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Experimental 

Preparation of UiO-66 membranes on the patterned YSZ ceramic substrates 

A controlled in-situ hydrothermal method [1-2] was used to grow UiO-66 membranes 

on the patterned YSZ ceramic substrates. As shown in Figure S2, the patterned YSZ 

ceramic substrate was placed, with the patterned surface downwards, in a Teflon-lined 

stainless steel autoclave (100 ml) filled with the synthetic solution. The typical synthetic 

solution was prepared by dissolving ZrCl4 (0.419 g, Sigma-Aldrich) and BDC ligands 

(0.299 g, Sigma-Aldrich) in N,N-dimethylformamide (70 mL, VWR), followed by 

mixing with 0.032 g deionized water. Then, the autoclave was kept at 120 °C for 48 h. 

After cooling, the membrane was washed with DMF and dried under ambient condition. 

The UiO-66 powder was also collected from the reacted solution and washed with 

ethanol for later characterizations. 

Characterization 

Morphological characterizations were carried out on LEO Gemini 1525 scanning 

electronic microscope (SEM, Tokyo, Japan). The samples were coated with 10-nm 

thick chromium before observations. Crystallography analysis was done with a 

Panalytical Xpert X-ray diffraction apparatus using Cu Kα radiation (λ = 0.154 nm) at 

40 kV and 20 mA. FTIR-ATR spectra were recorded using an FTIR spectrophotometer 

(Spectrum 100, PerkinElmer) over the wavelength range of 4000-600 cm-1. The average 

pore size of the patterned YSZ ceramic substrate was determined by the gas-liquid 

displacement method using a capillary flow porometer (POROLUX 1000, 

POROMETER nv, Belgium)). Optical microscope images were recorded by a digital 

microscope (VHX-900F, KEYENCE). 

 

Pervaporation experiments 

Dehydration of butanol by pervaporation was conducted on a home-made setup at room 

temperature.[1] The membrane was immersed in the feed tank filled with a butanol-

water mixture with 10 wt% water. The pressure of the permeate side was maintained at 
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200 Pa using a vacuum pump. The permeated vapor was condensed in a liquid nitrogen 

cold trap. Finally, the concentrations of the sample were determined by gas 

chromatography.  

The PV performance of a membrane is usually expressed in terms of the permeation 

flux J (g/m2h) and separation factor α. The total flux J was calculated by the weight 

gain in the cold trap: 

𝐽 =
𝑀

𝐴𝑡
 Eq. (1) 

where M is the total mass increase (g) over the collection time t (h), and A is the apparent 

membrane area (m2). 

The separation factor (a) was defined as follows: 

 Eq. (2) 

where x and y are mass fractions of components on the feed and permeate side, 

respectively.  
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Figure S1 

 

Figure S1. SEM images of the patterned YSZ ceramic substrate: a) surface and b) 

cross-section. 
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Figure S2 

 

Figure S2. Schematic of the in-situ hydrothermal MOF growing method.  
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Figure S3 

 

Figure S3. SEM images of the cuboidal UiO-66 membrane, showing a continuous 

UiO-66 layer covering the substrate surface. 
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Figure S4 

 

 

Figure S4. ATR-FTIR results of the prepared UiO-66 membranes. 
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Figure S5 
 

 

Figure S5. XRD pattern of the prepared membranes with channeled and cylindrical 

patterns.  
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Figure S6 

 

Figure S6. Cross-sectional SEM images of the cylindrical UiO-66 membrane. 
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Figure S7 

 

Figure S7. SEM images of two channeled UiO-66 membranes with different width: (a, 

b) 150 μm; (c, d) 80 μm. 
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Figure S8 

 

Figure S8. SEM images of two channeled UiO-66 membranes with different depth: (a, 

b) 10 μm; (c, d) 50 μm. 
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Figure S9 

 

Figure S9. Separation performance of UiO-66 membranes with different depth. 
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Table S1. Comparison of butanol dehydration separation performance. 

Membranes 
Feed content 

(wt %) 

Flux 

(g/m2h) 

Separation 

factor 
Ref. 

PVA/ceramic hollow 

fiber  
95 (n-Butanol) 1,000 450 [3] 

PVA/PAN 95 (n-Butanol) 250 350 [4] 

Pervap®2510 95 (n-Butanol) 700 180 [5] 

6FDA-ODA-

NDA/Ultem® 1010 
85 (n-Butanol) 390 2,518 [6] 

sPPSU 85 (n-Butanol) 30 11 [7] 

PVA-CS/ceramic 90 (i-Butanol) 1,116 1,000 [8] 

P84/ceramic 95 (n-Butanol) 1,400 931 [9] 

Matrimid hollow fiber 85 (t-Butanol) 630 491 [10] 

PI/PEI dual-layer 

hollow fiber 
85 (n-Butanol) 846 1,174 [11] 

PAA/polyethyleneimine 95 (t-Butanol) 769 481 [12] 

QP4VP/CMCNa 90 (n-Butanol) 2,241 1,116 [13] 

ZIF-8/PBI 85 (n-Butanol) 81 3,417 [14] 

TR-PBO 90 (n-Butanol) 58 390 [15] 

CS 96 (t-Butanol) 210 2,657 [16] 

Methylated silica 94 (n-Butanol) 1,500 1,000 [17] 

Tubular silica 95 (n-Butanol) 2,300 680 [18] 

Tubular silica 95 (n-Butanol) 3,000 250 [19] 

Hydrophobic silica 5 (n-Butanol) 1,500 15 [20] 

Zeolite LTA 95 (i-Butanol) 1,210 2,811 [21] 

Cuboidal UiO-66 90 (n-Butanol) 2,960 1,102 This work 
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