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Abstract — Currently, Ash-free clean coal producing process by solvent extraction is under development. The pro-
duced ash-free clean coal can be directly combusted in a gas turbine which results in substantial improvement of power
generation efficiency. However, the clean coal produced by the solvent extraction still contain trace amount of alkali
metal which may cause corrosion on turbine blades during the direct combustion. In present work o, f-metal (Zr and Ti)
phosphates and H-Y zeolite were synthesized and their ion exchange characterizations were investigated for the appli-
cation on alkali metal removal for clean coal production. Na* ion removal capacities of the metal phosphates and H-Y
zeolite were measured and compared in both aqueous solution (100 ppmw, Na*) and coal dissolved N-methyl-2-pyrroli-
done (NMP, 12 ppmw Na*) at elevated temperature. In aqueous solution, the f form metal phosphates showed very high
ion exchange capacities compared to o form. 3 form metal phosphates also showed higher Na* removal capacities than
H-Y zeolite. In ion exchange medium of NMP, all the o form metal phosphates showed over 90% of Na" ion removal
efficiency in the temperature range of 200 to 400 while that of H-Y zeolite decreased as a half when the temperature was
over 350. In addition, the regenerated metal phosphates by acid treatment showed no sign of degradation in Na* removal
efficiency. Among the metal phosphates used, Zr, ;5Tiy 5 (HPO,), showed the best performance in Na* removal and is
expected to be the most suitable inorganic ion exchanger for the alkali metal removal process.
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Table 1. Composition of metal phosphates

Inorganic ion exchanger Metallic ratio Molecular formula

ZpP Zr:Ti=1:0 Zr(HPO,), H,0
Z3T1P Zr:Ti=0.75:0.25  Zry75Tigs (HPO,), H,0
ZTP Zr:Ti=0.5:05  ZrysTigs (HPO,), H,0
ZIT3P Zr:Ti=0.25:0.75  ZryysTig 55 (HPO,), H,0

TP Zr:Ti=0:1 Ti(HPO,),H,0
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Fig. 1. X-ray diffraction patterns for ZP, TP, and ZTP, dried at 75 °C
and 200 °C.
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Table 2. Na* removal capacities for ion exchangers in aqueous solution

Inorganic ion Sodium ion Conc. Capacity

exchanger in tested solvents (ppmw) (Na* mg/g-ion exchanger)
o-ZP 130 Not available
B-7Zp 26 7.4
o—TP 160 Not available
B-TP 53 4.7
o—ZTP 80 2
B-ZTP 39.5 6.05
H-Y Zeolite 85 1.5

Table 3. Na* concentration in extract and residue, after thermal solvent

extraction
Na" concentration (ppmw)
Sample
Test 1 Test 2 Test 3 Average
350-exract 660 675 585 640
350-residue 100 130 190 140
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