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The exact individual yields of the six isomers could not 
be determined, because the oxidative fragmentation 
reaction was not a quantitative one. 

The thermal oligomerization of BaMA at 190 ~- 240:~C 
gave two dimers (I, II) and two trimers (IlI, IV). However, 
CaMA gave one dimer (II) and one trimer (IV) as 
follows 5.6: 
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If the tetramers are formed by the addition of trimer 
biradicals to the monomer, CaMA gives tetramers which 
belong to the group A, and BaMA tetramers which belong 
to both group A and group B. The formation of three 
isomers having a double bond at different positions may 
be explained by proton migration. In the solid state, 
different molecular microenvironments can exist in 
contrast to the liquid state in which the 
microenvironment may be considered to be uniform these 
difference in microenvironment may cause differences in 
proton migration to give the three isomers. Details on the 
mechanism of these tetramer formations will be reported 
in the near future. 
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The copper ore solutions, particularly those from Chuquicamata deposits (Chile), contain up to 15 ppm 
of Uranium which is covered by using ion-exchange Amberlite IRA-400. We have prepared specific 
resins for uranium from polyethylene phosphorylated. The recovery can be made by using the direct 
combustion of charged resin. This method is less expensive than the elution with acid and U30 a is 
obtained directly. 
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INTRODUCTION 

Thermogravimetric analysis (t.g.a.) data provide 
information about the temperature at which major 
fragmentation occurs and is therefore an indication of the 
inherent stability of the polymer structure 1. 

The resins used were prepared from polyethylene 
(DOW PE-515)phosphorylated with PCI 3 and 022 and 
then crosslinked with ethylenediamine, ethyleneglycol, 
diethyleneglycol and triethyleneglycol respectively. These 
resins are specific for uranium, cheap and have greater 
maximum capacities than commercial Amberlite IRA- 
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4003 . In actual fact, the more often used resin for the 
recovery of uranium from copper solution is the 
Amberlite IRA-4004. When the resins are charged, the 
elution of uranium is made by such salts and acids such 
as: HCI, H2SO , or Na2CO3,5'6; but another possibility 
for a rapid recovery of the metal is the direct combustion 
of the resin. For this reason it is important to know the 
thermal stability of the resins and the composition of the 
resulting residue. 

RESULTS AND DISCUSSION 

In this report the thermogravimetric data were obtained 
using a Thermobalance TGS-I, Perkin-EImer Model 



with 5 mg samples heated under dynamic nitrogen (50 ml 
min-1) at 10°C min-1 at 600'~C. The data obtained are 
reported in Figure 1 as residual weight versus 
temperature. It was observed in Figure 1 that the 
improved thermal stability of these resins resulted, 
because at 300~C they have approximately 10°/,, 
degradation. The exceptions to this were the 
phosphorylated polyethylene and the phosphorylated 
polyethylene polyethyleneglycol resins which lost 20°', 
weight. At first, the polyethyleneglycol resins show a rapid 
degradation with a 15~,,, weight loss between 100 ~ to 
300C. The other polyesters, polydiethyleneglycol and 
polytriethyleneglycol show greater stability due to a 
possible higher molecular weight. Therefore, they show a 
residual weight between 16 to 320/,i at 600:C. 

However, Figure 2 shows the residual weight of the 
uranium charged resins. It was observed that the charged 
polyethyleneglycol resin showed a very similar 
decomposition plot to the uncharged resins. The 
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Thermogram of resin residual weight (%) versus tempera- 
ture (°C). O, Polyethylene; O, Phosphorylated polyethylene; 
~-, Phosphorylated polyethylene, polyethylene diamine; El, Phos- 
phorylated polyethylene polyethylene glycol; II, Phosphorylated 
polyethylene polydiethylene glycol; &, Phosphorylated polyethy- 
lene polytriethylene glycol 
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Thermogram of uranium charged resins residual weight 
(%) versus temperature (°C). e, Phosphorylated polyethylene; 
~, Phosphorylated polyethylene polyethylene diamine; L-I, Phos- 
phorylated polyethylene polyethylene glycol; I I  Phosphorylated 
polyethylene polydiethylene glycol; &, Phosphorylated polyethy- 
lene polytriethylene glycol 
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polydiethyleneglycol has the largest residual weight, 62~;, 
at 600~C and if compared with the residual weight of the 
uncharged resins, we can conclude that this will have the 
highest amount of uranium (see Table 1). It was also 
observed that the lower uranium contents are in the 
phosphorylated resins because they are not crosslinked. 

The uranium charged resin of phosphorylated 
polyethylene, polyethylenediamine was burned from 2 5  
to 800~C in a Muffle furnace, under manual control for 
one hour. The residual product was analyzed by Raman 
spectroscopy (Raman SPEX Spectrometer COMPACT- 
1301, Model) and it was verified that the same residual 
product was formed as with the other charged resin. The 
Raman spectrum of this product, (Figure 3) shows a 
stretching uranium-oxygen mode at 830 cm- 1. In order 
to find what kind of oxide it was, an X-ray diagram of this 
residue was taken using a Debye-Scherrer camera and the 
micrographs showed that the eight intensities of the 
reflections (in Table 2) are identical to U308 which have 
been previously tabulated ~. 

