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Fig. 10 Desorption energy consumption ratio under different working conditions



2240 ok L B ¥ W 175

EL 7 BIF 5% 6 A T 150 B 25T 19 100 B BE R L ATl e 78, e v s Aot B L 32 5 2 X0 XUk 4 J31)
FPIH— LA 2R, FE MBS AL bR, 40 min A1 60 min /Y H R BEFE HLAE A Asbr, TS REFE Ho iy 225
2, ZERANE 11 FroR . A )26 0XE I — 4k AL BE 40 min I 20 ¥ 45 HC AT 60 min B 20 e 4 L B 4 25
SR R A [ I8 R L A — fb A B A R R XU B A A R B A e R e, SRR BERE HL Y
FERE IR R . YRR, R R R, RBAE L AZ B sE B S . X B B I S 80 <C,
FRGHE A 0.1 m-s™ B, 40 min F1 60 min (115 B BEAE L AR, 435000 1.543 1 il 1.671 4 kg ',

—=— BRI 80 °C
r o MEFMELEE 120 °C 8
—— BFERREE 150 C
FOMXGE 0.1 m-s™!
FOUNAE 0.2 m-s™!
s — FMRH 0.3 ms™ 6L
T ->— H ki T
5, 4 e RUXE -
< 2
2 2
E £ 4
2 2
= 1 = E 2<
0 Il Il Il Il Il 0 Il Il Il Il Il
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
H—fe 7% H—fb R %
(a) 40 min (b) 60 min

11 VA—1L B A[E B MR 5 A R R MR T A REFELL
Fig. 11 Desorption energy consumption ratio of normalized treatment under different desorption temperatures and different
cross-section wind speeds

3 g

1) B 25 Hd B L 32 R0 0 00 IR Fr 398 o, R A OG0 o 3R Bl 3 m o 24 MG B IR BE 150 °C, 3 W0 XUk
0.3 m-s™ i, 2R BRF R AR N 97.7% . it 25 2% L JXU T R0 A L B A3 A, I R SR Bk 4 A e (]
A L 2) Bt BRI B N AR L RS, R B8N, B R AR U B 2 B 2 W R R
150 °C, FRNMMKE K 0.1 mes™ B, H RS Lk i = o 10185, o, R0 XU J2& vk 45 Lh %) 3= 2245 1l
R, UL XU R K, 0 B IR A, v 4 L2 B A se il K. 3) ZE P IR AR T, MR, &ifs
P B R 45 e/ Ty K . SRt . TEm R AAAET, MRXGE . &A% L% B R vk 48 Lo A 7E 5 i Bt
KFERHE . @i, HALR B REA —5, 4) BikHR S, WK/, SE sk, A
JIG BRF S5 A F DR M 4 LU o 2 B RRESR A B 809 B, il 2 I BRH IR BE A 1A, 2 UL XU B U 2L,k
a5 e . TR R E R 150 °C . KX K 0.1 mes™ B AR, B B 2R3k 3 80% INF I vk 4 LE R
o 5) MR RRERLRE ARG, SRR RN, AR R, B R B e F ORI T AR A R AR .
VR AT B 11 B RE Lb L v ek e LT B Y BB AR LA . Y RHIR Sk 80 °C, FRULKGE Ky 0.3 mes™' B,
J RH BEFE L B AIE M 1,170 6 kI-g o XU BEFE L 1% F2 s il D 2R o 00 LTt R, It R L ek
L, BEFELLZ BN K. 6) 78 TR SCE T, M@ ol 7.5 BRI BE R 120 °C 38 0 XU Ky
02 m-s ' i, i BRI E] AE 54 min B, B R SR K] 80%, 1IN RE #15 fi 18 B ARG P AUk 45 L N BERE HE
439k 4.9859 Fi12.3652 k)¢ s

& £ X #

[1] CARDELINO C A, CHAMEIDES W L. An observation-based model [2] UTEMBE S R, WATSON L A, SHALLCROSS D E, et al. A common
for analyzing ozone precursor relationships in the urban atmosphere[J]. representative intermediates (CRI) mechanism for VOC degradation.
Journal of the Air & Waste Management Association, 1995, 45(3): 161- part 3: development of a secondary organic aerosol module[J].

