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RELIABILITY OF METHYLENE BLUE EXCHANGE
METHODS FOR ESTIMATION OF CATION-
EXCHANGE CAPACITY OF DIFFERENT
EGYPTIAN SOILS AND PURE CLAY MINERALS

Ghali, M.H.A and M.E. Abdel-Rahman*
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* Dept. of Soil Chemistry and Physics, Desert Research Center, El-
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This study was carried out to certify methylene blue (MB)
exchange method as a rapid one for determination of
cation-cxchange capacity CEC of different Egyptian soil
locations having a wide range of variation in soil physical and
chemical properties as soil texture, structure, CaCOs, pH, O.M,
and CEC as well as three pure clay minerals, namely: Na-
montmorillonite (Wyoming, U.S.A); Palygorskite (Georgia,
U.S.A) and Kaolinite (Scalby, England). Four methods were
tested to estimate CEC of such soils and these 3 pure clay
minerals. These methods were conventional Na-NH,4 exchange;
MB-acid, MB-tetra sodium pyrophosphate (TSPP) and MB-
water filter paper spot test titration methods. Soil samples were
analyzed wunder suitable conditions of concentration,
equilibration period and flocculation of MB solutions. The
squared regression coefficient (R?) of MB-TSPP vs. Na-NH,
exchange methods for soil samples was 0.98. The R* of MB-water
vs. Na-NH;4 exchange methods for pure clay mineral samples was
1.0. The MB ftest is a simple, rapid and economical method to
determine CEC. The CEC values measured by MB-TSPP were
closed to the calculated values for different Egyptian soils. But the
values determined by MB-water were closed to the calculated values
for pure clay minerals. The MB-TSPP and MB-‘water exchange
methods may be suitable for the field-testing of soils and pure clay

minerals, respectively.
Keywords: cation exchange capacity, clay minerals, ‘methylene blue methods.

The ability of a soil to supply nutrients for plant growth is an important
factor of soil fertility. The concept of soil fertility lncl.udcs not only the
quantity of nutrients a soil contains, but how well nutrients are protected
from leaching, how available the nutrients are, and how easily roots can
grow. The amount of storage capacity of a soil for nutrients is, among others,
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expressed by the eation exchange capacity (CEC) ‘“f‘" 'SA“WCC‘E‘] byi Some
soil physieal properties, such us texture and consistence. A number o o'lhcr
i i sl '‘BC. For instance, the amount of lime
differences among soils are related to CEC. Fo bloide should be e
gypsum, fertilization practices and how much herbicide sho spread on
the soil, often depend on the CEC (Plaster, 1992). o

Cation-Bxchange capacity is of I‘unflumcnlul and practical importance
in rescarch involving soils and clay minerals. Mcll}ylcnc blue (MB)' is
widely used in industry. Jones (1964) inlrod}tccd MB in a test to“dctcrmmc
bentonite in drilling fluids, This method, widely known as the “MB test”,
was added to the American Petroleum Inst, RB13B stundur(.l procedure for
testing drilling fluids in 1966, This test is based on adsorption of MB dye
from solution by a clay surface. Methylene blue consists of an orga?w cation
and an anion. The cross-scctional area of the molecule is 1.35 nm® (Kipling
and Wilson, 1960). When the dye is dissolved in water MB exists mainly as
monomers at low concentrations (below 7 % 10°M) and in a monomer-dimmer
equilibrium at higher concentrations. Methylene blue replaces natural cations
irreversibly, unlike reversible exchange of inorganic cations ‘as follows:
(Bascomb, 1964, Hang and Brindley, 1970);

Ca-Na - clay + MB hydrochloride = MB-clay + Ca-Na chloride (D

Plesch and Robertson (1948) proposed that the dye is adsorbed in two
ways: itreversible exchange of an amount cquivalent to CEC and reversible
physical adsorption, which can be described by a Freundlich isotherm. Their
proposal is consistent with that of Hills and Pettificr (1985) Taylor (1985).
Soon (1988) and Rytwo et al, (1991) developed the MB-adsomtion method

using a spectrophotometer at a 665-nm wavelength to measure the CEC and
surface arca of clays, soils and porous materials,

The objccliv.c o[: this work was to testify this MB method as a rapid
one for the qclc':rmmlallon_ of CEC of different Egyptian soils having a wide
range of variations in soil physical and chemical properties as soil texture,
structure, CaCOs, pH, O.M. and CEC.

