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Physical Modei and Numerical Analysis of VOCs Emission from Building Materials within room
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Indoor air quality is greatly affected by the emission and sorption of VOCs (Volatile Organic Compounds) from
building materials. In this paper. the emission and sorption ( adsorption / desorption ) of such compounds and their
distribution in a room are analyzed by a computational fluid dynamics (CFD) technigue. The physical process of
emission and sorption from building materials are mathematically modeled. Contaminant distribution in a room is
calculated with the models. The adsorbent has little effect on room air concentration when the amount is little.
However, the enough absorbent in room makes lower concentration and good indoor air quality.
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: Molar friction (Ratio of partial pressure) of VOCs
[mol,y/mol I(=[Payoc/Pa,])

: Partial presssure of VOCs[Pa}
: Total pressure[Pa]
: Number of mole of VOCsfmof]
: Number of mole of mixed aiffmoi]
: Unit volume [m?Y
: Mixed air density[g,/m°]
.- Weight densitylgvoc/Gaid
: Concentration(VOC weight per unit volume){gyoe/m’)
- - Molecular volume of VOC s[gimol}

: Molecular volume of mixed aifg/mol]

Diffusion

Adsorption isotherm
C g vapor phase

L.,d sorbed phase

:'The vapor phase concentration in equilibrium with

the solid phase concentration C,, on the surface of
material [Payoc/Pa,}

*'The solid (adsorbed) phase concentration on the

surface of pores [mol,oc/mal,,]

Fig. 1 Detailed Structure within material
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Table 2. Physical models for VOC trzgulsfer
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o
/

ot x,  ax, dx,
D, : Maolecular diffusion coefficient of VOCs
in room air [m?/s]
¢ 'Turbulent Plandtl number(=+1.0)
v, Turbulence eddy viscosity

Through the pores (air phase)

(om0 [y 8| My ®
o ()A", o, P
On the surface of the pores (sorbed phase)
aCud (4)
Jo =adv
ot
adv=-—(ZS(C, -C . ) (5)
eq mim

adv ' Adsorption rate {per volume)[mol/m s}

it hdppenb only on the surface of pores.
k : Porosity in material [m*m?
D : Molecular diffusion coefficient of VOCs

in the pores of the material [m?/s)

0 ..,° Net density of the adsorbent [mol,m"}
a  Sorptive rate between pores and

surface [molyoc/m?s{molyoc/mol,,)]
S Surfdce area ofpores pe1 unit volume {m*m?]

C=1(C.) ©
4 S]nlple nam‘pﬂﬂatﬂ'ﬂn deEI "O!ZEI’DEd
aCN/m =i D(' ac"m‘m (7)
aax | < ox,
D(‘ = Dv(' /(k+p\ Muu /puu .a-f/aCm/m) (8)

D Effective diffusion coefficient of VOCs
in material {m?s]

ads =

It is expressed as the conversion law
at the surface of the material.

— D acu Ly - va I (9)
ox |, D, ax .

B:Airmaterial surface,
& - Material-side region, , . ' Air-gide region

Volume integration is performed for Egs.(2) and (3)
in each C.V.

In air
0=Daac 2 dS—M‘“Ladv-dV (10)
a-r B‘ p-’l”'
On adsorbent
aC
Pt a:d dV =adv-dV av

Then,

ac, | 9C, aC (12)
D =-M, = M, —al=—gd,
p u (p\ol at d.S pv;l a’ $

ads : Adsorption rate (per area)imol/m®] (negative of ads
corresponds to desorption rate)

5., - Plane density of the material(= » ,d V/AS) [mol,/m?]

C 'ml,; ‘Molar friction on the swrface of sorptive

ey

material{Pays/Pa,;l
1 Henry {sotherm
le = klx ' Ce k Cm, ml (13)

k, :Henry’s coefficient |-}
Adsorption rate : ads

oC
ads=p' Mk, ——4= v
ot
-~ Cad\k C Cadﬁ"/ (m mlB (15)
kG =iic | '
eq / mimlg..

