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ABSTRACT 

The main objective of this study was to find the ieasibilit.y of using locally available 

plant based tannin materials to use in place of phenol in the phenol-formaldehyde resins. 

This study deals with development of suitable sulfonat.ed cross linked tannin-

formaldehyde resin and tannin-phenol-formaldehyde resins as stable and reusable cation 

exchangers for the application in numerous industrial processes, e.g_ water softening, 

separation of amino acids and epoxidation of oil. 

In this study, fruit of Aralu tree, bark of the Kumbuk tree and fruits of Bulu tree were 

selected as tannin sources. The method of extraction of tannin was studied to obtain the 

highest possible yield. The extracted tannin was used to prepare tannin-phenol-

formaldehyde resins with varying phenol to tannin ratios and their chemically modified 

forms. 

The extracted tannins. tannin-phenol-formaldehyde (TPF;) resins and their modi fled 

forms were characterized using UV-VIS. FTIR, '3C-NMR, rheological, SEM and DSC 

thermal analysis techniques. Polymerization mechanisms were studied using the above 

techniques supported by semi-empirical computational studies, in addition, the main 

electronic transitions for a liavan-3-01s type of compound involved in the IJV-Visible 

absorption spectrum have been characterized 

The best procedure to extract tannin from three plant sources found to be using 80 % 

(v/v) methanol-water at p'-1 value of 8 and 80 °C. Tannin extracted contained D-

Catechin and Gallic acid related compounds. Total tannin contents of Aralu Iruit. 

Kumbuk bark and Rulu fruit found to be 23.9, 17.9 and 17.1 %(w/w). respectively. 

While NMR, FTIR spectroscopic methods confirmed the formation of phenolation ol' 

tannin and tannin—formaldehyde bond, the semi-em pi ri cal com putational techniques 

NAT 



confirmed the formation of the tannin-formaldehyde bond via CH2OCH2  link initially at 

low temperatures, which, then, would convert to a Cl-I2  link after curing at 105 °E In 

addition, the computational study shows that the reactivity of the catecholic B-ring of 

the tannin molecule could be increased by the incorporation of bivalent Zn2  into the 

reaction system. The gel point of the reaction between tannin and lormaldehyde reaction 

is found to be 4505 s from rheological analysis. 

The resins were converted to their suli'onated forms to increase their ion exchange 

capacity as the exchange capacity found to be relatively low. Ion exchange capacities 

were tested for bivalent cations such as Zn2 , Pb2 , Ca2 , M0 2  and Cu2 . In addition, as 

monovalent cations Na-', K, NH4 , and (CH3)4N ions \\ crc  also used for the study of 

exchange. 

The maximum adsorption capacity was shown by the resin produced with tannin to 

phenol ratio of 1:0.5. This was explained by the formation of highly entangled 

molecules beyond this point using the Tg values obtained from DSC analysis. The 

highest adsorption capacities were revealed for Pb2  adsorption in both sulionated 

(0.610 meq/(j) and unsul fonated (0.210 meq/g) resins. Further, more, it was found that 

the 	sul fonated tannin-phenol-formaldehyde resin follows Freund 1 ich adsorption 

isotherm. The SEM analysis shows that lead ions adsorbed on the resin form multilayer 

structure showing a physical adsorption. In addition, the resin could be used in 

separation of amino acids. 

It was found that, the sulfonated resin produced could be used as a catalyst in various 

applications such as epoxidation of As using per-acids and removal of water hardness. 

Further, the sul lonated resin was converted to an anion exchange resin. This mod i fled 

resin could enhance its anion exchange capabilities. 


