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RESUMO 
 

Estudo da modificação de Y-TZP e cimento resinoso com nanotubos de 
dióxido de titânio  

 
Nanotubos de dióxido de titânio (TiO2) tem sido utilizados para melhorar 

as propriedades mecânicas de materiais odontológicos. Zircônica tetragonal 

policristalina estabilizada por ítria (Y-TZP) tem sido amplamente utilizada na 

Odontologia. Apesar de seus excelentes resultados clínicos, a Y-TZP é suscetível a 

falhas relacionadas à espessura insuficiente do conector da prótese fixa e a soltura 

da restauração devido à adesão deficiente. O objetivo desse trabalho é avaliar o 

efeito da adição de diferentes concentrações de nanotubos de TiO2 à Y-TZP nas 

suas propriedades mecânicas e microestrutura, além de avaliar a influência na 

resistência de união da adição desses nanotubos na cerâmica ou no cimento 

resinoso. Para isso, os objetivos descritos foram divididos em dois artigos diferentes. 

O artigo 1 descreve os testes de resistência flexural biaxial, análise fractográfica 

qualitativa em microscopia eletrônica de varredura (MEV), avaliação de 

microestrutura em MEV de emissão de campo e difração de raios-X. Os grupos 

avaliados foram: Y-TZP comercial (Ivoclar Vivadent) (ZC) e Y-TZP experimental com 

diferentes concentrações de nanotubos [0 (Z0), 1 (Z1), 2 (Z2), e 5% (Z5), em 

volume]. No artigo 2 está descrito o teste de resistência ao cisalhamento que foi 

realizado com os seguintes grupos: Y-TZP comercial (ZC) e Y-TZP experimental 

com diferentes concentrações de nanotubos [0 (Z0), 1 (Z1), 2 (Z2), e 5% (Z5), em 

volume] aderidas ao cimento Panavia F2.0; e Y-TZP comercial aderida ao cimento 

resinoso RelyX U200 com adição de diferentes concentrações de nanotubos em dois 

métodos de polimerização: dual [0 (DC), 0,3 (D03), 0,6 (D06) e 0,9% (D09) de 

nanotubos em peso] ou auto [0 (SC), 0,3 (S03), 0,6 (S06) e 0,9% (S09) de 

nanotubos em peso]. Os valores de resistência flexural e resistência ao 

cisalhamento foram submetidos aos testes de ANOVA e Tukey (α=0,05). A 

resistência flexural também passou por análise de Weibull. Os valores de tamanho 

de grãos foram submetidos a testes de Kruskal-Wallis e Dunn (α=0,05). Os 

resultados de resistência flexural encontrados foram: ZC – 896,73±122,70; Z0 – 

577,67±62,26; Z1 – 477,32±75,65; Z2 – 492,25±63,19; Z5 – 437,18±53,55. Os 

resultados de módulo de Weibull encontrados foram: ZC - 7,9; Z0 - 11,2; Z1 - 8,7; Z2 



 

- 8,1; Z5 - 9,3. Os resultados mostraram que a Y-TZP experimental apresentou 

menores valores de resistência flexural do que a cerâmica comercial, mas a primeira 

apresentou maior módulo de Weibull (m). A Y-TZP experimental apresentou boa 

microestrutura, comparável à Y-TZP comercial, com tamanhos de grão muito 

semelhantes. A adição de nanotubos à Y-TZP levou a menor resistência flexural, 

porém maior m que a cerâmica comercial. Poros contendo Ti foram observados na 

Y-TZP conforme a concentração de nanotubos aumentou. Os resultados de 

resistência ao cisalhamento foram, do maior para o menor: Z5 - 6,46±3,36; DC - 

6,17±0,87; D03 - 5,74±1,70; S03 - 5,73±1,71; Z1 - 5,16±2,62; D06 - 4,82±1,06; D09 - 

4,75±1,43; SC - 4,73±1,43; S09 - 4,61±0,85; S06 - 4,51±1,87; ZC - 3,70±1,82; Z0 -

3,33±2,05; Z2 - 2,94±1,38. A resistência ao cisalhamento também foi influenciada 

pela adição de nanotubos, tanto na cerâmica quanto no cimento, porém não 

linearmente. A Y-TZP adicionada de 5% de nanotubos de TiO2 apresentou maior 

resistência de união, porém sem diferença estatística da maioria dos grupos. O 

grupo Z1 foi provavelmente o grupo que apresentou a melhor combinação de 

resistência flexural, m, microestrutura e resistência de união. Mais estudos de outras 

propriedades podem ser realizados com o mesmo. 

 

Palavras-chave: Nanotubos. Cerâmica. Zircônio. Titânio. 

 



 

ABSTRACT 
 

A study of the modification of Y-TZP and resin cement with titanium dioxide 
nanotubes 

 
Titanium dioxide nanotubes (TiO2) have been applied to enhance the 

mechanical properties of dental materials. Yttria-stabilized tetragonal zirconia 

polycrystals (Y-TZP) has been increasingly used in dentistry. Aside from its optimal 

clinical results, Y-TZP is prone to failures related to insufficient thickness of the fixed 

prostheses connector and debonding due to its difficult adhesion. The purpose of this 

study is to evaluate the effect of the addition of different concentrations of TiO2 to Y-

TZP in its mechanical properties and microstructure, and also to evaluate the 

influence of these nanotubes on the bond strength when added to the ceramic or to 

the resin cement. To evaluate that, the described purposes were divided in two 

different papers. Paper 1 describes the tests of biaxial flexural strength, fractography 

qualitative analysis in scanning electron microscopy (SEM), microstructure evaluation 

in field emission-SEM and X-ray diffraction. Groups evaluated were commercial Y-

TZP (Ivoclar Vivadent) (ZC) and an experimental Y-TZP with different blends of 

nanotubes [0 (Z0), 1 (Z1), 2 (Z2), and 5% (Z5), in volume]. In paper 2 shear bond 

strength test is described. It was carried out with the following groups: commercial Y-

TZP (Ivoclar Vivadent) (ZC) and an experimental Y-TZP with different blends of 

nanotubes [0 (Z0), 1 (Z1), 2 (Z2), and 5% (Z5), in volume] bonded to the resin 

cement Panavia F2.0; and commercial Y-TZP bonded to resin cement RelyX U200 

added with different blends of nanotubes in two curing methods dual-cured [0 (DC), 

0.3 (D03), 0.6 (D06) and 0.9% (D09) of nanotubes in weigth] or self-cured [0 (SC), 

0.3 (S03), 0.6 (S06) and 0.9% (S09) of nanotubes in weigth]. Values of flexural 

strength and shear bond strength were subjected to ANOVA and Tukey (α=0.05). 

Flexural strength values were also subjected to Weibull statistics. Grain sizes values 

were subjected to Kruskal-Wallis and Dunn tests (α=0.05). The flexural strength 

results were: ZC – 896.73±122.70; Z0 – 577.67±62.26; Z1 – 477.32±75.65; Z2 – 

492.25±63.19; Z5 – 437.18±53.55. The Weibull modulus results found were: ZC – 

7.9; Z0 – 11.2, Z1 – 8.7; Z2 – 8.1; Z5 – 9.3. Results showed that experimental Y-TZP 

presented lower flexural strength values than commercial one, but the first presented 

better Weibull modulus (m). Experimental Y-TZP also presented good microstructure, 



 

comparable to commercial Y-TZP, with very similar grain sizes. Nanotubes addition 

to Y-TZP led to lower flexural strength, although higher m than commercial ceramic. 

Pores containing Ti were observed in Y-TZP as the nanotubes concentration raised. 

Shear bond strength results found were, from higher to lower values: Z5 – 6.46±3.36; 

DC – 6.17±0.87; D03 – 5.74±1.70; S03 – 5.73±1.71; Z1 – 5.16±2.62; D06 – 

4.82±1.06; D09 – 4.75±1.43; SC – 4.73±1.43; S09 – 4.61±0.85; S06 – 4.51±1.87; ZC 

– 3.70±1.82; Z0 -3.33±2.05; Z2 – 2.94±1.38. Shear bond strength was also 

influenced by nanotubes addition, either in the ceramic or in the cement, although not 

linearly. Y-TZP added of 5% of TiO2 nanotubes presented the highest bond strength, 

although with no significant difference from most groups. Group Z1 was probably the 

group that presented the best combination of flexural strength, m, microstructure and 

bond strength. More studies of other properties could be carried out with this group. 

 

Key-words: Nanotubes. Ceramic. Zirconium. Titanium. 

 



 

LIST OF ILLUSTRATIONS 
 

- PAPER 1 

Figure 1 -  Y-TZP manufacturing from the zirconium oxide powder ...............   42 

Figure 2 - Sintering regimen executed with description of Y-TZP 

characteristics in each of these phases ......................................... 

 

44 

Figure 3 - Weibull plot presenting fracture stress as a function of probability 

of fracture........................................................................................ 

 

47 

Figure 4 - Contour plot with 90%confidence intervals for the σ0 and m 

parameters...................................................................................... 

 

48 

Figure 5 - Fractography images of specimens tested. On the fractured 

surfaces of a specimen on group ZC (5A – 35x and 5B – 500x) 

and of group Z0 (5C – 35x and 5D – 500x) is easy to identify the 

telltale marks: compression curls (cc) opposite to the origin of 

failure, mirror regions (m) surrounding the origin, hackle lines (hl) 

and wake hackle lines (wh) indicating the direction of crack 

propagation (arrows) and pores (p). On the fractured surfaces of 

specimens on groups Z1 (5E – 35 x and 5F – 500x) and Z2 (5G – 

35x and 5H – 500x) it is harder to see the telltale marks and more 

pores (p) are visible in the surface, the mean pore sizes are 4.15 

µm and 5.63 µm, for Z1 and Z2, respectively. Fractured surface of 

a group Z5 specimen (5I – 35x and 5J – 500x) is much harder to 

identify this marks and more pores in a bigger size (mean size 

10.76 µm) are observed.................................................................. 

 

 

 

 

 

 

 

 

 

 

 

 

 

49 

Figure 6 - Close up image (2500x) of a pore in a specimen from group Z1 

with indication of areas of EDX analysis (6A). EDX graphic from 

point number 1 showing the great presence of zirconium, almost 

no titanium (6B). EDX graphic from point number 2 showing the 

presence of zirconium and also titanium (6C). EDX graphic from 

point number 3 showing the presence of zirconium and less 

titanium (6D)................................................................................... 