180. Atmospheric Environment, 2009, 43(12): 1982-1990.


http://dx.doi.org/10.1016/j.atmosenv.2009.01.008

557 1

RPFEE: PSSR

WEEVOCSH) T 22 HUAL 51

2241

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

WU, T, B, &5 MUERRORHRIES il VOCSHERU R A ST 5 HEK
FEAESMT[I]. FRBE T R4, 2021, 15(3): 1049-1059.

DU Z, MO J, ZHANG Y. Risk assessment of population inhalation
exposure to volatile organic compounds and carbonyls in urban
China[J]. Environment International, 2014, 73: 33-45.

DU Z, MO J, ZHANG Y, et al. Benzene, toluene and xylenes in newly
renovated homes and associated health risk in Guangzhou, China[J].
Building and Environment, 2014, 72: 75-81.

TSAIW Y, CHAN L Y, BLAKE D R, et al. Vehicular fuel composition
and atmospheric emissions in South China: Hong Kong, Macau,
Guangzhou, and Zhuhai[J]. Atmospheric Chemistry and Physics
Discussions, 2006, 6(3): 3687-3707.

MONOD A, SIVE B C, AVINO P, et al. Monoaromatic compounds in
ambient air of various cities: a focus on correlations between the xylenes
and ethylbenzene[J]. Atmospheric Environment, 2001, 35(1): 135-149.
LESON G, WINER A M. Biofiltration: An innovative air pollution
control technology for VOC emissions[J]. Journal of the Air & Waste
Management Association, 1991, 41(8): 1045-1054.

DUMANOGLU Y, KARA M, ALTIOK H, et al. Spatial and seasonal
variation and source apportionment of volatile organic compounds
(VOCs) in a heavily industrialized region[J]. Atmospheric Environment,
2014, 98: 168-178.

KHAN F I, GHOSHAL A K. Removal of volatile organic compounds
from polluted air[J]. Journal of Loss Prevention in the Process
Industries, 2000, 13(6): 527-545.

PARMAR G R, RAO N N. Emerging control technologies for volatile
organic compounds[J]. Critical Reviews in Environmental Science and
Technology, 2008, 39(1): 41-78.

FRFFPE, NIEFI, BREE, 45 ONHE AR e 15 AR Ak 288 B R A0 2 AT Ml
VOCs[J]. 755 TR, 2022, 16(2): 524-534.

ZHOU Q, ZHANG L, CHEN J, et al. Enhanced stable long-term
operation of biotrickling filters treating VOCs by low-dose ozonation
and its affecting mechanism on biofilm[J]. Chemosphere, 2016, 162:
139-147.

MOHAMED E F, AWAD G, ANDRIANTSIFERANA C, et al.
Biofiltration technology for the removal of toluene from polluted air
using Streptomyces griseus[J].
131(9/10/11/12): 1197-1207.
GARCIA-PEREZ T, AIZPURU A, ARRIAGA S. By-passing

Environmental Technology, 2015,

acidification limitations during the biofiltration of high formaldehyde
loads via the application of ozone pulses[J]. Journal of Hazardous
Materials, 2013, 262: 732-740.

CHOI B S, YI J. Simulation and optimization on the regenerative
thermal oxidation of volatile organic compounds[J]. Chemical
Engineering Journal, 2000, 76(2): 103-114.

ORDONEZ S, BELLO L, SASTRE H, et al. Kinetics of the deep
oxidation of benzene, toluene, n-hexane and their binary mixtures over a
platinum on y-alumina catalyst[J]. Applied Catalysis B:Environmental,
2002, 38(2): 139-149.

JEON E C, KIM K J, Kim J C, et al. Novel hybrid technology for VOC
control using an electron beam and catalyst[J]. Research on Chemical
Intermediates, 2008, 34(8/9): 863-870.

LI J, LI B, SUI G, et al. Removal of volatile organic compounds from

air using supported ionic liquid membrane containing ultraviolet-visible

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

light-driven Nd-TiO, nanoparticles[J]. Journal of Molecular Structure,
2021, 1231: 130023.

CHOUDHARY T V, BANERJEE S, CHOUDHARY V R. Catalysts for
combustion of methane and lower alkanes[J]. Applied Catalysis A
General, 2002, 234(1/2): 1-23.

FUTAMURA S, ZHANG A H, YAMAMOTO T. The dependence of
nonthermal plasma behavior of VOCs on their chemical structures[J].
Journal of Electrostatics, 1997, 42(1/2): 51-62.

