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TRANSPORT OF TRICHLOROETHYLENE IN SOLID WASTES LAYER
-BY GAS IN UNSATURATED LAYER AND BY WATER IN SATURATED LAYER-~

FE HE - HREF - g
Donghoon LEE® ,Nobutoshi TANAKA® ,Keiichi KOYAMA®

ABSTRACT;Laboratory batch and column experiments have been conducted to elucidate the sorption beha-
vior of volatile and nonionic organic compound in wet solid waste-gas system and to elucidate trans-
port phenomena of this chemical by gas in unsaturated layer and by water in saturated layer of solid
wastes, Source seperated and size reducted refuse(S.R.R.) and incinerator ashes were used as solid
wastes and trichloroethylene(TCE) as volatile and nonionic organic compound in this experiment., Iso-
thermal TCE sorption equilibria in wet solid waste-gas system can be described linearly in low con-
centration. Partition ccefficient(X,’) in this system can be estimated approximately by the simple
equation derived from schematic structure of wet solid waste-gas system. Transport model is proposed
by modification of equilibrium plus kinetic model to equilibrium plus interface resistance model.
Breakthrough and washout curves obtained experimentally were simulated well by this model.Mass tran-
sfer coefficients,such as,Ksag,k_ kg ,kr (¢ ), and effective specific surface area(ag)were considered
theoretically and experimentally.

KEYWORDS: transport of volatile organic compound,nonionic organic compound,solid wastes,

trichloroethylene,partition coefficient
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a) A1 packed sorbents except sand were fractions passed through 4.0mm-sieve
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Table 3 Experimental Conditions (water—fluid)

Run - Sorbent®' L €o(TCE) Co(C17)
m

v € OSJ
[em/h] (-] fg/em’]

No. fem] [ug/L] {mg/L]
6 S.R.R 9.4 1.06 0.575 2.22 149 87.1
7 S.R.R. 9.5 3.61 0.528 2.22 149 87.1
8 Ash A 9.5 7.36 0.543 2.65 154 m
9 Ash A 9.4 3,8  0.514 2.65 154 m

a) A1l packed sorbents were fractions passed through 4.0mm-sieve
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(Nomenclature)
ag ya; 487,33 :zeroth,first,second,and third moment -]
ag:effective specific surface area {em? /g) -

C:tracer concentration(TCE,Cl™ or Np) (ug/L,mg/L}, (=)

C :dimensionless concentration(=C/C?) (-]
C%:inlet concentration of tracer (&g/L,ng/L),(~)

C :Laplace transform of C (-]
D:axial dispersion coefficient (cm® /h)
Dg : TCE diffusivity in solid phase {cm? /h}
Dp:particle diameter (em)
Dy:molecular mass diffusivity (em® /h)
F(1):see Fig.2

f:fraction of instantaneous equilibrium sorption (=)

g(t):see Fig, 2
H:Henry's constant defined by Eq. (2) (-)

Kp:distribution coefficient between water and solid (mlL/g}

Kp' :distribution coefficient between gas and wet solid(mL/g}

Ksag :overall mass transfer capacity coefficient (h-1)
ke :mass transfer coefficient in liquid fila (m/h)
kg:equivalent mass transfer coefficient in solid (g/m2h)
L:length of packed layer (ca)
m:defined in Eq. (23)

n:tortuosity (-]

py »pp :defined in Eq. (22)

S:TCE concentration in solid (ugl/s)
S' :TCE concentration in wet solid ~ (rg/g-wet)
;:average S over the x-direction [ug/g)
S :dinensionless S(=S/(KpC®),8' / (K’ ) )
s:Laplace transform operator(dimensionless) (-}
t:time (h)
ug:superficial velocity(=ve) (cm/h)
vimean pore velocity (em/h)
w:water content(wet basis) (-]
x :length from surface of solid plate (cm)
z:axial distance (cm)
B :parameter for rate of sorption(=Kgag (L/v)) (-)
71, 72:correction coefficients for Ky and H -]
=74/, (-
5¢:water filn thickness )
8y :pseudo half-thickness of solid waste {cm)
e :porosity{void fraction) (-)
¢ :dimensionless length(=x/6y) =)
n :sorption ability(=(1-e)kpp/e) ’ )
A :rate of penetration into solid (= (v 4/D)(84/L)) [-)
uiviscosity (g/(en-s))
v :dynamic viscosity(= /o) {en?/s)
£ :dimensionless length(=z/L) (=)
p :true density {g/cn®)
py:density of water (g/cn®)
pg:density of solid (g/cn®)
pgy:apparent density of wetted solid (g/cm®)
7 :dimensionless time(=t/(L/v)) (-}

¢ :fraction of water contributed to film on solid surfacel-}
Pe:Peclet number(=vL/D)

Pep :Peclet number(=Dpug/Dy)

Pe’ :Peclet number{=Dpup /D)

Rep :Reynolds number(=Dpug/v)

Sc:Schmidt number(= v /D)

Sh:Sherwood aumber(=k Dp/Dy)

(Subscript and symbol)

F:water film G:gas phase L:liquid phase
S:solid phase
OUT:outlet

SW:wet solid phase IN:inlet

’ :apparent



