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Abstract. This paper aims to present the development of new material with 

enhanced properties using a biodegradable material such as Arboblend V2 

Nature and silver nanoparticles through Physical Vapor Deposition process. 

Thus, the materials chosen for this study are Arboblend V2 Nature and silver.   

Arboblend V2 Nature is a thermoplastic material made from byproducts of the 

wood pulp industry to replace plastic materials made from petroleum. Silver 

nanoparticles are known to provide antimicrobial properties for surfaces. 

Physical Vapor Deposition is one of the most used coating methods in the 

industrial sector. The main goal is to create a benchmark of materials that can be 

further exploited in a wide variety of applications in areas such as medical, 

dental, automotive, electronics, and others. 
 

Keywords: experimental factorial plan; PVD; biodegradable materials; 

silver nanoparticles.  

 
1. Introduction 

 

Resources play a crucial role in providing value to society. Sustainable 

use of resources, both from natural and man-made sources, has received 
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increasing attention in recent decades. There have been many proposals to direct 

production to new systems that are more sensitive to environmental issues. For 

the results to be tangible, the footprint of human activities on ecosystems must 

be less than the maximum limit they can withstand before they reach a 

condition of irreversible degradation. In principle, this result can be obtained 

through two antithetical orientations: one is based on non-interference, where 

the whole technological process is closed forming techno cycles; the other 

orientation focuses on the concept of biocompatibility which ensures the 

maximum integration of production with natural processes (biocycle). The main 

goal is to achieve systems based on renewable resources reintroduced into the 

ecosystem in the form of totally biodegradable waste. Following this 

orientation, the development of biopolymers has gained new impetus and vigor 

in recent years. These biodegradable materials have used in the past to produce 

rubbers such as gutta-percha, rubber, shellac, or even to produce cellophane, but 

they were "set aside" in favor of more petroleum-derived resins and synthetic 

polymers that are more advantageous in terms of production, performance, and 

costs. Fig. 1 shows a classification by origin of biodegradable plastics. Their 

dissemination and marketing are influenced by performance and costs. At the 

same time, they are influenced both by the low diffusion of these biopolymers 

on the market and by the price of oil affecting the production of synthetic 

plastics and, consequently, by the manufacturer's choice whether or not to target 

the biopolymers market. Currently, 99% of plastics come from non-renewable 

resources and are used both as raw material and as an energy source in the 

production process (4% of world oil production becomes plastic). The world 

currently consumes around 200 million tons of plastic per year (mainly in 

developed countries), with an outcome of over 25 million tons/year of plastic 

waste in Europe and the USA […].  

 
Fig. 1 ‒ Classification of biodegradable materials. 
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All this involves problems of availability of raw material to produce 

plastics, difficulties related to the disposal of waste in the post-use phase. 

Renewable green composites are increasingly being studied because of their 

potential to provide benefits to the natural environment. Thus, lignin was mixed 

with several polymers to obtain materials for various high value-added 

applications. Efficient mixing is often difficult to achieve given the high 

complexity of the lignin structure and its reactivity. Lignin manifests a 

thermoplastic behavior due to its strong network of intra-molecular and inter-

molecular hydrogen bonds (Sakakibara, 1980; Nimz, 1974), but at high 

temperatures, it acts as a heat-resistant material by the appearance of extensive 

crosslinking reactions (Culebras et al., 2018a; Kubo and Kadla, 2005). In this 

context, it is of critical importance to thoroughly investigate the miscibility of 

lignin with other polymers, to monitor the evolution of phases, because their 

compatibility is of real importance to understand the structure-property 

relationships of lignin-based mixtures (Sen et al., 2015). To obtain better 

properties in lignin-polymer mixtures, chemical modification of lignin is often 

necessary (Alexy et al., 2004; Sailaja and Deepthi, 2010; Blanco et al., 2017; 

