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Section 1 Figures 

Figure S1 Self-assembly breakthrough experiment setup  

 

Fig. S1 Self-assembly breakthrough experiment setup 

Figure S2 TG-DTG curves of millet 

Fig. S2 presents the thermogravimetric-differential thermogravimetric (TG-DTG) 

curves of millet, illustrating its thermal degradation behavior during pyrolysis. The 

initial mass loss observed around 140 °C is attributed to the evaporation of adsorbed 

moisture and bound water. As the temperature increased to approximately 300 °C, a 

more pronounced mass loss event occurred, primarily resulting from the decomposition 

of labile oxygen-containing functional groups on the millet surface. Above 350 °C, the 

sample continued to lose mass, but the mass loss rate diminished gradually. This 

phenomenon indicates the sustained pyrolysis of residual oxygen-containing functional 

groups, whose abundance decreased with the progression of the reaction. 

 



 

Fig. S2 TG-DTG curves of millet 

 

Figure S3 Kinetic curves of C4H6 adsorption in the samples 

Adsorption kinetics is an important parameter for evaluating the mass transfer rate 

of adsorbates in adsorbents, which is essential for designing the adsorption separation 

processes. Fig. S3 demonstrates the adsorption kinetic curves of C4 olefins on MCMSs 

(at 298 K and 0.5 bar). It can be seen that the adsorption rate of C4H6 on MCMS-800 is 

faster than that on MCMS-700 since the former has a somewhat larger pore size than 

the latter. 

According to the kinetic curves, the diffusion coefficient D for C4H6 was 

calculated using the micropore diffusion model described below.1-4 
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Where t is the adsorption time (min); qt is the instantaneous adsorption capacity at 

time t (mmol/g); qe is the equilibrium adsorption capacity (mmol/g); D is the 

intraparticle diffusion coefficient (cm2/min or cm2/s); and r is the average radius of the 

adsorbent particles (cm). 

As shown in Fig. S3(c-d), plotting qt/qe against √ݐ yields straight lines in the 

initial uptake region, with slopes proportional toටୈ
୰మ. Accordingly, the values of D/r2 of 

C4H6 on MCMS-700 and MCMS-800 can be obtained.  

Owing to the irregular morphology of the MCMS particles, their actual radius r 

cannot be precisely determined. Therefore, we define D’ = D/r2 (min-1) as the apparent 

diffusion coefficient to evaluate the adsorption kinetic behavior of C4H6 within MCMS. 



The apparent diffusion coefficients D’ of C4H6 on MCMS-700 and MCMS-800 samples 

are calculated to be 6.23 × 10-4 min-1 and 1.13 × 10-3 min-1, respectively. 

 

Fig. S3 Adsorption kinetics of C4H6 on the samples 

Figure S4 Cycling breakthrough performance of MCMS-700 and MCMS-800 

 
Fig. S4 Three consecutive breakthrough cycles of the C4H6/i-C4H8/n-C4H8 ternary mixture over 

the fixed beds of (a) MCMS-700 and (b) MCMS-800 at 298 K 

Figure S5 Mechanical strength of the samples 

Fig.S5 shows the mechanical strength of the resultant samples. When loading such 

MCMS particles into a fixed bed, the following precautions should be noted: layered 

support screens shall be installed during the packing of granular adsorbents. This 
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measure is primarily intended to disperse the gravity load of the upper-layer adsorbents 

and prevent the bottom adsorbents from crushing and pulverization under excessive 

pressure. It also blocks particle leakage, avoids fluid entrainment, uniformizes fluid 

distribution to enhance adsorption efficiency, shares the bed load, protects the bottom 

main support structure, and ensures the long-term stable operation of the fixed bed. 

 

Fig. S5 Mechanical strength of the samples 

 

Section 2 Supporting Tables 

Table S1 Relevant physical properties of C4 olefins and paraffin 

Table S1 Relevant physical properties of C4 olefins and paraffins. 
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Hydrocarbon 
Boiling 
point 
(K) 

Kinetic 
diameter 
（Å） 

Polarizability  
（Å3） 

Molecular 
size 
（Å3） 

Saturated 
 vapor pressure  

(mPa) 

