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Preface 

 
Since times immemorial, all endeavors to shape the human 

environment, to survive its challenges, and to eke out a living are 

based on winning, processing, modifying, and utilizing 

materials. Long before any metal could be smelted from ore, 

ceramics were produced by hardening soft and pliable clay in a 

camp fire. Polymers were synthesized only comparatively late 

during the technological evolution of mankind, first by 

modification of natural products, later by controlled chemical 

reactions. These three main groups of materials – ceramics, 

metals and polymers – are distinguished by the type of bonding 

of their constituent atoms or molecules that confer unique 

mechanical, thermal, optical, tribological and biological 

properties on their products.  

 

In this volume, contributions have been collected that deal with 

modern materials intended for environmental, biological, and 

engineering uses. This collection demonstrates impressively the 

very broad range of metallic, ceramic and polymeric materials 

for a plethora of diverse applications. 

 

Water pollution causes critical environmental challenges for the 

global population. Water in domestic, industrial, and agricultural 

sectors is, after use, returned to rivers, lakes, estuaries, or oceans. 

However, as industrial effluents are usually polluted by organic 

compounds and their derivatives, there is an urgent requirement 

for an economically feasible technology for efficient removal 

and recovery of pollutant from aqueous solutions. In a 

comprehensive review, R.A. Hager is highlighting the 

development of molecularly and ion-imprinted polymers and 

composites as a new trend in wastewater treatment.  

 

Superabsorbent polymers (SAPs) are a mainstay in a large 

variety of application, including water treatment and pollution 

control. A.J. Baihi et al. developed a model how a 

superabsorbent polymer blend synthesized from carboxymethyl 

cellulose (CMC) and starch could be cross-linked by aluminum 

sulfate octadecahydrate. Evidence of the occurrence of the cross-

linking process were obtained from Fourier transform infrared 
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spectroscopy (FTIR), morphological studies, differential 

scanning calorimetry (DS), and absorbency results. The absence 

of the primary hydroxyl band of alcohol in the CMC/starch blend 

spectrum indicates that this site is active and that the reaction 

between starch and CMC molecules occurs through OH 

moieties. 

 

B. González Rolón and P. Fuentes Castañeda investigated the 

influence of meteorological variables such as humidity, 

temperature, and wind orientation on the resistance to 

compression of concrete as construction material of electric 

transmission towers. Comparison with concrete samples 

contacted with test solutions in the laboratory showed a decrease 

in the mechanical strength of the exposed cores in the 

predominant direction of the wind and of the cylinders 

submerged in the solution with acids, concluding that both 

conditions favor the degradation of concrete properties. 

 

Burning of natural gas as well as other fossil fuels to cater for the 

worldwide increasing demand for energy results in a significant 

release of CO2 to the atmosphere and is widely thought to 

promote global warming. Methane dry reforming is one of the 

most important processes used in the production of syngas (H2 

and CO). CH4 and CO2, two of the most potent greenhouse 

gases, are reacted at high temperatures in the presence of a metal 

catalyst. Since this process is not widely used in the gas 

processing industries owing to rapid catalyst deactivation due to 

carbon deposition, novel approaches are required. A.H. Fakeeha 

et al. synthesized Ni-based catalysts such as 5%Ni/Al2O3 and 

5%Ni/SiO2 with high CH4 conversion capability, averaging 

about 78 and 75%, respectively. The same trend was observed 

for CO2 conversion, with 5%Ni/Al2O3 and 5%Ni/SiO2 reaching 

84% and 82% conversion, respectively. 

 

In dental implantology, preservation of peri-implant bone is an 

important factor for success. In addition, the position in which 

the implant is placed with respect to the crestal bone, is a 

fundamental factor to preserve the latter. N. Palacios-Garzón et 

al. systematically evaluated the influence of crestal and 

subcrestal placement of implants on loss of crestal bone and soft 
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tissue. They concluded that subcrestal placement of the implant 

should be preferred as it may reduce the probability for the 

implant to get exposed by bone loss. 

 

After acute myocardial infarction (AMI), frequently the mitral 

heart valve configuration changes drastically, thus causing an 

imbalance between closing and tethering forces. This underlies a 

pathological condition called ischemic mitral regurgitation 

(IMR). F. Nappi et al. constructed a biomechanics model based 

on Euler’s elastic theory simulating the mitral leaflet, and 

interlaced with nonlinear chordae tendineae anchored on 

papillary muscles to elucidate the interactions between closing 

and tethering forces. The chordae tendineae, colloquially known 

as the heart strings, are tendon-resembling fibrous cords of 

connective tissue that connect the papillary muscles to the 

tricuspid valve and the mitral valve in the heart. 

