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Table 1 Cation exchange capacities (CEC) and exchangeable cations of various zeolites

Exchangeable cation (mmol/g)
CEC (mmol/g) Na* Ca2 A" Fe3'
Na-zeolite 1.11 1.47
Ca-zeolite 1.12 0.44
Al-zeolite 1.12 0.40
Fe-zeolite-NOs3 0.86 0.11
Fe-zeolite-SO4 0.83 0.14
Fe-zeolite-Cl 0.84 0.10
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Fig.1 (a) pH and (b) salinity of seawater treated with various zeolites.



Table 2 pH, salinity and chemical compositions of artificial seawater and seawater treated with various zeolites

H Salinity Content (mg/L)
P (%) Na* K Mg>* Ca®* Crl SO | APF | Fer
Artificial | g 1) 305 9240 360 1100 140 19760 | 3340 0 0
seawater
Na-zeolite | 6.94 | 1.98 6460 120 500 0 12100 | 2040 0 0
Ca-zeolite | 6.84 | 2.03 4200 60 630 1840 | 12700 | 2400 0 0
Al-zeolite | 2.09 | 2.03 4660 0 660 0 12200 | 2040 618 0
f\%zeome' 143 | 239 4980 20 740 20 12840 | 1380 0 130
3
ggze"hte' 1.59 | 2.20 4820 160 700 60 12080 | 2000 0 38
4
gi'ze"hte' 137 | 2.44 4860 20 740 20 12760 1380 0 82
f;ie"hte' 1.10 | 2.42 5300 20 680 0 13180 | 2140 0 642
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Fig.2 (a) pH and (b) salinity of seawater treated with the mixture of Ca-zeolite and Al-zeolite.
Table 3 pH, salinity and chemical compositions of artificial seawater and seawater treated with CaAl-zeolites
- Salinity Content (mg/L)
P (%) Na* K* Mg?* Ca?* CI SO4*
Attificial seawater | 8.23 2.99 9240 360 1100 140 19760 3340
CaAl-0 6.84 2.03 4200 60 680 1840 12700 2400
CaAl-0.5 6.86 2.14 5720 0 876 2110 16740 2860
CaAl-1 6.73 2.35 6230 20 930 2016 17816 3000
CaAl-2.5 6.21 2.42 6470 0 952 1870 17720 3068
CaAl-4 4.64 2.40 6354 0 1010 2152 18180 3020
CaAl-5 3.83 2.13 4560 22 704 1884 14022 2376
CaAl-10 3.22 2.34 4692 32 738 1714 13628 2348
CaAl-25 2.56 2.40 4558 30 700 1504 12926 2226
CaAl-40 2.29 2.42 5186 24 782 1440 14498 2438
CaAl-50 222 2.40 5206 40 786 1344 14394 2500
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Fig.3 pH of seawater treated with (a) Ca-zeolite, (b) CaAl-zeolite and (c) CaFé-zeolite.
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Fig.4 Salinity of seawater treated with (a) Ca-zeolite, (b) CaAl-zeolite and (c) CaF¢é-zeolite.
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Fig.5 (a) pH and (b) salinity of seawater treated with Ca-zeolite and CaAl-zeolite.

Table 4 pH, salinity and chemical compositions of artificial seawater and seawater treated with Ca-zeolite or CaAl zeolite

for growth test.
Salinity Content (mg/L)
(%) pH Na' Kt Ca?* Mg?* Cr SO
Artificial seawater | 3.41 7.99 644 10 16 133 570 29
Ca-zeolite 0.99 7.2 344 1.2 233 34 118 8.5
CaAl-0.1 0.85 6.1 346 0.4 188 36 79 7.1
CaAl-1.0 0.79 5.5 45 0.2 144 41 56 6.5

Fig.6 Observation of (a) radish sprouts and (b) bean sprouts after 6-days growth using tap water, artificial seawater, and
seawater treated with Ca-zeolite or CaAl-zeolite.
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Fig.7 SEM photos of (a) Ca-zeolite, (b) Al zeolite and (c) CaAl-zeolite after seawater desalination.

Table 5 Qualitative analysis of surface elemental composition on Ca-zeolite, Al zeolite and CaAl-zeolite after

seawater desalination.
Na Al Ca Si Cl
Ca-zeolite 0.97 4.1 5.7 37 0.53
Al-zeolite 0.52 8.3 0.3 69 1.83
CaAl-10 0.93 5.1 3.8 37 0.53
CaAl-10 Red circle 0.20 18 15 24 17
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Fig.8 Proposed mechanism for desalination using modified zeolites.
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Summary

This study aimed to create a new desalination material from a low-cost, abundant natural zeolite for salt capture.
The desalination performance of mordenite-type zeolites modified with calcium, aluminum, and iron was evaluated,
and conducted cultivation experiments using seawater desalinated with modified zeolites for the cultivation of
radish sprouts and bean sprouts.

Na-type mordenite zeolite was treated with solutions of calcium, aluminum, and iron to prepare Ca-zeolite, Al-
zeolite, and Fe-zeolite. The desalination capacity of the prepared zeolites was evaluated by treating artificial
seawater. Cultivation experiments of radish sprouts and bean sprouts were conducted using artificial seawater
treated with the prepared zeolites.

The pH of artificial seawater treated with Na-type and Ca-type zeolites was neutral at pH 6.8 — 6.9, while the
pH of artificial seawater treated with Al-type and Fe-type zeolites became strongly acidic at around pH 2. The salt
concentration decreased in Na-type zeolite, Ca-type zeolite, and Al-type zeolite compared to Fe-type zeolite. When
artificial seawater treated with a mixture of Ca-type including 0 — 2.5% Al-type zeolites was used, the pH remained
neutral, and the salt concentration decreased. It is noted that this desalination reaction did not change significantly
with temperature. Radish and bean sprouts, which did not germinate in artificial seawater, germinated in artificial
seawater treated with a mixture of Ca-type zeolite and Al-type zeolite.

After treatment of artificial seawater, Ca-type zeolite and Al-type zeolite showed no changes compared to
before desalination, but in the mixture of Ca-type zeolite and Al-type zeolite, plate-like crystals consisting of a
layered complex hydroxide of Ca, Al, and Cl were observed. This suggests the potential for developing effective

desalination materials by optimizing the preparation conditions to efficiently generate layered complex hydroxides.



