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ABSTRACT

Smectite was formed from some clays, such as pyrophyllite, kaolinite, sericite and

talc by reaction with NaOH solution at 100•Ž under atmospheric pressure. Smectite

was formed well under the condition that the concentration of NaOH was near

2M•`3M. Furthermore, when the reaction time involved is within 50 days, the

amount of starting material should be less than 0.5g in 100ml solution to form

smectite.
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INTRODUCTION

Synthesis of smectite at elevated temperatures and pressures from oxides and hydroxides
and from various minerals has been carried out by many researchers (Noll, 1930, 1935,
and 1936; Bowen and Tuttle, 1949; Yoder, 1952, Sand et al., 1953; Roy and Roy, 1955;
Tomita, 1970, Tomita et al., 1993, 1994), but it has been rarely achieved at atmospheric

pressure (von Sedleckij, 1937; Farmer et al., 1991). Zeolites are easily formed from vol-
canic glasses as reaction products with alkali solutions at atmospheric pressure (Sudo and
Matsuoka, 1959; Tomita et al., 1993, 1994), but formation of smectite from clay minerals
at 1 atm has not yet been reported. Smectite is commonly found as a weathering product
in various rocks and sediments. This study was undertaken to simulate the alteration of
some clay minerals in rocks to smectite at atmospheric pressure in the laboratory.

EXPERIMENTAL MATERIALS AND METHODS

Some clay minerals such as pyrophyllite, kaolinite, sericite and talc were pulverized in
an agate mortar, and powdered samples were used for the experiments. It was confirmed
by XRD and SEM that these minerals did not contain smectite. Chemical compositions of
these starting minerals are listed in Table 1. The samples were placed in Teflon flasks with
various concentration of NaOH solutions and the reaction was carried out while keeping
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TABLE 1. Chemical analyses of starting clay minerals

1. Pyrophyllite from Yoji, Gunma Prefecture, Japan (Analyst: H. Kodama).
2. Sericite from Goto mine, Nagasaki Prefecture, Japan (Analyst: K.

Tomita).
3. Kaolinite from Kanpaku mine, Tochigi Prefecture, Japan (Analyst: K.

Tomita).
4. Talc from Haicheng, China (Analyst: K. Tomita).

the concentration of NaOH solution at 100•Ž. After reaction, each sample was washed

with distilled water on filter paper for the removal of excess salt. The product was air-

dried, and oriented specimens were made by smearing a clay paste onto a glass slide, and

investigated by X-ray diffraction analysis. Total chemical analysis and scanning electron

microscopy were carried out.

RESULTS

Reaction products from pyrophyllite
Experiments were carried out by changing the reaction time and amounts of starting

TABLE 2. Experimental conditions and reaction products from pyrophyllite

Sm: smectite, Py: pyrophyllite, Soda: sodalite, Sm (1): smectite having one-layer of water
molecule, Mix (M/S): mixed-layer mineral of mica/smectite.
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FIG. 1. X-ray powder diffraction patterns of the synthesized samples from pyrophyllite.
2125: reaction product after boiling 0.1g of pyrophyllite in 100ml of 0.5M NaOH solution for 6

hours.

2077: reaction product after boiling 0.03g of pyrophyllite in 100ml of 3M NaOH solution for 60

hours.

2077 EG: treated with ethylene glycol.
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samples. Concerning the concentration of NaOH solution, when 3M of NaOH solution

was used, smectite was formed from volcanic glasses ( Tomita et al., 1993), hence 3M of

NaOH solution was used mainly for these experiments. Experimental conditions and

reaction products are listed in Table 2. When 0.03g of sample was boiled in 100ml of 3M

NaOH solution, smectite having one layer of water molecule (13.1•ð) was formed after 60

hours reaction together with sodalite, and the 13.1•ð peak expanded to 17.1•ð by treatment

with ethylene glycol as shown in Fig. 1. The 13.1•ð peak contracted to about 10•ð after

heating at 500•Ž. Energy dispersive X-ray spectrum of the sample is shown in Fig. 2. This

smectite has one layer of water molecule in the interlayers. Scanning electron micro-

photograph of the specimen is shown in Fig. 3A. Thin flake crystals of typical smectite are

observed.

FIG. 2. EDX spectrum of reaction product after boiling 0.03g of pyrophyllite in 100ml of 3M

NaOH solution for 60 hours.
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FIG. 3. Scanning electron micrographs of the synthesized smectites from some clays.

A. smectite synthesized from pyrophyllite, B. smectite synthesized from sericite , C. smectite
synthesized from kaolinite, D. smectite synthesized from talc.

Smectite from sericite

Experimental conditions and reaction products are listed in Table 3. When 0 .03g of

sericite was boiled in 100ml of 3M NaOH solution, smectite was formed together with

Na-P zeolite after 60 hours. The (001) reflection showed 15.2•ð, and the d-value expanded

TABLE 3. Experimental conditions and reaction products from sericite

Sm: smectite, Ser: sericite. Na-P: zeolite P.
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FIG. 4. X-ray powder diffraction patterns of the synthesized samples from sericite.

