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ABSTRACT

Porous polymers are invading ubiquitously the engineering markets as well as other fields.

They are constantly earning attention and scientist's curiosity owing this to their inimitable

chemical, physiochemical, optical, mechanical and surface area properties and morphology.

Polymers whether natural, polymerized, modified or synthesized; they are manufactured based

on the background of their particular chemical arrangement. In this research, an all-purpose

manufacturing progression desired to work out with all liquid or powder polymers cross linked to

a flexible phase to imprint their surface with any desired porosity.

The work is founded into two micro-casting phases. The project can be described as stamping.

The basic stamp is a microchip made of porous silicon (PS) template prepared based on xenon

difluoride (XeF2) dry etching technique. The former "stage l" forms a layer of polymer

complement to the silicone sample where this latter layer is complemented to get a final version

cloning the pores of the silicon porous sample. The last version is just "dressmaking fashioned

polymer" that is identical to the texture of the silicon pores. A laidback, bendable scheme that

permits to manufacture porous polymer textured with the intended pores using a sought after

pore size and configuration porous silicon prototypes.

This work offers a future hope and ambitions that are extended to the solicitation of stamped Poly­

ethyl hydrosiloxane (PMHS), Poly-Dimethylsiloxane (PDMS) using porous silicon and Poly­

methyl methacrylate (PMMA) scaffolds or any silicon-polymer combination to reach the final
"

porous polymer suitable to the desired biomedical application.

Keywords: Polymer, porous silicon, PMMA, PDMS, PMHS, micro-molding



ÖZET

Gözenekli polimer mühendislik piyasasini ve diğer alanları tumuyle yanı sıra işgal vardır istila

ediyor.

Onlar sürekli dikkat ve bilim adamının merak bu onların eşsiz kimyasal, physiochemical, optik,

mekanik ve yüzey alanı özelliklerini ve Morfoloji nedeniyle kazanç vardır. Polimerler olsun

doğal, polimerli, değiştirilmiş veya sentez; Onlar kendi belirli kimyasal düzenleme arka plan

üzerinde göre üretilmektedir. Bu araştırmada, tüm sıvı ile çalışacak bir çok amaçlı üretim

ilerlemesi istenen veya onların yüzey ile istediğiniz herhangi bir gözeneklilik Künye için esnek

bir aşaması için toz polimerler çapraz bağlanmış.

Çalışma iki mikro-döküm aşamalar halinde kuruldu. Proje damgalama olarak tanımlanabilir.

Hazırlanan gözenekli Silisyum (PS) şablon I yapılan bir mikroçip xenon difluoride üzerinde

(XeF2) tekniği aşındırma kuru dayalı temel damgasıdır. Eski "1. aşama" formları polimer bir

katman nerede bu ikinci katman silikon gözenekli örnek gözeneklerin klonlama a sonda gelen

yorum almak için tamamlanmaktadır silikon örnek tamamlıyor. Sadece "terzilik moda polimer"

en son sürüm olan silikon gözenekleri doku için aynı. Bir aranan sonra gözenek büyüklüğü ve

yapılandırmasını gözenekli Silisyum prototip kullanarak hedeflenen gözenekli bir laidback,

gözenekli polimer üretim izni bükülebilir düzeni dokulu.

Bu eser gelecek umut ve damgalı Poly-etil hydrosiloxane (PMHS), Poli-Dimethylsiloxane

"(PDMS) son gözenekli polimer istediöiniz Biyomedikal uygulamaya uygun ulaşmak için

gözenekli Silisyum ve Poly-metil metakrilat (PMMA) İskele veya silikon polimer bunlarınbir

kullanımı talep için genişletilmiş emelleri sunmaktadır.

Anahtar Kelimeler: Polimer, Gözenekli polimer, PMMA, PDMS,

IV
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Over the last few decades numberless progresses has been achieved in structural and

functional substances all along to many developments in materials used in biomedical

technology (Bar-Cohen, 2004). These materials known as biomaterials are intended to

interface with biological systems to evaluate, treat, augment, or replace any tissue, organ,

or function of the body (Dumitriu, 2001).

In order to interact with biological systems, biomaterials necessitate a crucial and

fundamental requirement that is "biocompatibility". Many materials has been tested and

proved as biocompatible. These can be divided into four major classes: polymers, metals,

ceramics (including carbons, glass ceramics, and glasses) as well as natural materials from

both plants and animals (Wu, Hu, Wang and Mou, 2010). Occasionally, two materials

belonging to different classes may be combined to develop a composite material. One of

these composite materials is polymers. Polymers form a versatile class of biomaterials that

have been extensively investigated for medical and related applications and this is can be

clearly depicted from the Figure 1. 1.
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Figure 1.1: Picture depicting the clinical applications and types of polymers used in
medicine (Shtilman, 2003)

The main difference between polymers and metals or ceramics is that these former

materials are made up of repeated units called "mers" that are characteristically grouped

together under the structure of chains or macromolecules rather than lattice structures

(Ravichandran, 2010).

Materials made of polymers set up their final structure based on covalent bonds and

secondary interactions (Bar-Cohen, 2004). Their fundamental structure is composed of a

backbone along to side or pendant groups (Mathew and Alocilja, 2005). The backbone is

made up of atoms connected by covalent bçnd extending from one side to another closing

stage part. The backbone is often not only carbon but rather may contain other atoms such

as N, O, or Si. The ramified parts are the hydrogen atoms in organic and inorganic groups

connected to the backbone. Covalent bonds are utilized along the backbone of the chain but

only weak secondary forces such as hydrogen bonds or van der Waals forces are used for

cohesion between chains (Mavromatidis, Mankibi, Michel, and Santamouris, 2012).

