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The study presents the possibility of covering Ag nanoparticles in solutuon with 

cellulose with cellulose nanofibrils (CNFs)and oxidized cellulose nanofibrils, termed 

TEMPO (TCNFs)in order to increase their dispersility and stability over time. The 

chemical composition of the prepared hybrid complexes was confirmed by FTIR 

spectroscopy. DLS investigation highlighted the increased stability in time of AgNPs 

after their covering with cellulose nanofibrils derivatives. Moreover, good results were 

obtained after covering the AgNPs in solution with TCNFs, a phenomenon explained 

by the presence of carboxylic groups (introduced during the TEMPO compound 

formation) capable of supplementary/ additional physical bonds establishment. Optical 

microscopy images of the hybrid solutions deposited on microscope slides evidenced 

the modification of the surface morphology films and attested the silver nanoparticle 

presence. Thus, while the increase of the dispersive stability of AgNPs is achieved, an 

antimicrobial chaeacter for the cellulose nanofibrils is acquired.  

Keywords:cellulose nanofibrils, Ag nanoparticles, hybrid complexes. 

1. INTRODUCTION 

The interest for the production of cellulose derivatives derives from their 

unique physical and chemical properties, and also from the multiple possibilities of 

their applications and use, which brought about, too, the development of new 

materials. Among the application fields of the cellulosic materials, the biomedical 

one is distinguished, due to their biocompatibility, biodegradability, low toxicity, 
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mechanical stability and sustainability. Cellulose nano-fibrils (CNFs) and oxidized 

cellulose nano-fibrils, termed TEMPO (TCNFs), represent the two main categories 

of nano-cellulose isolated from lignocellulosic biomass [1]. Their unique properties 

have been reviewed in many articles that underlined the advantages they are 

offering in applications which require biodegradability, high strength and stiffness, 

when used to ensure efficient coatings for improving the stability and dispersibility 

of various nanoparticles, thereby preventing their aggregation and providing 

constancy for a longer time [2–8]. CNFs and TCNFs containing amorphous and 

crystalline cellulosic regions, with a diameter less than 100 nm and a length of 500 

nm or even more, have numerous OH groups on the surface, capable to form 

hydrogen bonds and networks [9–13]. Mechanical treatments of cellulosic fibers, such 

as high-pressure homogenization, micro-fluidization, grinding, and ultrasonication, 

to produce CNFs, are highly energy intensive [14–16]. Accordingly, pre-treatment 

methods were introduced to reduce energy consumption, such as, for example, 

TEMPO-mediated oxidation, when large amounts of negatively charged carboxyl 

groups are introduced on the cellulose pulp [17,18]. The process was further 

concretized in a mechanical energy consumption of about 570KWh/t, compared to 

that of 70,000 KWh/t necessarily without any pre-treatment [19]. 

 
According to the literature in the field, CNFs and TCNFs possess higher 

specific surface area and more uniform particle size distribution, leading to the 
formation of mechanically stable self-assembled structures, and also to protective 
coatings via specific crosslinking processes. The controllable morphologies that 
can be obtained, together with their biocompatible and biodegradable character, 
recommend them as promising candidates for biomedical applications [20–24]. 

Silver nanoparticles (AgNPs), extensively used in recent years due to their 
significant and attractive antimicrobial, antioxidant, and anticancer properties and 
effects, necessitate stabilizing agents both for preventing their aggregation and for 
providing dispersible and stable compounds over a longer time.  At the same time, 
the multiple microbicidal mechanisms developed by AgNPs recommend these 
compounds as novel nanoantibiotics [25]. 

The stability of AgNPs nanoparticles can be obtained by various techniques, 
such as, for example, electrostatic/ charge stabilization or polymer coatings 
stabilization [26,27]. In cases of stabilization by polymer coatings, when attaching 
macromolecular chains onto the surface of nanoparticles,  steric stabilization takes 
place. In this respect, a few studies devoted to such topic, based on natural and 
synthetic polymers, will be mentioned. 

