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Figure 1 Structure and mechanism of fluoride removal utilized by NDA-F (a) and ZGF-1 (b).
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Figure 2 Pore size distribution of ZGF-1 and NDA-F based
on N, adsorption-desorption assays through DFT model.
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Figure 3 Adsorption capacity (a) and stability (b) of ZGF-1 and NDA-F under varying pH conditions.
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Figure 4 Adsorption kinetics curves of NDA-F and ZGF-1.
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Figure 5 Adsorption isotherm of NDA-F and ZGF-1 toward F-.

EER R, R NDA-F W 5823545 75
Wi IR, {H pH=3.0 Isf NDA-F (1) b 725 &:A475
T ZGF-1 (pH=7.0).

% 18 B 5V DT UE F& g b R K E L I P
AR AN, SCE RN EE T Ca> B 1% NDA-F
N ZGF-1 BR A RE I R2 A o Bl 5 Ca2 VA 5 389 T
#1200 mg/L, NDA-F X F-[#7 W b 75 & H B 2
R, XFEFETERT R E T (CH) X E T
TR G AR FE R RAER PR
Ca> ¥, NDA-F W [ 75 & JL-F IR R e, ik
W] 7 NDA-F X} Ca> R IIPiTHEE /1. 5 NDA-F
ANIA],  Ca? H A7 AE {8 ZGF-1 (WL Bt 25 & W 8 -

(b) 22
—=—NDA-F pH=7.0
201 ——ZGF-1 pH=7.0
18k —+—NDA-F pH=3.0
@
on
g
— 6r
Ql
4 -
2 -
(U= L 1 1 1 1 1
0 200 400 600 800 1000
NO; concentration(mg/L)
(d) 22

—— NDA-F pH=7.0
20 —— ZGF-1 pH=7.0
—— NDA-F pH=3.0

0, (mg/g)

S N B~ o
T \y

1 1 1 1 1 1
0 200 400 600 800 1000
Ca* concentration(mg/L)

& 6 HL 472575 NDA-F Fl ZGF-1 R Bt 25 5 521 (a) SO,%, (b) NOy, (c) CI, (d) Ca?*.
Figure 6 Effects of coexisting ions on adsorption capacities of NDA-F and ZGF-1 toward fluoride: (a) SO,%, (b) NO;’,
(c) CI, (d) Ca?".
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Figure 7 Column adsorption of simulated wastewater by
NDA-F and ZGF-1.

WS B A ) ) 408 A A P R ks 8 T
JIR) BRI R, SCFEE— 0 a1 B A
FE T MR R IR S e Re . Horb, TR
J () NDA-F {4 ] 1%~2% [ NaC 7R & V4 0t B
ZGF-1 WAEFH 5% AICL itk . tnEI 8 ffas, #E54
PEHH, NDA-F [ BLF % 5 ¥9>90%, FIFH A
ARG RS AENXTEE, ZGF-1 H
Bt 6 MR8 R PR 52 54% Ao A, IR AT RE S Ca2tfE
ZGF-1 N RSB S B SR A R, Witn

T ZGF-1 15 & 8 Gk 2 vb ] 58 T I 17 24 1 2F
M

Il NDA-F

Cycle

8 NDA-F 1 ZGF-1 {3 -t B 36 Fa e Y =5
Figure 8 Desorption efficiencies of NDA-F and ZGF-1
during cyclic adsorption-desorption assays.
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A Comparative Study on Adsorption Performance of Al-Type Chelating
Resin and Zirconium-Loaded Nano Resin Toward Fluoride

HU Gong-bo', DENG Zi-niu!, SHI Zhen-feng?*, SHANG Yong?, ZHANG Xiao-lin'*
(! School of Environment, Nanjing University, Nanjing 210008, China;
2 Shandong Huanrui Ecological Technology Co., Ltd., Jinan 271100, China)

Abstract With the rapid growth in demand for advanced treatment of fluoride-containing industrial wastewater
in China, the potential application of specialized defluoridation resins has garnered increasing attention.
Currently, mainstream resins for fluoride removal primarily include aluminum-type chelating resin and zirconium-
loaded nano resin, both of which have been implemented in full-scale water treatment applications. However,
there is a lack of comparative studies concerning the fluoride removal performance, which restricts the selection
and optimization of fluoride removal resins in actual water treatment applications. This paper investigated the
adsorption performance of aluminum-type chelating resin (ZGF-1) and nanocomposite resin (NDA-F) toward F-.
The results showed that NDA-F has an adsorption capacity of up to 56.62 mg/g at pH=7.0 and 195.43 mg/g at pH=
3.0, with no significant metal dissolution observed in the pH range of 3.0-9.0, indicating its excellent pH stability.
ZGF-1 has an adsorption capacity of 17.97 mg/g at pH=7.0, and shows noticeable Al dissolution at pH <6 or =8,
with a dissolution rate reaching 17.9% at pH=3.0, indicating its suitable application pH range is around neutral.
Both ZGF-1 and NDA-F maintain excellent adsorption performance under anionic competition conditions,
primarily due to their adsorption mechanism involving coordination with F-. Fixed-bed adsorption tests indicated
that the effective treatment capacity of the NDA-F column can reach 2350 bed volumes (BV) for the synthetic
wastewater at pH=3.0 (with a breakthrough point set at 1.0 mg/L), but the working capacity drops to around
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70 BV at pH=6.0. The effective treatment capacity of the ZGF-1 column reaches about 380 BV at pH=6.0. Cyclic
adsorption-desorption tests show that NDA-F has excellent reusability, with desorption rates consistently above
90% over five consecutive batches. Under the same conditions, the desorption rate of ZGF-1 drops to about 54%.
The poor reusability of ZGF-1 was possibly due to fouling caused by the enrichment of Ca®"in the chelating
resin host.

Keywords Fluoride-containing wastewater, Selective adsorption, Al-type chelating resins, Zirconium-loaded
nano resin, Desorption
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