ZHOU A, LIU J L, ZHU B, et al. Plasma catalytic removal of VOCs
using cycled storage-discharge (CSD) mode: An assessment
methodology based on toluene for reaction kinetics and intermediates[J].
Chemical Engineering Journal, 2022, 433: 134338.

DAS D, GAUR V, VERMA N. Removal of volatile organic compound
by activated carbon fiber[J]. Carbon, 2004, 42(14): 2949-2962.

LEE D G, KIM J H, LEE C H. Adsorption and thermal regeneration of
acetone and toluene vapors in dealuminated Y-zeolite bed[J]. Separation
and Purification Technology, 2011, 77(3): 312-324.

SERRANO D P, CALLEJA G, BOTAS J A, et al. Adsorption and
and SBA-15

Industrial &

hydrophobic properties of mesostructured MCM-41
materials for volatile organic compound removal[J].
Engineering Chemistry Research, 2004, 43(22): 7010-7018.

LIU L, TIAN S, NING P. Phase behavior of tweens/toluene/water
microemulsion systems for the solubilization absorption of toluene[J].
Journal of Solution Chemistry, 2010, 39(4): 457-472.

LAWSON R B, ADAMS C D. Enhanced VOC absorption using the
ozone/hydrogen peroxide advanced oxidation process[J]. Journal of the
Air & Waste Management Association, 1999, 49(11): 1315-1323.
DAVIS R J, ZEISS R F. Cryogenic condensation: A cost-effective
technology for controlling VOC emissions[J]. 2002, 21(2): 111-115.
GUPTA V K, VERMA N. Removal of volatile organic compounds by
cryogenic  condensation Chemical
Engineering Science, 2002, 57(14): 2679-2696.

XU H, XU X, CHEN L, et al. A novel cryogenic condensation system

followed by adsorption[J].

based on heat-driven refrigerator without power input for volatile
organic compounds recovery[J]. Energy Conversion and Management,
2021, 238: 114157.

WANG S, LIANG Z, CHAO L, et al. Enhanced adsorption and
desorption of VOCs vapor on novel micro-mesoporous polymeric
adsorbents[J]. Journal of Colloid & Interface Science, 2014, 428(428):
185-190.

GHOSHAL A K, MANJARE S D. Selection of appropriate adsorption
technique for recovery of VOCs: an analysis[J]. Journal of Loss
Prevention in the Process Industries, 2002, 15(6): 413-421.

FE/NR, I, A, A5 WAL D VOCSI B FEHE R[], BRI 1
FR2AAR, 2021, 15(11): 3479-3492.

DAVINI P. Adsorption and desorption of SO, on active carbon: The
effect of surface basic groups[J]. Carbon, 1990, 28(4): 565-571.

WIS, AEWERS, U240, 45, I HEHXT VOCS Y BT BE IR [J]. A4k
4R, 2021, 35(17): 17111-17124.

BERCIC G, PINTAR A, LEVEC J. Desorption of phenol from activated
carbon by hot water regeneration. Desorption Isotherms[J]. Industrial &
Engineering Chemistry Research, 1996, 35(12): 4619-4625.

R, 25 MO8, fTIF, 45, ROEHITHK B VOCS U WL vk 4 15
A ARTF K [7]. BT TRE“F#41, 2016, 10(1): 283-288.


http://dx.doi.org/10.12030/j.cjee.202008022
http://dx.doi.org/10.1016/j.envint.2014.06.014
http://dx.doi.org/10.1016/j.buildenv.2013.10.013
http://dx.doi.org/10.1016/S1352-2310(00)00274-0
http://dx.doi.org/10.1016/j.atmosenv.2014.08.048
http://dx.doi.org/10.1016/S0950-4230(00)00007-3
http://dx.doi.org/10.1016/S0950-4230(00)00007-3
http://dx.doi.org/10.1080/10643380701413658
http://dx.doi.org/10.1080/10643380701413658
http://dx.doi.org/10.12030/j.cjee.202012005
http://dx.doi.org/10.1016/j.chemosphere.2016.07.072
http://dx.doi.org/10.1016/j.jhazmat.2013.09.053
http://dx.doi.org/10.1016/j.jhazmat.2013.09.053
http://dx.doi.org/10.1016/S1385-8947(99)00118-7
http://dx.doi.org/10.1016/S1385-8947(99)00118-7
http://dx.doi.org/10.1016/S0926-3373(02)00036-X
http://dx.doi.org/10.1016/j.molstruc.2021.130023
http://dx.doi.org/10.1016/j.cej.2021.134338
http://dx.doi.org/10.1016/j.carbon.2004.07.008
http://dx.doi.org/10.1016/j.seppur.2010.12.022
http://dx.doi.org/10.1016/j.seppur.2010.12.022
http://dx.doi.org/10.1007/s10953-010-9519-8
http://dx.doi.org/10.1016/S0009-2509(02)00158-6
http://dx.doi.org/10.1016/S0009-2509(02)00158-6
http://dx.doi.org/10.1016/j.enconman.2021.114157
http://dx.doi.org/10.1016/S0950-4230(02)00042-6
http://dx.doi.org/10.1016/S0950-4230(02)00042-6
http://dx.doi.org/10.12030/j.cjee.202011052
http://dx.doi.org/10.12030/j.cjee.202011052
http://dx.doi.org/10.1016/0008-6223(90)90054-3
http://dx.doi.org/10.11896/cldb.21010141
http://dx.doi.org/10.11896/cldb.21010141
http://dx.doi.org/10.12030/j.cjee.20160146