MATERIALS AND METHODS

iya Goy , ast by the El-Tina plain,
the "Ismailia canal . enorate, north by the Alexanderia and south by
samples col nat as shown in fig, (I). Twenty-one representative soil
5:1mp ?brwllcclcd from ninc sojl profiles differing in their texture where
I{:?(%:;h ;o;.nnicl:r:iiviand to clay and were air-dried, ground and passed
under investigation a . .hysmal and chemical properties of the soils
carricd out zi)s. dc'scrirg ch VP in table (1), Determination of properties was
(1986). Pure clay ¢d by Jackson (1967), Richards (1954) and Klute
FRRR( o morillonite (Wyoming, U.S.A),
olinite (Scalby, England).

Some p

ay n:xincrals were Na-
corgia, U.S.A) anq Ka
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Fig. (1). Location map of the studied soil profiles.

All CEC analyses were done in duplicate. Four methods were used.

for comparison: Traditional Na-NH; exchange, MB-acid, MB-TSPP (tetra
sodium pyrophosphate) and MB-water filter paper spot tests. They could be
described as follows: For traditional Na-NH, exchange method,
determination of CEC was done in centrifuge tubes using oven-dry soil
samples (6.0 g). Each sample was saturated with Na* by washing with 132
ml of 1.0 N NaOAC solution buffered at pH 8.2. The electrolyte was washed
from the samples with ethanol, 95 percent (99ml) and finally; exchangeable
Na was displaced with (100 ml) of (1.0 N) NH,0AC solution buffered at
pH= 7. Displaced Na* was determined flame photometrically as described by
Rhoades (1982). For the MB-acid filter paper spot-test titration (American
petroleum Inst., 196]6), a sample (0.57 g) was weighed into an Erlenmeyer

flask; HyO; (300g 1 , 10 ml) and H,SO, (2.5 M, 0.5 ml) were added and the
mixture was boiled gently for 5 min, then diluted to = 50 ml with distilled
water. The dye used was methylene blue hydrochloride (MB) (C,6H;sN5SCl.
3H,0). The MB solution (0.01 M) was added with a micropipette to the
flask. After each added aliquot (0.5 ml), the contents of the flask were
swirled to about half a minute. A drop of liquid was taken from this flask,
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and t.hc suspension was placed on a filter or test paper. The end point of the
fitration wils marked by the appearance of the dye as a faint blue ring or halo
surrounding the dyed solids, To express the CEC of soils or clays in
ccn:limolc charge of saturating ion per kilogram the following equation was
used:
CEC = volume (milliliters) of MB-solution consumed / weight of sample =
volume (milliliters) of MB solution consumed % 1.75 (2)

The MB-TSPP titration for filter paper spot test method is similar to

the MB-acid procedure and is an empirical method. A solution of tetra

. . -1
sodium pyrophosphate (TSPP) (20 g 1) replaced the H,SO4 in MB-acid
method. Soil or clay mineral sample (0.5 g) was transferred into an

|

Erlenmeyer flask (250 ml) containing TSPP solution (20 g 1 , 50 ml, pH =
10). The mixture was boiled on a hot plate gently, and distilled water was
added as required to keep the volume near 50 ml. The flask was then
removed from the heat and cooled to room temperature. The samples were
titrated with MB solution (0.01 M); MB solution (1 ml) is equivalent to CEC
2 cmol, kg! by the weight of oven-dried soil or clay mineral, For the MB-
water titration method, distilled water was simply added to a sample
suspension, followed by titration with MB solution and a filter paper spot
test. Soil or clay mineral was not treated with H,O,, H2SO4 or sodium
pyrophosphate solution. The sample mass and CEC calculation were the
same as for the MB-acid method.

