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Dissolution behavior and partitioning of rare earth elements in
coal fly ash particles into dilute acids
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WFFER R DR (330) : Recently, the worldwide supply of rare earth element (REE) resources
will be severely restricted. On the other hand, coal fly ash particles emitted from coal-fired
electric power plants contain relatively high concentrations of REEs. The contents of REEs
in coal fly ash are regularly several hundreds of ppmw. In order to extract and recover
REEs from coal fly ash particles, as a first step, we have investigated their dissolution
behavior in a dilute H2S04 solvent. The REE content of coal fly ash specimens has been
precisely determined, and their presence in the ash component of the original coal and their
enrichment in coal fly ash particles during coal combustion have been suggested. REEs in
coal fly ash dissolve gradually in H2SO4 over time, and this implies two types of occurrences
of the REEs in coal fly ash particles. By applying the unreacted core model to the dissolution
behavior of REEs in a H2SO4 solvent, we can explain both types of occurrences.
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Nd20s + 3H2S04 = 2Nd3+ + 35042 + 3H20
AGo (at 25°C) = -498kdJ logK = 87.2

Dy203 + 3H2S04 = 2Dy3* + 38042 + 3H20
AGo (at 25°C) = -431kdJ logK = 75.6
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2Nd3*+ + 6NaOH +3S0.2 = 2Nd(OH)s +
3Na2804

AGo (at 25°C) = -699kdJ logK = 122.6
2Dy + 6NaOH +3S0.= 2Dy(OH); +
3Na2804

AGo (at 25°C) = -692kdJ logK = 121.2
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Table 1 The chemical composition of coal
fly ash in this study
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Contents (%) 8i02 AkOs Fe20s Ca0 Mg0 Na0 K0 TiO2
Ash-A 718 217 166 1.07 042 038 136 075
Ash-B 622 208 344 852 137 037 L14 0.6
Ash-EOP 491 298 737 235 097 050 077 602
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Table 2 The recovery rates of REEs

La Ce Eu
EOP (this study, mg kg") 151 0.2 322%1.6 5.9+0.16
EOP (certified , mg kg™) 164 £ 9 3zzx21 5.0+0.77
Recovery rate (%) 92 98 118
Se Sm Th Yb Lu
EOP (this study, mg kg!) 26.8 + 3.4 36,7 £ 0,34 1.90 = 0,023.19 £ 0.020.38 + 0,00
EOP (informative, mg kg1)} 36.7 3.6 21.9+ 0.9 1.90 + 0.594.41 £ 0.790.51 £ 0.04
Recovery rate (%) 73 95 100 72 75
Y Pr Nd Gd Dy

EOP (this study, mg kg') 40 35 132 15.4 9.5
EOP (informative, mg kg'} 30 30 150 20 10
Recovery rate (%) 133 17 88 77 95
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Figure 1 Oddo—Harkins rule for REEs in coal
fly ash.
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Figure 2 The comparison in REE
concentrations among coals and coal fly
ashes.

INDTIAT o aFDOLT T —AD
WIRIZ K D 2R AT & Z A ZOHHE
I 3 ISR YRR L ONRE & 36 A
DI EMNHA L, BRBR3EFEXATLADL
DTHLHN, MOETHOLT T —ATLHEITD
WTH RO FE 2R LT,

N sa-30C TA-G0T *A-S0C
AB-30C ‘B-60TC SB-8IT A
50
A
E\,-10 A A
P A
g |at A
EE A S
3 A A
2
30 .
S Y . . *
*e *
*
10 . * *
*e
]

0 30 60 20 120 150
Dissolution time /min

Figure 3 Changes in extraction rates of
neodymium with time and acid temperature
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Fig. 4 Fitting curves by unreacted—core
model for dissolved REEs from coal fly ash
particles.
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Fig. 5 Estimated process of coal fly ash
partitioning related to coal combustion.

5. TR L
(WHFEEE . WFZEoHE M ONEHERT 788 12
ES 7Y

GEEam) (B 11)
1. S. Kashiwakura, Y. Kumagai, H. Kubo, K.
Wagatsuma
Dissolution of Rare Earth Elements from
Coal Fly Ash Particles in a Dilute H2S04
Solvent
Open Journal of Physical Chemistry, 3, 2,
2013, pp. 69-75

(Fa¥R] GF31)
1. S. Kashiwakura, K. Wagatsuma
Precise determination of rare earth
elements (REEs) for evaluation of recovery
rate by an extraction with a dilute acid
CRETE2012, 2012.9.12-14, Chania, Greece

2. fAB®I. HFEFH

FIRT TAT vy afDLT T —ADKEE
T

%72 BT bR, 20124F 5 A 20 B,
LN



3. S. Kashiwakura, Y. Kumagai, K.
Wagatsuma

Recovery of rare—earth elements from coal
fly ash particles generated from
coal-fired electric power stations with
the aid of Acid Washing Process

Sardinia 2011, 2011-Sardinia, Italy,
2011. 10.5-8

(XF) Gtofh)

(PEE R EEAE)
OiRdL G ofh)

LAY
T
HEFIZ -
T -
FSNE
HEEFEH B -
ERNS ORI

OBAHRIL (G0 )

HFR
I
HEFIZ -
T -
HH o
BASEA A
EWN D5 -

(Z Dfth)
R Bl

6. WFIER

() #FFefEs

B 4 (KASHIWAKURA SHUNSUKE)
ALK - SEAEWIZEAT - Bh#
9 # % 5 © 10589956

(2) WFFEsy 4




