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Abstract

Activated carbon is an ideal material for efficiently adsorbing volatile organic compounds (VOCs)
due to its high specific surface area, controllable pore size distribution, and excellent chemical sur-
face tunability. In this study, ethylene tar pitch (ETP) was used as the raw material to prepare oxy-
gen-rich spherical activated carbon (SAC) through a combination of pre-oxidation and steam acti-
vation. The influence of activation time on the structural evolution and adsorption performance of
the pitch-based activated carbon was systematically investigated via single-factor experiments.
Fourier transform infrared spectroscopy (FT-IR) confirmed that pre-oxidation treatment increased
the content of oxygen-containing functional groups in the pitch, while thermogravimetric analysis
indicated that pre-oxidation enhanced the thermal stability of the pitch, laying the foundation for
subsequent structural regulation. X-ray diffraction (XRD) and Raman spectroscopy results showed
that when the activation time reached 90 min, the defect density of the prepared activated carbon
was 7.64, with an interlayer spacing (d002) of 0.39 nm. The synergistic effect of high defect density
and enlarged interlayer spacing enabled the material to achieve an equilibrium adsorption capacity
of 307 mg/g for methanol at room temperature. After four regeneration cycles, the desorption rate
remained as high as 91.3%. This study clarifies the structure-activity relationship between activa-
tion time and the structure and VOC adsorption performance of pitch-based activated carbon,
providing experimental insights for the optimization of preparation processes for efficient VOC ad-
sorption materials.
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Figure 1. Relationship between activation time and yield
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Figure 2. Thermogravimetric curves of ETP and PA
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Figure 3. Infrared spectrum of the samples
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Figure 4. Raman spectra of samples at different activation times
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Figure 5. Raman peak fitting diagrams for (a)SAC-30, (b) SAC-60, (c) SAC-90, and (d) SAC-120
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Table 1. Area ratios of roman characteristic peaks to G peak for different CA samples
# 1. T CA BRI SIFIES G IERELE

Fdh Io/le Io2/le Ips/le Ipd/le lan/lc
SAC-30 4.12 0.50 0.31 1.05 5.98
SAC-60 5.11 0.58 0.60 1.23 7.53
SAC-90 4.66 0.59 0.33 0.96 6.54
SAC-120 4.63 0.60 0.48 0.89 6.61

DE &SRS RIS, HRHS KREER, T4 T A LS 28 5 2K &0
PSR T B N3 T FE MEAL . 7RSS AE 30 min B, KSR SRR AR R [14], 3E—B3 KJEA B
B2, lan/lc {E(5.98) IRFFAERL /K, KU TS MAIR S £ 5. BEE TN A ZEK 2 60 min I, KZ&S
S AR Z A R SRR N anlle (T2 7.53; 4kSEAEK 2 90 min i, Z{E V& F] 6.54, EoRH B
SEREHE— DN . SR, 43S ALE (EA E) 120 min B, lan/lc B BRI A T =(6.61), (EA5 B [RIV%
s XA HE T IE O AR P E R R AR A S AR R — 5T, KAWL, &K
WG 57, EmEIERT, IR X IR AR S EHE, S s B8, BeE T
B o fERERIEILI TR, BREEHBIA P R I K R RTE s FLIE R, T S 2L lan/le {E [F]
%o ZAEREY, ELI R Lan/le (E BITEEAR 32 BIBREA 4 RS Bk S5 1A 7 R 2 TR B A5 P R 4%
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Figure 6. XRD spectra of samples at different activation times
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Table 2. Characteristic XRD data parameters

%z 2. XRD 45 EHEFESH

Sample doo2/nm Lo/nm La/nm N n
CA 0.3619 1.1221 0.5611 4.1003 5.3801
SAC-30 0.3820 0.9401 0.6502 3.4610 3.8330
SAC-60 0.3849 1.0027 0.5856 3.6053 4.1594
SAC-90 0.3907 0.9435 0.5058 3.4148 3.7315
SAC-120 0.3833 0.8707 0.7013 3.2716 3.4251
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Figure 7. Equilibrium adsorption capacity of the sample at ambient temperature
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W B A BB D T [15]. 2 E AL AL E) 120 min J5, 12 S BER 0 FLER AL RALEMI[16], 15
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BRIk, EASEI AT, WSS TE DY 90 min A2 eI 1k 5 AR LA B PR e A 5 328 B AR A B 18]
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GESSY SN IhENi ey RSN xRz iR S GETEZN ViR

Table 3. Methanol adsorption and regeneration performance indicators of SAC-90
7= 3. SAC-90 Xf FREZ IR Y K2 B A 14 BEARAR

FRFR VA AEERI M5 i (mglg) % 25 (%) It - (molg) TR (%)
0 307.1 - 294.5 95.9
1 284.4 92.6 276.4 97.2
2 278.4 90.8 264.0 94.8
3 254.2 87.7 245.0 93.2
4 232.2 84.5 212.0 91.3
5. &5ip

LA Bk 75 O BB 2 1 PEREL R AR 2R, R T3 I TGS T U002 R 5 A B F I
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REVCHC B f AR, BEI S5 M SR IFAFE LA B T 7.64dooz 4 0.39 nm, S5 FH I F P 4887 IR i 25 ik 1) 1 307.1 ma/g.
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