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Table 1 Main impurities content in crude boric acid
wt%
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Table 2 Kinetic parameters of adsorption of K*, Na*, Ca* and Mg™ by LX-650 at different solid-liquid ratios

Solid-liquid Pseudo-first-order Pseudo-second-order

i I
ratio/(g/L) O™ g./(mg-g")  k/(g-mg'-min™") r” q./(g-mg"-min™")  k/(g-mg'-min”") r”
K 228 0.363 0.988 233 0.730 0.989
Na* 3.45 0.024 0.967 527 0.003 0.967
02 Ca® 460 0.023 0.984 7.15 0.002 0.985
Mg 10.52 0.011 0.985 17.53 0.000 0.985
K 1.42 0.044 0.977 1.94 0.019 0.978
Na' 1.43 0.042 0.961 1.95 0.019 0.960
0.5 Ca** 127 0.136 0.951 1.44 0.130 0.982
Mg 9.09 0.006 0.997 16.57 0.000 0.997
K* 0.64 0.052 0.994 0.85 0.055 0.989
Na* 1.08 0.023 0.991 1.66 0.009 0.992
1 Ca* 0.59 0.099 0.954 0.69 0.195 0.976
Mg 1.85 0.029 0.999 2.80 0.007 0.999
K 0.34 0.131 0.989 038 0.467 0.964
Na* 0.42 0.051 0.974 0.58 0.073 0.962
2 ca® 034 0.119 0.960 0.39 0435 0.952
Mg 0.78 0.077 0.997 0.96 0.085 0.986
K 0.13 0.283 0.969 0.13 3.95 0.990
S Na* 0.14 0.159 0.938 0.15 1.553 0.973
Ca** 0.1 0.139 0.962 0.13 1.565 0.988
Mg 0.30 0.138 0.998 034 0.573 0.982
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Fig.2 (a) K' (b) Na' (¢) Ca* (d) Mg* adsorption experimental data were fitted with Langmuir and Freundlich models
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Table 3  Isotherm parameters of adsorption of
K*, Na, Ca’, Mg”" by resin

Langmuir model Freundlich model

e ¢./(mg-g") K/(mg-g") ¥ Kd(lmg-g') 1n 7~
K* 86.62 0.019 0.992 8.12 0.381 0.910
Na* 45.42 0.021 0.988 4.54 0.374 0.904
Ca™ 42.74 0.043 0.950 6.61 0.313 0.797
Mg™ 37.54 0.014 0.967 2.74 0.413 0.879

45.42 mg/g . 42.74 mg/g F 37.54 mg/g, 7 I H X 4% i
B EAA BRI W e
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o5 os S M. K3 S LX-650 1£ 5 1 W B - fife Wt
PEFR % K* \Na* Ca> Mg I il R 484k,
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MR R R AR o o, Mg i I [R5 T 98.23%,
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Fig. 3 Adsorption efficiency of LX-650 for K*, Na*, Ca*
and Mg” during five sorption-desorption cycles
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Table 4 Changes in concentrations of K*, Na*, Ca®
and Mg** during dynamic adsorption

mg/L
HHW/BY K Na* Ca™ Mg™* B
0 0.6819 15709 19355  2.0515  20300.86
2 03349 03377 12027 -0.0686 20293.03
4 0.1088 02190 1.1736  -0.1060 20 232.27
6 0.0444 03552 1.0188  -0.1538  20235.99
8 0.0783 03359 1.0846 -0.1618 20226.05
10 02132 03131 1.1878  -0.1488 20 220.68
12 0.0527 0.1591 12885 -0.1188  20228.96
14 0.1027 0.0939 13129  -0.0849 20224.55
16 0.1290 0.1274 13515 —0.1413  20240.59
18 0.0423 0.1822 13317 -0.0594 20203.83
20 0.0511 03260 13268 —0.0423  20229.40
S 01157 02450 12279 -0.1086 20 239.66
EBRECR 83.03%  84.40%  36.56%  99.99% 0.3%

B YR EE< 0.000 1 (91 0.000 1 3
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Fig. 5 (a) SEM and EDS spectra before resin adsorption; (b ~e) SEM and EDS spectra after resin
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Table 5 Impurity content and purity of the final sample
obtained after continuous column removal

AR T B W B I B 1%
K* 0.001'5
Na' 0.002 0
Ca™ 0.004 7
Mg* <0.000 1
cr 0.000 6
S0, 0.000 4
Fe 0.000 2
As <0.000 1
Hg <0.000 1
RSl 99.990 3

B AE<0.000 1% 11 0.000 1% T

RSN T 55 v R A ol T AR, AT 2 T 1 W B8R
AR Ot BEA TR E B T RS . e (DL
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Study on the Removal and Purification of Trace Impurity Ions in Industrial
Boric Acid Produced in Salt Lake by Ion Exchange Method

ZHAO Xu'"*, LI Qinghong’, WANG Zhengang’, QUAN Caixiong®, MA Yanlong'*,
LI Longgang’, ZHOU Hongxia"", ZHU Fayan‘, ZHANG Yongming®

(1. School of Mechanical Engineering , Qinghai University, Xining, 810016, China; 2. Qinghai CITIC
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Technology & Industry Co., Ltd., Beijing, 100020, China; 4. Key Laboratory of Green and High-end Utilization
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Abstract: Boric acid is a critical strategic resource, yet current technologies for removing trace impurities
remain insufficient, necessitating efficient purification methods to improve resource utilization. To address
this challenge, we utilized cation exchange resin (LX-650) to purify the crude boric acid obtained through
the acidification of salt lakes brine. Through systematic characterization and process optimization, the
LX-650 resin demonstrated exceptional selectivity for Mg* removal, achieving 99.99% dynamic adsorption
efficiency with less than 0.5% boron loss. The purified boric acid exceeded 99.99% purity, and the resin
maintained stable adsorption efficiency over five cycles without noticeable dissolution. The adsorption
behavior follows the Langmuir isotherm model, and the adsorption process is governed by pseudo-first-
order and pseudo-second-order kinetics. This technology enables green and efficient boric acid purification,
offering significant potential for high-value boron resource utilization and strategic resource security.

Key words: ITon exchange method; Boric acid; Adsorption kinetics; Isotherm adsorption





