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Synthesis of phenolic resin-based spherical activated carbon and its adsorption
performance for VOCs

CAI Yufei'?, GUO Shanshan'?, ZHANG Jian'?, WANG Zhentao', MA Ling', WU Weibing'?,
HUANG Yuting', YU Hexiang', ZHAO Weirong"**
1.College of Environmental and Resource Sciences, Zhejiang University

2.Innovation Center of Yangtze River Delta, Zhejiang University

Abstract Driven by the goals of carbon peaking and neutrality, and the EU's ESG regulations, the activated carbon
adsorption-recovery process has demonstrated increasing competitiveness due to its advantages in treating volatile
organic compounds (VOCs) and recovering solvents, effectively reducing product carbon tariffs. This study utilized
phenolic resin, hexamethylenetetramine, and ethanol to prepare phenolic resin-based spherical activated carbon
(PSACQ). It investigated the effect of temperature on the adsorption performance of PSAC using toluene and ethyl
acetate as target VOCs. Additionally, a comparison was conducted with high-performance asphalt-based spherical
activated carbon (BAC). The results indicated that the adsorption capacity of ethyl acetate reached its peak at 40 °C,
measuring 695.0 mg/g, while the optimal toluene adsorption capacity was achieved at 50 °C, recorded at 450.3 mg/g.
Yoon-Nelson, Thomas, and Adams-Bohart models all fit the adsorption penetration curve well. The pseudo-second-
order kinetic model was found to be more suitable for simulating VOC adsorption than the pseudo-first-order model.
PSAC exhibited a multi-level porous structure comprising macropores, mesopores, and micropores, with a
concentrated micropore distribution. The adsorption capacity of PSAC was 101.4% of that of BAC. Meanwhile,
PSAC had a higher VOCs adsorption rate (0.096 min™"'), lower diffusion resistance, and lower preparation cost
(46 000 yuan/t). After 12 cycles, the adsorption performance of VOCs exceeded 80%. PSAC possessed significant

commercial value and market competitiveness, which could support future reactor design and process applications,
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and provide a clear advantage in the face of carbon tariff challenges.

Key words activated carbon; pore size distribution; adsorption; dynamics
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figilil VDsorb-91i ZYJReFE T THEAL A BT
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el N, (A H A B ISR, 28Kk
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mL/g; E A W B 5t 19 W B 68, kd/mol; T4 #4407 %3
B, K R AT 2448, 8.314 J/(mol‘K).
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FIBFTE], ming Cy. C 4390 it . H VR, mg/Ls m 2R
W B 7 A, g5 qo T B R, mg/gs O AT A,

mL/min; Z A W B A 55 B, emg N, A AR R Y i
mg/L; U, AR HE, cm/min; Ky H Y-N #HAH
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Table 1 Pore structure and adsorption energy parameters of activated carbon

RS LA B W2 [T i/ (kJ/mol)
Sger/(m/g) FUAFH/(mL/g) LA/ (mL/g) 4 FLA% /am TFLFLAE/nm LR 2R
AC-1 869.9 0.49 0.37 2.26 0.74 33.5 26.2
AC-2 708.0 0.38 0.34 2.17 0.67 37.3 29.1
AC-3 25.1 0.05 0.01 8.71 1.20 23.6 18.5
AC-4 1015.9 0.74 0.45 2.92 0.75 31.2 24.4
BAC 1168.2 0.62 0.54 2.12 0.71 34.7 27.1
PSAC 1156.6 0.61 0.56 2.10 0.67 38.7 30.2
s Sppr A PR LR TR

In(ge = q) = In Geca = ki o N BUURE; AC-2 SHHRFEIE M5, iR 1~2 mm,

é - % ; qL ® ERUHBRRAIR AC IIILIFHE, H1E

. g o) H 8~15 mm, SERHERR; AC-4 FHERIE MR, K

A ¢ SRR, ming g, g, 53 BA ¢ B 2060 SP-
B W B 4, mig/g; g o M T 1) - 4 0 B i, mg/g;
ky B IR BT A8, min's &y S HE R B
TR, mg/(grmin); k A NI RY I B 3 48 4L
mg/(g'min®’); C AN FEY HUERE, m.

