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Abstract

This study aimed to determine whether seeding with low-solubility dolomite improves the
efficiency, product quality, and scalability of phosphorus (P) recovery by fluidized-bed crystallization
compared with an unseeded (homogeneous) mode, and to identify operating conditions that maximize
recovery while yielding a reusable product. Two continuous 350-mL reactors were run in parallel
under identical hydrodynamics (up-flow 30 m-h™'; surface loading 0.9 kg-m=2h™) and chemistry
designed to favor calcium phosphate formation (pH 7.7; Ca/P = 3.5): a seeded system using dolomite
as heterogeneous nuclei and an unseeded control. Seeding increased crystallization of both P and Ca
from about 60% to about 80%, under optimal conditions, total removals reached ~85% for P and
~92% for Ca. X-ray diffraction and Raman spectroscopy confirmed tricalcium phosphate
(Cas(PO4)2:xH:0) as the dominant phase in both modes, while microscopy showed that the seeded
bed produced larger, denser pellets with fewer fines, simplifying solid—liquid separation and
supporting scale-up. Sensitivity tests across pH 6-8.7 validated the selected set-point, and “blank”
runs with dolomite alone showed minimal P removal, indicating that performance gains arise from
controlled supersaturation with added calcium. The recovered P, in a stable crystalline form, is
suitable for slow-release fertilizers and as feedstock for bio-ceramics and bioactive glass.

Note: The results presented in this abstract have been published in Separation and Purification
Technology as: Ha, T.H., Mahasti, N.N., Lu, M.C., and Huang, Y.H. (2022). Sep. Purif. Technol. 303,
122192. https://doi.org/10.1016/j.seppur.2022.122192
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AHoTanis

Mertoto nociipkeHHs1 OyJ10 3’sCyBaTH, Y IiJIBUIYE BHECEHHSI MAJOPO3YMHHOTO JIOJIOMITY SIK
sanep Kpucraiizanii epekTuBHicTh BHTyueHHs pocdopy (P) 31 cTiYHUX BOJ IUIAXOM KpHCTami3alii y
TICEBIO3P1KEHOMY TIapi MOPIBHSHO 3 TOMOTCHHHUM PEXHUMOM, a TAKOK BU3HAYUTH PEKUMH POOOTH,
AKi 3a0e3MeuyloTh MaKCUMAJIbHUI CTYIiHb BHJIYYEHHS Ta MPUAATHICTH OTPHUMAHOTO MPOIYKTY 10
MOBTOPHOT'O BUKOPUCTAHHS.

VY nocnipkeHHI BUKOPUCTOBYBAJIH JIBa Oe3nepepBHi peakTopu 00’ emMoM 350 Mi1, 110 mpamoBaiu
napajieJlbHO 32 OJHAKOBUX T1IPOJMHAMIYHMX yMOB (BHCX1MHHMHM mOTiK 30 M'TOm '; TOBEpXHEBE
HaBaHTaxeHHs 0,9 kr-m 2:Tox ') 1 XIMIYHUX MapaMeTpiB, HAJAIITOBAaHUX Ha yTBOpeHHs (ocdariB
kaneiito (pH 7,7; Ca/P = 3,5). Byno BCTaHOBIEHO, IIO TOPIBHSHO 3 TOMOTCHHHM PEXKHUMOM
3aCTOCYBaHHS siiep KpHCTalli3allii MiIBUINAIO CTYIiHb KpucTam3anii sk P, tak 1 Ca npubiau3Ho 3
60% 1o 6:m3bko 80% (32 ONTHUMAIBHUX YMOB 3arajibHe BHITydeHHs csarano ~85% ans P 1~92% s
Ca). Pentrenogazouii aHaji3 i paMaHiBCbKa CIIEKTPOCKOIIS MATBEPAUIIH, 110 TOMIHYI0UO0I0 (a30to
B 000x pexumax € tpukanbiiidocdar (Cas(POs).-xH20), Tomi sk MIKpOCKOMis MoKazana, Mo y
BUITQJIKy BUKOPUCTAHHS SIFIEp KPUCTaATI3allil yTBOPIOIOTHCS OUTBIN W MIIIBHIII TPaHyJId 3 MEHIIIOO
KUTBKICTIO TOHKOJUCIIEPCHUX YaCTUHOK, IO CIIPOIIY€E PO3AUICHHS TBEpAOoi Ta piakoi a3 i crpuse
macmTabyBaHHio. IlepeBipka B mexxax pH 6-8,7 miarBepauna, mo BuOpane poboue pH €
ONTUMAJIbHUM, a KOHTPOJbHI 3alyCKd NpOIecy JUIIEe 3 JOJOMITOM 3acBITYMIM MiHIMalbHE
BUyueHHs P, 1o Bkasye: mpupicT epeKTUBHOCTI 3yMOBIIEHUH KEpOBaHUM MEPEHACHYCHHSM 32
PaxyHOK JIOJaBaHHS KaJbIIIfO.

3po06IeHO BUCHOBOK, 0 BUJIydeHUU ¢docdop mepedyBae y cTaOLIbHINA KpUCTATIYHIA GopMi i
OPUIATHUN [ BUKOPUCTAHHS Yy JOOpUMBAaX CIOBIIBHEHOI 1ii, a TakoX SK CHPOBHHA IS
BUTOTOBJICHHsI O10KepaMiKi Ta O10aKTUBHOTO CKJIA.

Ipumimka: pezyromamu 00CaiodceHHs onyoaikogano 8 dcypuani Separation and Purification
Technology: Ha, T.H., Mahasti, N.N., Lu, M.C., and Huang, Y.H. (2022). Sep. Purif. Technol. 303,
122192. https://doi.org/10.1016/j.seppur.2022.122192

Kiarouosi cioBa: kpucramizaiis y ncesao3pimkenomy mapi (FBC/FBHC), nociBuuii meron,
6e3gociBuuit Meton, nonomit (CaMQCO:s)., BimHOBIEeHHS ¢ocdopy, KpHCTamizaiis KalbIiio,
ormrumizaniss pH, tpukamsiiiidocdar (Cas(POs).-XxH:20), mobpuBo 3 MOBUIEHUM BHUBLIHHEHHSM,
Olokepamika.
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