PS Interfaces, Akersberga, Sweden (Professor emeritus, Aalto University)
Hans Theliander, Chalmers University of Technology, Goteborg, Sweden

Lars Wagberg, Royal Institute of Technology, Stockholm, Sweden (Chairman)

Stefan Willfor, Abo Akademi University, Turku/Abo, Finland

DE GRUYTER



ABSTRACTED/INDEXED IN Baidu Scholar - Cabells Journalytics - CABI (over 50 subsections) - Chemical Abstracts Service (CAS): CAplus;
SciFinder - Chronos Hub - CNKI Scholar (China National Knowledge Infrastructure) - CNPIEC: cnpLINKer - Dimensions - EBSCO Discovery
Service - Google Scholar - Inspec - J-Gate - Journal Citation Reports/Science Edition - JournalTOCs - KESLI-NDSL (Korean National Discovery for
Science Leaders) - MyScienceWork - Naver Academic - Naviga (Softweco) - Polymer Library - Primo Central (ExLibris) - Publons - QOAM (Quality
Open Access Market) - ReadCube - Scilit - SCImago (SJR) - SCOPUS - Semantic Scholar - Sherpa/RoMEO - Summon (ProQuest) - TDNet - WanFang
Data - Web of Science: Current Contents/Engineering, Computing, and Technology; Science Citation Index Expanded - WorldCat (OCLC) - X-MOL -
Yewno Discover

Published in cooperation with Royal Institute of Technology (KTH), Stockholm, Sweden and run as a project at KTH with Chalmers University of
Technology, Karlstad University, Mid Sweden University, Swedish University of Agricultural Sciences, Norwegian University of Science and
Technology, Aalto University, Abo Akademi University, Luled University of Technology and University of Oulu.

The publisher, together with the authors and editors, has taken great pains to ensure that all information presented in this work (programs, applications,
amounts, dosages, etc.) reflects the standard of knowledge at the time of publication. Despite careful manuscript preparation and proof correction,
errors can nevertheless occur. Authors, editors and publisher disclaim all responsibility for any errors or omissions of liability for the results obtained
from use of the information, or parts thereof, contained in this work. The citation of registered names, trade names, trademarks, etc. in this work does
not imply, even in the absence of a specific statement, that such names are exempt from laws and regulations protecting trademarks etc. and therefore
free for general use.

ISSN 0283-2631 - e-ISSN 2000-0669

All information regarding notes for contributors, subscriptions, Open access, back volumes and orders is available online at
https://www.degruyter.com/npprj

EDITOR-IN-CHIEF Prof. Gunnar Henriksson, KTH Royal Institute of Technology, Division of Wood Chemistry and Pulp Technology,
Teknikringen 56, 100 44 Stockholm, Sweden, e-mail: ghenrik @kth.se

JOURNAL COORDINATOR Dr. Gunda Stober, De Gruyter, Genthiner Strae 13, 10785 Berlin, Germany, Tel.: +49 (0)30 260 05-279,
e-mail: npprj.editorial @degruyter.com

ADVERTISEMENTS e-mail: anzeigen @degruyter.com
© 2023 Walter de Gruyter GmbH, Berlin/Boston
TYPESETTING TNQ Technologies, Chennai, India

PRINTING Franz X. Stiickle Druck und Verlag e.K., Ettenheim

COVER ILLUSTRATION Mountain spruce forest, Kyushu, Japan. © GA161076/iStock/Getty Images Plus

MiIX

Paper from
responsible sources

E‘w!scorg FSC® C107500




DE GRUYTER

Contents

Paper physics

Kristofer Robertsson, Jonas Engqvist, Mathias Wallin, Matti
Ristinmaa, Johan Tryding and Eric Borgqvist

Out-of-plane uniaxial loading of paperboard:
experimental procedure and evaluation — 389

Hiroshi Yoshihara, Masahiro Yoshinobu and Makoto Maruta
Interlaminar shear modulus of cardboard obtained by
torsional and flexural vibration tests — 399

Jie Li, Haitang Liu, Qian Wang, Yefan Wang, Lin Chen, Xin Jin,
Zhihua Guo, Ting Wang and Xinyu Zhang

Study on properties of paper coated with Stachys floridana
Shuttlew. ex Benth hemicellulose - chitosan composite
solution — 413

Christiane Helbrecht, Markus Langhans, Tobias Meckel, Markus
Biesalski and Samuel Schabel

Analyses of the effects of fiber diameter, fiber fibrillation,
and fines content on the pore structure and capillary flow
using laboratory sheets of regenerated fibers — 425

Paper chemistry

Xuxing Li, Xuemei Wang, Jun Gao, Yingping Qi and Hua Li
Preparation and application of epoxy cyclohexane/
chitosan/methyl methacrylate composite

material — 441

Chemical technology/modifications

Chen Gong, Shujie Fan, Bin Yang, Yu Zhang, Jianping Ni and
Zhenhua Su

Caustic and enzymatic effects on dissolving pulp and its
performance as specialty fiber — 449

Nord. Pulp Paper Res. ). === 2023 | Volume 38 | Issue 3

Bleaching

Ajinath Dukare, Kanika Sharma, Sheshrao Kautkar, Jyoti
Dhakane-Lad, Rahul Yadav, Vigneshwaran Nadanathangam
and Sujata Saxena

Microbial xylanase aided biobleaching effect on multiple
components of lignocelluloses biomass based pulp and
paper: a review — 459

Coating

Lisiane Nunes Hugen, Eduardo Hélio de Novais Miranda, Allan
de Amorim dos Santos, Rafael Carvalho do Lago, Luiz Eduardo
Silva, Gustavo Henrique Denzin Tonoli and Saulo Rocha Ferreira
Effect of cellulose micro/nanofibrils and carboxylated
styrene butadiene rubber coating on sack kraft

paper — 481

Packaging

Camilla Persson, Henry Eriksson and Christer Korin
The influence of creases on carton board package
behavior during point loading — 491

Recycling

Yeo Shi Hao, Norasikin Othman and Muhammad Abbas Ahmad
Zaini

Waste newspaper activation using sodium salts: a new
perspective — 501