CONCLUSIONS 

This method has the advantage of being rapid and 
reproducible when the experimental conditions are 
carefully controlled. 

From the data obtained in Figure 2 we can propose the 
possibility for recovery of uranium using this method by 
direct combustion. This idea is reinforced by the nature of 
the product, uranium trioxide, which was identified in 
Figure 3. From Table 1 we can conclude that the polyester 
residues show' a high amount of uranium trioxide. There is 
a good agreement between the amount of residues found 
and the maximum capacities of the charged resins. This 

Table I Residual weight at 600°C, symbols for resins as for those 
in caption to Figure I 

Uncharged Charged Uranium 
Resins resins (%) resins (%) trioxide (%) 

1 (o) 32 43 11 
2(L~) 16 40 24 
3(D) 18 60 32 
4(m) 27 62 35 
5 (&) 17 44 27 

8 3 0 ( % -  o ) 
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Figure 3 Raman spectra of the residue of phosphorylated poly- 
ethylene polyethylene diamine charged with uranium 

Table 2 Reflections of uranium oxide 

d A 3.39 1.76 1.94 1.97 1.70 1.28 1.10 1.67 

Ifl! 100 80 60 50 50 50 50 10 

hkl 100 111 110 110 200 210 301 200 
211 
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method has the advantage of avoiding a step in the 
procedure, the elution of uranium by salts of acid, with the 
consequent reduction in the cost of the process. 

ACKNOWLEDGEMENT 

The authors wish to thank Professor R. Catalfin and Dr J. 
Godoy, Universidad de Concepci6n, for their careful 
reading of the manuscript and their many invaluable 
contributions. 

This work was supported by an operating Grant (No. 
2.15.28) from the Universidad de Concepcion. 

REFERENCES 

1 Arnold, J. C. J. Polym. Sci. 1979, 14, 267 
2 Bartulin, J., Cardenas, G. and Maturana, H. Hydrometallurgy (in 

press) 
3 Clayton, J. O. and Jensen, W. L. J. Am. Chem. Soc. 1948, 70, 3880 
4 Arden, T. V. Extr. Refining Rerer Metals, Proc. Symposium, 

London, 1956, 119-42 (Pub. 1957). C.A., 52, 1980 (1958) 
5 Szabo, E, Fodor, A. and Poko, Z. Magyor Tudom&nyos Akad. 

K6zponti Fiz. Kutato Int6zet6nek K6zlem6nyei. 7, 404-9 (1059). 
C.A. 54, 16989 (1960) 

6 L6pez, Pdrez, B., Uriarte, A., Perarman, M. and Guti6rrez, Jodra 
Proc. UN Interm. Conf. Peaceful Uses At. Energy, 2rid, Geneva, 427- 
43, 1958. C.A. 53, 7898 (1959) 

7 X-RAY Powder Data File, P~ig. 521, ASTM Special Technical 
Publication 48-J. American Society For Testing Materials. 1916 
Race Street, Philadelphia 3, Pa 1960 

Structure, Iunction and interactions 
INTERNATIONAL JOURNAL OF BIOLOGICAL 
MACROMOLECULES helps to focus the different approaches k X " (  
to the study of biological macromolecules at the molecular level. . / -  /-,f~l-4~, ~ 
Topics covered emanate from the following disciplines: , _y~4.~., .~-. /  ( ~ _  

/ . | 
• Biophysics • Bio-organic chemistry - ~ y ~ ~ -  ~ l F t ~ 1 , ,  
• Biochemistry • Molecular biology _/-'Y"~ - \  ~-" ~,,~.z- "}.-- 
• Physical Chemistry • Biomedical science , k~,~k~l ~/." ~,.-" _,'~, L4~,-(, 

• . . " - " " ~  / ~  '~ I 
The journal publ,shes stud,es on all b,olog,cal macromolecules, I _\.~t..,~"~, . . , ~ ' I  I 
e.g. proteins, nucleic acids, polysaccharides and their synthetic k,-~t'-~-~ ~ ( ~ ~ x ' ~  I 
analogues It covers studies on the association of biological / : ~ m r k _ /  - { ~k...,~\ _ I • ~L._ #', J ~  

macromolecules e.g. viruses, nucleosomes, membranes and ,~,#~[_.~ ~ 
glycoproteins. Studies on biomaterials, that is, natural materials r ~-~, " ( ~  ] 
comprising biological macromolecules, e.g. chromatin, muscle, "'~ 
skin and tendon, are also covered. . ~ , ~  
For further inform at ion and a sample copy please write to:- ~ ~ ; ~ " ~ J  
Mrs Jenny Earwaker Butterworth Scientific Limited --  Journals Division ~ ~I~"~C~&~,, ,,''~ 
POBox63 WestburyHouse BuryStreet Guildford Surrey GU25BH . ~ , . , , ~  

156 POLYMER, 1982, Vol 23, January 