2071: reaction product after boiling 0.03g of sericite in 100ml of 3M NaOH solution for 3

hours.

2073: reaction product after boiling 0.03g of sericite in 100ml of 3M NaOH solution for 60

hours.

2073 EG: treated with ethylene glycol.



Synthesis of Smectite 401

FIG. 5. EDX spectrum of smectite synthesized from sericite after boiling 0.03g of sericite in 100ml of

3M NaOH solution for 60 hours.

to 17.3•ð by treatment with ethylene glycol (Fig.4). This peak contracted to about 10•ð

after heating at 500•Ž. Scanning electron microphotograph of the specimen is shown in

Fig.3B. Typical curving flakes of smectite are observed. Energy dispersive X-ray spectrum

of the sample is shown in Fig.5.

Smectite from kaolinite

Experimental conditions and reaction products are listed in Table 4. When 0.03g of

kaolinite was boiled in 100ml of 0.0175M NaOH solution, small amount of smectite was

formed after 25 hours. The (001) reflection of the formed smectite showed 16•ð. When

0.03g of kaolinite was boiled in 100ml of 0.1M NaOH solution for 80 hours, smectite
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TABLE 4. Experimental conditions and reaction products from kaolinite

Sm: smectite, K: kaolinite, Mix (M/S): mixed-layer mineral of mica/smectite, Sm (1): smectite

having one-layer of water molecule, 10•ð:10•ð mineral.

having a 15•ð reflection was formed. The 15•ð peak expanded to 17.6•ð by treatment with

ehtylene glycol (Fig.6). The 15•ð peak contracted to about 10•ð after heating at 500•Ž

for one hour.

Scanning electron microphotograph of the specimen is shown in Fig. 3C. Typical

curving flakes of smectite are observed. Energy dispersive X-ray spectrum of the sample is

shown in Fig.7.

Smectite from talc

Experimental conditions and reaction products are listed in Table 5. When 0.03g of talc

was boiled in 100ml of 2M NaOH solution, small amount of smectite was formed after 5

hours. The (001) reflection showed 15.8•ð. The amount of smectite increased after 10 hours

reaction. The 15.8•ð reflection expanded to 17.3•ð by treatment with ethylene glycol (Fig.

8). This peak contracted to about 10•ð after heating at 500•Ž. Scanning electron

microphotograph of the specimen is shown in Fig. 3D. Small spheres of smectite crystal

are observed on the surface of talc. Energy dispersive X-ray spectrum of the sample is

shown in Fig.9.

DISCUSSION AND CONCLUSIONS

Smectite was formed as a product of the reaction between the various clays, such as

pyrophyllite, sericite, kaolinite and talc, and the NaOH solution at 100•Ž under at-

mospheric pressure. When pyrophyllite was used as a starting material, sodalite was

formed together with smectite at early stage of reaction. When sericite and talc were used

as starting materials, Na-P zeolite was formed also at early stage. When talc was used as a

starting material, smectite was formed after 5 hours reaction, and the smectite was formed

on the surfaces of talc crystal at early stage. Judging from the preceeding facts, smectite

was formed in the dissolving process of the clays.

In the formation of kaolinite from chemical reagents, importance of the formation of

octahedral layer having aluminium was pointed out by De Kimpe and Gastuche (1964)

and De Kimpe (1975). In the formation of smectite, the formation of octahedral layer is
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FIG. 6. X-ray powder diffraction patterns of the synthesized samples from kaolinite .
2054: reaction product after boiling 0.03g of kaolinite in 100ml of 0.0175M NaOH solution for

25 hours.

2060: reaction product after boiling 0.03g of kaolinite in 100ml of 0.0435M NaOH solution for
50 hours.

2068: reaction product after boiling 0.03g of kaolinite in 100ml of 0 .1M NaOH solution for 80
hours.

2068 EG: treated with ethylene glycol.
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FIG. 7. EDX spectrum of smectite synthesized from kaolinite after boiling 0.03g of kaolinite in
100ml of 0.1M NaOH solution for 80 hours.

TABLE 5. Experimental conditions and reaction products from talc

Sm: smectite, T: talc, Bruc: brucite, Serp: serpentine, Na-P: zeolite P.
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FIG. 8. X-ray powder diffraction patterns of the synthesized samples from talc.

2282: reaction product after boiling 0.03g of talc in 100ml of 2M NaOH solution for 5 hours.

2274: reaction product after boiling 0.03g of talc in 100ml of 3M NaOH solution for 10 hours.