Development of eco-labelled and effective antibacterial coatings for leather 
products was investigated on PEGylated chitosan (PEG-g-CS) modified silver 
nanoparticles, their antimicrobial activity being analyzed against Gram-negative 
Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus), a 
much lower minimum inhibitory concentration than that of chitosan or PEG-g-CS 
being registered [28]. 
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In other studies, silver nanoparticles have been modified by coating with 
polymers such as poly(vinyl pyrrolidone), poly(ethylene glycol), poly(vinyl alcohol), 
citrate and sodium dodecyl sulfate, which act as capping and stabilizing agents. 
Even if the polymer coatings do not directly increase bactericidal activity, they 
stabilize the silver particles so that they do not auto-aggregate [29–39]. 

Silver nanoparticles were also coated with chitosan films synthesized by a 
simple, environmentally friendly method, namely reduction of silver nitrate with 
chitosan without addition of harmful reduction agents. The obtained films, 
exhibiting strong antibacterial activity against Gram-positive Staphylococcus 
epidermidis and Gram-negative Escherichia coli, could be used as wound dressing, 
antimicrobial packaging material or for long-term storage of silver nanoparticles 
for various applications [40]. 

 
A German research team used a strategy combining a biodegradable polymer 

poly (lactic-co-glycolic acid) (PLGA) and wide-range antibacterial agents, norfloxacin 
and silver nanoparticles, to obtain a new product, which represents a potentially 
attractive biocompatible coating for urinary catheters [41]. 

A surface modified poly(lactic acid) (PLA) electrospun nanofibrous membrane 
(EFMs) with silver nanoparticles (AgNPs) and cellulose nanofibrils (CNF) as 
scaffolds for cell proliferation and antimicrobial application, was also developed. 
AgNPs, easily anchored on the surface of PLA EFMs by CNF, had a very low content 
(below 0.1%), conferring to the scaffolds hydrophilicity and antibacterial ability [42]. 

It was also confirmed that low molecular weight chitosan-coated silver 
nanoparticles were effective against the methicillin-resistant Staphylococcus 
aureus (MRSA), having better biocompatibility and lower body absorption 
characteristics than poly(vinyl pyrrolidone)-coated silver nanoparticles and silver 
nanoparticles, without surface stabilizer in a dorsal MRSA wound infection mouse 
model [43]. 

Silver nanoparticles were incorporated, as well, into regenerated cellulose 
membrane structures. The investigation performed confirmed the antimicrobial 
properties of the newly prepared membranes and also the reduction of biofouling, 
without significantly affecting other characteristic parameters, thus opening the 
application of the modified membrane to wastewaters treatment [44]. 

To conclude, the use of natural polymers, particularly cellulose and cellulose 
derivatives, is increasing, due to their higher biocompatibility, biodegradability and 
accessibility, while incorporation of AgNPs confers to them antibacterial activities 
and further enhances their utility and applicability  [45,46]. 

Over the years, a priority objective of all studies we have undertaken has 
been to stimulate the progress of enterprises through viable partnerships based on 
scientific research supported by the urgent needs of employees. The results 
presented in this paper observed this context. The use of cellulose nanofibrils as 
coatings for various nanoparticles was already presented in literature; the study 
here presented discusses the possibility of covering Ag nanoparticles in solution 



 Alina Gabriela Rusu et al. 4 82 

produced by our collaborators from E5 INVENT SRL, in order to increase their 
dispersibility and stability over time, by using two variants of cellulose derivatives 
offered by the group from Cellulose Lab, a Canadian nano cellulose supplier 
(https://www.celluloselab.com/). 

2. EXPERIMENTAL 

CHEMICALS AND MATERIALS 

Silver nanoparticles characterization – AgNPs 

The AgNPs solution, a product named FortiSol, provided by E5 INVENT 
SRL, was produced through electrolysis with controlled parameters (voltage, 
current, temperature, and lighting), using ultrafiltered/ deionized water produced by 
SC Gecoval, (https://www.pixico.ro/copy-of-apa-deionizata-1), and Ag purity 
higher than 99.994%. INCD-ECOIND determines the characteristics for total Ag 
and ionic Ag. The Ag content of the samples used in the present investigation is: 
total Ag 23.8 mg/ l, ionic Ag 19.3 mg/ l, colloidal Ag 4.5 mg/ l. 