Gordobil et al., 2015; Barzegari et al., 2012; Wei et al., 2006; Kaewtatip and 

Thongmee, 2013). Usually, lignin, pure or chemically modified, can be used to 

perform the following functions in a mixing system: reactive component in the 

preparation of various resins (eg epoxy resins, phenol-formaldehyde resins (Wang 

et al., 2009; Tachon et al., 2016) and polymers (for example polyurethanes 

(Culebras et al., 2018b; Lee and Deng, 2015; Bernardini et al., 2015; Jia et al., 

2015), nuclear agent (Perez-Camargo et al., 2015; Weihua et al., 2004; Lin et al., 

2011; Mu et al., 2014), surfactant (Zhou et al., 2015; Gupta and Washburn, 

2014), UV blocker (Gregorova et al., 2005; Xing et al., 2017), thermal stabilizer 

(Kabir et al., 2018; Kabir, 2018; Ye et al., 2018; Barana et al., 2016), flame 

retardant (Liu et al., 2016a, b), adsorbent (Albadarin et al., 2017), composite 

reinforcement filler (Benjelloun-Mlayah and Delmas, 2014; Kosikova and 

Gregorova, 2005), antimicrobial agent (biocide) (Erakovic et al., 2014), 

supercapacitor for energy storage (Peng et al., 2018; Ho et al., 2018), carrier (for 

biomedical and pharmaceutical applications) (Farhat et al., 2017) and precursor 

for sustainable and cost-effective carbon fibers (Mainka et al., 2015). This paper 

is structured as follows: the first part presents some preliminary notions as an 

introduction about biopolymers and biodegradable materials based on lignin; the 

second part is dedicated to the general presentation of the materials used for the 

experimental plan; in the third part the vapor deposition equipment (PVD) is 

described and the fourth section is represented by the experimental factorial plan. 

 

2. Description of Materials Used for Experiments 
 

Liquid wood is made from lignin, which is a waste product from the 

wood pulp industry, and is in the form of granules, which for processing can be 
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melted and injected (molding process). The main types of liquid wood are: 

Arboblend®, Arbofill® and Arboform® (Fig. 2). 

 

 
Fig. 2 ‒ Different types of liquid wood. 

 
Arboblend V2 Nature  

According to the manufacturer (Tecnaro website), the thermoplastic 

material Arboblend® is based on different biopolymers such as lignin, 

polyester, polylactic acid, starch, bio-polyolefins, natural resins, cellulose, 

organic additives but also natural reinforcing fibers. Depending on the 

Arboblend® type, its structure varies (up to 100% - renewable raw materials) 

and responds to various consumer requirements. 

Arboform LV3®   

This liquid wood version consists of a lignin matrix (60%) enriched 

with a good percentage of lignin loaded with flax or hemp fibers (40%). At first 

sight, cellulose gives it a light brown color and a slightly rough surface. Thanks 

to these characteristics, it is possible to produce artifacts with more natural 

appearances, which therefore represent a step following the purely substitutive 

use seen in the Arboblend®, enhancing properties not obtainable with 

traditional polymers. Furthermore, the filler improves the mechanical 

properties, making the material more rigid. 

Arboform F40®  

This third sample of material contains more cellulose (60%) than the 

two already described; it can therefore be imagined that it is the one that most 

differs from a plastic and more recalls the idea of wood. In addition to the dark 

brown color and the blotchy nuances that form once printed, the material has an 

easily noticeable smell; everything immediately recalls its natural origin. 
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Arbofill®  

Unlike other types of liquid wood, Arbofill® is made up of 

petrochemical polymers such as polyethylene or reinforced polypropylene, 

mixed with natural fibers such as hemp, linen, or wood. By modulating the 

polymeric component, different types of Arbofill can be obtained based on the 

needs of the individual customer and the purpose of using the material. This 

product is also completely recyclable and has the appearance of a light wood. 

The list of liquid wood applications is extensive. A wide range of items can be 

manufactured, from simple toys and figures to complex items, disposable 

glasses to long-lasting car parts, furniture parts, to durable headphones, 

decorative boxes, pencils, and speaker boxes. 

