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Abstract

This research aims to study and engineer the barium-based COP to treat the boron-containing streams. The solubility products (K,) of the amorphous BaPB (A-BaPB,
Ba(B(OH)3;00H),) and the crystalline BaPB (C-BaPB, BaB(OH),(00),B(0H),) were experimentally determined to be 10-84% and 1093, respectively. The thermodynamic model that
was built based on K, confirmed that A-BaPB is 10-fold soluble than C-BaPB, which drove the phase transformation through the dissolution-precipitation route. To enable the
continuous treatment and minimize the sludge production, two fluidized-bed crystallizers (FBCs) were designed to immobilize A-BaPB and C-BaPB on granular supports. The FBC of
A-BaPB could achieve 85.1% of boron removal (TR) and 83.7% of crystallization ratio (CR) from concentrated stream ([B], = 46 mM (500 mg-B/L)). While the removal of boron was
subject to the equilibrium solubility of A-BaPB, the sludge production rate (my,) was governed by the supersaturation ratio (S) of the mixture at the bottom of the reactor. The FBC of
C-BaPB aims to further eliminate the boron level from the effluent of the FBC of A-BaPB. By using granular seeds of C-BaPB as the fluidized medium of FBC, the continuous crystal
growth removed 89.9% of boron from the synthetic effluent of FBC of A-BaPB (|B];, = 4.5 mM (50 mg-B/L)). Based on the linear relation between crystal growth rate (R.) and relative
supersaturation (S-1), the crystal growth rate of C-BaPB was mass transfer controlled, which was not altered by the superficial velocity. Ultimately, a hybrid system that integrates
two FBCs for the subsequent crystallization of A-BaPB and C-BaPB was demonstrated to treat the concentrated boric acid solution ([B], = 46 mM (500 mg-B/L)). The integrated
system enabled 97.8% of boron removal and 97.4% of crystallization ratio, producing an effluent with a boron level of 7.8 mg-B/L and a turbidity of 5.5 NTU.

Major findings

Solubility products of barium perborates (BaPBs)

Fluidized-bed crystallization processes

Solubility products (K,) of two kinds of BaPBs were determined: * Fluidized-bed crystallizers (FBCs) were designed to remove the FBC of A-BaPB
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