 

 

 

 

 

 

51 

Figure 7 - FE-SEM image of each group showing the grain sizes and  



 

distributions, x30,000. ZC’s image (7A) presents grains very 

different from the other groups although in similar sizes to Z0 (7B) 

grains. With nanotubes concentration increase, the grain sizes 

also increased and it can be seen in figures 7C, 7D and 7E, 

representing groups Z1, Z2 and Z5, 

respectively.................................................................................... 

 

 

 

 

 

53 

Figure 8 - Graphics presenting the X-ray diffraction results observed for 

each group of Y-TZP. No structural changes or segregations after 

nanotubes addition can be noted (8A). In the 20o to 45o interval 

the nanotubes incorporation made the monoclinic phase 

noticeable in a small amount (8B).................................................. 

 

 

 

 

54 

 

 

- PAPER 2 

Figure 1 - Distribution of failure types, in percentage (%), for each group 

studied............................................................................................ 

 

72 

 



 

LIST OF TABLES  
 
- PAPER 1 

Table 1 -  Material (Y-TZP), composition, commercial brands and 

experimental groups......................................................................... 

 

41 

Table 2 - Zirconia powder, nanotubes, solvents, binders, and deflocculants 

used in the mixture........................................................................... 

 

42 

Table 3 - Values of flexural strength σ ±SD and the σ minimum and σ 

maximum found for each group (n=30)............................................ 

 

46 

Table 4 - Mean grain sizes (±SD) for the different Y-TZP in nm.....................  52 

 
 

- PAPER 2 

Table 1 - Description of the experimental groups involved in the study .........  67 

Table 2 - Resin cements used and their composition......................................  69 

Table 3 - Mean (in MPa) for shear bond strength and standard deviations 

from the higher to the lower values.................................................. 

 

71 

 
  



 



 

LIST OF ABBREVIATIONS AND ACRONYMS 
 

10-MDP 10-Methacryloyloxydecyl dihydrogen phosphate 

Å  Ångström 

ANOVA Variance Analysis 

Bis-GMA Bisphenol A-glycidyl methacrylate 

C18H34O2 Oleic oil 

CAD-CAM Computer Aided Design – Computer Aided Manufacturing 

CaO  Calcium oxide 

cc Compression curls 

CeO2  Cerium oxide 

cm  Centimeters 

DC  Dual-cured RelyX U200 without nanotubes 

D0.3 Dual-cured RelyX U200 with 0.3% of nanotubes 

D0.6 Dual-cured RelyX U200 with 0.6% of nanotubes 

D0.9 Dual-cured RelyX U200 with 0.9% of nanotubes 

DC Dual-cured RelyX U200 without nanotubes 

EDX Energy Dispersive X-Ray Spectroscopy 
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TiO2  Titanium dioxide 
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XDR  X-ray diffraction 
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Z1 Experimental zirconia with 1% of nanotubes group 
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ZC  Commercial zirconia group 

Zr  Zirconia 
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1 INTRODUCTION 
 

Ceramics have been used in dentistry more in the recent years and their 

types and applications are constantly growing. Ceramics generally are inorganic, 

nonmetallic solids synthesized by heat treatment and subsequent cooling 

(CALLISTER JR; RETHWISCH, 2007; GAUTAM et al., 2016). Nowadays the word 

“ceramic” refers to materials such as glass, advanced ceramics and cement systems 

as well (GAUTAM et al., 2016), leading to a much broader meaning. High-strength 

oxide ceramic materials, such as zirconium dioxide (ZrO2), have many different 

applications such as extrusion dyes, valves and port liners for combustion engines, 

low corrosion and thermal shock resistant refractory liners, valve parts in foundries, 

blades to cut Kevlar, etc (PICONI; MACCAURO, 1999). 

Zirconia, as the zirconium dioxide (ZrO2) is known, was identified in 1789 

by the German chemist Martin Heinrich Klaproth in the reaction product obtained 

after heating some gems, and was used for a long time blended with rare earth 

oxides as pigment for ceramics (PICONI; MACCAURO, 1999). At ambient pressure, 

zirconia can assume three different crystallographic forms depending on the 

temperature: cubic, monoclinic and tetragonal forms. When zirconia is mixed with 

various stabilizing oxides such as CaO, MgO, Y2O3 or CeO2 the tetragonal structure 

is maintained at room temperature (GAUTAM et al., 2016). When a crack starts in the 

material, the tetragonal grains are able to transform into monoclinic ones and the 

resultant volume increase inhibits the crack from further growth and propagation 

(LARSON et al., 2007). 

Zirconia stabilized with an addition of yttrium oxide (Y-TZP) becomes a 

high strength ceramic with enhanced mechanical properties and higher biological 

stability (DERAND et al., 2005; GAUTAM et al., 2016). These characteristics have 

made it suitable to use in orthopedic prostheses, and also made it interesting as a 

restorative material in the dental clinic. The advantages of Y-TZP in combination with 

the development of new processing techniques have made zirconia an interesting 

material in the production of metal-free crowns and bridges since 1998, and recently 

in the nineties of more esthetic endosseous implants (DERAND et al., 2005; DENRY; 

KELLY, 2008). 

Some properties have made Y-TZP such an atractive material for dentistry 

like flexural strength in the 800-1000MPa range and fracture toughness in the 6-
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8MPa m0.5 range. The Weibull modulus can vary more as it is strongly dependent on 

the type of surface finish and the processing conditions (DENRY; KELLY, 2008). All-

ceramic fixed partial dentures use has increased significantly in the last decade, 

specially due to the CAD-CAM system introduction, facilitating and speeding the 

proccess (LARSON et al., 2007). The development of new ceramic-based implants is 

based on their enhanced capacity of osseointegration, less plaque accumulation 

leading to an improvement of the soft tissue management, and aesthetic 

consideration as an alternative to monolithic titanium implants (HISBERGUES et al., 

2009; CHEN et al., 2014). 

Although, even if we consider the optimal clinical results obtained with Y-

TZP (SAILER et al., 2007; SORRENTINO et al., 2012) a few characteristics still limit 

its use in some applications. A literature review showed that most fractures of Y-TZP 

dental restorations involve connectors of multi-unit prostheses (≥4) or second molar 

abutments (DENRY; KELLY, 2008). Limiting the use of Y-TZP to certain situations, 

where certain thickness ratios or framework designs can be obtained in order to 

control the porcelain cracking development (DENRY; KELLY, 2008). Even though, Y-

TZP is a very hard material, it is also brittle, and that makes its strength dependent 

on the presence of surface irregularities or porosities and internal voids formed 

during its manufacture proccess (MCCABE; WALLS, 2008; VOLPATO et al., 2011).  

Also Y-TZP’s adhesion to resin luting cements is one of its drawbacks. 

Researches present the need of specific surface treatments to obtain enhanced bond 

strength, although no agreement exists yet in the literature (AMARAL et al., 2014; 

ERDEM et al., 2014; LIU et al., 2015). Different treatment for the polycrystalline 

ceramics involving the most different procedures are suggested: particle air abrasion 

(ERDEM et al., 2014; AHN et al., 2015), zirconia primers (CHEN et al., 2014), laser 

treatment (ERDEM et al., 2014; KASRAEI et al., 2014), plasma treatment (DERAND 

et al., 2005), and tribochemical treatment, that consists of silica coating of the surface 

followed by silanization (CHEN et al., 2014; ERDEM et al., 2014). 

Cements and adhesives containing 10-MDP (10-methacryloyloxi-decyl-

dihydrogen-phosphate) have also been indicated to enhance Y-TZP’s adhesion 

(AHN et al., 2015; ÖZCAN; BERNASCONI, 2015; ALVES et al., 2016; XIE et al., 

2016). 10-MDP has bifunctional ends in its structural formula; one is a hydrophilic 

phosphate ester group that bonds strongly to Y-TZP. Other is a vinyl group that 

copolymerize with other monomers in the adhesive, leading to bifunctional direct 
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adhesion between metal oxides and bis-GMA matrices (KOIZUMI et al., 2012; AHN 

et al., 2015). It is of utmost importance to select the best combination of surface 

treatment and resin cement in order to assure the clinical survival of Y-TZP 

restorations. 

Nanotechnology is developing in an increasing speed with potential to 

become an essential element in every field. TiO2 nanostructures have been the 

subject of recent researches, since their synthesis until their practical applications, 

like photocatalysis, solarcells, hydrogen storage and nanobiomaterials. This variety 

of applications is due to their chemical stability, antimicrobial properties, mechanical 

properties, non-toxicity and high refractive index (AI et al., 2011; ARRUDA et al., 

2014). Nanotubes present big length, high area-volume ratio with a hollow structure 

that enables aditional interlocking with the material, increasing its physical and 

mechanical properties (CUI et al., 2012; KHALED et al., 2012).  

In dentistry, TiO2 nanostructures have been applied in some studies for 

the last years (KHALED et al., 2010; SUN et al., 2011; CUI et al., 2012; 

GJORGIEVSKA et al., 2015; DAFAR et al., 2016). When incorporated to flowable 

dental composites, the TiO2 nanotubes improved the dynamic Young’s modulus and 

fracture toughness with minimum decrease in flowability and radiopacity (DAFAR et 

al., 2016). Glass-ionomer cements reinforced with TiO2 nanoparticles presented 

improved biocompatibility and mechanical properties (GJORGIEVSKA et al., 2015). 

A resin based cement presented higher mechanical properties with 1% of TiO2 

nanotubes, without altering the handling properties, radiopacity and cytocompatibility 

of the material (KHALED et al., 2010). TiO2 nanotube layers with Ti biocomposites as 

a dental implant material presented very good antibacterial activity to resist 

Streptococcus mutans with wider application prospects (CUI et al., 2012). The 

addition of a small amount of TiO2 to a dental resin improved dramatically its degree 

of conversion and the mechanical properties (SUN et al., 2011).  

