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Abstract

In the thermal regeneration of spent activated carbon, thermal desorption of adsorbent is the key
process. The conventional model, due to its inability to account for residual adsorbent, generates
imprecise simulation outcomes. This paper presents an improved heat and mass transfer model
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for multi-phase porous media, which provides an accurate depiction of thermal desorption dy-
namics of diverse adsorbents in waste activated carbon, including the residual ones. This ad-
vancement notably elevates the precision and reliability of predictions compared to the tradition-
al model. A comparative analysis of computational simulation results with experimental findings
served to authenticate the model’s practical applicability. With the aid of these simulations and
theoretical scrutiny, under stable heating conditions, a distinct behavior was identified in both the
temperature rise and the liquid phase content of the waste activated carbon samples, which fol-
lowed a “fast-slow-fast” and “slow-fast-slow” trajectory respectively. The analysis revealed that fluid
movement within the thermally regenerated samples primarily involved vapor flow, augmented
by liquid flow. Vapor flow was majorly constituted by viscous flow (about 90%), whereas the pri-
mary driver for liquid flow was found to be Darcy friction. The model can help avoid excessive
heating times to ensure complete thermal desorption of the adsorbent.
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Figure 1. Schematic diagram of the waste activated carbon sample (a) 3D
geometry of the sample and (b) simplified 2D axisymmetric model domain
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Figure 2. Multi-phase porous media model of waste activated carbon
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Table 1. Input parameters used in the simulation
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Y =) HE LA
EE
7K o, 998.2 kg/m’
ES £, 879.3 kg/m’
P i Pa 789.9 kg/m®
R AR TE IR £ 370 kg/m’
TR Pair 1.205 kg/m’
LA kg/m’
K Cow 42x10° J/(kg'K)
P C,, 1.05 x 10° J/(kg'K)
[ Cha 1.28 x 10° J/(kg'K)
KES C,.. 2.03 x 103 J/(kg'K)
KIS C,. 1.38 x 10 Ji(kg'K)
WIS C, 1.45 x 10° Ji(kgK)
SRR
7K A, 0.59 W/(m'K)
ES 2, 0.14 W/(m'K)
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2 A, 0.17 W/(mK)
KSR A 0.026 W/(mK)
RAIR Aoy 0.015 W/(m'K)
PR 2595 A 0.0096 W/(m'K)
7K B 2.26 x 10° J/kg
P P 3.94 x 10° kg
2 Pipa 524 x10° kg
BE/R B
K M, 18 g/mol
FS M, 78 g/mol
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BISHEEE T, 293.15 K
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BRARAR L0 S, 0.05
HmER D, 0.04 m
K E L, 0.017 m
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Figure 3. Multi-physical field coupling diagram of thermal regeneration of waste activated carbon

E 3. BIREHRABENSYEGES ~EE

PR RS A BR T B WSS E AT B I A B . AEASHIETT T, 258 7 N IS 37 S AT R
MSLIGAE, WA 2 foR. XT=MEICER, MEQ AT LLEM T A1 A X5

434 (35)

MEQ=—N>4
eV

Horp A IR, b by M A RZAERILK. 2 MEQ>03 1, BB NFE. % EEIRIUNERE
R SRS /N(0.14%), 1R 5 DRk TSN R]
o M 7 20 LR ZE 04T G i H 40 A AR A R RN S B0 B 2 ) i — 8ok, iR 22080 L R &l it
o 100 [S. =5,
E(A)—TZS— (36)

ex

Hrp S, NS, 70 Z R SCIR AMBA FIRUE, o A2 A

DOI: 10.12677/mos.2023.124371 4072 e RSE TR


https://doi.org/10.12677/mos.2023.124371

MR

Table 2. Independent mesh verification of the geometric model
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\Y% AL 5382 0.912 0.55
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Figure 4. Schematic diagram of the experimental system for
thermal desorption of waste activated carbon adsorbent (main
structure of the system: 1—temperature controller, 2—switch,
3—shelf, 4—sprayed activated carbon sample)
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Figure 5. Experimental data for the validation of the model with mixed
sorbents at an external temperature of 393.15 K (X,,:X,:.X, = 1:2:2)
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Figure 6. Comparison of thermal desorption curves between the optimized and conventional
models
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Figure 7. Liquid phase distribution inside the sample at different times when the external
temperature is 393.15 K (X,,:X;,: X, = 1:2:2)
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Figure 8. Liquid phase distribution at different times at 393.15 K external temperature
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Figure 9. Evolution of the axial flow velocity distribution of the liquid inside the sample at
different times (external temperature of 393.15 K)
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Figure 10. Axial flow velocity of liquid driven by different forces: (a) Darcy friction force (b) capillary force (external
temperature of 393.15 K)
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Figure 11. Axial vapor flow rate driven by different forces and total vapor
flow rate in the sample
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