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Phosphoric Acid Based Porous Aromatic Framework for Uranium Extraction
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Abstract As a clean, safe, efficient, and economical energy, nuclear energy plays an irreplaceable role in the resource sec-
tor. However, uranium deposits on land will run out in the coming decades. The uranium content in seawater is huge but its
concentration is as low as ~3 ppb. So it is an urgent problem to design and synthesize adsorbent materials with high extrac-
tion efficiency. In this paper, taking the actual industrialization as the direction, we adopted biphenyl as the building block
and synthesize the porous aromatic framework material (PAF-45) in a low price. Then porous aromatic framework material
(PAF-45-PG) with phosphoric acid groups was prepared through a post-modification procedure. The structure and pore char-
acteristics of the compound were investigated by FTIR, TGA, PXRD, SEM, TEM and N, adsorption experiments. FTIR
spectrum indicates that the emerging vibrational peaks at 900~ 1250 cm ™' can be ascribed to the successful decoration of
phosphate groups in PAF-45-PG compared with pure PAF-45. Powder X-ray diffraction shows that PAF-45 and PAF-45-PG
are amorphous. And transmission electron microscope (TEM) images also agree with the conclusion of PXRD that PAF ma-
terials possess disordered structure. Moreover, there is no significant weight loss before 400 ‘C demonstrated by thermo-
gravimetric analysis, which indicates the high thermal stability of two PAF resultants. The porosity of PAF networks was
characterized by measuring the N, adsorption isotherm at 77 K. Calculated by Brunauer-Emmett-Teller (BET) adsorption
model, the specific surface area of PAF-45-PG is 426 m?g', which is lower than that of pure PAF-45 (828 m’+g™"). This
reduction of surface area is attributed to the introduction of functional groups which increase the weight per constitutional
unit and occupy the space in the porous structure. After that, we tested the UO,>" ion adsorption of PAFs in simulated sea-
water. The equilibrium adsorption capacity of PAF-45-PG increases with the increase of uranium concentration, and reaches
the maximum value (101 mgeg™") at about 8 ppm. Because the maximum capacity of PAF-45 is 5.9 mgeg ™", this result indi-
cates that the adsorption of uranium ion in PAF-45-PG is mainly caused by the post-modified phosphate functional group on
its pore surface. Due to the low cost and simple preparation process, the material (PAF-45-PG) has a great industrial prospect.
Keywords porous aromatic frameworks; phosphate group; Scholl reaction; uranium extraction; industrialization
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Figure 1 Schematic illustration of synthesis of PAF-45-PG
(a) CHCls, AICl3; (b) NaOH/HCI; (c) H,O,
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Figure 2 FTIR spectra for polymer networks (black) of PAF-45 and
(red) PAF-45-PG from 400~4000 cm '
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Figure 3 The PXRD patterns of PAF-45 and PAF-45-PG
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Figure 4 (a) SEM image of PAF-45; (b) HRTEM image of PAF-45; (c)
SEM image of PAF-45-PG; (d) HRTEM image of PAF-45-PG
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Figure 5 TGA plots for two polymer networks PAF-45 and PAF-45-PG
at air condition

DUSUkRIR o S0 PR TR A NN P R R fe 56 A L
T 48 b, ZLANERE P HTIESE PR RS B R R
U I AR RE T

24 FLEMRSH

JEAE 77 K K RS, 3ATTX PAFs #8

Acta Chim. Sinica 2019, 77, 469—474

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BIFLIE PR AT TS, WA, AT TR — &
KRR 12 h, ARASEEIEIFE 200 CRBETHE T AL
12 h, KRS TG, W 6 FTOR, PAFs 3R UL 1284 (1)
W B R 2R, R BN SEXH G, X%
AT DL AL AR By 4 350 10 5 Je AN it 25 b EAT RRRE. B
F BET BALiH5, PAF-45-PG [ EL R RN 426 mPeg ™.
AHELT PAF-45, 5] NBEIREE 511 PAF-45-PG LUK
PR T, Xaetl T T ERE, SEERAE
/N, T AR T LR T AR

500

| — PAF-45-PG
4004

3004

2004 4

Volume/(cm?.g™)

3 2 3
Pore width/nm
L

00 02 04 06 08 10
Relative pressure (p/p )

6 N B Hi 225 0 RS ) AT N M B b 2 (25 0 T b), 5 LA
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Figure 9 Langmuir model (a) and Freandlich model (b) simulation of
PAF-45-PG
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