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Ceramic Nanoparticle-Based Nanocomposite Hydrogels

Several advanced NCHs can be obtained by combining inorganic ceramic nanoparticles
with natural or synthetic polymeric hydrogels. A wide range of bioactive nanoparticles, such as
hydroxyapatite (HAP), synthetic silicate nanoparticles, bioactive glasses, silica, calcium phosphate,
glass ceramic, and b-wollastonite, can be used to this aim [12]. Ceramic nanoparticles can reinforce
the hydrogel, taking advantage of their high mechanical strength; furthermore, because they are
made of minerals with a crucial role in the normal homeostasis and turnover of human tissues, they
can also provide the final NCH with favorable biological cues [13].

Metal- and Metal Oxide-Based Nanocomposite Hydrogels

NCHs based on metal and metal oxide nanoparticles represent a promising new class of
biomaterials since they possess several intriguing properties such as antimicrobial activity and
responsiveness to electrical/magnetic stimuli and/or to light. Metallic nanoparticles such as
platinum (Pt), gold (Au), and silver (Ag), or other metals such as cobalt (Co) and nickel (Ni),
whereas metal oxide nanoparticles include iron oxide (Fe304, Fe203), titania (TiO2), alumina
(A1203), and zirconia (ZrO2) [14].

Conclusions

The incorporation of nanomaterials within polymeric hydrogels represents an attractive approach
to tailor the mechanical properties of the hydrogels and/or to provide the NCH with responsiveness
to mechanical, thermal, magnetic, and electric stimuli. Further studies have to be carried out to
better understand the interactions, at different length scales, between the polymeric chains of the
hydrogels and the nanophase and, in the case of drug delivery systems, between the interior part
of the nanoparticles and the drug(s) loaded into them. In this context, the understanding of the
relationship between structure and properties, at all scales from nano- to macro-, is crucial and will
allow for custom design of NCHs’ physico-chemical and electrical properties, so as to tailor them
for specific applications.
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agents; some of them exhibited noticeable antibacterial, antiviral and antifungal activities. Some
other inorganic nanoparticles, such as gold NPs, semiconductor NPs and magnetic NPs, can be
used for photoacoustic, photothermal or photodynamic as well as hyperthermal therapy, due to
their unique physical properties. In addition, some functional NPs can find applications for a new
generation of intelligent biosensing, bioseparation, bioimaging, cell labeling and diagnosing as
well as monitoring of cells and tissues.

Thus, recent advances in hydrogel technology have led to the development of nanocomposite
hydrogels (NCHs), also named nanocomposites, for biomedical applications; currently there is
significant and increasing research interest in their development. Research trends are currently
focused on the incorporation of many nanoparticulate systems into the hydrogel network so
as to obtain NCHs [5]. The interaction of these nanosystems with the polymeric chains of the
hydrogel structure results in the peculiar properties of the nanocomposite absent in the individual
components [6]. Nanoparticle addition may reinforce the starting hydrogels and provide the NCHs
with responsiveness to external stimuli such as mechanical, thermal, magnetic, and electric. Here
we will discuss the NCH properties and applications, classifying them on the basis of the chemical
nature of the embedded nanomaterials summarized in Figure 2.

/ Polymers N

= Synthetic = Naturally-derived from:
z famipwn £ vy " Nanomaterials | ("ian 1
~ Poly{ethylene glycol) - Dextran R
= Poly(ghycerol) derivatives - Cellulose . Ceramic
\' Sompectoopyootcac] / N Metaloides )
Hydrogel|+ Nanomaterial

\ 4
Nanocomposite

Fig 2. The structure of nanocomposite hydrogels

Carbon-Based Nanocomposite Hydrogels

Carbon-based nanomaterials such as carbon nanotubes (CNTs) and graphene are being used
to provide conventional hydrogels with improved mechanical and electrical properties [7]. In
particular, both CNTs- or graphene-based NCHs are being studied for applications such as actuators,
biosensors, tissue engineering scaffolds, drug delivery, and biomedical devices [8].