2274 EG: treated with ethylene glycol.

2275: reaction product after boiling 0.03g of talc in 100ml of 3M NaOH solution for 45 hours.
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FIG. 9. EDX spectrum of smectite synthesized from talc after boiling 0.03g of talc in 100ml of 3M
NaOH solution for 45 hours.

likewise considered to be important (Nemecz, 1981). Tomita (1970) synthesized smectite
and vermiculite from sericite, pyrophyllite and chemical reagents by adding small amount
of magnesium carbonate under the condition of forming zeolites. In Tomita's case,
magnesium ion played an important role to the formation of octahedral layers. In this
experiment smectite was formed easily from other clay minerals. It is considered that
octahedral layers are already existent in other clay minerals. When talc was used, smectite
was formed at shorter reaction time. It is attributed to the presence of more magnesium
ions in talc than in other clay minerals.

Smectite was formed on the surface of clay minerals as a reaction product between
solution and dissolved material, and the formation of smectite proceeded inward the clay
minerals with reaction time. It seems to be possible to explain the formation mechanism of
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smectite by growth- and dissolution-reaction kinetic model proposed by Dibble and Tiller

(1981a, 1981b).

ACKNOWLEDGMENTS

This study was supported in part by a Grant-in-Aid for Scientific Research from the Ministry of
Education, Science and Culture, Japan.

REFERENCES

BOWEN, N.L. and TUTTLE, O.F. (1949) The system MgO-Al2O3-H2O. Bull. Geol. Soc. Am., 60, 439-

460.

DE KIMPE, C.R. (1975) Formation of phyllosilicates and zeolites from pure silica-alumina gels. Clays &

Clay Minerals, 24, 200-207.

DE KIMPE, C.R. and GASTUCHE, M.C. (1964) Low-temperature syntheses of kaolin minerals. Amer.

Miner., 49, 1-16.

DIBBLE, Jr., W.E. and TILLER, W.A. (1981a) Non-equilibrium water/rock interaction. I. Model for

interface-controlled reactions. Geochem. Cosmochim. Acta, 45, 79-92.

DIBBLE, Jr., W.E. and TILLER, W.A. (1981b) Kinetic model of zeolite paragenesis in tuffaceous

sediments. Clays & Clay Minerals, 29, 323-330.

FARMER, V.C., KRISHNAMURTI, G.S.R. and HUANG, P.M. (1991) Synthetic allophane and layer-silicate

formation in SiO2-Al2O3-FeO-Fe2O3-MgO-H2O system at 23•Ž and 89•Ž in a calcareous

environment. Clays & Clay Minerals, 39, 561-570.

NEMECZ, E. (1981) Clay Minerals, Part III. Genesis of clay: Akademiai Kiado, Budapest.

NoLL, W. (1930) Synthese von montmorilloniten. Chem. Erde, 10, 129-154.

NoLL, W. (1935) Mineralbildung im system  Al2O3-SiO2-H2O. Neues Jahrb. Mineral. Geol. Beilage Bd.,

A, 70, 65-115.

NoLL, W. (1936) Ueber die bildungsbedingungen von kaolin, montmorillonit, sericit, pyrophyllit, and

analcim. Mineralog. Petrog. u. Mitt., 48, 210-246.

ROY, D.M. and ROY, R. (1955) Synthesis and stability of minerals in the system of MgO-Al2O3-SiO2-

H2O. Amer. Mineral., 40, 147-178.

SAND, L.B., ROY R. and OSBORN, E.F. (1953) Stability relations of some minerals in the system Na2O-

Al2O3-H2O. Bull. Geol. Soc. Am., 64, 1469-1470.

SHEPPARD, R.A. and GUDE 3rd, A.J. (1968) Distribution and genesis of authigenic silicate minerals in

tuffs of Pleistocene Lake Tecopa, Inyo County, California. U.S. Geol. Surv. Prof Pap., 597, 1-

38.

SUDO, T. and MATSUOKA, M. (1959) Artificial crystallization of volcanic glass to sodalite and a zeolitic

structure. Geochim. et Cosmochim. Acta, 17, 1-5.

TOMITA, K. (1970) Syntheses of montmorillonite and vermiculite-like minerals from sericite and

pyrophyllite. Jour. Japan. Assoc. Min. Pet. Econ. Geol., 63, 109-121.

TOMITA, K., YAMANE, H. and KAWANO, M. (1993) Synthesis of smectite from volcanic glass at low

temperature. Clays & Clay Minerals, 41, 655-661.

TOMITA, K., YAMANE, H. and KAWANO, M. (1994) Synthesis of smectite and zeolites from an obsidian

at low temperature. Jour. Japan. Assoc. Min. Pet. Econ. Geol., 89, 219-226.

TOMITA, K., YAMASHITA, H. and OBA, N. (1969) Artificial crystallization of volcanic glass to sodium

and potassium form of chabazite at room pressure. Jour. Japan. Assoc. Min. Pet. Econ. Geol.,

62, 80-89.

VON SEDLECKIJ, J. (1937) Genesis der minerals von bodenkolloiden der montmorillonit gruppe.

Comptes Rendus (dokaldy) de I'Academie des Sciences de I'URSS XVII, No.7, 375-377.

YODER, H.S. (1952) The MgO-Al2O3-SiO2-H2O system and related metamorphic facies. Am. J. Sci.,

250, 569-627.


