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Abstract

This study systematically investigates the thermal desorption (300-600°C, 1-3 h) of waste coal-based granular activated carbon (AC)
saturated with C8 aromatic VOCs (ethylbenzene, o-xylene, and 1-ethenyl-3-methylenecyclopentene) from spray-coating exhaust.
Results indicate that complete VOC removal is achieved even under mild conditions (300°C, 1 h), accompanied by the disappearance
of the tar cracking peak (350-750°C) in TG analysis, with residual mass increasing from 10.8% to over 90%. However, pore structure
recovery exhibits significant time dependence. Although the highest weight loss rate (30.4%) occurs at 500°C for 2 h, the specific
surface area (SSA) remains limited at 358 m?/g. Extending the treatment to 3 h at 500 °C significantly enhances microporosity (96.2%
proportion), total pore volume (0.54 cm?® g'), and SSA (1037 m? g'). SEM, XRD, and FTIR analyses confirm sharp pore edges,
optimal microcrystalline rearrangement, and a clean surface under these conditions. Considering weight loss, porosity restoration,
thermal stability, and energy consumption, 500°C for 3 h is identified as the optimal condition for pore recovery. For industrial
applications, 500°C with 2.5-3 h is recommended as a balanced window between regeneration efficiency and operational cost,
providing scalable insights for recycling VOC-adsorbed activated carbon in emission control.
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x 1 RMREAES REMER

{REFRR] & R o0 R (nom) R (°C)
10.1586 Z.7 (Ethylbenzene) 99.3 CH,o 0.7-0.9 136
10.3863 1- 2 -3- W FFEER U (Cyclopentene, 1-ethenyl-3-methylene- ) 92.7 CeHyo 0.8-1.0 149
11.0458 A8 HIZK (0-Xylene ) 99.0 CH,, 0.7-0.9 144
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GAC-300-1 50.042 40.623 18.82%
GAC-400-1 50.003 39.547 20.91%
GAC-500-1 50.024 38.915 22.21%
GAC-600-1 50.033 39.508 21.04%
GAC-300-2 50.052 41.499 17.09%
GAC-400-2 50.034 39.405 21.24%
GAC-500-2 50.006 34.819 30.37%
GAC-600-2 50.009 38.924 22.17%
GAC-300-3 50.036 40.202 19.65%
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Sample Sper(m’ g™) S (m* g™ Suie/Sper(%) Vi '(cm® g Ve S(em® g7) Voo V(%) Da ‘(nm)

Raw 1325.12 409.46 30.90% 0.75 0.17 22.51% 227
GAC-300-1 898.32 813.61 90.57% 0.41 0.35 83.74% 1.72
GAC-400-1 778.42 686.94 88.25% 0.35 0.28 80.36% 1.81
GAC-500-1 577.68 523.48 90.62% 0.25 0.20 81.81% 1.83
GAC-600-1 622.90 549.10 88.15% 0.28 0.22 78.24% 1.83
GAC-300-2 956.01 727.42 76.09% 0.49 0.32 65.74% 1.75
GAC-400-2 451.69 390.71 86.50% 0.25 0.16 63.78% 2.05
GAC-500-2 358.13 275.22 76.85% 0.19 0.11 57.90% 2.08
GAC-600-2 615.93 556.27 90.31% 0.27 0.22 82.18% 2.24
GAC-300-3 787.03 755.75 96.03% 0.41 0.36 88.94% 2.06
GAC-400-3 988.00 948.53 96.00% 0.53 0.47 89.63% 2.07
GAC-500-3 1037.02 997.19 96.16% 0.54 0.48 89.46% 2.08
GAC-600-3 550.42 516.81 93.89% 0.28 0.24 83.90% 2.13

T a LT b LR o WELRR; 4 PHa5LE

3.4 B BRI AR M BE S AT

3 B e N L AR FE L TE 30-800 CYE RN Y
TG 5 DTG Hh£k. BER K ELRER T SN =0 B
DO< 100°CHREL) 15%, X RIRF LA K R AR S 7%
%5 @ 100-300°CHIBI— 85 DTG I, miEilt— B IRL
10%, HEBYBAEWRI ) 278, 48 RS 8- 75)& (A
136-144°C ) I AIRIE AT AME—5 B) 350-750°C
EHFELEE, KEDE (4965%) , RAKEHERNX
10.81%, ZIX[AIRFEX R T B & iRk L C-C #51 C-H
BEWrR . FRE IR N, HRERE KR CHe. He MIRTRE
IR

