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Temperature Effect on Effective Diffusion Coefficients
of Zn and Cd through Column Diffusion Tests

= AL

Dho, Nam-Young - Lee, Seung-Rae

Abstract

In this study, column diffusion tests for Cd and Zn were conducted at 15C and 55C to investigate a
temperature effect on effective diffusion coefficient. An increase in temperature from 15°C to 55C caused up to ten
times larger diffusion coefficient for each heavy metal. Besides, it caused the increased retardation of heavy metals,
and hence the effective diffusion coefficient should be overestimated as we use an overestimated retardation factor
to calibrate the coefficient. The results of sequential extraction analyses showed that Zn was occluded in carbonate
phase and this trend was getting prominent with the increase in temperature. As for Cd, it was partitioned mainly
in the exchangeable phase(over 60%) at any temperature.

Keywords : Zinc, Cadmium, Effective diffusion coefficient, Sequential Extraction analysis, Temperature effect
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Table 1. Physical and chemical properties

of clay used in this study

#200 passing % 99.8%
specific gravity 2.68
Liquid limit 54
Plastic limit 26
Plastic index 28
permeability(cm/s) 2.1x107 ~4.8x10”
Unified Soil Classification System CH
Soil pH (at soil:water 1: 5) 8.5
Cation Exchange Capacity 187
(CEC, meq 100g™) '
Organic carbon content 08
(wt. %) '
FeOOH (wt. %) 01
MnO, (wt. %) <0.01
CaCOs (wt. %) 0.95
Soil buffer capaci
pactty 62.5

mmolH ke 'pH!
& P

Quartz: 52.2%; Albite: 18.6%
Mlite: 17.9%; Chlorite: 6.1%
Kaolin: 2.2%; Microcline: 1.8%
Tremolite: 1.3%

Mineral composition

A7 pHE ASTM D4972-95a, HlF, HadeH,
#2004 BE A¥ge 4zt ASTM  D854-92,
D4318-95a, 2183l D1140-92W o2 S35k
FATE dEAEe B8l 9 dEAFERYH Ol%"é
sl Akl o8l ezl gtk Fo| 9Es
(Rowell, 1994; Yong, 1990), &ollx2] grated otaF
% (Rowell, 1994). #A¥s}=(Chesteret Hughes,
1967), ¥7HHeE st 2% (Chao, 1972) ¢ tigh A&
WS 25 s U:F‘ w5 SA5A Hs #st &
€} 0](2001) ¥=zell AHAI8] Awatlet. 18a f7leka
G} ol 2wdhs(cation exchange capacity, CEC)
< 7247y Walkely Black®™ 2 Ammonium acetate‘j4 °
2 5193 BE2/d (mineralogical composition)-
2004 BHAEE 20=3~65" %1 X-ray dlffractlon
A= B S =AU

va JE tlo —{m

Murray $(1996)¢ 25 Zo] A akA <} /\Hx]
7} 2 %] A-line ool 91X AS AE) 24
o7 & FFAFE 2] vl A AEAEs 5 Hﬂ
gretet. webA A-line $loll $1X18F A3 (suitable) %
#4223 (marginal) 9ol &3jok g}l £ ALo)A] /\}
49 53X HE % Fig. 1914 & 4 9l nle} 7o)
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Fig. 1. Plasticity chart showing index property
of Mokpo natural clay

T3 2 ATl AE ARARE Vs 8
(EPA) oA 1989l AA & mi3i#] HE 2pafe] =3
< Uohe ZloR UETHTable 2).

Table 2. EPA requirements for landfill liner materials

Contents Guideline

Hydraulic conductivity < 1x107 cm/s

Fine silt and clay sized particles >20 %
Plasticity Index 10~30" %
Gravel size particles <10 %
Contain % of soil particles or

chunks of rock larger than 0

1~2 inches in diameter

U PI7} 30~40013Y 7§ HES] 41
A izl @4 Algelofd.