2242 ok L B ¥ W EEAVE S

(38] Z=heig, Jo7%, XU, 4. 3% ko AN A 43 1 0 b 2 A R ki Y5 BiYA, 2008, 29(1): 57-59.

VOCSE MRHIPERE LLAR[T]. FREE T R4, 2017, 11(5): 2933-2939. [42]  Zs2%, Widy, i, 5. R T BEIR SRRk L (82 B AN BERRA T B
[39] &7, shRKAr, BUGH. # & VA YL TS Jeisihil ) RAs 1T 3% FHAkRE FE]. B2 ST, 2020, 36(1): 31-40.

LA [T]. PRBERIEE, 2020, 41(2): 638-646. [43] X L £5. VOCsHE 46 45 40 Bz W i 700 Ji8 0 SR AR AR BIF 55 [D]. 2 0% -
[40] s/, BOFSE, L0, 5. W BHVOCsT P ¢ BLas $4 A= K i [ TR, 2019.

FIR[I]. FREE T RE, 2022, 40(8): 62-68. [44]  WREH, WRad, 58 5405, 5. JT 1022 245 10 i 30 D DA AR
(41]  ZRMEDS, J677, HEUK. Tk 5 Ab B PP AR B 2 S B9 0], 388 [7]. RS RAA2E4R (I ARBFEAR), 2021, 49(1): 135-141.

(TAE 2 5. 37 0%)

Optimization and evaluation of process parameters of thermal desorption of
high concentration VOCs using activated carbon at variable temperature
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Abstract An experiment device was built to simulate the adsorption and desorption process of activated
carbon to treat VOCs, by taking toluence as the reprentative target pollutant of VOCs. Common evaluation
factors (toluene desorption rate, toluene concentration ratio, desorption energy consumption ratio) in the process
were selected to study the gas desorption of each bed under different desorption conditions (desorption
temperature, cross-section wind speed, height to diameter ratio). The results showed that the toluene desorption
rate increased with the increase of desorption temperature and cross-section wind speed. The concentration ratio
of toluene increased with the increase of desorption temperature and height to diameter ratio, and the decrease of
cross-section wind speed, which was the main control factor of concentration ratio. In the range of middle
temperature , the concentration ratio of toluene at low wind speed and height diameter ratio was smaller than
that at high wind speed and height-diameter ratio. In the range of high temperature, the concentration
ratio of toluene at low wind speed and high diameter ratio was higher than that at high wind speed and height-
diameter ratio only at the peak stage. At the same desorption rate, greater toluene concentration ratio would be
achieved under higher desorption temperature, lower cross-section wind speed, and higher height-diameter
ratio. The desorption energy consumption ratio decreased with the decrease of desorption temperature and cross-
section wind speed, and the increase of height-diameter ratio. The cross-section wind speed was the main control
factor of energy consumption ratio. The desorption energy consumption ratio at high temperature and low wind
speed was lower than that at medium temperature and high wind speed. When the desorption temperature was 80
°C and the apparent wind speed was 0.3 m's™', the lowest desorption energy consumption ratio was 1.170 6
kJ-g'. This study can provide reference for low-carbon improvement in the engineering application of variable
temperature desorption.

Keywords variable thermal desorption; high concentration VOCs; adsorption isotherm; process parameters
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