The interaction of TiO2 nanotubes and zirconia, to our knowledge, has not 

yet been studied, so, some hypotheses were raised. The TiO2 nanostructures were 

able to enhance mechanical properties when blended to other dental materials, so 

the possibility to enhance Y-TZP flexural strength and its clinical reliability could be 

an interesting finding for its application as a restorative material or as endosseous 

implants. Even though zirconia is a chemically inert material (BASU, 2005), 

controlling all manufacture steps and adding the nanotubes on the ceramic powder 
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may be an interesting method to control its microstructure and hence, its mechanical 

behavior. Also the possible interaction between the TiO2 nanotubes and the 10-MDP 

on the resin cement could lead to better bond strength between luting cement and Y-

TZP 
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4 DISCUSSION 

 

The microstructural characteristics have been a key issue in the 

development of high toughness ceramics, like Y-TZPs, due to their important 

influence on the bulk properties and dependence on the manufacture process. 

Literature available has already determined that a successful manufacture process 

needs to be controlled in each step, from the synthesis of the powders, to their 

processing and sintering, in order to controll the grains size, phase content and 

sintered density (PALMERO, 2015; LI et al., 2003; BASU, 2005). This highlights the 

importance of controlling the microstructure characteristics during processing and 

sintering, in order to maximize the mechanical properties (PALMERO, 2015; LI et al., 

2003). 

The goal of research over recent decades has been to produce ceramics 

having an optimum combination of high toughness and high strength. Basu (2005) 

classifies toughening mechanisms in ceramics in two categories: one involves a 

process that develops around the crack tip (transformation toughening); the other is 

associated with reinforcements, like nanotubes. The growing interest in using 

nanotubes, nanofibers and whiskers is explained by the local toughening effect 

offered by their elongated form, able to provide crack bridging and deflection 

mechanisms (BASU, 2005; PALMERO, 2015).  

Flexural strength is generally considered an important mechanical 

property for brittle materials that are much weaker in tension than in compression. It 

aids in predicting the performance of fragile materials (VOLPATO et al., 2011; BONA; 

ANUSAVICE; DEHOFF, 2003). Biaxial flexural strength test has several advantages 

over 3-point and 4-point flexure tests, as production of multi-axial stress states, 

elimination of edge failures and being more indicated for Weibull statistics (XU et al., 

2015). 

Flexural strength results showed that the commercial Y-TZP presented 

higher strength than the other groups. Nanotubes addition made the strength of the 

experimental ceramic decrease, but not linearly. Considering the pure Y-TZP groups, 

both materials have very similar compositions with very close amounts of zirconia, 

yttria and other oxides (manufacturer informations). Probably the different results for 

flexural strength can be explained by the differences in the manufacture process. ZC 
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was produced industrially and latter was cut to the shape necessary for the biaxial 

flexural test. Z0 was produced manually and then conformed to the desired shape. 

Ceramic strength values typically fall within an asymmetrical distribution 

when compared to metals that exhibit a Gaussian (symmetrical) strength distribution 

(BONA; ANUSAVICE; DEHOFF, 2003). The m and characteristic strength are 

commonly used statistics parameters to describe structural reliability of ceramics. 

The characteristic strength or scale parameter represents the probability of failure of 

63.2% of a particular test specimen and loading configuration, it corresponds to the 

mean value for a material with Gaussian strength distribution. The m is the shape 

parameter and describes the asymmetrical strength distribution, corresponding to the 

standard deviation (ISO 6872:2015). So, m is used to illustrate the variation of the 

strength or asymmetrical strength distribution due to flaws and micro-cracks size 

distribution in the microstructure.  

Most ceramics are reported to have m values in the range of 5-15, while 

metals, present values of m in the range of 30-100 (BONA; ANUSAVICE; DEHOFF, 

2003). Higher values of m correspond to materials with greater structural reliability, 

indicates a smaller error range, and potentially, greater reliability under clinical 

conditions (BONA; ANUSAVICE; DEHOFF, 2003; ELSAKA; ELNAGHY, 2016). A 

lower m value may indicate greater variability in defect population size and lower 

reliability (ELSAKA; ELNAGHY, 2016). 

Contrary to the flexural strength, the m found for Z0 was higher than that 

of ZC. When TiO2 nanotubes were added, m for experimental ceramic decreased, 

although these values were still higher than the one found for ZC. High m materials 

are more predictable and less likely to break at a stress much lower than the mean 

value found for flexural strength (QUINN; QUINN, 2010). 

Fractography is the study of the fracture surfaces of a material and is well-

established as a mean of failure analysis in the field of glasses and ceramics, 

representing an important tool for interpreting the mechanical behavior of ceramic 

materials (BONA; ANUSAVICE, DEHOFF, 2003; RAMOS et al., 2016). In the Y-TZP 

specimens evaluated it was not easy to identify the tell-tale marks, making it harder 

to understand the material behavior. As more nanotubes were added, less tell-tale 

marks were visible and it was harder to identify a possible fracture origin, due to the 

presence of pores.  
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Usually, fracture occurs when pre-existing cracks, induced by mechanical 

means, by processing, or by intrinsic defects and imperfections, propagate under 

excessive tensile stresses (BONA; ANUSAVICE; DEHOFF, 2003). According to 

“weakest link theory”, flexural strength is strongly influenced by variations in 

specimens flaw types and sizes and fracture happens as soon as the weakest of 

these flaws starts to grow (XU et al., 2015). Thus, the fracture origin is the site that 

presented the worst combination of tensile stress and flaw severity (QUINN, 2016). In 

the specimens analyzed for fractography most flaws observed were pores probably 

introduced in processing, as no mechanical means as griding and polishing were 

used in the specimens production. These pores were more evident as the nanotubes 

concentration was augmented, probably associated with the Ti melting due to the 

high sintering temperature, leading to lower fracture strength in the groups with 

nanotubes (QUINN; QUINN, 2010). Althoug, this pore formation induced by 

manufacture control made the m higher, creating a more reliable Y-TZP structure. 

Grain sizes in the Y-TZP can be controlled by some manufacture steps 

like sintering temperature; higher sintering temperatures generates bigger grains 

(STAWARCZYK et al., 2016). Higher concentration of oxides can also lead to grain 

growth (BASU, 2005), adding TiO2 increases oxide concentration in the Y-TZP, 

leading to bigger grains, what can be observed in this work results. A zirconia with 

smaller grain sizes is desireble. Ceramics with bigger grains may present more 

structural deffects, which may affect the flexural strength (STAWARCZYK et al., 

2016). Also an increased light transmittance is achieved with grain sizes below the 

wavelength of visible light, resulting in higher translucency and improved aesthetics 

(COTIC et al., 2015; ZHANG, 2014). In this study, grains were slightly bigger with 

TiO2 addition, althoug there was no statistical significance and they were still smaller 

than the ISO 13356:2008 standard recommendation (smaller than 400nm). 

Zirconia’s three crystal structures are: monoclinic (from room temperature 

to 1170°C), tetragonal (from 1170-2370°C) and cubic (above 2370°C). They differ 

from each other in geometry and dimensional parameters. The transformation of 

tetragonal to monoclinic phases can be employed to improve the mechanical 

properties of zirconia, especially its tenacity. The addition of stabilizing oxides such 

as yttrium oxide (Y2O3), calcium oxide (CaO) or magnesium oxide (MgO) is important 

because it allows the maintenance of the tetragonal form at room temperature 

(VOLPATO et al., 2011; LI et al., 2003). Mechanical properties degradation in 
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zirconia, known as low temperature degradation, occurs due to the progressive 

spontaneous transformation of the metastable tetragonal phase into the monoclinic 

phase (PICONI; MACCAURO, 1999). 

One of the primary uses of x-ray diffractometry is for the determination of 

crystal structure (CALLISTER JR; RETHWISCH, 2014). X-ray diffraction permits a 

quantitative measurement of the monoclinic fraction, but it is limited to the first 

hundredth of a micrometer below the surface (RAMOS et al., 2015). The results 

obtained with the Y-TZPs studied showed that ZC and Z0 presented similar crystal 

structures, and the nanotubes addition did not lead to important changes in this 

structure. A small increase in monoclinic composition can be osberved althoug, it is 

probably not enough to impair the transformation toughening mechanism in the long-

term.  

Bond strength is a major concern in Y-TZP restorations (CHO et al., 2017; 

AHN et al., 2015; OZCAN; BERNASCONI, 2015). The difficult adhesion of this 

material usually narrows its indications to situations where a preparation with 

mechanical retentions can be obtained (ALVES et al., 2015). Many procedures and 

materials have been studied for surface treatment of Y-TZP restorations in order to 

achieve enhanced bonding, but most of them rely on new advanced technologies 

and some on chair-side more simple solutions (AHN, et al., 2015; ALVES et al., 

2015; CHEN et al., 2014; CHO et al., 2017; DERAND; MOLIN; KVAM  et al., 2005; 

ERDEM  et al., 2014). Finding the treatment or material with best cost-benefit relation 

is imperative to make the clinical procedure easier and less sensitive to clinical 

variations. 

The study of the bond strength can be carried out through different 

methods. According to DeHoff, Anusavice and Wang (1995), due to the known 

variation in bond strength with specimen preparation and design, data on the same 

systems may show great variability in mean and large standard deviations. Thus, it is 

advised that these tests should be used to compare materials or surface treatments, 

and try to determine the effect of changing some variable for the same system, and 

not to determine the real bond strength (DEHOFF; ANUSAVICE; WANG, 1995). In 

this study the variables studied for bond strength were the TiO2 nanotubes addition in 

the Y-TZP or in the cement, the different concentrations and the two curing modes. 

The TiO2 nanotubes addition influenced the bond strength in both 

materials, but it did not present a linear influence. The dual-cured RelyX U200 had its 
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bond strength lower with the nanotubes concentration increase. However, the self-

cured cement bond strength was higher with 0.3% of nanotubes. This could mean 

that 0.3% is the optimal concentration of TiO2 in the cement, and it led to a better 

distribution of the nanotubes in the cement mass. Another study showed that the 

TiO2 nanotubes reinforced RelyX U200 showed better physicochemical and 

mechanical properties than the ones not reinforced (RAMOS-TONELLO  et al., 

2017), but the same relation was not observed for bond strength. Ramos-Tonello et 

al also showed that the self-cured cement had increased degree of conversion with 

nanotubes addition. The cure-mode did not influence much on the bond strength, 

although the dual-cured cements usually performed better in adhesion than the self-

cured ones, as described in a previous study (ZORZIN  et al., 2014).  