28 300°CHIMEE, FEFR=AN K EMBEEAN K, TG
HHERTE 150°CIRTE A2 &, HEBlE 350-750°CIX [ 2=
I 5E 4k, FEREAEA DR DB MR e n A
544, 800°CHLH i B E T 5 91.7%. M AIRE T

5, TR ERIE S 94.7% (400°C) | 95.1% (500°C )
197.3% (600°C ) , AT FARES, DTG HhZk) P ToAMIELE
CERRGESE. OFERFREMMIZIR, 1- M -3- WHRIAL
W75, AP ZEAE VOCs £F = 300 °C F- A= B T g e s s
@ 350-750°C[X [F] A S 3 O £E T 3 ARl (29 65% 2K E)
WoE Ak, RIAERAMRETIR Y E R AT RS HE
i @A IER Sk, FESTHIKD
SRR D I T e PR AR BRI 5 0 AR AR PA s A]
eI A i, 1A SRR A T T R oe
THOTESUREY, WD TG MR R (B 2k .

22 |, PR RERLTE 350-750°CIX ) 3 2 IG5 4
&K, FREARE> 90%, HBEIRE SN ie;
DTG B TR E, LN E W %M, B4R
PR PENR, AL e SIE MR IE T
&

TP N

DTG (min™)

100 200 300 400 500 600 700 800

0
100 200 300 400 500 600 700 800

o
100 200 300 400 500 600 700 800

Temperature ("C)

B3 EEMEREEBERMIAERL

3.5 FA i B BRI PG 3R U 2R

R A7 B 25 300-600°CHFAFE A 1-3 h J5 ) SEM O
TESRE (AR 100 nm ) . Raw PR HIFLRSE 222, £
300°CLLFE 1/NIFAORES, (300-1) h, BREERFE LY 5E,
{HFLBUD S AT e e TR e Bl SRR RS, FLEEE
WIS, MILEERN, X5 BET MRS R HFL S
A2 96% —35.

1E 400°CRIIH, FLBREEFAEMTEDEHHEIN, RALHEY)
26

Hike, SRR 500°CLbFE 1 /NI RIRES, (500-1) FL
BREE R A TERT, SR HILA HIERI N FL; AR R
£ 23 /NI, R DE Rk, MEUSRAERS L, IESL
PR =Rl i1 | ST BTEED N VAR R Sl s/ E T | ST N U527 N g
BEERY, 500°C -3 h FESL R TE, FLERINZ0EMWT. 600°C
YIRS R IRAE, FLEEAST . 0 FeE, F9h
FLGEthEh & A FL, R TR, X5 BET WIRAE
TR LR NRR R LI i 45 AR &



ESEMERNFE-F065 - F11H 2025511 B

100 nm

B 4 KiESREABERRER ISR

3.6 #AAR B BRLAR # XRD 44

5 8 H 5 B 300-600°CFEAE 1-3 h BE 5L HY XRD 1
B, FTERESAE 2 60~23° F143° &b5rBIHILEEALRY (002)
A1 (100) fiT g, ABAVELE 285K, KREREM. 5
Raw %A, 300 *CH-AEFIETE BB AR L, [N RS
e, FIRIRRBUBSB RS a Y, WS s
EIR, WEEARETE, 400-500°C £ %1 (002) & =514,
e eEny N, WeAmE A A, RIS ERRE
RS, REia R EE TR, 500°C -3 h HERIEE R
B, USSR, MR EHEE RS . HETHR
£ 600°C, WETEHKEEAL, KR IR TR R a5 | A
BefE, EIRA RS R, (100) T 75958 2 b AR B TR ZE
i, RBRENATCHESRERS, 5 BET ffLEL G
T+ 96% —Er, AR HB CaCOs. Si0: Z A F i,
WK AT EFARETEE, WREZEATH L TH. XRD
GER M RS AEAIFSE: 500°C -3 h At B A5, R
AN SEREER LY, SIURRERE—, A5