The research team within the Gheorghe Asachi Technical University of 

Iași, Department of Machine Building Technology, has conducted numerous 

studies and research on determining the mechanical, thermal, and structural 

properties of liquid wood parts obtained by injection molding, (Nedelcu et al., 

2013; Nedelcu, 2013; Nedelcu et al., 2016; Nedelcu and Comaneci, 2014; 

Nedelcu et al., 2015; Broitman et al., 2018; Nedelcu and Paunoiu, 2015; 

Mazurchevici et al., 2018; Plavanescu et al., 2015; Nedelcu et al., 2019; 

Plavanescu et al., 2016; Motaş et al., 2020; Motaş and Nedelcu, 2019; Nedelcu 

et al., 2014). These properties need to be known to carry out the coating process 

with silver nanoparticles in good condition. 

Silver is the metal that has attracted interest to produce metallic 

nanoparticles, due to its well-known antibacterial properties. Silver-based 

compounds have been widely used since the 19th century in many antimicrobial 

applications. The use of silver nanoparticles as an antimicrobial agent is 

evaluated for biomedical devices as well as for furniture in many public places 

(stations, elevators, and so on). Silver ions are highly toxic to all 16 major 

bacterial species (Gadd et al., 1989). Silver is generally used in the form of salt, 

silver nitrate, but it would be possible to obtain an improved antimicrobial 

behavior if silver nanoparticles were used because the surface to which the 

bacteria will be exposed would be larger. Moreover, the higher potential of 

nanoparticles compared to silver ions can be explained by their ability to anchor 

and penetrate the cell wall, influencing the structure of the membrane and 

causing cell death (Prabhu and Poulose, 2012). Silver nanoparticles have 

attracted tremendous interest in the biomedical field due to their attractive and 

unique nano-related properties, including their high intrinsic antimicrobial 

efficacy and non-toxic nature. Among the many potential applications of silver 

nanoparticles in this field, impressive attention and effort have recently been 

directed to their promising implications in wound dressing, tissue scaffolding, 

and protective clothing applications (Mokhena and Luyt, 2017; Gudikandula et 

al., 2017). Some key issues related to the specific antimicrobial characteristics 

of silver nanoparticles involve their intrinsic physical and chemical properties, 

which include maintaining the nanoscale size of silver nanoparticles, improving 
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their dispersion and stability, and avoiding aggregation (Guan et al., 2018). 

Many studies have shown experimentally that the antipathogenic activity of 

silver nanoparticles are better than that shown by silver ions (Li et al., 2017). 

 
3. Description of PVD Equipment 

 

As is known, PVD spraying belongs to the family of physical vapor 

deposition techniques, which are widely used for the deposition of thin films on 

a substrate, to improve the physical and chemical properties of materials. This 

technique, which is now known as "Sputtering - PVD", requires a high vacuum 

and a bright discharge (plasma). In the spraying process, the physical 

vaporization of the atoms on the target surface takes place by bombarding it 

with energetic ions, and the resulting impulse transfer to the target atoms. 

Energy ions come from ionized gas in an electric field. Gas pressure plays an 

important role in plasma formation. If the gas pressure is very low, only the ions 

resulting from the natural radiation will be transferred to the poles. In the 

presence of higher pressure, natural ions are accelerated, and their collisions 

lead to the generation of other ions and the increase in current. The spraying 

process can be used for alloys and mixtures with the advantage of having the 

same target composition in the coating. Being the target in a solid-state, there is 

no diffusion when it is bombarded by ions and each layer of atoms must be 

removed from the surface before the next layer can be sprayed. Fig. 3 shows the 

parts of physical vapor deposition (PVD) equipment. 

 
Fig. 3 ‒ The main parts of a PVD equipment. 

 

Like any surface treatment technology, the PVD process is used to 

impart superior properties to the substrate. PVD makes it possible to deposit a 
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multitude of materials (metals, oxides, nitrides, carbides, mixtures, conductors, 

insulators). The strictest condition for substrates is that they be compatible with 

the vacuum. The coatings are deposited atom by atom and can be very thin 

(thickness about 20 nm) and reliably deposited. PVD finishes add beauty to the 

finished piece, so it is often used in decorative products. Moreover, it provides 

corrosion resistance for applications with high humidity and protects against 

chipping, discoloration, or sanding. Fig. 4 shows the equipment used to coat 

Arboblend V2 Nature granules with silver nanoparticles.  
 