23 (sticky) A
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Fig. 2. Schematic drawing of diffusion cell

Fig. 3. Schematic drawing of modified load frame

used to section soil samples
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Zholw ‘%ﬂ(welghted residual method)= 2831911,

ARS8l FRREEAN(backward  difference
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MYAQ] IAE ZH= Langmuir S2=4ey Freundlich
735 21 (Do gk si& Fat71 <Ak
W o] A gxlofof gt whebA A

7 i% ]:H&H 75”/\]—5] Z¥ 24
o] gt tha RHE At Al E A= A4
b'}H‘:’“ﬂé(dlrect iteration method %+ Picard
method) & ©]-83ItHReddy, 1993). ©] A% A &
HHEI ol A AL el ot 1 ok Al A 8] xfo]
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Ngel B2)49l 54 vhehd Aol
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Table 3. Final soil properties used for effective
diffusion coefficient analyses

Tem Water Porosit Degree of  Bulk

% P+ content saturation densitg/

(%) Y (%) (g/cm)
7n 15 27.5 043 94.7 1.50
column 55 255 0.43 89.8 1.52
cd 15 27.4 0.44 94.6 1.50
column 55 26.2 0.43 92.0 1.52
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Fig. 4. Water content versus dry density for Mokpo clay
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Fig. 7. Water content distributions before and after
diffusion test at 55C
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Fig. 11. Concentration versus depth profiles for
determination of effective diffusion coefficient for Cd
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Table 4. Summary of effective diffusion coefficient and retardation factor

Diffusion coefficient

Chemical soil(s) System of Method of obtaining Temp. oo ence
species measurement retardation factor Form Value(s) (¢
cam’/s
Kaolinite SRDC  Batch test, R=3.15 Dyt? 35~10x10° 23 Shackelford(1988)
Clay soils SRDC Batch test, R=22.8 DOT 1.5~25x107 23 Shackelford(1988)
Clay soils SRDC Column test, R=39.45 DOT 4.05x107 ~1.15x10° 55 This study
Clay soils SRDC Column test, R=18.51 Dyt 115x107 ~4.63x107 15 This study
Batch test,

non-linear sorption

Clay soils SRDC 1sotherm, K01 L/mg Dyt 115x10° ~4.3x10° 55 This study
Q'=4721 mg/kg
Batch test,
Clay soils SRDC rﬁ(:z_lbn&aé i(}rf}:fmn isotherm, Dyt 5.9x10°~8.6x10° 15 This study
Q=3901 mg/kg
, Kaolinite SRDC Batch test, R=2.04 Dyt 3.2~7.6x10° 23 Shackelford(1988)
Z +
& Clay soils SRDC Batch test, R=10.8 Dyt 3.0~10x10° 23 Shackelford(1988)
Clay soils SRDC Column test, R=15.35 Dyt 347x107 ~1.15x10¢ 55 This study
Clay soils SRDC Column test, R=15.61 Dyt 1.15x107 ~5.78x107 15 This study
Batch test,
-li tion isotherm, .
Clay soils SRDC ;ji_gngg i(;rrlflé’o 1 Isothermm, Dyt 235x10°~5.82x10° 55 This study
Q"=5099 mg/kg
Batch test,
-li tion isotherm, .
Clay soils SRDC rlzzzglg;; sL(;rIi; 11 1sothertm, Dyt 925x10%~115x10° 15 This study
Q™=4182 mg/kg
Wgaézlielre CCC Column test, R=8.44 D(=a %*3 8.0x10° room Jang et al. (1997)

! SRDC=single reservoir with decreasing source concentration, CCC=column with constant source concentration
2 DOT =effective diffusion coefficient, D0=free solution diffusion coefficient, T=tortuosity factor
 D=dispersion coefficient
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Table 5. Mass balance error

Temp. Percent difference in mass
C Zn Cd
15 12.7 25.7
55 36.0 55.8

" Percent difference = (MR-MS)/MR x100%, where MR = mass

diffused from reservoir, and MS = mass in soil at end of test
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