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Chemico-osmotic membrane behaviors of amended soil-bentonite vertical barrier
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Abstract: A systematic investigation is presented on chemico-osmotic membrane behaviors and diffusive properties of model
sand/hexametaphosphate (SHMP)-amended bentonite cutoff-wall backfill (SHMP-SB) for the containment of zinc-impacted
groundwater. A multi-stage chemico-osmotic test is conducted to determine the chemico-osmotic efficiency coefficients,
effective diffusion coefficients and retardation factors of the backfill using the zinc nitrate (Zn(NOs3)2) solution with varied
concentrations. The results indicate that the measured chemico-osmotic efficiency coefficients of SHMP-SB gradually decrease
and then tend to stabilize with the increasing Zn(NOs)2 concentration. A comparison with the previous studies shows that the
measured chemico-osmotic efficiency coefficient of SHMP-SB is about 2-3 times that of the parent soil-bentonite backfill in the
Zn(NOs)a solutions. The effective diffusion coefficient increases with the increasing source concentration of Zn(NOs):2 solution,
whereas the retardation factor of zinc decreases with the increasing Zn(NOs)2 concentration.
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Table 1 Summary of liquids used in study
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Fig. 1 Diagram of testing apparatus
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Fig. 2 Time-dependency of measured electrical conductivity and
cumulative effluent volume at flushing stage
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Fig. 3 Relationship between pH and time
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Fig. 5 Relationship between concentration and time
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and time
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Fig. 8 Relationship between effective diffusion coefficient/

retardation factor and source Zn(NOs)2 concentration

3 & ip

ARSCIE IS AR 2 W B B IE R, B
THTE Zn(NOs) IEWA/EH T, SHMP (% SB [l
BB BN Zn 9 BUREE, fHRIDLT 3 84



176 = =+ B ¥ Ok 2020 4F
wo FE224R, 2018(5): 815 - 821. (LIU Rui, DU Yan-jun, MEI

(DBEEWIUG Zn(NO3) ¥R 0.5 mM 34 5
50 mM, AFEMIEBER ZH 0.5 kPa 92 7.5 kPa.

(2)SHMP 514 SB [RHERMELE “ LB o
B BN REBEE VUG Zn(NOs), IR LY
BRI, AR G R (10 mMD 5, 1b
BE R RBCT R AR I IR T ROE
SHMP ik SB [RIIERI X 5 42 &8 Zn [M4L 33 B AR
BB R BER 2~3 %5, XTE 4R Zn HIH
HRe 1A BTt s .

(3) BEFE UG Zn(NO3) WA FE [)3G I, SHMP
e SBRHERHIA 2 SR EO O, 1 A R )
[ AN

SE -

[1] SHARMA H D, REDDY K R. Geoenvironmental engineering:
site remediation, waste containment and emerging waste
management technologies|[M]. New Yor: John Wiley & Sons,
2004.

2] BER, HIEZE, JEH KR, 5. iEL R EE GRS E
R LSRR [T]. A TR, 2015, 37(38 T 2): 210 -
216. (YANG Yu-ling, DU Yan-jun, FAN Ri-dong, et al
Advances in permeability for bentonite-based hydraulic
containment barriers[J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(S2): 210 - 216. (in Chinese))

[31 YANG Y L, REDDY K R, DU Y J, et al. Short-term hydraulic
conductivity and consolidation properties of soil-bentonite
backfills exposed to ccr-impacted groundwater[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2018,144:
04018025.

[4] SHACKELFORD C D. The ISSMGE Kerry Rowe Lecture:
The role of diffusion in environmental geotechnics[J].
Canadian Geotechnical Journal, 2014, 51(11): 1219 - 1242.

[5] SHACKELFORD C D, LEE J M. The destructive role of
diffusion on clay membrane behavior[J]. Clays and Clay
Minerals, 2003, 51(2): 186 - 196.

[6] HENNING J T, EVANS J C, SHACKELFORD C D.
Membrane behavior of two backfills from field-constructed
soil-bentonite cutoff walls[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2006, 132(10): 1243 - 1249.

(71 % %%, &%, P, 5. - £ R R R TR
5 B BEL# B <52 SR V5 e IS R RV IR AT FE (0], 19 R oK T

Dan-bing, et al. Laboratory study of soil-bentonite vertical
barrier on heavy metal migration retardation[J]. Journal of
Disaster Prevention and Mitigation Engineering, 2018(5):
815 - 821. (in Chinese))

[8] YEO S S, SHACKELFORD C D, EVANS J C. Membrane
behavior of model soil-bentonite backfills[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2005,
131(4): 418 - 429.

[9] ASTM DI1125-14. Standard Test Method for Electrical
Conductivity and Resistivity of Water[S]. 2014.

[10] ASTM E70-07. Method for pH of Aqueous Solutions with the
Glass Electrode[S]. 2015.

[11] MALUSIS M A, SHACKELFORD C D. Chemico-osmotic
efficiency of a geosynthetic clay liner[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2002,
128(2): 97 - 106.

[12] GROENEVELT P H, ELRICK D E. Coupling phenomena in
saturated homo-ionic montmorillonite: II theoretical[J]. Soil
Science Society of America Journal, 1976, 40(6): 820 - 823.

[13] BARBOUR S L, FREDLUND D G. Mechanisms of osmotic
flow and volume change in clay soils[J]. Canadian
Geotechnical Journal, 1989, 26(4): 551 - 562.

[14] SHACKELFORD C D. Membrane behavior in engineered
bentonite-based containment barriers: State of the art[J].
Coupled Phenomena in Environmental Geotechnics, 2013: 45
- 60.

[15] PhfEaR. SEGWIek BRI 1 5 BHR B b s 15 R 0
[D]. B9 & : % F K %, 2019. (SHEN Sheng-giang.
Containment Performances of Sand-Polymer Amended
Bentonite Vertical Barriers Exposed to Heavy Metal
Contaminants[D]. Nanjing: Southeast University, 2019. (in
Chinese))

[16] HEPFIR. - 4 2 1) BELRE A% B b BEL 5 e s 7%
B B 56 W L (D). B R AR OK %, 2017. (MEI
Dan-bing. Model Test Study of Limiting Migration of Heavy
Meal of Soil-Bentonite Vertical Cutoff Wall[D]. Nanjing:
Southeast University, 2017. (in Chinese))

[17] TANG Q. Factors Affecting Waste Leachate Generation and
Barrier Performance of Landfill Liners[D]. Kyoto: Kyoto

University, 2013.

(k. MR



