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Abstract: In this study, the amine-functionalized macroporous polymer microspheres are applied to the removal of HF
from aqueous solution. Macroporous polymer microspheres were prepared by suspension polymerizations of glycidyl
methacrylate and trimethylolpropane trimethacrylate. Toluene was used as a diluent in order to make microspheres
porous. These microspheres were functionalized using ethylamine. HF removal efficiency, adsorption equilibrium, and
adsorption kinetics were considered experimentally. The resulting polymeric microspheres showed a high capacity for HF
removal, more than Q.=55 mg/g. Finally, the amine-functionalized microspheres were utilized in the purification of metal
fluoride via acid retardation.

Keywords: HF removal, poly(glycidyl methacrylate), macroporous, amine-functionalized, acid retardation.
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Table 1. Synthesis of Poly(GMA-co-TMPTMA) Microspheres
by Suspension Polymerization

(g) G50 G70 G85
Aqueous Water 500 500 500
PVP 7.5 7.5 7.5
Organic GMA 50 70 85
TMPTMA 50 30 15
Toluene 150 150 150
AIBN 1.0 1.0 1.0
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Figure 1. SEM images of amine-functionalized poly(GMA-co-
TMPTMA) microspheres. G50 (a,b); G70 (c,d); G85 (e,f). Scale:
500 um (a, c, e); 50 um (b, d, f).
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Figure 2. Nitrogen adsorption-desorption isotherms of amine-func-
tionalized poly(GMA-co-TMPTMA) microspheres.

Table 2. Summary of SEM, BET and EA Results for Amine-
functionalized Microspheres

Analysis G50 G70 G85

SEM D, (um) 240 110 73
CV (%) 41 35 31

BET Specific surface area (m%/g) 151 57 6
Total pore volume (cm*/g)  0.75 0.33 0.03
Average pore size (nm) 18.2 219 37.6
EA C (%) 59.9 58.9 58.2
H (%) 8.3 8.0 8.7

N (%) 3.1 44 4.8

D,: Number-averaged diameter, D, =Y mD;/>n;, where n; is the
number of particles with diameter D;. CV: The coefficient of variation
defined as the ratio of the standard deviation to the average diameter.
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Figure 3. FTIR spectra of (a) before; (b) after amine-functionaliza-
tion of G50.
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Figure 4. (a) Effect of microsphere adsorbent dosage on the HF
removal efficiency; (b) defluoridation capacity, Q.; (¢) EDS results
for G50 before and after HF adsorption.
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Figure 5. (a) Adsorption isotherms for amine-functionalized micro-
pheres measured at 20 °C; (b) effect of temperature on the HF
adsorption isotherm for G70.
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Table 3. Isotherm Model Parameters Obtained by Fitting
Equilibrium Data

Langmuir isotherm model

Lineariged 11 . 1 3)
expression e Omax PmaxbCe
Temp. (°C)  Onu(mg/g) b (L/mg) R
G50 20 36.4 0.1658 0.9993
G70 20 46.1 0.1313 0.9996
G70 40 444 0.0690 0.9976
G70 55 413 0.0406 0.9992
G85 20 56.2 0.1282 0.9983
Freundlich isotherm model
xpression Ing, = K+ I, @
Temp. (°C) K:(L/g) n R
G50 20 8.076 3.331 0.9069
G70 20 7.967 2.782 0.8903
G70 40 5.679 2.483 0.9147
G70 55 3.695 2.199 0.9180
G85 20 8.572 2.460 0.7859
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opRlshE MEA A B o]
< 53 I Langrnmr ‘6‘%75‘3—,]"—111}\ < 79,% = A o]
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olUA] (binding energy) F=
A=l et
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37 ALEA FA ] Ba o] FA U7 20 IS

FHmg/gyt 573}74]01] EHT?} %}
13} (affinity parameter)2} 2+
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Figure 6. Adsorption kinetics for amine-functionalized micropheres
measured at 20 °C.

Table 4. Fitting Results of Adsorption Kinetics

Pseudo-first-order model

Linearized K,
expression l0g(Qc=00) = log0 =573 ©)
Temp.  Oexp) Q. K, .
0 (mg/g) (mg/g)  (1/min)
G50 20 18.71 2.33 0.029 0.9581
G70 20 18.95 0.72 0.039 0.9495
G85 20 19.43 0.31 0.026 0.8644
Pseudo-second-order model
Linearized LIPS S t 6)
ex i 1) Y
pression v K,0, Ye
Temp.  Oexp) O K e
0 (mg/g) (mg/g)  (g/mg min)
G50 20 18.71 18.83 0.0367 0.9999
G70 20 18.95 18.98 0.1552 0.9999
G85 20 19.43 19.46 0.2724 1.0000
% &m0 tat o] £4 Lol Table 40 Ve

pseudo-first-order =3} pseudo-second-order o] Uk
O 8 ARGHETEH kol Awgh AR e o] 8F &
I} v 2 AEslE o]l AF "olelE &8sk A
Pt BEE Hrtst] A 2d S AAH D 5 e,
pseudo-second-order E& o] o}FlslEl Az} Qizfe] B4k o]
= FFol 2ot Afeithe As &+ 3
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Figure 7. (a) Effect of G70 dosage on the removal of HF from NaF
aqueous solution; (b) effect of G85 dosage on the removal of HF in
the presence of alkali metal fluoride.
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