For the Y-TZP, the highest bond strength was registered for the 5% group, 

followed by 1%, 0% and 2%. This not linear variation could also be explained by the 

nanotubes distribution. Probably the 5% concentration led to a higher amount of 

nanotubes in the interface, which could react with the 10-MDP present in Panavia 

F2.0 cement and lead to higher bond strength.  

The monomer 10-MDP is part of Panavia F2.0 compostion and it is 

responsible for a higher bond strength when this cement is used for Y-TZP 

cementation (CHO et al., 2017; ERDEM et al., 2014). One of its bifunctional ends 

reacts directly with the oxides present on the zirconia surface, leading to a chemical 

bond between these two materials (OZCAN; BERNASCONI, 2015; TANIS; 

AKÇABOY, 2015). RelyX U200 contains other phosphate monomers, not identified 

as 10-MDP, but that might also have some kind of chemical reaction with Y-TZP, as 

observed for other cement with similar composition of the same manufacturer, RelyX 

Ultimate (ZHAO et al., 2016). Both cements studied are known to have good 

adhesion to zirconia (VECHIATTO-FILHO et al., 2017; ALVES et al., 2015), but 

Panavia F2.0 has a longer history for this application (ERDEM  et al., 2014; SHIN  et 

al., 2014; SUBASI; INAN, 2014). 

The results for bond strength were not comparable to the mechanical tests 

done before with Y-TZP added of TiO2 nanotubes, where the best results were 

usually found for the groups with less nanotubes. Probably Z1 was the group that 

presented the best combination of flexural strength, m, microstructure and bond 

strength, and could be further studied for other characteristics, such as 

biocompatibility and citotoxicity. A zirconia with higher structural reliability and bond 
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strength, but with lower flexural strength, could be more interesting to the clinical 

practice than the strongest ceramic, with less adhesion and less reliability. 

Also other studies with TiO2 application in other nanoforms, as 

nanoparticles for example, could be carried out in order to see its influence on the 

dispersion and properties of zirconia. As Y-TZP is an inert material (BASU, 2015), 

probably functionalization of the particles or tubes with 10-MDP, for example, could 

be studied as a method to functionalize the nanostructures. This could avoid 

agglomeration (AI et al., 2011) and create a chemical interaction between the 

particles and the ceramic oxides, leading to different results. 
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5 CONCLUSIONS 

A Y-TZP added or not of TiO2 nanotubes in different blends was 

successfully manufactured and some properties were evaluated. Considering the 

initial hypotheses, the addition of different concentrations of TiO2 nanotubes 

influenced Y-TZP’s mechanical properties, as the nanotubes addtion led to lower 

flexural strength than the commercial and experimental ceramics. Although, higher m 

values were found for the experimental ceramics, with or without nanotubes, when 

compared to the commercial Y-TZP, probably resulting in better clinical reliability. 

The microstructure was also influenced by the nanotubes as pores containing TiO2 

were more evident as their concentration was raised, even though the grain sizes 

were very similar among groups.  

These results might be explained by agglomeration and fusion of the 

nanotubes due to the high sintering temperature, and also by the ceramic’s inertness, 

leading to small deffects in the specimen body. As Y-TZP is a brittle material, its 

flexural strength is affected by the amount and size of the deffects, affecting the 

mechanical properties. 

The other hipothesis was related to the bond strength between Y-TZP and 

resin cement. The addition of TiO2 nanotubes was carried out in both materials, 

leading to different results among groups. Y-TZP with 5% of nanotubes presented 

the highest bond strength for the groups of modified ceramic; and dual-cured cement 

with 0.3% of nanotubes the highest for the resin cements modified. This may be 

explained by the amount of Ti available in the materials’ surface that could lead to 

higher influence of these components on the bond between them.  

Concentration of 0.3% of nanotubes on the resin cement appeared to be 

the optimal concentration for both curing modes, when bond strength was analysed. 

For the Y-TZP, 1% of nanotubes led to best combination of flexural strength, m, 

microstructure and bond strength. More studies of other properties could be carried 

out with this group. 
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ANNEX A – Guidelines for authors used in preparation of Paper 1 – Journal 

Ceramics International 

  
 
Ceramics International primarily deals with the fundamental aspects of ceramic 
science and their application to the development of improved ceramic materials. The 
journal particularly encourages papers that show how ceramic science can be used to 
improve the quality, reliability and performance of ceramics through the 
development of advanced materials and manufacturing techniques. Fabrication 
processes which Ceramics International concentrates on include all the advanced 
techniques employed to produce ceramic components of improved quality, reliability 
and performance. Ceramics International is particularly concerned with powder and 
material processing. Subjects covered in these areas include: 

Powder Processing Solid state, chemical precipitation, hydrothermal, vapour phase, 
laser, plasma and SHS synthesis, polymer and gel processing. 

Processing MethodsPressing, extrusion, injection moulding, rolling, calendering, 
electrophoretic deposition, casting, hot pressing (including isostatic), forging, plasma 
sintering, high pressure, ion-beam and laser processing. 

Ceramics International covers process related topics including advanced coatings 
and sealants, surface finishing and conditioning and composite technology. 

Materials covered by the journal include engineering, electrical, electro-optic, 
magnetic, nuclear and bioceramics, refractories, whiteware and heavy clay based 
products. 

Ceramics International is particularly keen to attract papers which also deal with the 
science and design aspects of ceramics that are relevant to service performance and 
which cover the whole range of ceramic products. 

Types of paper  
 
Types of contributions: Original papers; review articles; short communications; 
letters to the editor. Internal laboratory reports are not usually suitable without 
drastic revision.  

Original material: Submission of an article implies that the work described has not 
been published previously (except in the form of an abstract or as part of a published 
lecture or academic thesis), that it is not under consideration for publication 
elsewhere, that its publication is approved by all authors and that, if accepted, it will 
not be published elsewhere in the same form, in English or in any other language, 
without the written consent of the Publisher. 

Submission checklist  
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You can use this list to carry out a final check of your submission before you send it to 
the journal for review. Please check the relevant section in this Guide for Authors for 
more details. 

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 

All necessary files have been uploaded: 
Manuscript: 
• Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided 
• Indicate clearly if color should be used for any figures in print 
Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 

Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) 
• A competing interests statement is provided, even if the authors have no competing 
interests to declare 
• Journal policies detailed in this guide have been reviewed 
• Referee suggestions and contact details provided, based on journal requirements 

For further information, visit our Support Center. 

 

Ethics in publishing  
 
Please see our information pages on Ethics in publishing and Ethical guidelines for 
journal publication. 

Declaration of interest  
 
All authors must disclose any financial and personal relationships with other people 
or organizations that could inappropriately influence (bias) their work. Examples of 
potential conflicts of interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registrations, and grants or 
other funding. If there are no conflicts of interest then please state this: 'Conflicts of 
interest: none'. More information. 
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Submission declaration and verification  
 
Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent 
publication' section of our ethics policy for more information), that it is not under 
consideration for publication elsewhere, that its publication is approved by all 
authors and tacitly or explicitly by the responsible authorities where the work was 
carried out, and that, if accepted, it will not be published elsewhere in the same form, 
in English or in any other language, including electronically without the written 
consent of the copyright-holder. To verify originality, your article may be checked by 
the originality detection service CrossCheck. 
 
A cover letter should be submitted with all submissions. The cover letter should 
confirm that the article is original and unpublished, and is not being or having been 
submitted for publication to any other journal, and that all the authors have read the 
paper and agree with its submission to Ceramics International. 

Changes to authorship  
Please note that authorship changes are not permitted at proof stage (i.e. 
post acceptance of your paper). Please take special care to ensure that the names and 
details of authors are correct at the time of submission of your manuscript. Changes 
of authorship will only be accepted in very limited cases where the paper has been 
resubmitted after review or significant amendment, and before the paper is 
accepted. 

Copyright  
 
Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to the 
corresponding author confirming receipt of the manuscript together with a 'Journal 
Publishing Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher 
is required for resale or distribution outside the institution and for all other derivative 
works, including compilations and translations. If excerpts from other copyrighted 
works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use 
by authors in these cases. 

For open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information). Permitted third party 
reuse of open access articles is determined by the author's choice of user license. 

Author rights 
As an author you (or your employer or institution) have certain rights to reuse your 
work. More information. 

Elsevier supports responsible sharing  
Find out how you can share your research published in Elsevier journals. 
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Role of the funding source  
 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. 

Funding body agreements and policies  
Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies will 
reimburse the author for the Open Access Publication Fee. Details of existing 
agreements are available online. 

Open access  
 
This journal offers authors a choice in publishing their research: 

Subscription 
• Articles are made available to subscribers as well as developing countries and 
patient groups through our universal access programs.  
• No open access publication fee payable by authors.  
Open access  
• Articles are freely available to both subscribers and the wider public with permitted 
reuse. 
• An open access publication fee is payable by authors or on their behalf, e.g. by their 
research funder or institution. 

Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards. 

For open access articles, permitted third party (re)use is defined by the 
following Creative Commons user licenses: 

Creative Commons Attribution (CC BY)  
Lets others distribute and copy the article, create extracts, abstracts, and other 
revised versions, adaptations or derivative works of or from an article (such as a 
translation), include in a collective work (such as an anthology), text or data mine the 
article, even for commercial purposes, as long as they credit the author(s), do not 
represent the author as endorsing their adaptation of the article, and do not modify 
the article in such a way as to damage the author's honor or reputation. 

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-
ND)  
For non-commercial purposes, lets others distribute and copy the article, and to 
include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article. 
 
The open access publication fee for this journal is USD 2750, excluding taxes. Learn 
more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing. 
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Green open access  
Authors can share their research in a variety of different ways and Elsevier has a 
number of green open access options available. We recommend authors see our green 
open access page for further information. Authors can also self-archive their 
manuscripts immediately and enable public access from their institution's repository 
after an embargo period. This is the version that has been accepted for publication 
and which typically includes author-incorporated changes suggested during 
submission, peer review and in editor-author communications. Embargo period: For 
subscription articles, an appropriate amount of time is needed for journals to deliver 
value to subscribing customers before an article becomes freely available to the 
public. This is the embargo period and it begins from the date the article is formally 
published online in its final and fully citable form. Find out more. 
 
