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Text S1. Analysis of purity of the pellet products and pellet size distribution 
Purity analysis 

Pellets (5.0 g) were used for the analysis their soluble components and Li3PO4 purity. 
Pellets were dissolved in 100 mL of 0.5 M HCl and then measured by ICP-OES. Li3PO4 
purity (PLi) was calculated as follows.   𝑃௅௜ = 𝑛௅௜ × 𝑀௅௜ଷ௉ைସ𝑚௅௜ଷ௉ைସ × 100% (S1)

where 𝑛ே is the molar concentration of Li+ (mol),  M୐୧ଷ୔୓ସ the molar mass (g/mol) of Li3PO4, 
and m୐୧ଷ୔୓ସ the pellet mass (g). 

Size distribution 
The dried pellets were sieved at different meshes (0.15, 0.25, 0.50, 0.75, and 1.0 mm) 

using the Auto Mechanical Sieve Series. Then, pellets with same dimensions were weighed 
for the estimation of size distribution as follows. ሾ𝐿𝑖 − 𝑝𝑒𝑙𝑙𝑒𝑡ሿௐ = 𝑊௦௜௘௩௘𝑊௧௢௧௔௟ × 100% (S2)

where wୱ୧ୣ୴ୣ is the weight of pellets greater than that specific mesh size (g), and w୲୭୲ୟ୪the 
total weight of the pellets (g).  
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Text S2. Thermodynamic calculations of reaction products in the FBHo-G reactor 
In a water matrix containing Li+, PO43− and H2O, there could be species like H+, OH−, 

Li+, LiOH, LiHPO4−, PO43−, HPO42−, H3PO4, and the precipitated Li3PO4 (s). Thermodynamic 
data of equilibrium reactions in such a water matrix follow Eq. (S3)–(S9).  

LiOH ↔ Li+ + OH-          K1 = 10-0.36             (S3)

LiHPO4- ↔ Li+ + HPO42-        K2 = 10-0.72   (S4)

H2O ↔ OH- + H+         K2 = 10-14        (S5)

H3PO4  ↔ H2PO4- + H+        Kp1 = 10-2.5   (S6)

H2PO4- ↔ HPO42- + H+                 Kp2 = 10-7.2             (S7)

HPO42- ↔ PO43- + H+                 Kp3 = 10-12.35         (S8)

3LiNO3(aq) + PO43-(aq) → 3Li3PO4(solid) + 3NO3-(aq)      Ksp = 10-10.63  (S9)

The total concentrations of lithium and phosphorus should be related to the amount 
of free lithium ions, lithium hydroxides, phosphate ions, and lithium complexations as 
shown in Eq. (S10)–(S11). 

[Li]total = [Li+] + [LiOH] + [LiHPO4-]  (S10)

 [P]total = [PO43-] + [HPO42-] + [H2PO4-] + [H3PO4] + [LiHPO4-]    (S11)
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Figure S1. Arrhenius plot calculated for precipitating lithium phosphate at different temperatures 
[data were fitted with the Arrhenius equation: 𝑙𝑛𝑘 = − ாೌோ் + 𝑙𝑛𝐴, where R is the energy gas constant 
(J/(mol·K)), A the pre-exponential factor, Ea the activation energy (kJ/mol), and T (K) the tempera-
ture. 

 
Figure S2. The Log[Me]T-pH diagram of species existing in the FBHo-G reactor. 
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Figure S3. Photo of lithium phosphate crystal products and their different particle sizes. 

Table S1. Experimental parameters of the FBHo-G process. 

Symbols Definitions Units Remarks 
QLi, QP Influx rates of lithium and phosphorus ions mL/min  

Qt Total influx rate mL/min = QLi + QP 
Qr Reflux rate mL/min  

CLi, CP Conc. of lithium and phosphorus ions in tanks mM  
[Li]t, [Li]s Total and soluble effluent lithium ions mM  
[P]t, [P]s Total and soluble effluent phosphorus ions mM  

[Li]in/[P]in Inlet lithium to phosphorus molar ratio  = CLiQLi/CPQP 

Alow 
Internal cross-sectional area of the reaction re-

gion cm2  

Aup Internal cross-sectional area of the effluent re-
gion 

cm2  

Uout Effluent velocity m/h = Qt/Aup 
U Upflow velocity (hydraulic loading) m/h = (Qt + Qr)/Alow 
L Cross-sectional loading kg m2/h-1 = CPQP/Alow 
VT Total volume of solution in the reactor mL  

HRT Hydraulic retention time Min = VT/Qt 

Table S2. ICP elemental analysis of FBHo-G pellets. 

Elements. Mean ± SD* (wt%) 
Na 3.02 ± 0.05 
Li 7.66 ± 0.08 
P 24.8 ± 0.05 
K < 0.005 

*SD: standard deviation of duplicate measurements. 


