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The Simulation of Mass Transfer Processes of Multi-Component Systems by
Maxwell-Stefan Model
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Abstract To quantitatively study the interaction between each species of multi-component system
during mass transfer in porous media, the Maxwell-Stefan model is used to simulate the pure
diffusion process of CHy/Ar/Haomixture gas in a single straight channel and the absorption process
of CoHg/C3Hg/N, mixture gas in the active carbon. The interaction between each species is
described and analyzed quantitatively. The results show that: for diffusion process, the interaction
among species is caused by dragging effect of heavy species on light one; for absorption process, the
interaction arises from the displacement of weak adsorbate by strong one; and the mass transfer
process is dominated by bulk diffusion.
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Table 2 Structure parameters of activated carbon

31 %18

e F AR AR

0% < /om 0.22
KALFLERH 0.31
TR 4.7
KAEE/um 0.8

FIRHHEER/ m2g! 1200

FKHER (7) MK (8) ME R LR R,
A No. CoHg #1 CaHg MRS Ps 4354 0.10
MPa, 0.00 MPa 1 0.00 MPa; ¥ & P, 4354 0.08
MPa. 0.01 MPa 1 0.01 MPa

A 5 W/RT CoHe A1 C3Hg 7F 283 K THIHRERS>
R R AR L. B, BRSO (9]
MR, MEABER. TUEY, BHER
MELRERSHERL. EREFNEMZERYBR
CoHe SHBMIEEER LMRHEHRH L2 AR
W F4TH. CoHe TERMIM AR 2RI B B A1 v
WL, XZHT CoHg #MT C3Hs H55RHTHEEE
WHEBKERETHRE, T CoHe SERE S
ABITEERF TS K ERMAL. 124 CsHs FHXT
BB N\ FIEER RS, BT C3Hs 8 CoHe AR
WM, EmMSBHREs R BB CoHe, A
MSE CoHe TER S BRI R,



684 T B # ¥ ®E ¥ #

33 %

0.0 . . . . .
0 500 1000 1500 2000 2500 3000
t/'s
Bl 5 CoHe fll C3Hg 7E 283 K T RS 7 BLHERT 18] Y AL 1L
Fig. 5 Fractional uptake of CoH and CsHgvs. time at 283 K
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carbon particle at 283K
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Fig. 7 Change of mole flux caused by three different ways vs.

time at the inlet of particle

UA R BEAEBENERT X, HEERERY
BB TS LER/DN TXTF CsHs, REYT #HSET
R BO G LEAY . B TRRME CHs #9%
R, CoHe RYFLARFREE/RY BUBE B KLI7E 500 s LR
FRIEE (AP A 8, T CoHe B
WA BT E K (W 5 FTR).
34 W
K H Maxwell-Stefan &4 Bl XF CHy/Ar/Hs
REABERNEAEANAETBGERE, MEK
CoHe/C3Hg /Ny BE MIEE R L8R MY B
AT THAIBT R, EERLUTHR:
1)Maxwell-Stefan L% GE M5 L 45 HE B AR L 1
ZHT REW LB
)RR Z A B B EE Y B E
fEf. XTI audR, REEARIN AR 2
WA E AT, X TIRME R, XFE A RS9 R
R A 25 X 8 IR 2 B R 70 2 T ¥ 355 I B I 5
3) ZHY RGN TRFHETE 2 A F T AL £
. EZHN RAETEES, FRAED ZEH
3CH AR AT BB AR ] AR BB
4) AR By EE M F R,
& % X K
[1] Duncan J B, Toor H L. An Experimental Study of Three-
Component Gas Diffusion [J]. AIChE Journal, 1962, 8(1):
38-41
[2] Krishna R, Wesselingh J A. The Maxwell-Stefan Approach
to Mass Transfer [J]. Chemical Engineering Science, 1997,
52(6): 861-911
[3] Krishna R. A unified Approach to the Modelling of Intra-
particle Diffusion in Adsorption Processes [J]. Gas Sepa-
ration & Purification, 1993, 7(2): 91-104
[4] Do H D, Do D D. Maxwell-Stefan Analysis of Multicompo-
nent Transient Diffusion in a Capillary and Adsorption of
Hydrocarbons in Activated Carbon Particle [J]. Chemical
Engineering Science, 1998, 53(6): 1239-1252
[5] Bird R B, Stewart W E, Lightfoot E N. Transport Phe-
nomena [M]. 2ed. New York: Wiley, 2002
[6] Poling B E, Prausnitz J M. John Paul O C, et al. The
Properties of Gases and Liquids [M]. New York: USA,
McGraw-Hill, 2001
(7] M. BMEfERE M) % 2 IR P9%: WRERZEY
RiAL, 2001
TAO Wenquan, Numerical Heat Transfer [M]. 2ed. Xi’an:
Xi’an Jiaotong University Press, 2001
[8] Do D D. Dynamics of Adsorption in Heterogeneous Solids
[J]. Studies in Surface Science and Catalysis, 1997, 104:
T77-835
[9] Hu X, Rao G N, and Do D D. Multicomponent Sorption
Kinetics of Ethane and Propane in Activated Carbon: Si-
multaneous Adsorption [J]. Gas Separation & Purifica-
tion, 1993, 7(1): 39-45



