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Abstract 

y~ A system consisting of a layer of calcium oxalate coated on paper followed by a layer of T i 0 2 above calcium oxalate is found to extract 
heavy metals (Pb, Hg) from an aqueous medium under solar irradiation. The mechanism involves the transfer of photogenerated electrons to 
metal ions in the solution with consumption of holes by calcium oxalate. It is suggested that dangling carboxylate bonds on the surface of 
calcium oxalate facilitate hole transfer towards calcium oxalate. © 1998 Elsevier Science S.A. 
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1. Introduct ion 

' The application of semiconductor photocatalysis as a 
means of decontaminating heavy-metal (Pb, Hg) polluted 
water has been discussed by several authors [ I ^ J . In addi­
tion to heavy metal depollution, this technique i sa l soaprom-

r , ising method for extracting heavy metals from the aqueous 
medium. T i 0 2 powder, the photocatalyst used for the above 

; purpose, is inert and shows sufficient sensitivity to sunlight. 
; Most studies on photocataly tic extraction of heavy metals are 

based on dispersions of T i 0 2 powder in water, which involves 
the energy-consuming operation separating T i 0 2 from the 
liquid phase [ 5 - 1 2 ] . To avoid this major drawback, methods 
of deposition of T i 0 2 on glass, polythene, etc., have been 

• proposed, and the results obtained seems to be promising 
s | 13 J. Another problem associated with photocatalytic heavy 

metal extraction with T i 0 2 is the necessity of using hole-
consuming sacrificial agents to enhance the rate of reduction 
of metal ions. Examples of sacrificial agents used are water-
soluble substances such as formaldehyde or citric acid 

y ( 13,141. The removal of the excess sacrificial agent and sup-
; plementing large bulks of solution with the same are problems 

that restrict the adoptability of semiconductor photocatalysis 
for heavy-metal extraction. An ideal technique would be to 
incorporate a solid sacrificial agent together with the catalyst 
onto a suitable substrate. We have succeeded in accomplish-

I ing this goal by fabricating a system where calcium oxalate 
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(hole-consuming sacrificial agent) is coated on paper, and 
above which a layer of T i 0 2 is deposited. In this composite 
system having solid ingredients, the light incident on the top 
layer of T i 0 2 is photoactive. Of the photogenerated carriers, 
electrons are transferred to the solution reducing heavy-metal 
ions in solution, while holes are consumed by calcium oxalate 
lying beneath the T i 0 2 particles coated on the upper surface. 
Experiments indicated that this system is capable of extract­
ing lead from aqueous solution under solar irradiation. 

2. Experimental 

Calcium oxalate was prepared by mixing aqueous solutions 
of ammonium oxalate (0 .5 M ) and calcium chloride (0 .5 
M ) . The precipitate of calcium oxalate formed in the double 
decomposition is filtered, washed with water and dried in air 
at 110°C. Dried precipitate is grounded and made into a paste 
by addition of water and further grinding. The paste is evenly 
spread on a sheet of paper (thickness ~ 0 . 5 m m ) to form a 
layer of thickness ~ 0 . 2 mm and dried at 90°C. The outer 
surface of calcium oxalate layer is then painted with a sus­
pension of the anatase form of T i 0 2 (Aldrich 99.9%, specific 
surface area ~ 3 . 8 m 2 g _ l as measured'by Horiba particle 
size distribution analyzer ( C A P A 7 0 0 ) ) in water (0 .05 g in 
ml of H 2 0 ) and dried again. Irradiation experiments were 
conducted in sunlight, as well as in a photochemical reactor. 
Experiments under sunlight were performed as follows: A 
solution ( 1 0 0 ml) containing lead nitrate ( 4 0 0 ppm of Pb 2 + 
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