RESULTS AND DISCUSSION

The determination of the cation exchange capacity is one of the most
important analyses of soil physicochemical propertics. The pH, organic matter,
and CaCO; content of soils in table (1), can indicate a wide range of
variations. The soil texture ranged from clay to sandy loam. Most soils were
neutral and slightly or moderately alkaline. The NH;,OAC method was used
as a reference one because it is used most commonly to determine CEC and
exchangeable cations. Gillman et al. (1983) reported that a modiﬁtl*.d version
of this procedure was precise (coefficient of variance =1.3) and suitable as a
standard method.

The MB-TSPP filter paper spot-iest titration method gave CEC results
of soils and pure clay minerals that significantly corr.clated with the Na-NH,
exchange method (Table 2 and Figs. 2 to 7). The regression anz;lysxs indicated that
CEC tends to be underestimated when measured by the MB-acidand -~ MB-water
fitration methods. Such underestimation of CEC values is possibly caused by
cxtensive aggregation, formation of H' or AP* clay with H,SO4 treatment or
inhibition of MB sorption (Coleman and Harward, 1953; Van Olphen and Fripiat,
1979 ; Wang and Wang, 1987). Most CEC values of the soil samples measured

Egyptian J. Desert Res., 52, No.2 (2002)

CamScanner = Ligd d>guadll


https://v3.camscanner.com/user/download

93]
S
o

Ghali, M.H.A and M.E. Abdel-Rahman

with Na-NH, exchange method were greater than those le§lCd by MB-acid and
MB-water methods, but lower than those by MB-TSPP titration method. ‘
However, the CEC values of each of montmorillonite, palygorskite and
kaolinite did not differ significantly by any of the studied methods as shown in
table (2). Yet, the values obtained by MB-TSPP method lendeq {o be _grealer than
those by Na-NH; exchange, MB-acid or MB-water method. Th.IS. finding could be
explained by the smaller cation-exchange sites under the 0011d1119ns of MB-
acid and MB-water methods due to the lower pH of the suspension as compared
with the conditions of MB-TSPP method where the pH is higher (pH ~ 10). The
exchange sites, under such higher pH values, are completely saturated with MB
giving greater CEC values. Wang and Wang (1987) reported that the CEC
determination depends on pH, resulting in increasing CEC values under alkaline
conditions due to formation of aluminates or silicates or metasilicates. While,
under strongly acidic conditions, a decrease in CEC values can occur due to
formation of H' or AP* -exchange clays.
TABLE (2). Cation-exchange capacity (CEC) of soils and pure clays
determined by Na-NH, exchange, MB-acid, MB-TSPP and
MB-water filter paper spot test titration methods.