Lk, Langmuir’s coefficient [1(Pa/Pa)}
C,.. * Concentration of saturated adsorption[Pa/Pa]
Adsorption rate : ads

ads = p' sof M wir C ady k[., a(:m.//nlp— (16)
(t+kConl,.y O
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an

rY(c,
Coa = Cluayexyy —k,, I[V_‘J]n(_aﬂj
M s

: PolanyiDR’s coefficient [-]

: Molar volume {cm*/mot]
: Absolute temperature[K]
C,,..: Concentration of saturated adsorption [Pa/Pa]}
C,,: : Ratio of saturated vapor pressure{Pa/Pa]
Adsorption rate : ads

200 Mk, TV ) sy
Corim (18)
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Fig. 2 Modeling of sorption on sorptive material

Cad[mol/moll
0.0

Henl
0.0 y ] | .
0.0 angmuir
0.0 — TTTTT T s
7
00 Potanyi DR
0.0 Yu 1987
T
0 5 X107 CoglPaPal 1

(a) C, vs. C,, in high concentration of C,

Cad[mollmol]
0.067]
0.057] Henry

0.047 Langmuir

0.03_: Polanyi DR_'/_— ___

gg: A D S

Yu 1987
0 r | t -6 7
0 0.5 x10 C__[PaPa) 1
' eq

(b) C, vs. C,, in low concentration of C,,
Fig.3 Representative adsorption isotherm and
experimental data

Table. 3 Parameters in adsorption isotherms
Adsorption Isotherm Parameters (25 C)
Henry Isotherm Lk [-]=1.25x10?
Langmuir lsotherm k. [1/(mol/mol)] = 4.79x10°
C,. [molmol}= 3.26x10?

PolanyiDR Isotherm C... [Pa/Pa}= 3.94x10”
k. [(cm®/mo}*K)] = 1.3 x10™
C.. [molimol}= 5.6 x10°
VvV, fem/mol] =106.0
Supply opeging Exhaust opening
>l [ T
iniet vetocityf L{0-06m) L
110U, ) ’é‘
(0. 1[rrvs]) VOCs adsorption wali S
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4 . \‘ Lto)
V4 (W) Thickness of the piate
© 0. 025L (1. Spm)

X (U) €——— 75 (4.5m) ——»
Fig. 4 Room model (2 dimension)
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Table.4 Conditions of numerical analysis

Number of grid points (2 D)

Air regions : 68(x) X 64(z)(=4.5m" X 3.0m")
Material region dominated by internal diffusion :
68(x) X 11(z)(=4.5m™ X 1.5%X10"m")
Width of the mesh adjacent to the surface : 0.6 X10%m
Region of adsorptive surface for side walls:
55(z)(=2.94m™) X 2

Reynolds number:  UL/v =4.2X10°

Molecular diffusion coefficient of VOCs in air
1 D=5.94%10" [m?/s}

Effective diffusion coefficent of VOCs in the SBR
:D=1.1x10" [m¥s]
Initial VOC concentration in the SBR
C,=1.92 X 10%g/m?]
(p. =5.26%10%Pa} C....=0.05[Pa/Pal

Inflow velocity : 0.1U, (=0.1[m/s)
airchange rate : 1.6[1/hi

Molecular weight:
M0=92.0 [g/mol}as toluene)
M, =288[g/mol] M., =12.0 [g/moll(as carbon)

Air Density © 0.,.= 1.20X10* [g/m?]

Atmospherie pressure : P = 1.01x10°[Pa]

Table. 5. Cases analvzed

Adsorption Isotherm | Case Number

SBR plate only Case 1

Henry Isotherm Case 2 (»=1X10%g/nfD
Langmuir Isotherm | Case 3-1(» L.=1X10%g/inf])
Case 3-2 ( 0 1,=1X 10 [g/mfD
Case 3-3 (p 1=1X10'Yg/mf])
Case 4 (0 2,=1X10"g/m?D

PolanyiDR Isotherm

=

Fig. 5 Stream line (Analytical result by CFD)
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