Polymeric Nanoparticle-Based Nanocomposite Hydrogels

Among the manifold nanomaterials that can be incorporated into hydrogels, a variety of polymeric
nanoparticles have also been used, mainly aiming to endow the final NCH with controlled drug
release ability, along with the mechanical reinforcement [9]. Actually, the concept of polymeric
nanoparticles includes a number of other different systems such as micelles, core-shell particles,
dendrimers, and hyper-branched polymers [10]. The very nature of conventional hydrogels hampers
the loading of hydrophobic drugs and, in this regard, NCHs, incorporating polymeric nanoparticles,
can help to overcome this issue. For example, a micelle-based, NCH-encapsulating erythromycin,
a hydrophobic antibiotic drug, has been recently developed [11].
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Multifunctional Nanocomposite Hydrogels for Biomedical

and Pharmaceutical Applications

Abstract

Nanocomposite hydrogels are hydrated polymeric networks with a physically or covalently
crosslinked three-dimensional (3D) structure swollen with water, in the presence of nanoparticles
or nanostructures. A wide array of nanomaterials (polymeric, carbon-based, metallic, and ceramic)
can be incorporated within the hydrogel network to obtain reinforced nanocomposite hydrogels.
Nanocomposites represent a new class of materials with properties absent in the individual
components. In particular, the incorporation of nanomaterials within a polymeric hydrogel network
is an attractive approach to tailor the mechanical properties of the hydrogels and/or to provide the
nanocomposite with responsiveness to external stimuli.

Keywords: biomedical applications, hydrogels, nanocomposites, nanocomposite hydrogels,
nanoparticles

Introduction

Hydrogels represent a class of soft materials, of synthetic and/or natural origin, of particular
interest for biomedical applications such as tissue engineering, regenerative medicine, and
controlled drug delivery [1] thanks to their physical, chemical, and biological properties compatible
with those of biological tissues [2]. Hydrogels are physically or chemically cross-linked natural or
synthetic three-dimensional (3D) networks, which can be cast into various shapes and retain high
amounts of water (up to 4000% of their dry weight), although they are hardly hydrosoluble. Their
water retention properties mainly arise from the presence of hydrophilic groups, such as amido,
amino, carboxyl, and hydroxyl, in the polymer chains; the swelling degree depends on the polymer
composition and, in addition, the cross-link density and nature. The water content of hydrogels
creates a highly porous structure, a soft and elastic consistency, and a low interfacial tension in
contact with water or biological fluids. These features make hydrogel’s properties closer to those
of biological tissues than any other synthetic biomaterial. However, their application fields may be
widened if a nanometric phase is embedded within the hydrogel’s matrix [1].

Parallel to the aforementioned developments in hydrogels, nanoparticulate systems have
gained a great amount of attention in the past several decades as one of the most promising
biomedical materials, due to their .
unique physicochemical properties, .S'I'ca'bas‘;? iy iy M;ZL{*’::;‘:’:”;S Liposomes
nano-sized characteristics, controlled ] s

shape and versatile modification \:W L@i‘ﬁ
possibilities as well as well-defined py S

4 Q[).ot; )
multifunctionalities [3]. Significant w0 N magnetices - ()
progress has been achieved in carbon-based N? )‘&’ e O "

preparation and functionalization of &85 e; e (0/
various nanoparticles for a diverse [ '

e

array of biomedical applications. [orugioading& delivery,anti- | ﬁ -
Researchers have developed bacterial, antifungal and antiviral > ‘ rG
and employed a wide Variety of [Biesensersand contrast agents for Polymer-based NPs
. medical diagnostics and cell study - - T
nanomaterials, such as carbon- = B ( Bioseparation & purification or
; . . Fhatoscoustlc, photathermal or bioactive substances immabilization
based NPs [4]. As shown in Figure |photodynamicimaging & therapy )