This journal has an embargo period of 24 months. 

Language (usage and editing services)  
Please write your text in good English (American or British usage is accepted, but not 
a mixture of these). Authors who feel their English language manuscript may require 
editing to eliminate possible grammatical or spelling errors and to conform to correct 
scientific English may wish to use the English Language Editing service available 
from Elsevier's WebShop. 

Full Online Submission  
 
Our online submission system guides you stepwise through the process of entering 
your article details and uploading your files. The system converts your article files to 
a single PDF file used in the peer-review process. Editable files (e.g., Word) are 
required to typeset your article for final publication. All correspondence, including 
notification of the Editor's decision and requests for revision, is sent by e-mail.  

Submit your article  
Please submit your article via http://ees.elsevier.com/ceri. 

Referees  
Please submit the names and institutional e-mail addresses of several potential 
referees. For more details, visit our Support site. Note that the editor retains the sole 
right to decide whether or not the suggested reviewers are used. 

 

Peer review  
 
This journal operates a single blind review process. All contributions will be initially 
assessed by the editor for suitability for the journal. Papers deemed suitable are then 
typically sent to a minimum of one independent expert reviewer to assess the 
scientific quality of the paper. The Editor is responsible for the final decision 
regarding acceptance or rejection of articles. The Editor's decision is final. More 
information on types of peer review. 
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Use of word processing software  
 
Editors reserve the right to adjust style to certain standards of uniformity. Please use 
Word or Word Perfect files for the text of your manuscript.  

Article Structure  
 
Follow this order when typing manuscripts:  
Title, Authors, Affiliations, Abstract, Keywords, Main text, Acknowledgements, 
Appendix, References, Figure Captions and then Tables. Do not import figures into 
the text - see Illustrations. Collate acknowledgements in a separate section at the end 
of the article and do not include them on the title page, as a footnote to the title or 
otherwise. Short communications should be kept to a maximum of four typewritten 
pages. A short communication should be a brief but complete description of an 
investigation, which will not be included in a later paper. It should be as completely 
documented as a full-length article. 

 
Text Layout:  
Use double spacing and wide (3 cm) margins. (Avoid full justification, i.e., do not use 
a constant right-hand margin.) Ensure that each new paragraph is clearly indicated. 
Present tables and figure legends on separate pages at the end of the manuscript. If 
possible, consult a recent issue of the journal to become familiar with layout and 
conventions. Number all pages consecutively, use 12 or 10 pt font size and standard 
fonts. 

Subdivision - numbered sections  
Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section 
numbering). Use this numbering also for internal cross-referencing: do not just refer 
to 'the text'. Any subsection may be given a brief heading. Each heading should 
appear on its own separate line. 

Introduction  
State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 

Material and methods  
Provide sufficient detail to allow the work to be reproduced. Methods already 
published should be indicated by a reference: only relevant modifications should be 
described. 

Theory/calculation  
A Theory section should extend, not repeat, the background to the article already 
dealt with in the Introduction and lay the foundation for further work. In contrast, a 
Calculation section represents a practical development from a theoretical basis. 

Results  
Results should be clear and concise. 
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Discussion  
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature. 

Conclusions  
The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section. 

Appendices  
If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and 
figures: Table A.1; Fig. A.1, etc. 

Essential title page information  
 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Where the family name may be ambiguous 
(e.g., a double name), please indicate this clearly. Present the authors' affiliation 
addresses (where the actual work was done) below the names. Indicate all affiliations 
with a lower-case superscript letter immediately after the author's name and in front 
of the appropriate address.  
• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that telephone 
and fax numbers (with country and area code) are provided in addition to 
the e-mail address and the complete postal address. Contact details must 
be kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described 
in the article was done, or was visiting at the time, a "Present address" (or 
"Permanent address") may be indicated as a footnote to that author's name. The 
address at which the author actually did the work must be retained as the main, 
affiliation address. Superscript Arabic numerals are used for such footnotes. 

Abstract  
 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided, but if essential, then cite the author(s) and 
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 
essential they must be defined at their first mention in the abstract itself. 

Keywords  
 
Immediately after the abstract, provide a maximum of four keywords. Each keyword 
should be accompanied by the capital letter denoting the category from which the 
keyword has been selected. Click here for a complete list of keywords (PDF version). 
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Abbreviations  
Define abbreviations that are not standard in this field in a footnote to be placed on 
the first page of the article. Such abbreviations that are unavoidable in the abstract 
must be defined at their first mention there, as well as in the footnote. Ensure 
consistency of abbreviations throughout the article. 

Acknowledgements  
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the 
title or otherwise. List here those individuals who provided help during the research 
(e.g., providing language help, writing assistance or proof reading the article, etc.). 

Formatting of funding sources  
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 

Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research institution, submit the name of the institute or 
organization that provided the funding. 

If no funding has been provided for the research, please include the following 
sentence: 

This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

Units  
Follow internationally accepted rules and conventions: use the international system 
of units (SI). If other units are mentioned, please give their equivalent in SI. 
 
Temperatures should be given in degrees Celsius. The unit 'billion' (109 in America, 
1012 in Europe) is ambiguous and should not be used. 

Math formulae  
Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text where possible and use the solidus (/) instead of a 
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 
presented in italics. Powers of e are often more conveniently denoted by exp. Number 
consecutively any equations that have to be displayed separately from the text (if 
referred to explicitly in the text). 

Footnotes  
Footnotes should be used sparingly. Number them consecutively throughout the 
article. Many word processors can build footnotes into the text, and this feature may 
be used. Otherwise, please indicate the position of footnotes in the text and list the 
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footnotes themselves separately at the end of the article. Do not include footnotes in 
the Reference list. 

Artwork 

Electronic artwork  
General points 
• Make sure you use uniform lettering and sizing of your original artwork.  
• Embed the used fonts if the application provides that option.  
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 
Roman, Symbol, or use fonts that look similar.  
• Number the illustrations according to their sequence in the text.  
• Use a logical naming convention for your artwork files.  
• Provide captions to illustrations separately.  
• Size the illustrations close to the desired dimensions of the published version.  
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed 
information are given here. 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document format.  
Regardless of the application used other than Microsoft Office, when your electronic 
artwork is finalized, please 'Save as' or convert the images to one of the following 
formats (note the resolution requirements for line drawings, halftones, and 
line/halftone combinations given below):  
EPS (or PDF): Vector drawings, embed all used fonts.  
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 
300 dpi.  
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 
minimum of 1000 dpi.  
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to 
a minimum of 500 dpi. 
Please do not:  
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 
typically have a low number of pixels and limited set of colors;  
• Supply files that are too low in resolution;  
• Submit graphics that are disproportionately large for the content. 
 
Electronic Annexes  
We strongly encourage you to submit electronic annexes, such as short videos, 
computer-enhanced images, audio clips and large databases. Please refer to the 
Artwork Instructions (Multimedia files) 
at http://www.elsevier.com/artworkinstructions for details on file types to be used. 
In the text of your article you may wish to refer to the annex. This is not mandatory, 
however, if you do wish to refer to the annex in the text then please do so using this 
example: "See Electronic Annex 1 in the online version of this article." Production will 
insert the relevant URL at the typesetting stage after this statement. 

Tables  
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Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number 
tables consecutively in accordance with their appearance in the text and place any 
table notes below the table body. Be sparing in the use of tables and ensure that the 
data presented in them do not duplicate results described elsewhere in the article. 
Please avoid using vertical rules and shading in table cells. 

References 

Citation in text  
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. 
Unpublished results and personal communications are not recommended in the 
reference list, but may be mentioned in the text. If these references are included in 
the reference list they should follow the standard reference style of the journal and 
should include a substitution of the publication date with either 'Unpublished results' 
or 'Personal communication'. Citation of a reference as 'in press' implies that the item 
has been accepted for publication. 

Web references  
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to 
a source publication, etc.), should also be given. Web references can be listed 
separately (e.g., after the reference list) under a different heading if desired, or can be 
included in the reference list. 

Data references  
This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
properly identify it as a data reference. The [dataset] identifier will not appear in your 
published article. 

References in a special issue  
Please ensure that the words 'this issue' are added to any references in the list (and 
any citations in the text) to other articles in the same Special Issue. 

Reference management software  
Most Elsevier journals have their reference template available in many of the most 
popular reference management software products. These include all products that 
support Citation Style Language styles, such as Mendeley and Zotero, as well 
as EndNote. Using the word processor plug-ins from these products, authors only 
need to select the appropriate journal template when preparing their article, after 
which citations and bibliographies will be automatically formatted in the journal's 
style. If no template is yet available for this journal, please follow the format of the 
sample references and citations as shown in this Guide. 
 
Users of Mendeley Desktop can easily install the reference style for this journal by 
clicking the following link: 
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http://open.mendeley.com/use-citation-style/ceramics-international 
When preparing your manuscript, you will then be able to select this style using the 
Mendeley plug-ins for Microsoft Word or LibreOffice. 

Reference style  
Text: Indicate references by number(s) in square brackets in line with the text. The 
actual authors can be referred to, but the reference number(s) must always be given.  
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different 
result ....'  
List: Number the references (numbers in square brackets) in the list in the order in 
which they appear in the text.  
Examples:  
Reference to a journal publication:  
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific 
article, J. Sci. Commun. 163 (2010) 51–59.  
Reference to a book:  
[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 
2000.  
Reference to a chapter in an edited book:  
[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: 
B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., 
New York, 2009, pp. 281–304. 
Reference to a website: 
[4] Cancer Research UK, Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 
(accessed 13 March 2003). 
Reference to a dataset: 
[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for 
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1, 
2015. https://doi.org/10.17632/xwj98nb39r.1. 

Journal abbreviations source  
Journal names should be abbreviated according to the List of Title Word 
Abbreviations. 

Video  
 
Elsevier accepts video material and animation sequences to support and enhance 
your scientific research. Authors who have video or animation files that they wish to 
submit with their article are strongly encouraged to include links to these within the 
body of the article. This can be done in the same way as a figure or table by referring 
to the video or animation content and noting in the body text where it should be 
placed. All submitted files should be properly labeled so that they directly relate to 
the video file's content. In order to ensure that your video or animation material is 
directly usable, please provide the files in one of our recommended file formats with a 
preferred maximum size of 150 MB in total. Any single file should not exceed 50 MB. 
Video and animation files supplied will be published online in the electronic version 
of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' 
with your files: you can choose any frame from the video or animation or make a 
separate image. These will be used instead of standard icons and will personalize the 
link to your video data. For more detailed instructions please visit our video 
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instruction pages. Note: since video and animation cannot be embedded in the print 
version of the journal, please provide text for both the electronic and the print version 
for the portions of the article that refer to this content. 