 
 

Fig. 4 ‒ VS-40 equipment manufactured by MITEC for the physical  

vapor deposition (PVD) process. 

 

The vacuum chamber has a cylindrical shape made of stainless steel, 

with a diameter of 450 mm and a height of 600 mm, equipped with an access 

door that allows the insertion and removal of objects before and immediately 

after the coating process, Fig. 5.  
 

 
 

Fig. 5. The vacuum chamber of the PVD machine 

 

The sputtering process, after achieving the high-vacuum pressure in the 

chamber, includes the following steps: 
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- Closing the shutter (for maintaining the Argon inside the chamber); 

- Opening the Argon flow valve, the flow control should be set at its 

maximum value (100 sccm), until the pressure inside the chamber reaches a 

settled and firm value; 

- Turning on the power for starting the sputtering: the correct ignition of 

the plasma can be verified by an eyelet located on the chamber door; 

- Turning off the power, after the sputtering time has expired; 

- Closing the Argon flow valve; 

- Opening the shutter; 

- Closing the Gate valve (the foreline valve must be maintained in open 

position for avoiding the pressure at the tail of the turbomolecular pump to 

increase); 

- Opening the venting valve until the atmospheric pressure in the 

chamber is reached and it is possible to open the door and extract the coated 

products. 

The handling system motion should be turned on during the pre-vacuum 

step, as it helps for degassing the granules. The PVD machine is also furnished 

with a cooler for chilling the system. 

 

4. The Experimental Factorial Plan 

 

To achieve the proposed experimental plan, two types of materials were 

used, namely: Arboblend V2 Nature granules (4998 g) and a silver source. Fig. 6 

shows Arboblend V2 Nature granules before and after silver coating, designed 

for injection molding, blow molding, extrusion, press casting and calendering 

(density = 1.30 g/cm
3
). The granules were supplied by Tecnaro GmbH 

(Germany). A silver source with a purity of 99.99% (density = 10.49 g/cm
3
). 

Designed for the physical deposition process - Sputtering was provided by the 

University of  Rome "Tor Vergata" (Italy), Fig. 7. 

 

 
                                                  a                          b 
Fig. 6 ‒ Arboblend V2 Nature granules: a) before coating, b) after the coating process. 
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Fig. 7 ‒ The silver source used for the nano-coating of the 

 granules of Arboblend V2 Nature. 

 

Factor experiments analyze the effects of several input factors on the 

output response of a process. Factorial experimental planning is a method that 

establishes the values of input parameters and the number of experiments 

needed to analyze the influence of these parameters on the output response. 

Based on the experimental factorial plan, the experiments are performed that 

will generate the output response (s). 

It is important to note that in addition to the "main effects", the factors 

may also result in "effects of their interactions". 

In the present paper, three input factors were considered: A-thickness of 

the deposited silver layer, B-rotation speed of the PVD equipment tank, and C-

amount of coated material, each factor having two levels of variation. 

The three factors, each on two levels (0 and 1), generate a factorial 

experiment 23, eight experiments will result (2
3
=8), Table 1, (Batra and Seema, 

2019; Academia Edu, 2019): 

 
Table 1 

 The Factorial Experiment 2
3
 with Two Levels of Variation 

Test 
Feedback 

experiment 
A B C 

1 (1) 0 0 0 

2 a 1 0 0 

3 b 0 1 0 

4 ab 1 1 0 

5 c 0 0 1 

6 ac 1 0 1 

7 bc 0 1 1 

8 abc 1 1 1 
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The calculation ratios of the effects are according to Eqs. (1 - 3): 
 

The effect of factor A: 
 

                    111
4

1
1

4

1
 cbaababcacbcabcA  (1) 

 

The effect of the interaction of factor A with factor B: 
 

                1
4

1
 ababcacbcabcAB   (2) 

 
The effect of the interaction of the three factors: 
 

                1
4

1
 ababcacbcabcABC   (3) 

 

or equivalent, Eqs. (4) and (5):  
 

   111
4

1
 cbaAB                                            (4) 

 

   111
4

1
 ccaABC                                                   (5) 

 

A graphical representation of the complete three-factor experiment can 

also be made according to Fig. 8.  
 