2 FHRITiIE

2.1 PSAC #l& R FLBREH4FIE

Kl 1(a)~(d)2h PSAC il & b R rf i 4 AR
HAE 1(a) b2 7 R AEA B By A AR Bk, 50
BOZRR; B 1(b) M B B IR BR, 24
ERAR; B 1(e) Jy AL Ab B (1 e AL R, 5 5B (0 Bk
MR B 1(d) A ZEIRTE AR il A5 A 0 1 e, 2 1T JG B I 24
IR, BRIRRIAR . G RS, 1Bl 1(e)~(j) K PSAC i
PERAEATRIORAREC RS . B 1(e)BR
T PSAC HYRARTESR, PSAC E3RIE, 21 W MRS H.
A Y ] 1(H)~(G) IO R B 1 ok e 1HT 43
ASCRIFEFL, FLIB 2548 B B, FETE KRB PR AL .

e 5 RS S PSAC HEAT ILAR, Hirh AC-1
Sk K IR 7 05 1 e, KA A 2~8 mm, AU PR

JE R 5~10 mm, 228 @ B A JE W0 ; BAC i
TEPES, Bife Ay 0.8~2 mm, TR ML 6 HDGH, At
o Bl 2 5 PSAC SRR FEM AR B (77 KD R Y
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PSAC ¥4 I (b) BIAFIRER, 2 BHTE e AT AL 2544
i F. BT EE, BAC 5 PSAC JCH S A1 ER, i b
PEREREAS; 1T AC-1, AC-2, AC-4 Hi B H4 A [m] 3 2R,
Ui B 3 LI P e N R A AE — o LA fL, A fL
1515 [l B AT RRE A 56

VMR T 6 FhG M B FLES A B, 81 3
TR LR A . A5 SRR, PSAC fLBRSS ) &
ik, M ALGE 1156 mYg, FLIRFLIE 0.56 mL/g,
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AC-4, BAC 1 PSAC UfALA &, fLEEEHTE 0.67~
0.75 nm, AN FLATKALEEAZ . I 3(c)(d) Al A,
PSAC £ 0~2 nm PN FL AR R & T L Ath 3% 4 e, Ui B
PSAC FIH AL-NFL-RILI Z R ZALE5T B %
FLig T H Aok, 25 LRI I F AR, R B AR
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2.2 EBEEITE

FIAH D-R () J A N, B4R 28, il
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Table 2 Kinetic parameters of activated carbon adsorption of ethyl acetate
P Y -NAHY Thomas##7 A-BfFHRY HE— By HE By AP B AL (mg/(g min®?)]
MR >
S Ky/min™  K/(L/(min'mg))  K,p/(L/(min‘mg)) k/min™ ky/(mg/(g-min)) ks k, ks
ACI 0.07 0.44 0.44 0.043 4.5x10™* 55.0 15.0 1.80
) (0.998) (0.998) (0.998) (0.927) (0.999) (0.999) (0.999) (0.906)
AC2 0.26 1.63 1.63 0.014 2.7x10" 163 3.8 -0.31
i (0.998) (0.998) (0.998) (0.999) (0.996) (0.999) (0.999) (0.977)
ACS 1.69 10.57 10.57 0.034 1.1x10%* 1.0 0.1 0.13
i (0.993) (0.993) (0.993) (0.995) (0.985) (0.997) (0.988) (0.988)
AC-4 0.09 0.56 0.56 0.051 5.4x107* 32.1 16.8 0.84
) (0.998) (0.998) (0.998) (0.999) (0.997) (0.999) (0.999) (0.913)
BAC 0.11 0.69 0.69 0.067 7.9x107* 69.6 233 0.53
(0.999) (0.999) (0.999) (0.999) (0.999) (0.999) (0.999) (0.885)
PSAC 0.27 1.69 1.69 0.096 9.6x10™* 106.0 52.0 2.50
(0.999) (0.999) (0.999) (0.949) (0.999) (0.999) (0.999) (0.878)
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Table 3  Kinetic parameters of activated carbon adsorption of toluene
- Y-NA5TE Thomasti% A-BHIR HfE— R HE— B NI TR (mg/(g-min®))
TEPE R G
7 Kyy/min"  K/(L/(min'mg))  K,p/(L/(min-mg)] ky/min™ k,/(mg/(g-min)) ks k, ks
ACL 0.15 1.9 1.9 0.011 1.0x10™* 13.8 32.67 1.86
) (0.998) (0.998) (0.998) (0.981) (0.999) (0.999) (0.991) (0.895)
AC 1.05 13.3 13.3 0.021 5.7x107* 6.3 3.27 0.08
) (0.992) (0.992) (0.992) (0.954) (0.994) (0.999) (0.971) (0.836)
ACS 5.93 75.2 75.2 0.003 9.7x10™* 0.1 0.42 0.00
) (0.996) (0.996) (0.996) (0.986) (0.793) (0.999) (0.990) (0.990)
ACA 0.20 2.5 2.5 0.006 4.5x10°° 12.7 9.98 0.98
) (0.998) (0.998) (0.998) (0.977) (0.998) (0.999) (0.999) (0.736)
BAC 0.59 7.5 7.5 0.023 1.4x107 27.6 47.45 1.34
(0.993) (0.998) (0.998) (0.989) (0.998) (0.999) (0.969) (0.999)
PSAC 0.71 9.0 9.0 0.025 1.8x107™ 255 52.36 1.42
(0.981) (0.981) (0.981) (0.986) (0.998) (0.999) (0.989) (0.946)
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