Supplementary material  
 
Supplementary material such as applications, images and sound clips, can be 
published with your article to enhance it. Submitted supplementary items are 
published exactly as they are received (Excel or PowerPoint files will appear as such 
online). Please submit your material together with the article and supply a concise, 
descriptive caption for each supplementary file. If you wish to make changes to 
supplementary material during any stage of the process, please make sure to provide 
an updated file. Do not annotate any corrections on a previous version. Please switch 
off the 'Track Changes' option in Microsoft Office files as these will appear in the 
published version. 

RESEARCH DATA  
 
This journal encourages and enables you to share data that supports your research 
publication where appropriate, and enables you to interlink the data with your 
published articles. Research data refers to the results of observations or 
experimentation that validate research findings. To facilitate reproducibility and data 
reuse, this journal also encourages you to share your software, code, models, 
algorithms, protocols, methods and other useful materials related to the project. 

Below are a number of ways in which you can associate data with your article or make 
a statement about the availability of your data when submitting your manuscript. If 
you are sharing data in one of these ways, you are encouraged to cite the data in your 
manuscript and reference list. Please refer to the "References" section for more 
information about data citation. For more information on depositing, sharing and 
using research data and other relevant research materials, visit the research 
data page. 

Data linking  
If you have made your research data available in a data repository, you can link your 
article directly to the dataset. Elsevier collaborates with a number of repositories to 
link articles on ScienceDirect with relevant repositories, giving readers access to 
underlying data that gives them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can 
directly link your dataset to your article by providing the relevant information in the 
submission system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to 
your published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the 
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN). 
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Mendeley Data  
This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, and 
methods) associated with your manuscript in a free-to-use, open access repository. 
Before submitting your article, you can deposit the relevant datasets to Mendeley 
Data. Please include the DOI of the deposited dataset(s) in your main manuscript 
file. The datasets will be listed and directly accessible to readers next to your 
published article online. 

For more information, visit the Mendeley Data for journals page. 

Data statement  
To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your 
data is unavailable to access or unsuitable to post, you will have the opportunity to 
indicate why during the submission process, for example by stating that the research 
data is confidential. The statement will appear with your published article on 
ScienceDirect. For more information, visit the Data Statement page. 

AudioSlides  
 
The journal encourages authors to create an AudioSlides presentation with their 
published article. AudioSlides are brief, webinar-style presentations that are shown 
next to the online article on ScienceDirect. This gives authors the opportunity to 
summarize their research in their own words and to help readers understand what 
the paper is about. More information and examples are available. Authors of this 
journal will automatically receive an invitation e-mail to create an AudioSlides 
presentation after acceptance of their paper. 

 

Online proof correction  
 
Corresponding authors will receive an e-mail with a link to our online proofing 
system, allowing annotation and correction of proofs online. The environment is 
similar to MS Word: in addition to editing text, you can also comment on 
figures/tables and answer questions from the Copy Editor. Web-based proofing 
provides a faster and less error-prone process by allowing you to directly type your 
corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF 
version. All instructions for proofing will be given in the e-mail we send to authors, 
including alternative methods to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from 
the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any 
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subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. 

Offprints  
 
The corresponding author will, at no cost, receive a customized Share Linkproviding 
50 days free access to the final published version of the article on ScienceDirect. The 
Share Link can be used for sharing the article via any communication channel, 
including email and social media. For an extra charge, paper offprints can be ordered 
via the offprint order form which is sent once the article is accepted for publication. 
Both corresponding and co-authors may order offprints at any time via 
Elsevier's Webshop. Corresponding authors who have published their article open 
access do not receive a Share Link as their final published version of the article is 
available open access on ScienceDirect and can be shared through the article DOI 
link. 

Additional information  
 
Notification:  
Authors will be notified of the acceptance of their paper by the editor. The Publisher 
will also send a notification of receipt of the paper in production. 

 
Copyright:All authors must sign the Transfer of Copyright agreement before the 
article can be published. This transfer agreement enables Elsevier to protect the 
copyrighted material for the authors, but does not relinquish the authors' proprietary 
rights. The copyright transfer covers the exclusive rights to reproduce and distribute 
the article, including reprints, photographic reproductions, microfilm or any other 
reproductions of similar nature and translations. Authors are responsible for 
obtaining from the copyright holder permission to reproduce any figures for which 
copyright exists. For more information please go to our copyright 
page http://www.elsevier.com/copyright. 

 
Author Benefits:  
No page charges: Publication in this journal is free of charge. 

 
Author discount: 
Contributors to Elsevier journals are entitled to a 30% discount on all Elsevier books. 
See http://www.elsevier.com/homepage/booksbutler for more information. 

 
Online Paper Tracking: 
Authors can track the status of their accepted paper online 
at http://www.elsevier.com/trackarticle using the reference supplied by the 
Publisher. 



Annexes 115 

  
 
Visit the Elsevier Support Center to find the answers you need. Here you will find 
everything from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your 
accepted article will be published. 
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ANNEX B – Guidelines for authors used in preparation of Paper 2 – International 

Journal of Adhesion and Adhesives 

 

Types of paper  
 
Contributions falling into the following categories will be considered for publication:  
•Review Papers;  
•Original high-quality research papers (preferably no more than 20 double line 
spaced manuscript pages, including tables and illustrations);  
•Short Communications, for rapid publication (no more than 10 double line spaced 
manuscript pages, including tables and figures). 

IJAA deals with the adhesion of organic polymers, and not soldering and welding. 

Submission checklist  
 
You can use this list to carry out a final check of your submission before you send it to 
the journal for review. Please check the relevant section in this Guide for Authors for 
more details. 

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 

All necessary files have been uploaded: 
Manuscript: 
• Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided 
• Indicate clearly if color should be used for any figures in print 
Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 

Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) 
• A competing interests statement is provided, even if the authors have no competing 
interests to declare 
• Journal policies detailed in this guide have been reviewed 
• Referee suggestions and contact details provided, based on journal requirements 

For further information, visit our Support Center. 
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Ethics in publishing  
 
Please see our information pages on Ethics in publishing and Ethical guidelines for 
journal publication. 

Declaration of interest  
 
All authors must disclose any financial and personal relationships with other people 
or organizations that could inappropriately influence (bias) their work. Examples of 
potential conflicts of interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registrations, and grants or 
other funding. If there are no conflicts of interest then please state this: 'Conflicts of 
interest: none'. More information. 

Submission declaration and verification  
 
Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent 
publication' section of our ethics policy for more information), that it is not under 
consideration for publication elsewhere, that its publication is approved by all 
authors and tacitly or explicitly by the responsible authorities where the work was 
carried out, and that, if accepted, it will not be published elsewhere in the same form, 
in English or in any other language, including electronically without the written 
consent of the copyright-holder. To verify originality, your article may be checked by 
the originality detection service CrossCheck. 

Changes to authorship  
 
Authors are expected to consider carefully the list and order of 
authors beforesubmitting their manuscript and provide the definitive list of authors 
at the time of the original submission. Any addition, deletion or rearrangement of 
author names in the authorship list should be made only before the manuscript has 
been accepted and only if approved by the journal Editor. To request such a change, 
the Editor must receive the following from the corresponding author: (a) the 
reason for the change in author list and (b) written confirmation (e-mail, letter) from 
all authors that they agree with the addition, removal or rearrangement. In the case 
of addition or removal of authors, this includes confirmation from the author being 
added or removed. 
Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the Editor 
considers the request, publication of the manuscript will be suspended. If the 
manuscript has already been published in an online issue, any requests approved by 
the Editor will result in a corrigendum. 

Copyright  
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Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to the 
corresponding author confirming receipt of the manuscript together with a 'Journal 
Publishing Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher 
is required for resale or distribution outside the institution and for all other derivative 
works, including compilations and translations. If excerpts from other copyrighted 
works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use 
by authors in these cases. 

For open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information). Permitted third party 
reuse of open access articles is determined by the author's choice of user license. 

Author rights 
As an author you (or your employer or institution) have certain rights to reuse your 
work. More information. 

Elsevier supports responsible sharing  
Find out how you can share your research published in Elsevier journals. 

Role of the funding source  
 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. 

Funding body agreements and policies  
Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies will 
reimburse the author for the Open Access Publication Fee. Details of existing 
agreements are available online. 

Open access  
 
This journal offers authors a choice in publishing their research: 

Subscription 
• Articles are made available to subscribers as well as developing countries and 
patient groups through our universal access programs.  
• No open access publication fee payable by authors.  
Open access  
• Articles are freely available to both subscribers and the wider public with permitted 
reuse. 
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• An open access publication fee is payable by authors or on their behalf, e.g. by their 
research funder or institution. 

Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards. 

For open access articles, permitted third party (re)use is defined by the 
following Creative Commons user licenses: 

Creative Commons Attribution (CC BY)  
Lets others distribute and copy the article, create extracts, abstracts, and other 
revised versions, adaptations or derivative works of or from an article (such as a 
translation), include in a collective work (such as an anthology), text or data mine the 
article, even for commercial purposes, as long as they credit the author(s), do not 
represent the author as endorsing their adaptation of the article, and do not modify 
the article in such a way as to damage the author's honor or reputation. 

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-
ND)  
For non-commercial purposes, lets others distribute and copy the article, and to 
include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article. 
 
The open access publication fee for this journal is USD 3300, excluding taxes. Learn 
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing. 

Green open access  
Authors can share their research in a variety of different ways and Elsevier has a 
number of green open access options available. We recommend authors see our green 
open access page for further information. Authors can also self-archive their 
manuscripts immediately and enable public access from their institution's repository 
after an embargo period. This is the version that has been accepted for publication 
and which typically includes author-incorporated changes suggested during 
submission, peer review and in editor-author communications. Embargo period: For 
subscription articles, an appropriate amount of time is needed for journals to deliver 
value to subscribing customers before an article becomes freely available to the 
public. This is the embargo period and it begins from the date the article is formally 
published online in its final and fully citable form. Find out more. 
 
