Accepted Manuscript

Cationic Polyacrylamide induced nanoparticles assembly in a cellulose nano-

fiber network

Vikram Singh Raghuwanshi, Uthpala Manavi Garusinghe, Praveena Raj, Nigel
Kirby, Armin Hoell, Warren Batchelor, Gil Garnier

PII:
DOI:
Reference:

To appear in:

Received Date:

Revised Date:

Accepted Date:

S0021-9797(18)30656-8
https://doi.org/10.1016/].jcis.2018.06.009
YJCIS 23700

Journal of Colloid and Interface Science

30 April 2018
1 June 2018
4 June 2018

Please cite this article as: V. Singh Raghuwanshi, U. Manavi Garusinghe, P. Raj, N. Kirby, A. Hoell, W. Batchelor,
G. Garnier, Cationic Polyacrylamide induced nanoparticles assembly in a cellulose nanofiber network, Journal of
Colloid and Interface Science (2018), doi: https://doi.org/10.1016/j.jcis.2018.06.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jcis.2018.06.009
https://doi.org/10.1016/j.jcis.2018.06.009

Cationic Polyacrylamide induced nanoparticles assembly
in a cellulose nanofiber network

Vikram Singh Raghuwanshi.>”, Uthpala Manavi Garusinghe®, Praveena Raj*, Nigel Kirby?
Armin Hoell®, Warren Batchelor', Gil Garnier*”

'Bioresource processing research institute of Australia (BioPRIA), Department of Chemical
Engineering, Monash University, Clayton, Victoria-3800, Australia.

?Australian Synchrotron, 800 Blackburn Rd., Clayton, Victoria-3168, Australia.
*Helmholtz-Zentrum Berlin Fiir Materialien und Energie, Hahn-Meitner-Platz 1, D-14109,

Berlin, Germany.

*Correspondance email: gil.garnier@monash.edu,

vikram.raghuwanshi@monash.edu

Abstract

Polyacrylamides of different molecular weight, charges and dosages allow to control the
retention and distribution of nanoparticles (NPs) in composites, and optimise composite
properties and functionality. Our aim is to evaluate the effect of high molecular weight
(13MDa) cationic polyacrylamide (CPAM) charge and dosage on SiO, (74 nm) NP’s
assembly in cellulose nanofibers composites.

Engineered cellulose/SiO, composites were investigated by SEM, SAXS and DLS. SEM
images show-the local area retention of NPs into the cellulose matrix. SAXS provides an
average NPs distribution and inter-NPs distance over complete volume of composite. DLS
givesthe hydrodynamic radius of CPAM adsorbed onto SiO, NPs in a suspension.

SAXS analysis reveals a structure conformation made of spherical SiO, NPs core of
diameter 74 nm surrounded by a CPAM polyelectrolyte shell 2.5 nm thick. Surprisingly,
CPAM induced assembly of SiO, NPs with constant inter-nanoparticle distance, which is
irrelevant of polymer charge density. However, NPs retention in the cellulose fiber network
increases with CPAM dosage. The assembly mechanism is governed by the balance of
electrostatic and steric forces following CPAM coverage onto NPs and the inter-nanoparticle
CPAM bridging conformation. This maintains the constant inter-nanoparticle distance and

the assembly of NPs in the cellulose network.
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