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Experiments
Materials:

Bacterial cellulose was purchased from Guilin Qihong Technology Store (Guangxi, China).
Hydrochloric acid (HClI>98.0%), sodium hydroxide (NaOH), sodium bicarbonate (NaHCOs,
99%), sodium carbonate (Na,COs;, 99%), and methyl alcohol (MeOH) were provided by
Guangzhou Weigu Technology Co., Ltd (Guangzhou, China). Methyl red, Bromocresol green,
Potassium hydrogen phthalate, ethanol (C,HgO, 95%) and phenolphthalein were obtained
from Macklin Biochemical Co., Ltd. All of the chemical reagents were analytical-grade and used
as received without further purification. Deionized water was used throughout the

experiments.

Boehm Titration Experiment:

The adsorbents possessed oxygen functionalities in the form of carboxylic, lactonic,
phenolic and basic groups, which could be quantitatively determined via the so-called
acid-base neutralization method of Boehm titration » 2. To ensure titration precision, back-
titration were adopted to reduce the impact of CO,. For each analysis, 70 mg of adsorbents
were added to 30 mL of 0.05 M NaHCOs, NaOH, HCl and 15 mL of 0.05 M Na,COs; solution,
respectively. The solutions were agitated for 24 h and then filtered and collected the filtrates.
The filtrates were acidified with excessive 0.05 M HCI. Then, the acidified solutions were
purged with nitrogen to expel CO,. The purge time was set from 120 to 180 min. After CO,
expulsion, the solution was back-titrated with 0.05 M NaOH. A color indicator of
phenolphthalein was used for endpoint determination. For each adsorbent and reaction base,
samples were tested in triplicate with a parallel blank reference. During titration, the blank
sample was exposed to the same procedures that were applied to adsorbents samples. The

final result was calculated with the averaged measurement minus the blank.
EA-TPD Test:

The temperature programmed desorption (TPD) experiment of ethyl acetate (EA) from
porous carbon adsorbents was conducted at different ramping rates of temperature 3. In each

measurement, precisely weighted 30 mg adsorbent was first pretreated in a purge of Ar at



150 °C for 1 h. After being cooled to room temperature under flowing Ar, the sample was
exposed to a mixture gas containing 200 ppm EA for 60 min, and then purged with Ar for 1 h
to remove physiosorbed ethyl acetate. Finally, the EA-TPD profiles were measured as a
function of temperature from 303 to 800 K with various heating rate from 3 to 10 K min
under Ar flow (30 mL min'). The desorption activation energies (Eg) of EA on the CBC
adsorbent samples could be calculated based on their TPD curves. The expression for the Eq4
was calculated based on the Polanyi-Wigner Eq S1:

B\ E E
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where Ed (kJemol=?) represents the desorption activation energy of EA on the adsorbate,
Bu (Kemin) refers to the heating rate, and T, (K) refers to the temperature of the peak in the

desorption curve.

Regeneration Test:

In addition, the regeneration experiments were carried out by hot nitrogen gas purge.

After the adsorbent reached adsorption equilibrium, the inlet gas was switched to N, with a

flow rate of 30 mL min~. The regeneration temperature was 120 ‘C, and the regeneration

time was 6 h. Then, the adsorbent was cooled to room temperature and reused in the next

adsorption cycle. The adsorption/desorption experiments were carried out for four cycles.

Theoretical Calculation:

The adsorption behavior of the EA molecule adsorbed on CBC surfaces were investigated
with the DMol3 program package based on the density functional theory (DFT) calculations
and aperiodic finite plane method. Considering the complexity and uncertainty of activated
carbon structure, a graphene cluster models with coronene-shaped basis unit structure was
chosen as the carbon model for quantum chemistry calculations #%. And the model of
carbonaceous materials consists of 66 C atoms, 22 terminating H atoms and 23 aromatic rings
with no branch. Moreover, functionalized carbon sheets were modeled by substituting C atom
with O atom based on the functional groups. The adsorption energy E,4s between the EA and

surface model was calculation in the following manner:



Eads = Esurface+EA - (Esurface + EEA) (1)

where Eqyrfaces Eea and Egurracesea are the energy of the substrate surface, the energy of the
isolated EA molecule and the total energy of the adsorbate—substrate system, respectively.
Three configurations for the EA adsorption on the surface models were considered to compare
the effect of different adsorption direction on EA adsorption: (A) parallel to the adsorbed
surface, and therefore, three initial adsorption systems have been fully optimization; (B)
perpendicular to the surface, O atom near the adsorbed surface; (C) perpendicular to the
surface, H atom near to the adsorbed surface.