R B R y TG
3.7 BB BRI AT FTIR 4347

6 %5 H Raw 72 J2 300-600°CH-AE 1-3 h BEML Y FTIR
HEE] , Raw B 7F 3430 e %5 —OHIES , 2925 2855 cm™' 4y —
CH2/~CHs fifi#fi, 1715 cm™ & C=0, 1620 cm™ 5l 4 5 IR
C=C, 880-750 cm™ 24 75 IR C-H i 4h 25 i, 5 GC-MS
HH C8 Hle—5k. 300°CHL G, A HLIERE T EREL,
3430 cm ' IEARAE, FREAIGER S5 B O K= . BEiE
T, 2925, 1715, 880 em™ MG & 500°CIELE 4
TOFHE, (X453 1620 em™ 53l (HZR5ER) AT 1100 em™ [
T C-O-C fikst, TRRHYS et AR, (RIEAI A 2 hit
% 3 h, 3430 e g RS, IFSSERIER AR TERE -
OH NS #K I, eI . BiRiLgle, &
FHABIM CANREREAIS LA, FEFELIEE .. FTIR M
SrFERERIE: PRMAAREREE. SEaTER, 5
TG. BET 455 H AENIE, AR AR SR ERe R R L
SRR

Intensity (a.u.)

20(°)

B 5 KiEttm R ERBEFRE XRD iEE

o
o

r—

EAE (%)

N

Raw
—— 300
—— 400
— 500
—— 600

500 1000 1500 2000 25000 3000 3500 4000 500 1000 1500

2000 2500 3000

3500 4000 500 1000 1500 20000 2500 3000 3500 4000

B (em™)
6 BEidMEREHBEESRM FTIRXIE (a: 1h, b: 2h, c: 3h)

27



ESEMERNE-F065 - F11H 2025511 B

4 5iE

IR ARG ELE T HWIMHERE (300-600°C ) SRS
] (1-3 h) XHRPR C8 J5 ke B Rtk I P e B L P RE O S,
£EELZRAH: 300°C -1 h RIR] MG 20K . 40 FRORSRIREAE
VOCs, TG H 350-750°CFEJHZLFRIERE 2 152k, FREE it
10.8% F+5> 90%, 1FSH5 ARG B IR IKRERE T 52
B SRifn, FLERPRE EELAHE AR AR, 500°C -2 h B
AR E R (30.37% ) , ML RS 358 mYg, 4E
K% 3h GRELELEITTE 96.2%, FFLAK 0.54 cm®/g, BET
RS 2 1037 m¥/g, SEHURESLSRERE; SEM, XRD 5
FTIR BEAHIFSE, 500°C -3 h FLEER) . TEITRL, s iR
e, RIAERRARE S, REEPFEEERS: ZE6%
H. LR, SR SREREPUTRTER, 500°C -3 h o “FLER
WE " 2%, 500°C -2 h A]1EA “Bibsem” &
YIS, Tl iR R A 500°C -2.5 h ( PIEMETE) 5

28

500°C -3 h, DAFEA =gk AUMGRE SisfTaAR. A
FAMER . EIRISE TV B s R B 42 ) VOCs 1 TR
BT R EEEROCH T 2S5 IE,

S 3Lk

(11 e, g, XIE2, S RE DIREVOCsHE IR LB
ATAAFIERF )] RIEERETRE, 2012, 32(1): 48-55.

[2] LEsz. PRI HEORE B ST VOCSIA TR /i i i 5T
(7). P EEIRSEAFIR, 2021, 39(11): 183-185.

[B] R, &/, Skédsr, S TALVOCSIATE g R A5
i FWFSERELT]. IR S, 2023, 48(6): 78-82.

[4] A-T Hoang, Kumar S, Lichtfouse E, et al. Remediation of heavy
metal polluted waters using activated carbon from lignocellulosic
biomass: An update of recent trends[J]. Chemosphere, 2022,
302134825.

[5] JAZrBH, Jiiist, HEF, . VOCSTEEMEmHHUHER:
LI MR D). {L THERE, 2023, 42(11): 5969-5980.

TR