Cellulose derivatives – Cellulose Nanofibrils (CNFs) and Cellulose Nanofibrils 
TEMPO (TCNFs) 

Cellulose Nanofibrils (CNFs – Cx(H2O)y, gels of 3 wt%) in water, and  
cellulose nanofibrils – TEMPO (TCNF – Cx(H2O)y, 1.4 mmol-COONa/g, gels with 1% 
solid content) were used for covering the AgNPs. Both components were provided by 
Cellulose Lab, the Canadian nano cellulose supplier (https://www.celluloselab.com/). 

COATED AgNPs PREPARATION 

The CNFs and TCNFs nanocellulose solutions (0.1wt%) were prepared by 
stirring for 4 hours, then left overnight at room temperature. The next day, two 
variants for anchoring AgNPs on the nanocellulose scaffolds surface were used.  In 
the former, the colloidal Ag solution (0.1 wt% relative to the cellulose content) was 
added over the CNFs and TCNFs nanocellulose solutions (CNFs_Ag and 
TCNFs_Ag noted samples). In the latter variant, the CNFs and, respectively, 
TCNFs nanocellulose solutions were added over the silver colloidal solution 
(Ag_CNFs and Ag_TCNFs noted samples). 

COATED AgNPs CHARACTERIZATION 

FT-IR spectroscopy 

The chemical structure of the coated AgNPs was confirmed by FT-IR 
spectroscopy. Samples grounded into small particles onto KBr disks were analyzed 

https://www.celluloselab.com/
https://www.pixico.ro/copy-of-apa-deionizata-1
https://www.celluloselab.com/
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with a Brucker spectrometer in a Vertex mode, absorption ranging from 400 cm
-1

 
to 4000 cm

-1
, the spectra being obtained at a resolution of 4 cm

-1
, as an average of 

64 scans. 

DLS studies 

Measurements of the particle size and zeta potential of the solutions 
containing AgNPs covered with CNFs or TCNFs were performed by the dynamic 
light scattering technique (DLS) (Nano ZS Zetasizer model, Malvern Instruments, 
UK), with a red laser wavelength of 633 nm (He/ Ne). The system uses a non-
invasive back scatter (NIBS) technology (which reduces the multiple scattering 
effects) wherein the optics is not in contact with the sample, back scattered light 
being detected. The Mie method was applied over the whole measuring range, from 

0.6 nm to 6 m. The hydrodynamic radius (DH) of the prepared hybrid nanosystems 
was determined according to the following equation: 

 D

kT
DH

3


 (1) 

where DH is the hydrodynamic radius, k – Boltzmann constant, T – temperature, η – 
viscosity, D – diffusion coefficient. The hydrodynamic radius is related to the 
intensity means, and not to a mass or number means, being calculated from signal 
intensity. DLS experiments evidence a high reproducibility with the deviation of 
the average diameter within 5%. 

Optical microscopy 

Optical microscopy images of the films made from solutions of AgNPs 
covered with CNFs, respectively TCNFs, by the two variants of preparation, have 
been collected with a MIcros microscope Austria (with a halogen lamp) which 
operates at 220–240 V and 50–60 Hz. Visualization of the film surface has been 
processed at various magnifications; the images selected have a 40X magnification. 

3. RESULTS AND DISCUSSION 

The investigation carried out by the characterization methods applied 
confirmed the realization of the Ag_CNFs_CNF, respectively Ag_NPs_TCNFs 
complexes,  as well as the increase in time of the stability of the Ag nanoparticles 
system produced by our collaborators from E5 INVENT. 