In Situ DRIFTS:

In situ DRIFTS experiment refer to our previously published literature’. Ethyl acetate
adsorption on the synthesized adsorbents were recorded on a Thermo Scientific Nicolet iS10
Fourier transform infrared spectrometer equipped with a MCT detector. Prior to each
adsorption test, the adsorbent was loaded into a porous screen at the bottom of a Harrick
Scientific Praying Mantis diffuse reflectance cell which had two ZnSe windows and one glass
observation window and then the cell was sealed with a dome. After 20 min of nitrogen
purging to remove the gas from the adsorption chamber, the sample was heated to 150 °Cin
a 30 mL mint N, flow for 120 min. After cooling to 30 °C, a background spectrum of the
adsorbent was firstly obtained in the N, flow, followed by switching N, to ethyl acetate stream
(30 mL min~t) for the adsorption experiment. The signals of infrared information on the
adsorbents surface were collected every 10 min for a total of 50 minutes. All DRIFT spectra

were recorded at a resolution of 4 cm™ in the range of 4000 to 400 cm™.

Byproducts Analysis:

After various adsorption-desorption cycling, the intermediates were separated and
extracted as following steps®. 0.02 g of adsorbed after the adsorption-desorption cycling was
transferred into a 100 mL of conical flask with 60 mL methanol (Shanghai ANPEL Laboratory
Technologies Inc.) and disposed under ultrasonic condition for 30 min. The obtained
suspension was filtered, and the mixed extract was concentrated to 1 mL by a rotary
evaporator, averaged into two 1.5 mL vials, and then completely dried with a gentle stream
of high-purity nitrogen. For direct detection of intermediates, one portion of the sample was

re-dissolved in 0.75 mL EA (Shanghai ANPEL Laboratory Technologies Inc.) and then injected



into the gas chromatograph (Agilent 7890B) coupled with a mass selective detector (Agilent
5977B) (GC—MSD) with a HP-5ms column (30 m x 0.25 mm x 0.25 um film thickness). Another
portion was derived overnight at 25 °C using 50 pL N, O-bis-(trimethylsilyl)-trifluoroacetamide
(BSTFA) as derivation reagent for GC—MS detection. Temperature program of column was 60
°C for 1 min, rose to 161 °C at 5°C min! holding for 1 min and rose to 280 °C at 10 °C min-!
holding for 3min. Mass spectra were recorded in electron ionization mode at an ion source

temperature of 230 °C.
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Fig. S1. N, adsorption-desorption isotherms and pore distribution of CBC synthesized at different pyrolysis

temperatures.
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Fig. S2. DFT pore distribution and cumulative pore volume (A, B, C, D, E, F and G) and micropore volume

(H) of CBC synthesized at different pyrolysis temperatures.




Fig. $3. SEM images of CBC adsorbents prepared at different pyrolysis temperatures: (A, CBC-300; B, CBC-

400; C, CBC-500; D, CBC-650; E, CBC-750; F, CBC-850; G, CBC-950).
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Fig. S4. TG-DSC curves of BC pyrolyzed with argon gas protection.
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Fig. S5. FT-IR spectra of CBC synthesized at different pyrolysis temperatures (A, low temperature; B, high

temperature).

When the pyrolysis temperature gradually increased from 250 C to 350 C, C-O or C-OH

functional groups almost disappeared in the range of 940~1220 cm™, indicating the pyrolysis
transformation of C-O bond on the adsorbent. Meanwhile, new peaks located at 1715 cm™
and 1623 cm™ were observed, corresponding to C=0 and C=C of benzene ring structure
respectively, which indicated that the pyrolysis process not only involved dehydration and

condensation reaction but also promoted the formation of porous carbon with phenyl ring

structure. When the pyrolysis temperature gradually rises from 330 “C to 650 ‘C, the decrease

of the peak value of carboxyl group expands, which is mainly a C=0 drop process. With further

increasing pyrolysis temperature, oxygen-containing functional groups almost disappeared.
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Fig. S9. Optimized structures of ethyl acetate molecule and surface model.
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Fig. S13. Proportion of functional groups on CBC-850 by deconvolution of O1s spectra.
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Table S1. Porous structure parameters of the tested CBC samples.

Porosity Distribution by DFT Model

Dger Sger (m? Smic Smeso+Mac
Sample name (nm) g1) (m2gl) (m2g?) Viotal Vimic Vimeso+mac
(mLg™) (mLg™)  (mLg™)
CBC-300 9.47 20.42 1.30 19.12 0.0584 0.00211 0.0563
CBC-400 5.32 62.61 25.91 36.70 0.107 0.0185 0.0885
CBC-500 3.31 188.48 124.00 64.48 0.153 0.0705 0.0825
CBC-650 3.46 70.45 51.81 18.64 0.0603 0.0274 0.0329
CBC-750 341 163.66 122.43 41.23 0.142 0.0626 0.0794
CBC-850 2.85 379.70 308.40 71.30 0.247 0.160 0.087
CBC-950 3.15 227.64 15542 72.22 0.166 0.0856 0.0804




Table S2. Concentration of oxygen-containing groups of CBC measured by a Boehm's titration quantitative

method.
Concentration of oxygen-containing groups (ummol g1)
Samples
Carboxylic group Phenolic group  Lactonic group Basic group

CBC-300 1.443 2.579 2.525 1.235
CBC-400 0.729 2.289 2.475 1.414
CBC-500 0.612 2.015 2.029 1.867
CBC-650 0.364 1.088 2.500 0.319
CBC-750 0.329 0.834 0.225 1.485
CBC-850 0.0600 0.107 0.191 1.321
CBC-950 0.0400 0.00226 0.0850 1.323

Table S3. Spearman correlations of EA adsorption with pore structure and functional groups.