 
 

Fig. 8 ‒ Geometrical model of the 2
3 
factorial plan, 

 (Batra and Seema, 2019; Apio, 2019). 
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In this paper, only the interactions between every two factors were 

considered and the interaction between all three factors was eliminated because 

the resulting system with the 8 experimental values would be indeterminate to 

calculate the constants, coefficients, and error of the model. 

The paper also used the MiniTab application and went through the 

following steps: 

- Introduction of the values observed from performing the experiments; 

- Consideration of the model of the three factors (A, B, C) and with the 

three interactions (AB, BC, and CA); 

- Analysis of the variance of the factors and obtaining the constant and 

the coefficients of the generalized linear model. 

- Elimination from the model of factors and interactions with 

statistically insignificant influence from the generalized linear model. 

- Analysis of the variance of the factors and obtaining the constant and 

the coefficients of the new generalized linear model. 

- Hierarchy of factors and their interactions according to the influence 

exerted on the response followed by the experiment. Highlighting the meaning 

of influences - whether they are directly proportional or inversely proportional 

to the response. 

Finally, the two levels for the three input factors are shown in Table 2, 

which shows the complete factorial plan used to coat Arboblend V2 Nature 

granules with silver nanoparticles. 

 
Table 2 

 Full Experimental Plan 

Nr. 

Exp. 

Input parameters 

The silver layer 

thickness 

The motion speed of the 

PVD handling system 

The quantity of nano-

coated granules 

1 -1 -1 -1 

2 -1 -1 +1 

3 -1 +1 -1 

4 -1 +1 +1 

5 +1 -1 -1 

6 +1 -1 +1 

7 +1 +1 -1 

8 +1 +1 +1 

 
5. Conclusions 

 

In the present work, the experimental factorial plan was made to cover 

the Arboblend V2 Nature granules with silver nano particles. Also, a 

comprehensive introduction was made with the general presentation of 
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information related to biodegradable materials based on lignin and silver 

particles but also a general description of the equipment that will be used for 

coatings on the PVD principle. In the final part is presented the experimental 

factorial plan with the specification of the three input factors and the levels of 

variation. From the experience of the research team, it was considered that the 

factors of the thickness of the deposited silver layer, the rotation speed of the 

tank of the PVD equipment and the amount of coated material can have a 

significant influence on the output responses. 
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PLANUL EXPERIMENTAL FACTORIAL 

 PENTRU ACOPERIREA MATERIALELOR BIODEGRADABILE CU 

NANOPARTICULE DE ARGINT 

 

(Rezumat) 

 

Această lucrare își propune să prezinte dezvoltarea de noi materiale cu 

proprietăți îmbunătățite folosind un material biodegradabil, cum ar fi Arboblend V2 

Nature și nanoparticule de argint, prin procesul de depunere fizică a vaporilor. Astfel, 

materialele alese pentru acest studiu sunt Arboblend V2 Nature și argint. Arboblend V2 

Nature este un material termoplastic fabricat din subproduse din industria celulozei din 

lemn pentru a înlocui materialele plastice realizate din petrol. Se cunoaște că 

nanoparticulele de argint oferă proprietăți antimicrobiene pentru suprafețe. Depunerea 

fizică a vaporilor este una dintre cele mai utilizate metode de acoperire în sectorul 

industrial. Scopul principal este de a obține materiale acoperite cu argint care pot fi 

exploatate în continuare într-o mare varietate de aplicații în domenii precum medicale, 

stomatologice, auto, electronice și altele. 