FT-IR ANALYSES 

Figures 1 and 2 illustrate the FTIR spectra of AgNPs and complexes realized 
by covering the AgNPs with CNFs (Fig. 1), respectively TCNFs (Fig. 2), and confirm 
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the chemical composition of the studied systems. In the inset, the intense and broad peak 
around 607 cm

-1
 corresponds to the Ag metal, while that from 2360 cm

-1
 is attributed to 

the AgNO3 compound. Both peaks are also found in composites spectra. 
The absorption peaks around 3700 cm

-1
 and 2899 cm

-1
 found in all spectra of 

the covered AgNPs with CNF or TCNF, no matter of the method employed, are 

attributed to the O-H and C-H stretching vibrations, as well as to the anti-

symmetric bridge of the C–O–C stretching, respectively. Other registered peaks of 

absorption at 1644 cm
-1

 correspond to the O-H vibration of absorbed water and/ or 

are associated to COO– stretching vibrations groups, while those corresponding to 

C-H and C-O vibrations occurring in the polysaccharide rings of cellulose are 

found around 1382 cm
-1

. The vibration of C-O-C in the pyranose ring is indicated 

by the absorption peak at 1060 cm
-1

, while the skeletal vibrations of the C–O 

stretching – at around 1160 and 1115 cm
−1

. 
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Fig. 1. FT-IR spectra of AgNPs overlaid with CNF.   
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Fig. 2. FT-IR spectra of AgNPs covered by TCNF. 
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DLS ANALYSIS 

Both neat and colloidal Ag-enriched solutions with CNF or TCNF were 

studied in terms of dimensional and zeta potential by DLS analysis. DLS studies 

aimed at highlighting the dynamics of the formation of complexes and their 

stability over time. For this reason, the evolution of the Ag_CNFs, respectively 

Ag_TCNFs_complexes, was studied for two weeks. 

 

 

Fig. 3. Hydrodynamic diameter of AgNPs coated with CNFs. 

 

Fig. 4. Hydrodynamic diameter of AgNPs coated with TCNFs. 
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Figures 3 and 4 illustrate the evolution of the hydrodynamic diameter of the 
AgNPs coated with CNFs and TCNFs, respectively. The dimensional differences 
between Ag_CNFs and Ag_TCNFs complexes, AgNPs and the cellulose 
nanofibrils used as coating materials are obvious. The dissimilarities are determined by 
the modality of anchoring the Ag nanoparticles on the scaffold surface of the 
cellulose nanofibrils, the lower values of the hydrodynamic diameter corresponding 
to the variants in which the coating material CNFs or TCNFs is added over the 
solution with silver nanoparticles. For both variants of complexes, the affinity 
between the cellulose fibrils CNFs or TCNFs and AgNPs is observed, concretized 
in a reduced hydrodynamic diameter of the AgNPs coated with cellulose fibrils 
material. At the same time, a reduced hydrodynamic diameter corresponds to 
Ag_TCNFs, which was expected, if taking into consideration the additional 
presence of the carboxyl groups, which increase the possible associations between 
the two components during complex formation. 

 

 

Fig. 5. Time evolution of the hydrodynamic diameter of AgNPs coated with TCNFs. 

The evolution in time of the hydrodynamic diameter of AgNPs coated with 
TCNFs, illustrated in Figure 5, demonstrates the increase of nanoparticles stability 
after their covering with the cellulose nanofibrils, as illustrated in Table 1, which 
lists data concerning hydrodynamic diameter, the polydispersity index, zeta 
potential or conductivity related to the realised and investigated complexes. As one 
can see, the better results regarding these characteristics correspond to the 
Ag_TCNFs complex prepared by the addition of the cellulose fibrils onto the silver 
solutions. Also, the polydispersity index decreases, which means that, in time, the 
realised complex is ordered in a more compact structure where the physical bonds 
activate to the benefit of the newly formed nanocomplexes. This fact is supported 
by the values of the zeta potential which, although variable, remain in the range, 
thus confirming the stability of the analyzed system. Also, the evolution of 
conductivity in time reveals a slight increase, confirming the conformational 
changes observed in time, generated by reorganization of the functional groups. 
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Table 1  