T Q Ca rboxyl Base PhOH LaCtOﬂY' SBET Smic Smeso+Macro Vmic Vmeso+Macr
T 1.000 | 0.857 -1.000 0.036 | -1.000 | -0.893 0.857 0.857 0.714 0.857 0.071
Q 0.857 | 1.000 -0.857 0.357 | -0.857 | -0.964 0.929 0.929 0.893 0.929 0.500

Carboxyl | -1.000 | -0.857 1.000 -0.036 | 1.000 0.893 -0.857 | -0.857 -0.714 -0.857 -0.071

Base 0.036 | 0.357 -0.036 1.000 | -0.036 | -0.393 0.250 0.250 0.464 0.250 0.536

PhOH -1.000 | -0.857 1.000 -0.036 | 1.000 0.893 -0.857 | -0.857 -0.714 -0.857 -0.071

Lactonyl | -0.893 | -0.964 0.893 -0.393 | 0.893 1.000 -0.893 | -0.893 -0.929 -0.893 -0.429

Seer 0.857 | 0.929 -0.857 0.250 | -0.857 | -0.893 1.000 1.000 0.857 1.000 0.357

Smic 0.857 | 0.929 -0.857 0.250 | -0.857 | -0.893 1.000 1.000 0.857 1.000 0.357

Smeso+Macro | 0.714 | 0.893 -0.714 0.464 | -0.714 | -0.929 0.857 0.857 1.000 0.857 0.536

Vmic 0.857 | 0.929 -0.857 0.250 | -0.857 | -0.893 1.000 1.000 0.857 1.000 0.357

Vmesoimacr | 0.071 | 0.500 -0.071 0.536 | -0.071 | -0.429 0.357 0.357 0.536 0.357 1.000

Footnote: T=temperature/°C; Q=adsorption capacity/mg g*; Concentration of functional group/ummol g;
S/m?g™; V/mLg™




Table S4. Desorption peak temperatures of EA at different heating rates and desorption activation

energies (Ed) of adsorbed-EA on CBC.

The peak temperature Tp (K) at different heating

Samples rates (K mint) Ed (k) mol?)
3 5 7 10
CBC-300 329 344 359 367 24.89
CBC-400 364 382 391 396 36.46
CBC-500 479 496 542 563 19.92
CBC-650 336 347 364 388 17.88
CBC-750 388 405 413 431 33.75
CBC-850 453 483 507 522 25.19
CBC-950 363 390 399 408 25.23

Table S5. Pore structure of CBC-850 before EA adsorption and after regeneration.

Sample name Dger (nm) Sger (M?g™)  Viora (ML g™)

CBC-850-Before 2.85 379.70 0.247

CBC-850-After 2.22 156.99 0.0873




Table S6. Proportion of functional groups on CBC-850 by deconvolution of XPS C1s and O1s spectra.

CBC-850 before EA adsorption CBC-850 after regeneration
Peak/ Proportion/  Total Peak/ Proportion/  Total
Groups Groups
eV % /% eV % /%
284.8 Cc=C 68.47 284.8 Cc=C 63.68
285.5 C-C 16.17 285.7 C-C 12.57
Cls 91.28 84.58
286.8 Cc-0 6.90 286.8 C-0 11.85
290.0 C=0 8.46 290.3 C=0 11.90
530.9 C=0 10.52 531.2 C=0 14.61
532.0 0=C-0-(C, H) 23.24 532.4 0=C-0-(C, H) 36.87
O1s 8.72 15.42
532.8  C-O-C(C-OH) 29.81 533.6 C-O-C (C-OH) 30.16
533.9 0=C-0-(C, H) 36.43 534.9 0=C-0-(C, H) 18.36

Table S7. Ip/lg and Asps/Asp, of CBC adsorbents based on deconvolution of Raman spectra.

Sample name Io/lg Asps/Asp2

CBC-850 2.701 0.599

CBC-850-regeneration 3.455 0.395




Table S8. Retention time, mass spectra and structure of the identified intermediates generated onto the

surface of CBC-850 by GC-MSD during EA adsorption-desorption process.

Retention
Intermediates Proposed structure
time (min)
|OH
Hydroperoxide,1-ethylbutyl 3.974 N
Hydroperoxide,1-methylpentyl 4.178 “‘v”'”‘x-//“‘“ofo““u
Glutaric acid, butyl isobutyl T i
22.076 N0 S N N
ester \‘
1,2-Benzenedicarboxylic acid, AN
27.267 :
dihexyl ester NN
?H
n-Hexadecanoic acid 30.211 Al o o o~ R
RN e SV VN
9, 12-octadecanoic acid methyl 0
33.809 NW\JL 4
ester 0
o
Dioctyl phthalate 39.865 M
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