 

In orthopedics and dental applications, laser powder bed fusion 

(LPBF) technology is appreciated for its high degree of 

individualization and the capability of producing low-volume 

devices and complex geometric features in a single production 

process step. P. Mengucci et al. investigated the thermally 

induced phase transition of Ti6Al4V samples produced by LPBF 

using neutron diffraction (ND), X-ray diffraction (XRD), 

scanning transmission electron microscopy (STEM), and energy-

dispersive microanalysis (EDS). It was found that the as-

produced samples consist of a highly defective α’-Ti martensite 

phase as well as a β-Ti phase containing up to 25 mass% of V, 

formed during annealing by element diffusion and partitioning. 

 

Magnesium alloys are increasingly used for a variety of 

biomedical applications, owing to their favorable mechanical 

properties and pronounced biocompatibility. However, their 

accelerated in vivo corrosion in Cl ion-rich extracellular fluid 

(ECF) requires the application of protective coatings as well as 

the development of advanced alloy formulations with increased 

corrosion resistance and uniform, non-localized dissolution 

mode. R.B. Heimann described some recent promising attempts 

towards improved stability of Mg alloys subjected to in vitro 
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contact with simulated body fluid (SBF) as well as in vivo 

exposure to ECF. 

 

Although hydroxylapatite is being successfully used in many 

medical applications, for some uses the limited chemical stability 

of hydroxylapatite in the aggressive body environment calls for 

only sparingly soluble biocompatible phosphate-based 

compounds. R.B. Heimann synthesized hexaorthophosphate 

formulations with NaSiCon structure of the type CaTinZr4-

n(PO4)6 that by atmospheric plasma spraying were found to 

provide dense, well-adhering coatings with excellent 

biocompatibility and osseoconductivity as well as comparatively 

high thermal stability and low solubility in vivo compared to 

hydroxylapatite. As an added bonus, such compounds attain 

substantial ionic conductivity when doped with highly mobile 

ions such as sodium or lithium that are able to move in response 

to an outside electric field within the cavities of the crystalline 

structure. This suggests interesting options to design so-called 

fourth generation biomaterials that utilize bioelectric properties 

for theragnostic purposes or electrically stimulated bone growth. 

 

Flawless welding of stainless steels to low-alloyed steels is in 

many ways a challenge. Hu et al. used experimental and finite 

element (FE) modeling methods to determine the complex 

thermomechanical behavior, the residual stress as well as the 

microstructural evolution of the two dissimilar materials. The 

maximum von Mises welding residual stress was found to be 312 

MPa, located at the bottom of the onset of the weld zone. The 

residual stress gradually decreases and tends to be stable along 

the direction leading from the weld to the base metal. In 

addition, it was found that the closer to the weld joint, the more 

uniform is the austenite distribution and the smaller is the grain 

size. 

 

Sesquioxides constitute a large subfamily of ABO3 compounds. 

Owing to their diversity in chemical compositions, they are very 

important materials in earth and materials sciences based on their 

ubiquitous presence in the planetary crust and mantle, and their 

wide variety of technological applications. F.J. Manjón et al. 
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highlighted recent discoveries, hot spots, controversial questions, 

and future directions of research in this realm. 

 

N. Wessey looked closely at slag production formed during 

operation of the Nigerian Delta Steel Company, using X-ray 

fluorescence (XRF), thin section (TS) petrography, and 

electronprobe microanalysis (EPMA). Belite (Ca2SiO4), melilite, 

calcium aluminate, merwinite, wustite, periclase, perovskite and 

glass crystallized at decreasing temperature between 1500 and 

500
o
C. Not surprisingly, the author concluded that the synthetic 

minerals encountered followed the same route and characteristics 

as natural minerals crystallizing from a silicate magma. Because 

of its high Ca and P contents, the slag may be utilized as potent 

fertilizer. 

 

Friction is a perennial problem whenever machine parts are 

moving in a reciprocating manner. To combat friction, designing 

and applying promising mechanical systems with ultra-low 

friction performance and establishing reliable superlubricity 

regime are imperative not only to save energy but also to reduce 

hazardous waste emissions to the environment. Superlubricity is 

a regime of motion in which friction very nearly vanishes. 

Although diamond-like carbon (DLC) films with extremely 

smooth and fully hydrogen-terminated surfaces are most 

promising to realize superlubricity, their maximum effect can 

only be observed at high vacuum conditions. To eliminate this 

limitation, B. Zhang et al. developed hydrogenated fullerene-like 

nanostructures and graphene nanoscrolls that demonstrate 

superlubricity with extremely low coefficient of friction of 

~0.002 at ambient conditions that suggest useful future 

engineering applications. 

 

Robert B. Heimann, editor 