Time evolution of the hydrodynamic diameter, polydispersity index, zeta potential and 

conductivity of the investigated hybrid systems 

Time, 

hrs 

Sample 

TCNFs_Ag Ag_TCNFs CNFs_Ag Ag_CNFs 

DH, 

nm 
PDI ZP, 

mV 

Con-

duc-

tivity, 

mS/cm 

DH, 

nm 
PDI ZP, 

mV 

Con-

duc-

tivity, 

mS/cm 

DH, 

nm 
PDI ZP, 

mV 

Con-

duc- 

tivity, 

mS/cm 

DH, 

nm 
PDI ZP, 

mV 

Con-

duc- 

tivity, 

mS/cm 

2 140 0.45 –37.2 0.0456 120 0.366 -41 0.0523 736.2 0.742 –20.7 0.0476 860 0.845 –25.7 0.041 

24 142 0.245 –24.2 0.061 121.2 0.242 -25 0.0592 250 0.358 –20 0.0662 232 0.31 –20.1 0.0421 

168 152 0.257 –18.5 0.0703 126.5 0.21 -17 0.0628 280 0.4 –14.5 0.0908 225 0.29 –15.5 0.0464 

336 138.7 0.253 –19 0.0891 129.6 0.228 –13.2 0.0743 270 0.4 –17.4 0.135 210 0.25 –16.7 0.0516 

The same behaviour corresponds to the AgNPs_CNFs system prepared by 

addition of the cellulose fibrils onto the silver solutions. 

OPTICAL MICROSCOPY 

The surface of the films realized from hybrid solutions based on Ag_CNFs 

and Ag_TCNFs complexes, and as well from the starting solutions of AgNPs and 

cellulose nanofibrils, visualized through optical microscopy, is illustrated in Figure 6. 

 

       

Ag                                                                CNFs 

 

TCNFs 

a 



 Alina Gabriela Rusu et al. 10 88 

    
Ag_CNFs                                                                CNFs_Ag 

b 

    
Ag_TCNFs                              TCNFs_Ag 

c 

Fig. 6. Optical microscopy of the film surfaces (×40) from (a) AgNPs and cellulose nanofibrils  

(CNFs and TCNFs), hybrid solutions based on (b) Ag_CNFs and (c) Ag_TCNFs  

Clear-cut differences appear between the films obtained from the original 

samples of silver or cellulose fibrils and those made from the hybrid solutions 

prepared on the basis of AgNPs_CNFs and (c) AgNPs_TCNFs complexes. Also, 

the presence of silver particles, even in a ratio of only 0.1 wt.% relative to cellulose 

fibrils’ content, is much obvious and better represented in the hybrid variants coated 

with TCNFs, especially in those obtained by adding TCNFs over the Ag solution. 

4. CONCLUSIONS 

The study discusses the possibility of covering Ag nanoparticles with 

cellulose nanofibrils offered by the group from Cellulose Lab, a nano cellulose supplier 

from Canada (https://www.celluloselab.com/), in a solution produced by our 

https://www.celluloselab.com/


11 Increased Ag nanoparticles stability through cellulose nanofibrils coatings 89 

collaborators from E5 INVENT SRL, in order to increase their dispersibility and 

stability over time. Data obtained from FTIR spectra confirms the chemical 

composition of the prepared hybrid complexes. Also, DLS investigation underlined 

the increase of AgNPs verticles’ stability in time after their covering with cellulose 

nanofibrils derivatives. Best results were obtained after covering the AgNPs in 

solution with TCNFs (not adding AgNPs over the TCNFs solution), a phenomenon 

explained by the presence of carboxylic groups (introduced during TEMPO 

compound formation) capable of establishing additional physical bonds. Optical 

microscopy also evidenced the modification of surface morphology films when 

hybrid solutions were used for film preparation, which proves the presence of 

silver nanoparticles. Both components benefit from this coating process, namely by 

anchoring the silver particles on the scaffold surface of cellulose derivatives. Thus, 

while the increase of the dispersive stability of AgNPs is achieved, an antimicrobial 

character of cellulose nanofibrils is acquired. These first experiments will be further 

conducted by systematic evaluations for cell viability, and antimicrobial and biological 

properties. 
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