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An Improved Method of  Producing an Adsorbent for Heavy Metals 
Removal using Radiation-Induced Graft Polymerization 

This invention presents an improved method of producing an adsorbent for the removal of metal elements from water using radiation-induced graft copolymerization. 
This technique helps to modify polymer surface to own highly distinct properties through the use of various monomers by covalently bonded graft chains onto polymer 
surface which also assure the long term chemical stability of the grafted chains. 
The introduction of graft chain with high density and exact localization onto the polymer surface via this technique provides a more controllable and easy manner with 
bulk properties remain unchanged. 
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Development of  New Technique using Chemical Vapor Deposition (CVD) for Radiation-
induced Graft Co-polymerization as Aluminium Ion Adsorbent from Wastewater 
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Grafting Parameters 
Emulsion 
grafting 

CVD 
grafting 

Absorbed Dose (kGy) 50 50 

Temperature (°C) 40 40 

Total Liquid Monomer 
Required (mL) 

100 mL 15 mL 
(can be recycle) 

Reaction Time (min) 180 mins 30 min 

Absolute Pressure (MPa) 0 -0.025  

Adsorption Time (minutes) 0 15 30 60 120 180 

% Al3+ Removal  
Emulsion grafted kenaf 

0 76.42 94.49 96.65 99.66 99.19 

% Al3+ Removal  
CVD grafted kenaf 

0 37.00 84.60 99.60 99.76 99.73 

REMOVAL PERCENTAGE OF Al3+ IONS BY KENAF ADSORBENT (≈3.00 mmol/g-ad) 
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‘Radiation Modified Adsorbent 
via Grafting Technique using 
Chemical Vapor Deposition’ 

Sample Crystallinity Index  

Ungrafted kenaf 68.54% 

Emulsion-grafted kenaf 60.32% 

CVD-grafted kenaf 66.40% 
Less chemical 
consumption 

Save time & 
energy 

INTRODUCTION 

RESULT & DISCUSSION 

POTENTIAL  APPLICATION 

CONCLUSION 

The uptake of  aluminium for the CVD-grafted adsorbent increases with time and reached 
equilibrium after about 60 minutes. While, for the emulsion-grafted adsorbent, the equilibrium is 
reached after 120 minutes.  

Adsorption using CVD grafted kenaf  shows a homogenous pattern of  adsorption, meanwhile 
adsorption using conventional grafted kenaf  shows more localized adsorption pattern. 

CVD-grafted kenaf  fiber exhibits higher 
crystallinity index as compared to emulsion 
grafted kenaf  fiber. CVD grafted kenaf  fiber 
shows higher preservation of  mechanical 
strength in comparison to emulsion grafted kenaf. 
fiber 

 Developed adsorbent can be applied for 
other applications such as valuable metal 
recovery, thorium beneficiation, remediation 
of  contaminated/toxic water (mines pool, e.g 
Mamut Copper Mines) 
 
 Continuous grafting line provides potential 
for industrial application 

UNGRAFTED KENAF 

CVD GRAFTED KENAF 

ADVANTAGES 

Full automation and simple operation 

Green technology  & Environmental 
friendly  (3R- Reduce, Recycle, Reuse) 

Improved polymer properties 

Cost effective – save chemical, time 
& energy 

A large vessel can be 
seen in the centre of  
the fiber which 
suggesting the tube-
like structure of  the 
fiber 

The cell wall thickness 
increased indicating 
growing chains formed 
and grafted onto the 
fiber. The fiber still 
maintained its structure 
which leads to the higher 
fiber’s strength.  

Simple operation and full automation allows 
continuous grafting process 

Development of advanced polymer with 
improved properties 

Potential usage for other applications 

PREVIOUS PRESENT 

EMULSION GRAFTED 
KENAF 

The cell wall thickness of  
the fiber was found to 
increase but the fiber 
swelled presumably due to 
penetration of   monomer 
into the fiber. This may  
affect  the  fiber’s strength. 
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