CEC determination methods
Location&Profile No. | SampleNo. | Depth,cm Na- MB- MB- MB-
NH, acid TSPP water
mel00 g soil
Burg El-Arab 1 1 0-25 13.10 13.05 15.11 13.15
2 25-60 12.80 12.85 13.33 12.65
3 60-120 9.80 9.60 11.21 945
4 120-150 11,10 10.89 14.05 10.75
'Wadi El-Tumilat 2 5 0-7 31.50 30.15 29,99 31.00
6 7-25 38.50 3595 42.15 37.05
Wadi El-Tumilat 3 7 0-10 31.53 28.11 35.14 30.19
8 10-30 31.50 26.15 36.00 28.95
Ganaklis 4 9 0-25 13.05 10.59 15.00 12.14
Abou El-Matamir 5 10 0-30 11.40 9.76 13.35 10.34
IEl-Ghar 6 11 0-30 34.60 30.15 41.03 31.88
12 30-60 33.40 35.14 37.11 3395
13 60-90 32.50 29.80 34.75 30.14
[El-Zankalon 7 14 0-30 32.50 3045 34.14 31.00
15 30-60 31.50 29.99 33.75 30.13
16 60-90 13.25 11.85 1591 12.05
Herret Razana 8 17 0-30 24.11 22.25 27.78 23.10
18 30-60 24 32 21.15 28.11 23.18
19 60-90 23.13 22.10 2537 21.05
El-Tina Plain °, 9 20 0-35 3255 30.15 36.15 39.81
21 35-60 F9.89 7.19 11.90 8.01
-tes
Method (M) ., ' I&g;?;
Depth (D) " , 0:683
_ MxD o " 1.366
[Pure clay minerals Na-Montmorillonite 75.14 69.63 7432 70.85
ERtynonakitn 1722 1689 2511 1599
Kaolinite 4.05 3.90 4.19 4.00
F-test L.S.D.
n.s -
**x p<().01
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Fig. (2). Relationship between Na-NH, and MB-acid methods for
determination of CEC (me100g™) in pure clay minerals.
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Fig. (3). Relationship between Na-NH; and MB-TSPP methods for

determination of CEC ( melOOg") in pure clay minerals.
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Fig. (4). Relationship between Na-NH; and MB-water methods for
determination of CEC (mel00g™) in pure clay minerals.
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Fig. (5). Relationship between Na-NH, and MB-acid methods for
determination of CEC (mel00g™) in soi] samples from Egypt.
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Na-NE,

Fig. (6). Relationship between Na-NH, and MB-TSPP methods for
determination of CEC (me100g™) in soil samples from Egypt.

40 e
5 30 - y= 12.005 x - 0.879
< = )k k
2 90 - R =0.96
m
= 10 -

0 1 I I
0 10 20 30 40

Na-NHy

Fig. (7). Relationship between Na-NH, and MB-water methods for
determination of CEC ( me100g™) in soil samples from

Egypt.

The amounts of Ca in NaOAC leachate of Burg El-Arab and Wadi El-
Tumilat calcareous soils tended to be underestimated. Calcium ions

dissolved from CaCO; inhibited completely the saturation of exchange sites
with Na* ions; which resulted in low CEC values. This result indicates that

the reagent-grade CaCOs failed to absorb MB. Soon (1988) and Wang el al.
(1996) pointed out that the CEC values of samples treated with H,0, to
remove organic carbon content and those of the untreated samples were not
significantly different when measured by MB-acid; MB-TSPP and MB-water
titration methods. A

The squared regression coefficient (RY) of 2MB-TSPP vs. Na-NH4
exchange methods for soil samples is 0.98. The (R”) of MB- water vs. Na-
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NH4 exchange methods for pure clay minerals is 1.0 (Figs 2 to 7). The MB-
test is a simple, rapid, and economical method to determine CEC. The CEC
values measured by MB-TSPP were closed to the calculated values for
different Egyptian soils. But the valucs determined by MB-water were
closed to the calculated values for pure clay minerals. The MB-TSPP and
MB-water exchange methods may be suitable for the field testing of soils.

The squared regression coefficient (R?) of MB-TSPP vs. Na- -NH,4
exchange methods for soil samples is 0.98. The (R?) of MB- water vs. Na-
NH4 exchange methods for pure clay minerals is 1.0 (Figs 2 to 7). The MB-
test is a simple, rapid and economical method to determine CEC. The CEC
values measured by MB-TSPP were closed to the calculated values for
different Egyptian soils. But the values determined by MB-water were
closed to the calculated values for pure clay minerals. The MB-TSPP and
MB-water exchange methods may be suitable for the field testing of soils
and pure clay minerals, respectively. Greene ef al. (1986) stated that the MB-
TSPP titration method was suitable for the field-testing of soils and clay. The
MB test has several limitations for precise determination such as the MB-
clay suspension pH value, large molecular size and decreasing inert minerals
as quartz, feldspar minerals and also the calcite in calcareous soils can cause
an error in determining CEC.
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