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A liquid-liquid extraction and determination of uranyl ion in coal ash have been investigated. Syner- 
gistic effects were observed using a combination of thenoyltrifluoracetone, tributyl phosphate, and 
methyl isobutyl ketone. After the separation of interfering ions by precipitation with a hot ethanolic 
solution of thioacetamide, the determination of uranyl ion was performed by differential pulse 
polarography using a solution of 1.0 M TRIS-HCI as supporting electrolyte. The average uranium 
content in bituminous coal was in agreement with the spectrophotometric method using 4-(2-pyri- 
dy1azo)resorcinol. 

Keywords: Uranium; bituminous coal; synergistic extraction; differential puse polarography 

INTRODUCTION 

Bituminous and sub-bituminous coals are largely used in ceramics, steel, cement, 
chemical, paper, textile, and plastics industries. Uranium and other minerals are 
concentrated in the ash, when coal is burned, and the recovery of uranium is 
important for safety and economic reasons. Coal produces up to 30 % of its 
weight as fly ash after combustion, and increased coal usage presents problems 
regarding the disposal of this material I .  

Liquid-liquid extraction techniques for the recovery of uranium and transu- 
ranic elements from coal ash and acid waste solutions have been proposed2. Sev- 

* To whom correspondence should be addressed, Fax: +554-223 2676. E-mail : jorgeno- 
zaki @cybertelecom.com.br. 
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26 E. M. NOGAMI er al. 

era1 methods are used for uranyl ion extraction, for instance, tributyl phosphate 
(TBP) diluted in a hydrocarbon solvent, some phosphine oxides such as 
tri-n-octylphosphine oxide (TOPO), etc3. '. 

The efficiency has been improved using supercritical fluid extraction (SFE) 
with carbon dioxide, and the extraction is strongly dependent on nitric acid 
concentration5. Synergistic effects were also observed using TBP and P-dike- 
tones in the extraction of lanthanides, uranium and thorium by liquid-liquid 
extraction and supercritical carbon d i o ~ i d e ~ . ~ .  

Adsorptive stripping voltammetry (ASV) and differential pulse polarography 
(DPP) are currently used as electroanalytical techniques for uranium quantifica- 
tion after liquid-liquid e x t r a ~ t i o n ~ , ~ , ~ ~ , ~ ~ .  Spectrophotometric methods are also 
employed for the determination of trace levels of uranium in lake water12, geo- 
logical samples13, cassiterite mineral", rocks15, and synthetic mixtures of inor- 
ganic ions by high-order derivative spectrophotometry16. 

In this paper, a novel procedure of separation, synergistic extraction of uranyl 
ion from acidic solution and determination by DPP has been investigated. The 
spectrophotometric method measuring the pink colour formed by the reaction of 
uranyl ion and 4-(2-pyridylazo)resorcinol (PAR) was used for comparative pur- 
poses. 

EXPERIMENTAL 

Sample preparation 

Coals samples were obtained from CNEN (National Commission of Nuclear 
Energy) located 3 miles northwest of Figueiras, Parana, Brazil. Figueiras has one 
of the most important coal deposits in Parana State, because of its uranium con- 
tent (Table I). 

The samples were grounded to - 100 mesh, and 4.0 g of powder were trans- 
ferred to a porcelain crucible and ignated at 750 "C. The residue was transferred 
to a Teflon tube containing 10.0 ml of distilled water and 15.0 ml of a mixture of 
concentrated HCl and HNO, (1 : 1). It was introduced into a stainless steel diges- 
tion bomb for 2 hours at 110 "C. After cooling the sample was filtered and the 
residue of SiOz was discarded. 
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URANIUM IN BITUMINOUS COAL 21 

TABLE 1 Coal reservations in Parana State and average concentration of U30, found 

Disrricf coal (fonne- in situ) ujo, % (w/w) 

Ortigueira 2,227,000 < DL 

Figueiras 

Telemaco Borba 

3 1,200,000 

1,800,Ooo 

0.31 

< DL 

Sapopema 42,000,000 < DL 

DL = detection lirnil = 5.0 X IO-' M (U308) 
< DL = lower than detection limit 

Separation of interfering substances 

An ethanolic solution of thioacetamide (TAA), 2% (w/w) (Aldrich), was 
employed for precipitation and separation of molybdenum, arsenic, lead, cad- 
mium, and mercury as sulfides, at the temperature of - 60 "C. After filtering and 
washing with distilled water, the filtrate containing UO;+, adjusted to pH 3.5, 
contaminated with Fe3+, A13+, Ca2+ Mg2+, and traces of Mo(VI), Cd2+, and 
Pb2+, was transferred to a separatory funnel. Liquid-liquid extraction were car- 
ried out after shaking for 15 minutes with 10.0 ml of a mixture of 20 % (v/v) 
TBP (Aldrich) in methyl isobutyl ketone MIK (Merck) ,0.5 M thenoyltrifluorac- 
etone (TTA) ( Sigma), repeating the procedure 5 times. From the total volume of 
organic phase (50 ml), the back-extraction was performed with ammonium ace- 
tate 25 % (m/v),(Merck). 

