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Sorption Equilibria and Transport of Gaseous Chlorinated
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ABSTRACT

Emission of hazardous and volatile organic chemicals from solid waste landfill site
was become to important issue because of environmental pollution and health risk by
such chemicals. Laboratory batch and continuous experiments were conducted respect-
ively to elucidate isothemal sorption behaviors and transport phenomena (by gas through
unsaturated solid waste layer) in wet solid waste-gas system. Source seperated and size
reduced refuse(bulky waste) and incinerated ash were used after controlling water
content, and trichloroethylene(TCE) was chosen among many such chemicals because
of it’s generality among those man-created pollutants. Isothermal TCE sorption equilibria
wet solid waste-gas system can be described in linear equation and partition coefficient
in this system can be estimated approximately by the simple equation derived from
schematic structure of the system.

Transport equation modified by instantaneous equilibrium sorption fraction and
kinetic sorption rate(overall mass tansfer capacity coefficient) simulated well the column
experimont results.
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Table 1. Experimental Conditions
11311;?1 Sorbent® L(cm) v(cm/h) =] rsulg/cm®) CE”("gI‘/(iI%) w(%, wet)
1 S.R.R.® 14.3 76.8 0.318 1.63 24,7 29.8
2 S.R.R.® 14.1 63.3 0. 390 1.79 32.7 19.7
3 Ash A 14.3 63.8 0. 381 2.14 33.0 14.6
4 Ash A 14.3 13.1 0. 329 2.16 32.0 13.8
5 Sand® 28.1 80.7 0. 40 2.65 36.6 0. 06

a) All packed sorbents except sand were fractions passed through 4, Omm-sieve
b) Sand(effective diameter: 0. 7mm) was taken from sand filter of water treatment dlant.

¢) Ignition Loss-21.7%
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Table 2. Comparisons of Ky’ between observed and calculated and relationships between ¢ and water

soluble matter of sorbents

K Ky'(m)/g-wet) ad Water Soluble Matter
Sorbent® [ml/Fg] w( %] " Cal 0 P = DOC
Obs, al, Cal. V. Emg/g] [mg/g]
L.F. Ash 35.0 1.8 188.0 — (1. 79
11.2 164.5 —_ (1.63) !
0. 14 R
19.2 81.2 86.2 0.94 ‘ % 4 3.8
21.6 84.7 83.7 1.01 ~
S.R.R. 1.0 0.1 27.9 — (0.83)
1.2 20.6 21.5 0. 62 L
1.9 18.6 19.1 0.63 0. 65 41.1 73.8
20.0 19.3 17.4 0.72 {
21.8 16.3 17.0 0.62
Ash A 17.0 0.1 27.7 27.1 (0.54) 1
11.7 25.2 23.9 0.55
X 151
18.8 20.8 22.0 0.49 J 0.52 318 0
21.2 21.4 21. 4 0.52
Ash B 1.4 0.6 29.0 - (0.84)
5.3 20.0 20.9 0.61
10.2 18.4 19.8 0.59 0. 64 432 93.5
17.1 19.8 18.3 0. 69
23.7 17.4 16.8 0. 66
a) All sorbents were fractions passed through 0.5mm-sieve.
b) average except the values in parentheses
L.F. Ash: Incinerator residues landfilled longer than several years
Ash A and B: residues from municipal solid waste incinerator A and B
S.R.R.: Source separated and size reduced waste (Ignition Loss=17%)

. not estimated

1.0 . . r
p sorbent w(?)

$ ARsR A 1.7

& O Ash 8 10.2

) A S.R.R. | 11.9

2 O L.F.ash [11.2 -
£0.5 -
£ o~
8 A ",
£ B
= 0 5 6 15 20

TCE in gas phase[ug/L]

Fig. 6. Linearity of sorption isotherm between gas
phase and wet sorbent(particle size; <{0.5
mm, 20°C)

BKE} SEAESS AAl gle], Table 2
of vrebdl FRHRE(K) L F& (w)o] 0o 7}

v

OY2

ovy*

A Y by Garbarini et al. ¥
1 1.0
{0.8 _
{0.6 °
{0.4 &
40.2

0

6

NaCl [mol/L])

Fig. 7. Fffect of NaCl electrolyte on correction

coefticients 7,72 and y¢ at 25°C (Ash A;
<0.5mm)



H2M

REETREREE

1993. 6

HhE BEE BASE, 4 6)9 ol F&9
7kt @A %7t AL AL HAF F+ 9
gith. Table 2¢] Kp'9} Kp 3 HI"E o] £3]o]
A (5)ell & T3 WIERE red = HFAE
o] &3t A A% Kp'9] F1EfEE Table 2] &
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S 2/ AgASe Garbarini'? B 23
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ough ¥ washout 43 A& Fig. 8, Ik&EH:
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Table 3. Observed and estimated Pe numbers and
observed Kp’ by column experiments

