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Suitability of Methylene Blue Method for Measuring Cation Exchange Capacity of Clayey Soils
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Abstract: Cation exchange capacity (CEC) is an essential physicochemical index of clayey soil, which can characterize the
physicomechanical properties of clayey soil, and methylene blue method can quickly determine the CEC of clayey soil. Therefore,
methylene blue method (MB method), ammonium chloride ammonia water exchange method (ammonia method), and barium
chloride buffer method (barium method) were used to measure the CEC of several typical clayey soils, to explore the applicability of
MB method. The results show that the ammonia method and barium method are consistent, but MB method is different from
ammonia method and barium method; The test result is low when the CEC is low, and the test result is high when the CEC is high.
The adsorption behavior of methylene blue to clayey soil was analyzed by X ray diffraction test, which was found that methylene
blue molecules were adsorbed on the surface when the CEC was lower (less than 40mmol/100g); When the CEC was higher (greater
than 40 mmol/100 g), a large number of methylene blue molecules were absorbed between layers. Combined with the results of X ray
diffraction, the results of the MB method are modified by the change of basal spacing (dy;). The results of the MB method are
modified by empirical relation at low CEC and modified by dy; at high CEC, and good results are obtained.
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Table 1 Basic physical properties of soils

Sample Relative density G Liquid limit w,/% Plastic limit w1/% Plasticity index 7, Specific surface area S/(m2~g’l)
Kaolin 2.60 40.30 25.80 14.50 24.19
Red clay 2.73 54.40 29.50 24.90 34.42
Illite clay 2.65 40.95 19.50 21.45 83.19
Ningming expansive clay 2.74 71.45 28.65 42.80 197.20
Ningming bentonite 2.85 218.00 58.00 160.00 463.50
GMZ bentonite 2.54 140.95 54.77 86.18 387.10
Wyoming bentonite 2.70 310.30 28.80 281.50 682.30
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Table 2 Chemical components of the bentonites
Analysis project quality score w%

Sample - -

A]203 CaO F6203 Kzo MgO MnO NaZO P205 SIOZ TIOZ
#5 (Ningming bentonite) 15.04 1.52 6.55 1.45 2.39 0.15 1.85 0.42 53.53 0.46
6 (GMZ bentonite) 18.04 3.14 3.71 0.59 1.91 0.03 0.42 0.04 54.92 0.16
#7 (Wyoming bentonite) 18.01 1.46 3.90 0.58 2.21 0.03 1.96 0.06 55.11 0.15

w is mass fraction.
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Table 3 Test results of three methods

Cation exchange capacity (CEC) per 100 g/mmol

Sample type dyo1 expansion factor MB method (after fixing)/mmol
Ammonia method Barium method ~ MB method
1 Kaolin 6.15 7.35 3.09 7.68
"2 Red clay 11.85 13.48 7.26 11.98
#3 Illite clay 14.85 17.61 10.63 15.45
"4 Ningming expansive clay 24.75 23.10 19.38 24.46
#5 Ningming bentonite 50.25 48.09 72.66 1.51 48.12
*6 GMZ bentonite 64.80 63.28 61.09 1.00 61.09
*7 Wyoming bentonite 69.30 65.86 90.63 1.43 63.38
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Table 4 Mineral compositions analysis of four clayey soils

Mineral composition and content/%

Mixed-layer ratio/%

Other mineral composition and content/%

Samples

/S Smectite  Illite  Kaolinite /S Quartz  Goethite  Gibbsite  Plagioclase  Dolomite
#1 Kaolin 90.30 9.70
#2 Red clay 57.68 13.54 16.28 12.64
"3 Ilite clay 4.56 5.5 2.68 33.91 45.15 8.20
"4 Ningming expansive clay ~ 54.12 8 15 60 22.88

1/S is Tllite/Smectite formation.

2.3 MB 7 FIRRIHL IR

R LT Wd, SRARSEREZN
0.72 nm, FFRIA )R ZEREEZ N 1 nm, 115 041
i EEEE A 0.96~2.10 nm. MB 43§ & —Fa L7
T, AR POE R — AN, HRSEA 1,700 nmx
0.760 nmx0.325 nm*!. 5T & J2 18] B 4% /I 10 e 04 A
FPFIAH, MB 21 R BB ER ¥R 1H, (HXT
F fn T Z BE W] DAY SK 0 S A R, MB 4 T AR

T 2 PR AR, 55 1 M A B, 7
WERHES ¥ 50 )2 8] n] A8 4 BH 55 1 R A AN n]
B, WKZER SRR, 5B 2 Mo R
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