DPP determination of uranyl ion 

One milliliter of the aqueous extract was pipetted into the polarographic cell con- 
taining 10.0 ml of supporting electrolyte (0.1 M TRIS-HCl), (TRIS) 
tris(hydroxymethy1)aminomethane and 2.0 ml of pure mercury. After deaeration 
of the solution with pure nitrogen for 10 minutes, the DPP was started with the 
following conditions: Polarograph (Radelkis- Hungary-OH-107), reference elec- 
trode (platinum wire), scan rate (2 mV.sec-I), pulse amplitude (50 mV.sec-l), 
sensibility (0.2 PA), mercury dropping time (t = 2 sec). 

The measurements were repeated after addition of standard solution of ura- 
nium nitrate (uranyl nitrate hexahydrate, Merck ) in the range of 1 - 5 pg. 
(UO;+ ) ml-I prepared from stock solution (1000 mg.1-I (UOi+ )) to the polaro- 
graphic cell, to quantify the uranium concentration in the sample. A reference 
sample S4 (International Atomic Energy Agency), a low grade uranium ore 
(uraninite), with 0.378 % of U,Og was used, in the same procedure, to check the 
precision and accuracy of the proposed method. 
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28 E. M. NOGAMI et al. 

Spectrophotometric determination of uranyl ion 

In order to compare the DPP and spectrophotometric methods, the determination 
of uranyl ion from the aqueous extract was performed by the complexometric 
reaction with PAR (Merck) using the procedure of Grudpar, et all4. The pink col- 
our of the complex ( h =  530 nm) was measured with the spectrophotometer 
UVNIS-GBC-918. 

RESULTS AND DISCUSSION 

Trace amounts of molybdenum cadmium, and lead do not interfere with the 
determination of uranium by DPP as shown in Figure 2. This is important 
because Mo(V1) in nitric acid or nitrate media shows strong catalytic activity. 
Only very small amount of uranyl ion is lost by co-precipitation with sulfides of 
Mo, Cd, Pb, As, and Hg, as shown in Figures 1 and 3. On the other hand, even 
small amounts of foreign ions interfere with the spectrophotometric method. 
During the spectrophotometric measurements of the complex uranyl:PAR, soluti- 
bns of NaF (596, m/v, Merck ), EDTA (10 96 , d v ,  Merck), and triethanolamine 
(TEA, pH = 8, Merck) were used as masking solutions for Mo(V1). Pb2+, Cd2+, 
A13+, and Fe3+. 

Molybdenum is a main component of foreign ions in bituminous coal and the 
determination of Mo(V1) by DPP was also investigated. As shown in Figure 1, 
after acidic digestion of sulfides and pH adjustment (pH = 5.0), Mo(V1) is syner- 
gistically extracted by a mixture of ammonium pyrrolidine dithiocarbamate 
(APDC, 0.10 M, Merck), 'ITA (0.5 M, Sigma), and CHC13. Small amounts of 
Cd2+, Pb2+, V02+, and traces of UOl+ were co-extracted and did not interfere 
with the differential pulse polarographic determination of molybdenum 
(Figure 3). 

C 0 N C L U S I 0  N S 

The proposed method incorporates the advantages of synergistic extraction, sep- 
aration, preconcentration, and DPP determination of uranium in a complex sam- 
ple such as bituminous coal. The results of DPP determination of uranyl ion were 
in close agreement with the classical spectrophotometric method using PAR as 
complexing reagent. 
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URANIUM IN BITUMINOUS COAL 29 

Coal (powder) = 4.0 g 

Coal (ash) + H20 + HCI : HN03(I:I)  

2. washing 

U 

I .TAA( 60") 

Cd2', and Pb") 
2. Extraction with TBP:TTA:MIK 

( ~ 0 2 ~ '  + traces of MO(VI). 
Pb2', and Cd2-) 

2. Back-extraction with 25 YO ( d v )  

U 

Aqueous phase = 100.0 ml 
DPP and spectrophotometric 
determination of U02'- 

1. Aqua regia 
3 .  Extraction of Mo(V1) wit 

APDC:TTA:CHCIj 
( 5 x 10.0 ml) 

U 
I .  Organic phase = 50.0 ml 
( Mo(V1) and traces of Pb", 

2. Back-extraction with 0.1 M 
Cd2', V02' ) 

Aqueous phase = 100.0 ml 
DPP determination of 

FIGURE 1 Schematic diagram for sample preparation and determination of U O z +  and Mo(VI) 
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FIGURE 2 Differential puise polarogram of UO:+ extracted with TBP T 'ITN MIK 
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E (VOLTS) - 
FIGURE 3 Differential pulse polarogram of ions extracted with APDC I 'ITA I CHC13 
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URANIUM IN BITUMINOUS COAL 31 

TABLE I1 Uranium concentration in bituminous coal of Figueiras-PR 

Sample number spectrophotometry (%, w/wj DPP (%. w/wJ 

I 0.20 0.27 

2 0.28 0.33 

3 0.32 0.3 1 

4 0.33 0.29 

5 0.36 0.34 

Average (*) 0.30 f 0.06 0.3 1 f 0.03 

(*) Each sample =average of 6 determinations 
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