1, these nanomaterials provide a | Magnetically()-assisted Immunoassay & biomedical diagnosis
imaging &hyperthermia

powerful platform for site-specific
and controllable delivery of drugS, Fig 1. Examples of typical nanoparticles and their applications in biomedical
gene, proteins and other bioactive fields
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e Block Flow Diagram (BFD)

A block flow diagram (BFD) or a block schematic diagram
is a simplified representation of a Process Flow Diagram
(PFD). In the design process, it is used as a primary step in
evolution of the PFD. Specifically, it is progressed by taking
a written problem and represents a graphical manifestation. A

Block Flow Diagram BFD can be used to portray the whole facility or plant (Block
Flow Plant Diagram) or a distinct process within a plant. The PFD shows the relationship between
significant equipment in a plant facility or it can display a process and does not show specific
data such as subordinate equipment items, piping materials of construction and piping sizes. An
illustration of a BFD will be shown in the next journal.
Process Flow Diagram (PFD)

(System Flow Diagram) (SFD) shows the connection between
the most important components and parts of a system. A PFD
systematically record process design gives credit for components
£ and systems in various operating methods, typical minimum,

Scrubber

Moisture

I

Purifier

Reactor
e

Seperator

By Product Main Product

| normal and maximum values. A PFD does not show less important
' s components, piping systems, piping ratings or denotations. PFD
Process Flow Diagram . E osutetencotimn < l’l’lllSt lnChldeZ

Process vessels and equipment

Process and utility flow lines

Process piping

Material balance and full heat

Stream enthalpy

Location of every control valve

Sizing of pumps and compressors

Bypass and recycle streams

Composition, flow rate, pressure and temperature of every stream
Piping & Instrumentation Diagram (P&ID)

The piping and instrumentation diagram (P&ID), also known as
mechanical flow diagram (MFD), prepares information required by
engineers to start planning for the construction of the plant. This is
considered the point where Piping Engineering starts. Also P&IDs
play an important role in the process engineering world to show
interconnectivity, butthey don’tneed to be included by specifications.
Specifications are mostly provided in separate documents

XA N WD =

Piping and instrumentation diagram

To be continued...
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The Fundamentals of Piping Engineering

2. Introduction to Piping

A piping system is the most functional and regularly use way of carry fluids in the industry. For
instance, in a petrochemical industry the piping system demonstrate around 35% of all industry
material and requires around 40% the construction and erection man hours and it could require up
to 50% of engineering hours.

An additionally the piping systems are the main responsible of the proper performance of the
industry and the failure of any of piping system’s components could generate a complete stop of
the industry, damage on the piping system and connection equipment and even more important,
lives lost.

3. Function of Piping Engineering

The function of the piping engineering is to apply the know-how of fluid flow, stress analysis,
material properties, engineering judgement and convert the process engineer’s specification into
drawing and data from which materials can be acquired fabricated and assembled into piping
systems which fulfill the necessity of the process.

This must be gained at the minimum design cost without scarifying the quality and desired
function. The piping system will operate without physical failure or excessive pressure losses for
the entire span of designed plan life.

There are various primary principles that you should notice during learning this process:

* Piping systems can do and break down. Engineering should always have possible answer in terms
of failure methods and work to elude the possibility that the piping system will stop functioning
normally.

» Even the best-engineered systems, there are hypotheses built into the design. the engineer or the
designer should be familiar with these assumptions and agree on proper allowance.

* Pipe stress analysis is merely one part of piping process; There are other significant considerations
before carrying out the part stress analysis. If the preparation activity has been functioned, very few
piping system designs will fail the pipe stress evaluation measurements.

* Pipe ought to always be seen as a system from equipment to equipment, containing branch line,
and pipe supports.

» Along with all engineering design, understand the aim and operation of the system before
performing the detailed design.

1. Basic of Design

Before routing and engineering the pipe, a design basics must be done. In this section the main
necessities are articulated.

Py
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