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Abstract: Volatile organic compounds (VOCs) pose significant risks to environmental quality and human health.
To enhance adsorption performance of adsorbents for VOCs, further improvement of the unsaturated metal centers
becomes a key factor based on the principle that metal ions can be replaced in metal organic frameworks (MOFs).
Here, a one-step solvothermal synthesis system was utilized to dope abundant, cost-effective, and environment
friendly AI’" ions into MIL-101(Cr) for preparing Al-MIL-101(Cr). Morphologies and structures of MIL-101(Cr)
and Al-MIL-101(Cr) samples, alongside the static adsorption performance for toluene, n-hexane, oil and p-xylene,

were analyzed. Static adsorption capacities of toluene, n-hexane, oil, and p-xylene of MIL-101(Cr) were 0.676,

0.621, 0.451 and 0.812 g-g', respectively. When AI’" doping amount reached 0.75 mmol, Al-0.75-MIL-101(Cr)
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displayed maximum VOCs adsorption capacities (0.911 g-g ™' for toluene, 0.755 g-g ' for n-hexane, 0.713 g-g' for

oil, and 0.875 g-g"' for p-xylene). The dynamic toluene adsorption behavior was assessed through single-component

breakthrough curves. Both dynamic and static adsorption results demonstrate that Al-MIL-101(Cr) possesses

excellent VOCs removal capabilities, which are attributed to the extensive specific surface area and augmented

unsaturated metal sites.
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Tablel Structural parametersof MIL-101(Cr) and
Al-MIL-101(Cr)

S Pore Micropore Pore
Sample (m‘;ET,l) volume, ¥/ volume, diameter,

& (em* g™y Vplem®g™) Dmm
MIL-101(Cr) 2907 1.82 0.47 2.0
Al-0.25-MIL-101(Cr) 2229 1.15 0.13 2.1
Al-0.50-MIL-101(Cr) 2246 1.18 0.16 2.1
Al-0.75-MIL-101(Cr) 2689 1.40 0.16 2.1
Al-1.0-MIL-101(Cr) 2221 1.21 0.40 1.8
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MIL-101(Cr) 32 88 0.554 95.7
Al-0.25-MIL-101(Cr) 36 112 0.632 97.4
Al-0.50-MIL-101(Cr) 40 116 0.746 98.2
Al-0.75-MIL-101(Cr) 56 144 0.827 98.6
Al-1.0-MIL-101(Cr) 44 124 0.775 98.1
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Colorful figure is available on website
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Fig. S5 Five times dynamic toluene adsorption breakthrough curves of Al-0.75-MIL-101(Cr)

# S1 Al-0.75-MIL-101(Cr)#Y 5 Xk sh7s B &K M S # L8]
TableS1 Comparison of 5times dynamic toluene adsor ption parameters of Al-0.75-M1L-101(Cr)

No. t,/min t./min g/(gg™h Desorption efficiency/%
Ist 56 144 0.827 98.6
2nd 52 136 0.811 98.1
3rd 48 136 0.803 97.7
4th 48 132 0.792 98.1
5th 48 132 0.789 97.8

£ S2  Al-0.75-MIL-101(Cr)#y 5 Xk sh#x AR I Mt Yoon—Nelson RE I &S #
Table S2 Yoon—Nelson model fitting parameters of 5 times dynamic toluene adsor ption for Al-0.75-M1L-101(Cr)

No. To/min 7./min K'/min”! R?

Ist 82 148 0.065 0.995
2nd 78 144 0.065 0.996
3rd 72 146 0.067 0.995
4th 74 136 0.071 0.997
5th 72 142 0.074 0.996

& S3  Al-0.75-MIL-101(Cr)ZEAR IR E TS &S B R R M S H LB
Table S3 Comparison of dynamic toluene adsor ption parameters of Al-0.75-MIL-101(Cr) at different temperatures

Sample Temperature/C t,/min t./min q/(g-g™)
25 56 144 0.827
Al-0.75-MIL-101(Cr) 50 36 112 0.612

80 16 64 0.357




