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 Hyperbranched polymers and their applications in 

the biomedical industries.

 Nanostructured polymers-clay nano-composites for 

various industrial applications.(Egypt-France)

 Manufacturing of  cement containing functional and 

nano-structured polymers on the way for better 

construction materials and high performance 

buildings.
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 Hyperbranched polymers as pretanning agent

 Poly(ester-amine) hyperbranched polymer as 

toughening and co-curing agent for epoxy/ clay 

nanocomposites.

 Glycopolymers, on the way of  new bionano-polymers 

for biomedical applications.(Egypt-US)
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 The main objectives of  our project are:

 Preparation and characterization of  some 

hyperbranched polymers and insertion of  such 

polymers in the cement pastes. 

 Then, the properties of  the polymer/cement pastes 

will be preciously measured such as water of  

consistency, setting time, compressive strength, and 

combined water content. 



 The negatively charged cement particles are formed by the 

adsorption of  the polymer molecules onto the cement surface. 

Hence, electrostatic repulsion is generated between the cement 

particles reducing the inter particle attraction and preventing 

flocculation or agglomeration where well-dispersed system is 

obtained.

 That fact leads to better properties of  the formed cement 

pastes such as better hydration by using less water to penetrate 

between the particles.
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 The amount of hydration products increases by the

deposited polymers in the pore spaces of the

hardened cement pastes, in addition to the formed

polymer film which fills up the pores of the cement

pastes. Consequently, the density increases and the

porosity decreases. All these factors positively

contribute to the compressive strength of the

resulting cement. Therefore, hyperbranched

polymers can be used as a water-reducing agent,

plasticizer or super-plasticizer.
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 Enhanced properties of  the produced cement are 

expected. 

 Therefore, obvious industrial economic impact is 

expected by increasing the quality of  the resulting 

cement pastes by slight addition of  such functional 

hyperbranched polymers in easy and economic way. 
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 The prepared polymer (HBPA) reduced the w/c ratio 

by more than 12-20% comparing with the blank, and 

therefore it can be used as a water-reducing agent, 

plasticizer or super-plasticizer. 

 HBPA activated the cement phases and improved the 

rate of  hydration and combined water contents at all 

curing ages of  hydration. 

 The mechanical strength was also improved and 

enhanced, particularly at later ages of  hydration. 
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The SEM micrographs of OPC pastes (a and c) and those premixed with 

polymer (b and d) hydrated up to 90 days
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The SEM micrographs of LPC pastes (e and g) and those 
premixed with polymer (f and h) hydrated up to 90 days



 Glycopolymers are synthetic polymers containing

sugar moieties as pendant groups or terminal

groups, apart from whether they show biological

functions or not.

 They may include chemically modified natural

polymers, such as cellulose and chitin grafted to

synthetic polymers.

 Protein–saccharide interactions participate in

cellular recognition, adhesion, cancer cell metastasis,

and infection of pathogens.
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 Much interest has been directed at sugar-based

hydrogels because of their biocompatibility and

hydrophilic nature.

 Sugar-based hydrogels are expected to be new

substrates for cell growth.

 Replacing agar, normally used in culture plates,

with hydrogels containing specific sugars improve

the adhesion or growth characteristics of microbial

and mammalian cells.
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 The presence of glycopolymer units
provided their nanocomposite hydrogels
with higher thermal stability and higher
swelling ratios than those containing clay
only.
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 Preparation of rice-waste reinforced urea-formaldhyde
composites with improved moisture resistance.

 Hyperbranched polymers for dielectric materials and
biosensors.

 Preparation and characterization of tri-component
composite comprised glycopolymer grafted onto clay
with chitosan/ /hydroxyapatite for biomedical
applications (bone repair).

 Nanostructured polymers/agricultural wastes for
biomedical applications.

28



 Plenty of  waste is produced due to the increased 

activity in the modern agricultural sector, 

representing a tremendous threat to the 

environment and to eliminate this problem 

scientists have taken initiative to find good uses for 

these wastes.
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 Today, it is well-known that biomass is a rich source 

of  energy and other daily useful products. Several 

new biomass-based chemicals and biomaterials are 

being developed and marketed as a substitute for 

Petroleum- based products.

 Rice husk is an agricultural by product from the rice 

mill, produced in abundance at low cost. Therefore, 

it is one of  the most promising and inexpensive 

precursors for the production of  nanomaterials. 
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 Rice husk being hydrophilic in nature is unable to 

coexist with hydrophobic polymeric matrices, which 

results in poor dispersion of  fibers and cause 

agglomeration, which leads to poor properties of  

composites. Numerous researchers have studied 

different techniques to develop better filler diffusion 

and interfacial contact between filler and matrix

 Several physical ,mechanical and chemical means have 

been used to overcome these problems
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 RHP were grounded and sieved by using mechanical 

milling to nano-size scale. 

 The aim of  obtaining nano-size is to improve 

nanofiller-matrix interface adhesion and providing 

effective load-transfer from the matrix to the 

nanofillers. hence the resulting nanocomposites will 

have multifunctional characteristics for being used in 

different applications.
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 Different surface treatment are used to improve the 

dispersion of  nRHP into polymeric materials as 

EPDM matrix such as:  

1. Surface grafting of  nRHP by using    

a) Copolymer from maleic anhydride and EPDM(MA-g-

EPDM)

b) hyperbranched polymer.

2. Using a compatibilizer (maleated EPDM), 

3. Using HRH bonding system.
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• The pre-treatment of  nRHP with copolymer (MA -g- EPDM)in treated nRHP / EPDM 

nanocomposites gave better mechanical properties  than untreated nanocomposites and 

this attributed to presence the copolymer (MA -g- EPDM)that increases the 

hydrophobicity and compatibility between nano rice husk powders and EPDM matrix .
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2- surface treatment by using compatibilizer (maleated

EPDM) 
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 At similar filler loading the modified nanocomposites 

exhibit higher tensile strength compared to the unmodified 

nanocomposites which can be attributed to the presence 

compatibilising material (MA-g-EPDM) in modified one 

which enhance the dispersion of  nRHP in EPDM matrix.

 At similar nRHP loading the hardness of  modified is 

higher than the unmodified one.
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 Compared with the above results, inserting 

compatibilizing material (MA-g-EPDM) in 

nRHP/EPDM nanocomposites have confirmed its 

effectiveness in improving adhesion and hence 

providing stress transfer from the matrix to the 

filler.
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Surface treatment by using dry bonding agent from hydrated silica, resorcinol 

and hexamethylene tetramine (HRH system) 
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 The dry bonding system causes significant 

improvement in the mechanical and dielectric 

properties of  the EPDM/nRHP nanocomposites 

than that prepared without bonding agent. This 

indicates that HRH system produced good 

interfacial adhesion between nRHP and the rubber 

matrix. 
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 The mechanical treatment with chemical 

treatments improved reinforcement efficiency of  

nanosized rice husk powder which was translated 

into better mechanical, thermal and morphological 

properties of  nRHP/EPDM nanocomposites. The 

treatment increased the interfacial interactions 

between the filler and matrix phase.
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