These polymeric biomaterials account as a crucial for several biomedical applications that

assist to improve the human life or compensate the malfunction in human organ or

function. Some of these applications are orthopedic such as bone Cements, joint

2
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Prostheses; cardiovascular applications such as heart valve, vascular graft, stents,

pacemakers and blood oxygenators; Ophthalmic Applications like contact Lenses, suture

Materials and tissue Engineering.

Porous polymers are polymers having an amorphous surface with various pore size and

shape. These porous materials are invading the world and grabbing wide interest due to

their large quiet field of applications. They are capturing augmented interest in quite few

field and applications due to their large surface area and unique physiochemical properties

(Murugan and Ramakrishna, 2007). They are characterized by special physiochemical

properties and can account for wide range of application flourishing from the human body

to controlled drug delivery along with electrically activated tissues such as brain, heart and

muscles given that it can be coupled with animals or computer/machine's interface opening

the door of developmental innovation in nanotechnology (Murugan and Ramakrishna,

2007).

Their exceptional properties expand to cover the following characteristics: lightweight,

fracture tolerant, bendable, compromises the possibility of being contemplated to almost

any feasible form to fit the intended application. All along some features may be settled,

controlled and customized as the desired features to accomplish and perform any task

beyond the human expectations (Bar-Cohen, 2004). Nowadays, they are invading a great

range of applications as biomaterials and catching the spot of huge adaptability and multi­

purpose usage for a mass of biomedical solicitations (Bhatti, Chaudhary, Pandya, and

Kashyap, 2008).

These materials are being embraced in almost each discipline in medicine scanning

extracorporeal device to implants integrated into the human body where each application
••

demands special criteria different manufacturing processes to provide special chemical and

physiochemical are in need (Dumitriu, 2001). Some of which may stay as long as it can

retain while others must be degradable as fast by means of potential to make available

space for tissue to replace it. By mean of both intentions the results from the usage of these

polymers concluded in more preferable results than the applications of biological objects

(Shtilman, 2003). From here the innate needs initiated to shift from the realm of

transplantation and application to the empire of fabrication to decrease the complications

for any application.



Porous polymers are conventionally manufactured using specific processes related to the

hernical structure of each polymer. Each liquid polymer needs a specific fabrication

process that includes the variation in pressure, temperature, and the cross-linking reagent

used to solidify the polymer. Accordingly, there is a range of methods that can be utilized

to prepare porous polymers. These methods include gas foaming, phase separation, small

liquid drops templating, colloid crystal templating, templating via self-assembly, molecular

imprinting, and bio-templating using natural biological templates. The dimension and

characteristics of the porous phase required differs according to the application of the

porous structural polymer that is to be produced and the manufacturing technique

employed.

The methods applied for pores formation necessitate a time all along to a very complicated

processes. The new approach related to the formation of porous polymers is to use a

generic recipe that forms a porous surface in regards to the type of polymer used. A

template of porous silicon will be used to form a scaffold of the polymer upon the usage of

different cross-linking reagents to solidify the liquid polymer.

1.2 Literature Review of Polymers

Introduction of degradable polymers in biomedical application was established in the 1960

when the idea of employing them as a resorbable matrices (Folkman and Long, 1966). The

start was with a drug delivery_system diffusing small molecules from one side to another

side of a silicon rubber tubing wall.

Then polymers were started to be used in temporary surgical implant and repair for
1'

damaged tissue (Kulkarni, Pani, Neuman, and Leonard, 1966; Schmitt and Polistina, 1969).

After the success that has encountered with these polymers once interfered with human

body; biodegradable polymers and aliphatic polyesters were proved to be useful various

applications in medical field such as prosthetics, vascular graft, artificial skin implant,

screws and stents as well as plates for implant and short-term inner fixation of the bone,

pins, resorbable sutures for surgeries and so on.

4



Exploration on polymers and their wide applications has been dramatically increased over

last few decades due to the successful results resulting from any application using

polymers. Researchers were able to prove that some of these polymers are biocompatible,

may be sterilized, and stable for storage. Some of these polymers are Poly (methy

methacrylate) (PMMA), PDMS or Poly (dimethylsiloxane), bis (3-aminopropyl) terminate

and PMHS or simply Poly (methylhydrosiloxane).

With all the critical improvement that accompanied any application using polymer; these

polymers turn out from being barely a point of interest to researcher to become a crucial

material employed in biomedical applications.

1.3 Contributions of the Proposed Work

This thesis is a contribution to the nano-technology and MEMS market. This thesis is a

part of the continuing research of nanotechnology innovations that are day by day invading

our daily life to exist in numerous materials and applications all along to invade human

body to help for recovery or compensation of any malfunction. Nevertheless, this research

offers a new approach that may be applied to develop porous polymer in a chemistry lab

without necessitation of any high level technology or equipments. The procedure is a

simple straight forward procedure comprised of two micro-molding steps and a template

scaffold that is a porous silicon chip.

1.4 Aim of Thesis

Porous polymers are of huge interest in ı-human life since they account for billions of

revenue for the international market and they help to improve or recover the human quality

of life. Therefore, this project aims to develop a generic recipe that may be applied to

develop porous polymers in regards to the type of the polymer used. The intentions are to

use a porous template that is the scaffold a porous silicon chip previously manufactured

using XeF2 etching method. The polymers that are intended to be employed will be linked

using a corresponding cross-linker at the consequent temperature.
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