This journal has an embargo period of 24 months. 

Elsevier Publishing Campus  
The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform 
offering free lectures, interactive training and professional advice to support you in 
publishing your research. The College of Skills training offers modules on how to 
prepare, write and structure your article and explains how editors will look at your 
paper when it is submitted for publication. Use these resources, and more, to ensure 
that your submission will be the best that you can make it. 

Language (usage and editing services)  
Please write your text in good English (American or British usage is accepted, but not 
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a mixture of these). Authors who feel their English language manuscript may require 
editing to eliminate possible grammatical or spelling errors and to conform to correct 
scientific English may wish to use the English Language Editing service available 
from Elsevier's WebShop. 

Submission  
 
Authors are requested to either submit their manuscript by e-mail or send by post 
their original manuscript and figures with three copies to one of the following 
Editors. If your document is larger than 5MB, please submit via post. 

Joint Editors-in-Chief: 

Professor R. D. Adams (Mechanics, Engineering and Applications Papers), 
Department of Engineering Science, University of Oxford, Parks Road, Oxford, OX1 
3PJ, UK; R.D.Adams@bristol.ac.uk 

Professor Steve (S.J.) Shaw (Chemistry and Physics papers), Defence Science and 
Technology Laboratory, Porton Down, Salisbury, SP4 0JQ, 
UK; sjshaw26@hotmail.co.uk 

The Journal welcomes scientifically robust research and reviews related to the dental 
adhesion theme. To submit your work, or for more information please contact: 
Subject Editor in Dental Adhesion 
Dr. William Palin, The School of Dentistry, College of Medical and Dental Sciences, 
University of Birmingham, St Chad's Queensway, Birmingham, B4 
6NN,UK; w.m.palin@bham.ac.uk 

Authors are requested to ensure that their paper is sent as a single document (Word 
or PDF file) which includes all text, tables and figures. Authors must also submit a 
covering letter which includes a Submission Declaration that states that the work 
described has not been published previously (except in the form of an abstract or as 
part of a published lecture or academic thesis), that it is not under consideration for 
publication elsewhere, that its publication is approved by all authors and tacitly or 
explicitly by the responsible authorities where the work was carried out, and that, if 
accepted, it will not be published elsewhere including electronically in the same form, 
in English or in any other language, without the written consent of the copyright-
holder.  
Authors are asked to quote any reference number that they have been given in 
connection with their manuscript in any further correspondence about that 
manuscript, so that the editors can easily locate information about the manuscript in 
question. The reference number will have been given when the email acknowledging 
receipt of the original submission was sent. 

Additional information  
 
Authors are asked to ensure that their manuscripts contain page numbers, and to use 
a number of significant figures that is realistic for the accuracy of the data. 
All contributions are read by two or more referees to ensure both accuracy and 
relevance, and revision to the script may thus be required.  
Authors may send their manuscript as a PDF file in the first instance; please note 
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however that the in order to facilitate the typesetting process, if the manuscript is 
accepted for publication, the final version must be supplied in Word format. 
Similarly, the initial submission can contain low resolution images; if the manuscript 
is accepted, high resolution images must be provided in the final version that is sent 
to typesetting. 
On acceptance, contributions are subject to editorial amendment to suit house style. 
When a manuscript is returned for revision prior to final acceptance, the revised 
version must be submitted as soon as possible after the author's receipt of the 
referees' reports. Revised manuscripts returned after four months will be considered 
as new submissions subject to full re-review.  
Authors should submit a disk copy of their paper with the final version of the 
manuscript. The disk copy should match the hardcopy exactly.  
Authors should retain a backup copy of the manuscript and disk file for reference and 
safety since we cannot accept responsibility for damage or loss of papers. Original 
manuscripts are discarded one month after publication unless the Publisher is asked 
to return original material after use. 
IJAA welcomes video material, animation sequences and other electronic 
supplementary material to support and enhance your scientific research. If you have 
video or animation files that you wish to submit with your article, please provide the 
files in one of our recommended file formats (see lower down this page)with a 
maximum size of 5 MB. 

 

Peer review  
 
This journal operates a single blind review process. All contributions will be initially 
assessed by the editor for suitability for the journal. Papers deemed suitable are then 
typically sent to a minimum of two independent expert reviewers to assess the 
scientific quality of the paper. The Editor is responsible for the final decision 
regarding acceptance or rejection of articles. The Editor's decision is final. More 
information on types of peer review. 

Use of wordprocessing software  
 
It is important that the file be saved in the native format of the wordprocessor used. 
The text should be in single-column format. Keep the layout of the text as simple as 
possible. Most formatting codes will be removed and replaced on processing the 
article. In particular, do not use the wordprocessor's options to justify text or to 
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. Do 
not embed "graphically designed" equations or tables, but prepare these using the 
wordprocessor's facility. When preparing tables, if you are using a table grid, use only 
one grid for each individual table and not a grid for each row. If no grid is used, use 
tabs, not spaces, to align columns. The electronic text should be prepared in a way 
very similar to that of conventional manuscripts (see also the Guide to Publishing 
with Elsevier: http://www.elsevier.com/guidepublication).  
To avoid unnecessary errors you are strongly advised to use the "spell-check" and 
"grammar-check" functions of your wordprocessor. 
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Article structure 

Subdivision - numbered sections  
Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section 
numbering). Use this numbering also for internal cross-referencing: do not just refer 
to 'the text'. Any subsection may be given a brief heading. Each heading should 
appear on its own separate line. 

Introduction  
State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results. 

Material and methods  
Provide sufficient detail to allow the work to be reproduced. Methods already 
published should be indicated by a reference: only relevant modifications should be 
described. 

Theory/calculation  
A Theory section should extend, not repeat, the background to the article already 
dealt with in the Introduction and lay the foundation for further work. In contrast, a 
Calculation section represents a practical development from a theoretical basis. 

Results  
Results should be clear and concise. 

Discussion  
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature. 

Conclusions  
The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section. 

Appendices  
If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and 
figures: Table A.1; Fig. A.1, etc. 

Essential title page information  
 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
Present the authors' affiliation addresses (where the actual work was done) below the 
names. Indicate all affiliations with a lower-case superscript letter immediately after 
the author's name and in front of the appropriate address. Provide the full postal 
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address of each affiliation, including the country name and, if available, the e-mail 
address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that the e-mail 
address is given and that contact details are kept up to date by the 
corresponding author. 
• Present/permanent address. If an author has moved since the work described 
in the article was done, or was visiting at the time, a 'Present address' (or 'Permanent 
address') may be indicated as a footnote to that author's name. The address at which 
the author actually did the work must be retained as the main, affiliation address. 
Superscript Arabic numerals are used for such footnotes. 

Abstract  
 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided, but if essential, then cite the author(s) and 
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 
essential they must be defined at their first mention in the abstract itself. 

Keywords  
 
Immediately after the abstract, authors should select a maximum of four keywords 
taken from the list. Authors should also nominate one keyword which is not included 
in the list. 

Abbreviations  
Define abbreviations that are not standard in this field in a footnote to be placed on 
the first page of the article. Such abbreviations that are unavoidable in the abstract 
must be defined at their first mention there, as well as in the footnote. Ensure 
consistency of abbreviations throughout the article. 

Acknowledgements  
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the 
title or otherwise. List here those individuals who provided help during the research 
(e.g., providing language help, writing assistance or proof reading the article, etc.). 

Formatting of funding sources  
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 

Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research institution, submit the name of the institute or 
organization that provided the funding. 
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If no funding has been provided for the research, please include the following 
sentence: 

This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

Nomenclature and units  
 
Follow internationally accepted rules and conventions: use the international system 
of units (SI). If other quantities are mentioned, give their equivalent in SI. Authors 
wishing to present a table of nomenclature should do so on the second page of their 
manuscript. 

Math formulae  
 
Present simple formulae in the line of normal text where possible. In principle, 
variables are to be presented in italics. Use the solidus (/) instead of a horizontal line, 
e.g., X/Y rather than  
X  
Y  
Powers of e are often more conveniently denoted by exp.  
Number consecutively any equations that have to be displayed separate from the text 
(if referred to explicitly in the text).  
Type or mark mathematical equations exactly as they should appear in print. Journal 
style for letter symbols is as follows: variables, italic type (indicated by underlining), 
constants, roman type, matrices and vectors bold type (indicated by wavy 
underlining). 

Footnotes  
Footnotes should be used sparingly. Number them consecutively throughout the 
article. Many word processors can build footnotes into the text, and this feature may 
be used. Otherwise, please indicate the position of footnotes in the text and list the 
footnotes themselves separately at the end of the article. Do not include footnotes in 
the Reference list. 

Artwork 

Electronic artwork  
General points  
• Make sure you use uniform lettering and sizing of your original artwork.  
• Save text in illustrations as "graphics" or enclose the font.  
• Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.  
• Number the illustrations according to their sequence in the text.  
• Produce images near to the desired size of the printed version. 

A detailed guide on electronic artwork is available on our website:  
http://www.elsevier.com/artworkinstructions  
You are urged to visit this site; some excerpts from the detailed 
information are given here.  
Formats  
Regardless of the application used, when your electronic artwork is finalised, please 
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"save as" or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given 
below):  
EPS: Vector drawings. Embed the font or save the text as "graphics".  
TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.  
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 
500 dpi is required.  
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft 
Office applications please supply "as is".  
Please do not:  
• Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the 
resolution is too low;  
• Supply files that are too low in resolution;  
• Submit graphics that are disproportionately large for the content. 

Color artwork  
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS 
(or PDF), or MS Office files) and with the correct resolution. If, together with your 
accepted article, you submit usable color figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in color online (e.g., ScienceDirect 
and other sites) regardless of whether or not these illustrations are reproduced in 
color in the printed version. For color reproduction in print, you will receive 
information regarding the costs from Elsevier after receipt of your 
accepted article. Please indicate your preference for color: in print or online 
only. Further information on the preparation of electronic artwork. 

Figure captions  
Ensure that each illustration has a caption. A caption should comprise a brief title 
(not on the figure itself) and a description of the illustration. Keep text in the 
illustrations themselves to a minimum but explain all symbols and abbreviations 
used. 