Pe
Run No.
observed estimated Kp’
gas-fluid 1 12 9.6 17.2
2 5 6.4 17. 2
3 4 6.7 24.4
4 1.2 1.3 —
5 6.5 15.7 0.9

Sz, ElkENE EdolM $FTAoeRE
T3 BRRERM /o) 4827 (Table 1)
9 L3} vzt g ol &3t T3 AFALH A9
dR etz gl A Aele A7 e RE ¢
T At TCEY Rzt dojvix] e AL
Z1A 8 zEo] KB vl 3] A o2 ue
A e el o8 FE 5 Ue Ao
FEA 3] wWEel Aes Algs

et HEQA ALr7b29] breakthrough 4
HAAE ol &3t Pelrs 3 #(2.3.2 @)
% Table 3o velviglz, 2 & o] &3t A
At #& Fig. 8o Aoz A&t A o
Ebieh. & ZYJ Y B4 S4rdE ¢35
317 simulationo} 7}5dlx BEEELE Hl 23
2 A¢ ¢ F Uk

BEEEAEC 33t BREH @it A 71
& whol @} Held wd B9t ok Dp=
0.2cmZ 33, v=0, 15cm%/s(Z7]), Dy=720
em?/h(F71% Np7bs, A F219) 25 3b5), Pep
<0.01°] 5o D= 4 (13)2 %°H +¢ 4+ A
o a=2%0g3 3w Pesrt vel wula st
Table 3] el k=t 7to] AAtse] ByAY
o S8 F& 3 AL AH e,

Bt f3E] AA Al AE7 Pele 2HAY
oA T AEFAE AHEHAEE, £ QFoA
g FH &3 Airt=%F TCEY 4 Fhlk
RE Dy= 9 360cm?/hg sod A AA 2 A7
2o o3 BEBEE = o 4 dJAE= Pe
=vL/D%t 4 (13)9] Al oA A&x¢ 2u)
£ AH83rdd

A AP o A4z 73 Kp' 32 Table
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Fig. 8. Observed and simulated Ny-gas breakthr-  Fig. 9. Observed and simulated TCE breakthrough
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Fig. 10. Plot of the change in TCE of liquid phase over time in short term batch experiment for

several wastes
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Fig. 11. Plot for evaluating ksas(Ash A)
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Fig. 12. Plot for evaluating ksas(S.R.R.)
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Table 4. Parameters for simulations and optimized f, 8(Ksas) and estimated kras

used parameters

optimized values

Run No. estimated kras
Pe 7 fl=1 A1 Ksasth™)

gas-fluid 1 24 59.7 0.32 0.0277 0.14 4,6~6.2

2 10 47.6 0.53 0. 0449 0.20 6.6~8.8

3 8 84.9 0.21 0. 0057 0.025 1.3~1.7

4 2.4 81.7 0.22 0.0176 0.016 0.8~1.1

5 13 3.5 1.0 - -

Table 5. Estimated ksas and used values for calculation
Sorbent ksas(h™1] =] Kp(mL/g} C.°lpg/L] VilmL] Ws(g-dry)
Ash A 0.25 0.01 11.6 118.0 1,110 48.0
Ash B 0.27 0.05 17.3 145. 3 1,110 47.0
L.F. ash 0.46 0.15 36. 4 154.1 1,110 9.0
P.E. film 1.65 0.00 88.2 236. 3 1,110 50
Sorbent ksas(h™)  f{—] KplmL/g]l Co*(pg/L) H(—] Vi(mL)] Velml) Wslg-dry)
S.R.R. 0.79 0.26 6.0 45.8 0. 337+ 30 14.3 2.9
+ 22,C

ARAEANAN T Ksasgh& 99 ksaszts
vl 23y s 28 7] (Run 1,2)= ¢ 1/4, &7
A (Run 3,4)& %1/100132, £ ZHAA
o] &% AL 2 (27, FF B)dAE =4
HEAo]Fo] 34 EAolFd & 9L F
A &E, F EEHBERG s 43 4 gk
webA] A A5 7 EA QA E Kk
BEpgell A o] Balko]l MERIRER S Atadr),
o 23 719 Ksasw F580] FLox E73)
Z aF4A e v & g e Ed 2R
< sh 24 7) 7 Riko] Hol v AGEEe] =
ALY JFKGoE FslY ki 49 5
At FAAH o2 ot AY, éato] Folz 7] =
o Aoz Ay, 2 g ad e gl
A @ggo] & A7 Fdo] FHAY, ¢
o] AA Ksas7t L& @& vehllE Aoz=
#E= o (Run 1, Run 2).