C4H6 268.62 4.31 86.4 2.7×4.6×7.3 0.245 

n-C4H8 266.92 4.46 79.7-85.2 3.5×4.5×7.4 0.247 

i-C4H8 266.25 4.84 80 3.6×5.2×6.0 0.256 

n-C4H10 272.66 4.69 82.0 3.7×4.0×7.4 0.201 

i-C4H10 261.34 5.28 81.4-82.9 4.5×5.5×6.2 0.288 



Table S2 Porosity parameters of the samples 

Table S2 The pore structure parameters of MCMSs 
Samples SBET 

（m2/g） 
Vtotal 

（cm3/g） 
Vmicro

（cm3/g） 
Vmicro/Vtotal 

（%） 
MCP 0.3653 0.000330 0.000221 66.96 

MCMS-600 229.7044 0.143334 0.084554 58.99 
MCMS-700 232.2044 0.142541 0.094730 66.46 
MCMS-800 251.1468 0.151045 0.106985 70.83 
MCMS-900 280.5940 0.171326 0.117368 68.51 

Table S3 Element compositions of the samples from XPS analysis 

Table S3 presents the surface chemical compositions of millet and its derived 

carbon materials (MCMS-X). The data in the table indicate that as the pyrolysis 

temperature increases, the contents of N and O elements in the resultant samples 

gradually decrease, which can be attributed to the thermal decomposition of N-

containing and O-containing functional groups on the sample surfaces during the 

pyrolysis process.5, 6  

Table S3 Element compositions of MCMS-X from XPS 

Samples C/% (N+O)/% C/(N+O) 
MCP 76.78 21.05 3.75 

MCMS-600 87.43 12.57 6.96 
MCMS-700 88.29 11.71 7.54 
MCMS-800 88.61 11.39 7.78 
MCMS-900 90.14 9.86 9.14 

 

  



Table S4 sp2-C/sp3-C ratios of the samples 

Table S4 summarizes the sp²-C/sp³-C ratios of the millet-derived carbon precursor 

and MCMS-X series samples, as determined by deconvolution of their C 1s X-ray 

photoelectron spectroscopy (XPS) spectra. The deconvoluted C 1s spectra consist of 

three key components: sp²-hybridized carbon (sp²-C, corresponding to graphitic 

carbon), sp³-hybridized carbon (sp³-C, corresponding to aliphatic carbon), and 

carbonyl/quinone groups (C=O). 
Table S4 sp2-C/sp3-C ratios of the samples 

 

  

Samples 
Relative Concentration (%) 

sp2-C sp3-C C=O sp2-C/sp3-C 

MCP 62.41 28.66 8.93 2.18 

MCMS-600 70.82 21.95 7.23 3.23 

MCMS-700 75.08 17.77 7.15 4.23 

MCMS-800 79.99 13.52 6.49 5.92 

MCMS-900 84.93 10.11 4.96 8.4 



Table S5 Comparison of granular MCMS-X and some reported powdery 

adsorbents 

Table S5 Comparison of the as-prepared granular MCMS-X and some reported powdery 
adsorbents in the aspects of uptakes for C4H6, i-C4H8, and n-C4H8. 

 

Adsorbents 
Temperature 

(K) 

Pressure 

(bar) 

Uptake (mmol/g) Uptake Ratio 

Ref 
C4H6 

n-

C4H8 

i-

C4H8 

C4H6/n-

C4H8 

C4H6/i-

C4H8 

MCMS-700 298 1 1.88 0.12 0.008 15.67 235 
This 

Work 

MCMS-800 298 1 2.01 0.12 0.04 16.75 50.25 
This 

Work 

SC-K 298 1 2.36 0.63 0.50 3.74 4.7 7 

TMA-VT-5 298 1 0.8 0.7 - 1.14 - 8 

GeFSIX-14-

Cu-i 
298 1 2.67 0.57 0.42 4.68 6.4 9 

NbFSIX-2-

Cu-i 
298 1 2.64 2.26 0.48 1.17 5.7 9 

TMOF-1 298 1 1.64 1.08 0.20 1.52 8.2 10 

ZU-619 298 1 1.58 0.63 0.34 2.51 4.7 10 

SOFOUR-

DPDS-Ni 
298 1 1.70 1.42 0.18 1.2 9.4 11 

Ni-gallate 298 1 1.39 0.57 0.09 2.44 15.4 12 

ZU-609 298 1 2.19 1.10 0.21 1.99 10.4 13 

ZU-96 298 1 4.11 2.46 0.22 1.67 11.2 14 

SIFSIX-Cu-

TPB 
298 1 3.23 2.73 2.43 1.18 1.3 15 

TIFSIX-

Cu-TPB 
298 1 3.35 2.96 2.56 1.13 1.3 15 

WCMS-500 298 1 1.81 0.52 0.16 3.48 11.3 16 

WCMS-600 298 1 1.84 0.41 0.22 4.48 8.36 16 

γ-CD-

COF 
298 1 2.4 2.2 1.92 1.09 1.25 17 
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