Tables  
 
Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number 
tables consecutively in accordance with their appearance in the text and place any 
table notes below the table body. Be sparing in the use of tables and ensure that the 
data presented in them do not duplicate results described elsewhere in the article. 
Please avoid using vertical rules and shading in table cells. 

References 

Citation in text  
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. 
Unpublished results and personal communications are not recommended in the 
reference list, but may be mentioned in the text. If these references are included in 
the reference list they should follow the standard reference style of the journal and 
should include a substitution of the publication date with either 'Unpublished results' 
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or 'Personal communication'. Citation of a reference as 'in press' implies that the item 
has been accepted for publication. 

Reference links  
Increased discoverability of research and high quality peer review are ensured by 
online links to the sources cited. In order to allow us to create links to abstracting and 
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data 
provided in the references are correct. Please note that incorrect surnames, 
journal/book titles, publication year and pagination may prevent link creation. When 
copying references, please be careful as they may already contain errors. Use of the 
DOI is encouraged. 

A DOI can be used to cite and link to electronic articles where an article is in-press 
and full citation details are not yet known, but the article is available online. A DOI is 
guaranteed never to change, so you can use it as a permanent link to any electronic 
article. An example of a citation using DOI for an article not yet in an issue is: 
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic 
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of 
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the 
format of such citations should be in the same style as all other references in the 
paper. 

Web references  
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to 
a source publication, etc.), should also be given. Web references can be listed 
separately (e.g., after the reference list) under a different heading if desired, or can be 
included in the reference list. 

Data references  
This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
properly identify it as a data reference. The [dataset] identifier will not appear in your 
published article. 

References in a special issue  
Please ensure that the words 'this issue' are added to any references in the list (and 
any citations in the text) to other articles in the same Special Issue. 

Reference management software  
Most Elsevier journals have their reference template available in many of the most 
popular reference management software products. These include all products that 
support Citation Style Language styles, such as Mendeley and Zotero, as well 
as EndNote. Using the word processor plug-ins from these products, authors only 
need to select the appropriate journal template when preparing their article, after 
which citations and bibliographies will be automatically formatted in the journal's 
style. If no template is yet available for this journal, please follow the format of the 
sample references and citations as shown in this Guide. 



Annexes 128 

 
Users of Mendeley Desktop can easily install the reference style for this journal by 
clicking the following link: 
http://open.mendeley.com/use-citation-style/international-journal-of-adhesion-
and-adhesives 
When preparing your manuscript, you will then be able to select this style using the 
Mendeley plug-ins for Microsoft Word or LibreOffice. 

Reference formatting  
There are no strict requirements on reference formatting at submission. References 
can be in any style or format as long as the style is consistent. Where applicable, 
author(s) name(s), journal title/book title, chapter title/article title, year of 
publication, volume number/book chapter and the pagination must be present. Use 
of DOI is highly encouraged. The reference style used by the journal will be applied to 
the accepted article by Elsevier at the proof stage. Note that missing data will be 
highlighted at proof stage for the author to correct. If you do wish to format the 
references yourself they should be arranged according to the following examples: 

Reference style  
Text: Indicate references by number(s) in square brackets in line with the text. The 
actual authors can be referred to, but the reference number(s) must always be given.  
List: Number the references (numbers in square brackets) in the list in the order in 
which they appear in the text.  
Examples:  
Reference to a journal publication:  
[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J 
Sci Commun 2010;163:51–9.  
Reference to a book:  
[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 
2000.  
Reference to a chapter in an edited book:  
[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: 
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281–304. 
Reference to a website: 
[4] Cancer Research UK. Cancer statistics reports for the UK, 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 
[accessed 13 March 2003]. 
Reference to a dataset: 
[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for 
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1; 
2015. https://doi.org/10.17632/xwj98nb39r.1. 
Note shortened form for last page number. e.g., 51–9, and that for more than 6 
authors the first 6 should be listed followed by 'et al.' For further details you are 
referred to 'Uniform Requirements for Manuscripts submitted to Biomedical 
Journals' (J Am Med Assoc 1997;277:927–34) (see also Samples of Formatted 
References). 

Journal abbreviations source  
Journal names should be abbreviated according to the List of Title Word 
Abbreviations. 
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Video  
 
Elsevier accepts video material and animation sequences to support and enhance 
your scientific research. Authors who have video or animation files that they wish to 
submit with their article are strongly encouraged to include links to these within the 
body of the article. This can be done in the same way as a figure or table by referring 
to the video or animation content and noting in the body text where it should be 
placed. All submitted files should be properly labeled so that they directly relate to 
the video file's content. In order to ensure that your video or animation material is 
directly usable, please provide the files in one of our recommended file formats with a 
preferred maximum size of 150 MB in total. Any single file should not exceed 50 MB. 
Video and animation files supplied will be published online in the electronic version 
of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' 
with your files: you can choose any frame from the video or animation or make a 
separate image. These will be used instead of standard icons and will personalize the 
link to your video data. For more detailed instructions please visit our video 
instruction pages. Note: since video and animation cannot be embedded in the print 
version of the journal, please provide text for both the electronic and the print version 
for the portions of the article that refer to this content. 

Supplementary material  
 
Supplementary material such as applications, images and sound clips, can be 
published with your article to enhance it. Submitted supplementary items are 
published exactly as they are received (Excel or PowerPoint files will appear as such 
online). Please submit your material together with the article and supply a concise, 
descriptive caption for each supplementary file. If you wish to make changes to 
supplementary material during any stage of the process, please make sure to provide 
an updated file. Do not annotate any corrections on a previous version. Please switch 
off the 'Track Changes' option in Microsoft Office files as these will appear in the 
published version. 

RESEARCH DATA  
 
This journal encourages and enables you to share data that supports your research 
publication where appropriate, and enables you to interlink the data with your 
published articles. Research data refers to the results of observations or 
experimentation that validate research findings. To facilitate reproducibility and data 
reuse, this journal also encourages you to share your software, code, models, 
algorithms, protocols, methods and other useful materials related to the project. 

Below are a number of ways in which you can associate data with your article or make 
a statement about the availability of your data when submitting your manuscript. If 
you are sharing data in one of these ways, you are encouraged to cite the data in your 
manuscript and reference list. Please refer to the "References" section for more 
information about data citation. For more information on depositing, sharing and 
using research data and other relevant research materials, visit the research 
data page. 

Data linking  
If you have made your research data available in a data repository, you can link your 
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article directly to the dataset. Elsevier collaborates with a number of repositories to 
link articles on ScienceDirect with relevant repositories, giving readers access to 
underlying data that gives them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can 
directly link your dataset to your article by providing the relevant information in the 
submission system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to 
your published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the 
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN). 

Mendeley Data  
This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, and 
methods) associated with your manuscript in a free-to-use, open access repository. 
During the submission process, after uploading your manuscript, you will have the 
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets 
will be listed and directly accessible to readers next to your published article online. 

For more information, visit the Mendeley Data for journals page. 

Data in Brief  
You have the option of converting any or all parts of your supplementary or 
additional raw data into one or multiple data articles, a new kind of article that 
houses and describes your data. Data articles ensure that your data is actively 
reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon 
publication. You are encouraged to submit your article for Data in Brief as an 
additional item directly alongside the revised version of your manuscript. If your 
research article is accepted, your data article will automatically be transferred over 
to Data in Brief where it will be editorially reviewed and published in the open access 
data journal, Data in Brief. Please note an open access fee of 500 USD is payable for 
publication in Data in Brief. Full details can be found on the Data in Brief website. 
Please use this template to write your Data in Brief. 

MethodsX  
You have the option of converting relevant protocols and methods into one or 
multiple MethodsX articles, a new kind of article that describes the details of 
customized research methods. Many researchers spend a significant amount of time 
on developing methods to fit their specific needs or setting, but often without getting 
credit for this part of their work. MethodsX, an open access journal, now publishes 
this information in order to make it searchable, peer reviewed, citable and 
reproducible. Authors are encouraged to submit their MethodsX article as an 
additional item directly alongside the revised version of their manuscript. If your 
research article is accepted, your methods article will automatically be transferred 
over to MethodsX where it will be editorially reviewed. Please note an open access fee 
is payable for publication in MethodsX. Full details can be found on the MethodsX 
website. Please use this template to prepare your MethodsX article. 
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Data statement  
To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your 
data is unavailable to access or unsuitable to post, you will have the opportunity to 
indicate why during the submission process, for example by stating that the research 
data is confidential. The statement will appear with your published article on 
ScienceDirect. For more information, visit the Data Statement page. 

AudioSlides  
 
The journal encourages authors to create an AudioSlides presentation with their 
published article. AudioSlides are brief, webinar-style presentations that are shown 
next to the online article on ScienceDirect. This gives authors the opportunity to 
summarize their research in their own words and to help readers understand what 
the paper is about. More information and examples are available. Authors of this 
journal will automatically receive an invitation e-mail to create an AudioSlides 
presentation after acceptance of their paper. 

Interactive plots  
 
This journal enables you to show an Interactive Plot with your article by simply 
submitting a data file. Full instructions. 

 

Online proof correction  
 
Corresponding authors will receive an e-mail with a link to our online proofing 
system, allowing annotation and correction of proofs online. The environment is 
similar to MS Word: in addition to editing text, you can also comment on 
figures/tables and answer questions from the Copy Editor. Web-based proofing 
provides a faster and less error-prone process by allowing you to directly type your 
corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF 
version. All instructions for proofing will be given in the e-mail we send to authors, 
including alternative methods to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from 
the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any 
subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. 

Offprints  
 
The corresponding author will, at no cost, receive a customized Share Linkproviding 
50 days free access to the final published version of the article on ScienceDirect. The 
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Share Link can be used for sharing the article via any communication channel, 
including email and social media. For an extra charge, paper offprints can be ordered 
via the offprint order form which is sent once the article is accepted for publication. 
Both corresponding and co-authors may order offprints at any time via 
Elsevier's Webshop. Corresponding authors who have published their article open 
access do not receive a Share Link as their final published version of the article is 
available open access on ScienceDirect and can be shared through the article DOI 
link. 

  
 
Visit the Elsevier Support Center to find the answers you need. Here you will find 
everything from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your 
accepted article will be published. 
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