oldeo g BE 4 (1009 MIENHEBBAE
BB Ksas=kras/ (11 Kp) 2 TAMH 02 713
vebd 4 dlol, AP APA Y fitting A 4o
2 58 9¢ Keasitdt &9 HGR BBRER

(Kp3} 71, 11 3~48 1A E HE krasE T3}
o Table 40 A by gk

foll FAAE, 4o A8 9= 2o A
5 A9z e A F%0.2~0.59 #¢ vz
A2, AFIA WEste AL J=9, g9
Aolz Q13 e AubHql fhfgol U3
< 28 2x 4z, = BEREWES MTEE
o KEEe] Aislel A Kol wek Zelzn
Ao g ErHe], EeFdAE old A3 gF
£ F83 sA gtod, gor Eo =3
¥ A= Aotz Atas,

5. % W

THEMBEMIEIE R RHez £A8n
A ME Jkol 2tk HELBHES BEmE
Ww(EEE) 29 KERKE olasts] A4 32
4 o] &4 R738E8A 24 trichloroethylene
(TCE) %, MEW=2A 4247 (S.RR)S} =
A (ash) & o] §3ted, TCES] SMH-BRIIBEHE
WSl EI5R%0E & K5 (sorption  isotherm
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EE T AL ¢ F A

3) £ AFelA o] &3 KT Ommo] 3})d|
A e BREREY-REHER Aol MEEEGRE
= T 238 Ao HEHBRERST #E
=,
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e HHOABRE BRHRHRE o 5o
d7Hg e, old E#HE 2P

[(Nomenclature]

@y, @1, @3, a3 . zeroth, first, second, and,
third moment (-]
a, ; effective specific surface area [(cm?/g)
C : tracer concentration(TCE or N,)
(rg/L] (-]
C : dimensionless concentration (=C/C?) (-]
C° ; inlet concentration of tracer

(pg/L. mg/L]), [—]

C : Laplace transform of C (-]
D : axial dispersion coefficient (cm2/h)
D; ;: TCE diffusivity in solid phase [cm?/h]
Dy : particle diameter (cm]
Dy ; molecular mass diffusivity Cem?/h)

F(¢) : see Fig. 2
f ¢ fraction of instantaneous equilibrium
sorption (-]
g(t) : see Fig. 2
H : Henry's constant defined by Eq.(2) =
K, : distribution coefficient between water
and solid [(mL/g]

K’ : distribution coeflicient between gas

and wet solid (mL/g]
Ksas : overall mass transfer capacity
coeflicient (h—13

kr : mass transfer coefhicient in liquid
film (m/h]
ks : equivalent mass transfer coeflicient
(g/m?h)
(cm]

in solid
L : length of packed layer
m : defined in Eq. (16)
n . tortuosity (=]
b1, b : defined in Eq. (16)
S : TCE concentration in solid (pg/g)
§’ : TCE concentration in wet solid [pg/g-wet)
S : dimensionless S(=8/(KC?),

S/ (Kp'C%) [—J
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B2

s . Laplace transform operator

(dimensionless) (-]
¢ : time (h]
u, : superficial velocity (=ve) {em/h)
v : mean pore velocity (cm/h]
w : water content(wet basis) (-]
z : axial distance (em)
B : parameter for rate of sorption

(=Ksas(L/v)) -1
71, 72 + correction coefficients for Kp and

H (=]

°i=n/r -]
6r : water film thickness [—]
¢ : porosity(void fraction) (-]
7 : sorption ability(=(1—¢e)Kp p/e) (-3
o - viscosity [g/cmes)]
v : dynamic viscosity (=pg/p) [(cm?/s]
& : dimensionless length(=z/L) -]
p : true density [(g/cm?]
ow . density of water (g/cm?]
ps - density of solid [g/cm?®)
osw - apparent density of wetted solid [g/cm?]
z : dimensionless time(=t¢/(L/v)) (-]
¢ : fraction of water contributed to film

on solid surface (=]

Pe : Peclet number (=vL/D)

Pep : Peclet number (= Dpvy/Dy)
Pe’ : Peclet number (= Dpuy/D)
Rep : Reynolds number (= Dpu,/v)
Sc ¢ Schmidt number(=v/Dy)

[Subscript and symbol]
F : water film G : gas phase
S : solid phase

IN : inlet
’ ; apparent

L : liquid phase
SW : wet solid phase
OUT : outlet
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