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Synthesis of low-silica KFI zeolite (KFI-3.8) seed

Materials and chemicals for the synthesis of low-silica KFI zeolite (KFI-3.8):
Phosphoric acid (Beijing Chemical Works, 85 wt.% H3POs), pseudoboehmite (Sasol,
72.7% AlOs3), fumed silica (Xuzhou Tiancheng Chlor alkali Co., Ltd), and
morpholine (Tianjin Fuchen Chemical Reagents Factory, C4HoNO > 98.5%) were
used to synthesize SAPO-34 seed that was used to synthesize low-silica KFI-3.8
zeolite. Fumed silica (Xuzhou Tiancheng Chlor alkali Co., Ltd), sodium aluminate
(Sinopharm Chemical Reagent Co., Ltd, Al2O3 > 41.0%), and potassium hydroxide
(Beijing Chemical Works; KOH > 85%) were used to synthesize the low-silica
KFI-3.8 zeolite in the presence of SAPO-34 seed. All chemicals were used without

further purification.

The low-silica KFI zeolite (KFI-3.8) was synthesized with SAPO-34 seed
substantially according to our previous work!!l. Firstly, SAPO-34 was synthesized
according to “verified synthesis of zeolitic materials third revised edition” released by
the Synthesis Commission of the International Zeolite Association (IZA)!?. In detail, a
mixture was obtained by mixing 11.53 g phosphoric acid, 6.9 g pseudoboehmite, and
21.0 g deionized (DI) water. Another mixture was obtained by mixing 3.07 g fumed
silica, 8.72 g morpholine, and 11.25 g DI water, and added to the former mixture with
18.0 DI water. After stirring for few hours at the room temperature, the mixture was
transferred into a stainless-steel autoclave, incubated for 24 h at 38 °C, and heated for
24 h at 200 °C. Finally, after the autoclave was cooled to room temperature, the solid
sample of SAPO-34 seed was filtered, washed with distilled water, and dried at 80 °C

overnight.

For the KFI-3.8 synthesis, 0.39 g potassium hydroxide and 0.075 g sodium aluminate
were first dissolved in 8.0 g DI water. 0.5 g fumed silica was then added and stirred
for few hours until a homogeneous mixture was obtained. 0.05 g SAPO-34 seed was
added to the mixture, and subsequently transferred into a 10 mL stainless-steel
autoclave and crystallized at 100 °C for 5 days. The solid product KFI-3.8 zeolite was
filtered, washed with DI water, and dried at 80 °C overnight.
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Supplementary Figure 1. Experimental XRD patterns of solid samples extracted
from the products crystallized from the initial mixtures of KFI-5.4 zeolite when the

crystallization temperatures are (A) 140 °C and (B) 120 °C.

Supplementary Figure 2. SEM images of solid samples extracted from the products
crystallized from the initial mixtures of KFI-5.4 zeolite at 150 °C for (A) 0 day, (B) 1
day, (C) 2 days, (D) 3 days, (E) 4 days, and (F) 5 days.
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Supplementary Figure 3. Simulated XRD pattern of KFI and the experimental ones
of the products crystallized from the initial mixtures with Si0./Al,O3 = 19.6, 20.6,

22.0, and 23.4, when the H,O/AL>Os ratio is 632 and the OH/ALOs ratio is 4.32.
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Supplementary Figure 4. Simulated XRD pattern of KFI and the experimental ones
of the products crystallized from the initial mixtures with HoO/AlOs; = 211, 421, 632,
841, and 1,054, when the SiO2/Al>Os3 ratio is 22.0 and the OH/Al,Os ratio is 4.32.
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Supplementary Figure 5. Simulated XRD patterns of KFI and ERI and the
experimental ones of the products crystallized from the initial mixtures with
OH/ALLO; = 2.88, 3.60, 4.32, 5.04, and 5.76, when the SiO2/Al;O3 ratio is 22.0 and

the HoO/ALOs ratio is 632. “»” represents the impurity phase of ERI.
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Supplementary Figure 6. Experimental XRD pattern of the product obtained from

the initial mixture without a seed.
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Supplementary Figure 7. UV-Vis spectra deconvolution of (K")CCH diluted with

different fraction of DI water.

—— 0.01 mol/L 18-crown-6 (aq)
—— 0.1 mol/L. 18-crown-6 (aq)
—— 2.0 mol/L. 18-crown-6 (aq)

S

&

w

2

<«

\
200 3(I)0 4(I)0 S(I)() 6(I)0 700

Wave length (nm)

Supplementary Figure 8. UV-Vis adsorption spectra of 18-crown-6 aqueous

solutions with different concentrations.
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Supplementary Figure 9. UV-Vis adsorption spectra of KOH aqueous solutions with

different concentrations.
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Supplementary Figure 10. Experimental XRD patterns of pure 18-crown-6 and

(K")CCH powder got from vacuum freeze-drying.
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Supplementary Figure 11. Mass spectrum of (K")CCH.
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Supplementary Figure 12. Experimental XRD pattern of the product when

equivalent chemicals of H>O, KOH, and 18-crown-6 replacing the as-prepared

(K")CCH were added to the initial mixture.
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Supplementary Figure 13. Photographs for the mixtures of 18-crown-6 aqueous

solution (5.7 mol/L) with (A) LiOH, (B) KNO3, and (C) KCI, respectively.
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Supplementary Figure 14. UV-Vis spectra deconvolution of (Na")CCH diluted with

different fraction of DI water.
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Supplementary Figure 15. UV-Vis spectra deconvolution of (Cs*)CCH diluted with

different fraction of DI water.
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Supplementary Figure 16. UV-Vis adsorption spectra of NH3-H>O and 18-crown-6

(aq) mixture diluted with different fraction of DI water.
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Supplementary Figure 17. N, adsorption ( @) and desorption ( O ) isotherms of

H-KFI-5.4 zeolite synthesized at the crystallization temperature of 150 °C and time of
5 days.
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Supplementary Figure 18. (A) MeOH conversion and (B) MMA plus DMA yield
over H-KFI-5.4 zeolite at 400 °C, 4.3 h"! WHSVmceon, 1.0 NH3/MeOH.
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Supplementary Figure 19. (A) MMA, (B) DMA, and (C) TMA selectivity over
H-KFI-5.4, Na(3%)-KFI-5.4, Na(22%)-KFI-5.4, and Na(60%)-KFI-5.4 catalysts in
the MAs synthesis at 350 °C, 0.813 h"! WHSVicon, 2.0 NH3/MeOH.

Supplementary Table 1. Composition details of (K")CCH.

K* Weight percentage Weight percentage of
Sample Chemical composition
(g/L)* of H,0 (%)" 18-crown-6 (%)¢
(KHCCH  78.54 23.21 71.46 [(KOH)10°(18-crown-6)2s5'(H20)13.57]

*The concentration of K* determined by ICP; ®Weight percentage of H.O (%) = (weight of the (K*)CCH - weight
of the (K*)CCH after vacuum freeze-drying) / weight of the (K*)CCH x 100%; “Weight percentage of 18-crown-6
(%) = (weight of the (K*)CCH - weight of the H,O - weight of the KOH) / weight of the (K")CCH x 100%.
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