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ABSTRACT : Organic smectite was hydrothermally synthesized by treating the opal-rich siliceous
mudstone from the Pohang area with TMAOH solutions and 1:1 solutions of TMAOH+NaOH at
80°C and concentrations ranging 10~15%. Smectite was solely formed without accompanying any
mineral products in case of TMAOH, whereas NaP and hydroxysodalite was synthesized together
with smectite under the blending solution of TMAOH+NaOH. The synthesized smectite is identified
as an organic smectite intercalating TMA" within its interlayer site, specifically corresponding to
monmorillonite species, through mineralogical characterization by XRD, DTA, and IR analyses. The
experimental results indicate that main precursor of the synthesized smectite is undoubtedly opal-CT,
and the original sedimentary smectite included as considerable amounts in the mudstone seems to
play a major role as Al-sources necessary for the smectite formation. Original inert components such
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as quartz and mica do not affect mostly to the synthesis reaction, and thus, are resultantly found as
impurities in the synthetic products. These experimental results may imply that a new effective
method for the low-temperature (less than 100°C) hydrothermal synthesis of organic smectite will be
established if some Al-sources adequate for this synthetic system are available.

Key words : siliceous mudstone. smectite synthesis, TMAOH, organic smectite, montmorillonite,
opal-CT, Al-sources, low-temperature hydrothermal synthesis
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Table 1. Chemical analyses of siliceous mudstones determined by XRF method

Chemical Composition (wt%)

Si0, AlLO;  Fe:0s*  TiO: MnO Ca0O MgO K>O Na,O P05 L.OI Total
70.67 10.04 1.95 0.41 0.01 0.03 0.39 1.25 0.12 0.04 13.64  98.86
* total Fe, L.O.L. ; loss on ignition
AAbehE Ao 2 AN (=S, 2000).
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Fig, 1. X-ray diffraction patterns representing altera-
tions of the siliceous mudstone vs. the treated
NaOH+TMAOH concentrations at the conditions of
7 days and 80C.
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Fig. 2. X-ray diffraction patterns representing alter-
ations of the siliceous mudstone vs. the residence
time at the conditions of 80°C and 10% concen-
tration of NaOH+TMAOH solution.
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Fig. 3. SEM microphotographs showing characteristic morphology and habit of synthesized zeolites and
smectite in the blending solution of NaOH+TMAOH. (A) NaP and unaltered quartz residues at 5%
NaOH+TMAOH solution, (B) Smectite perched on the stubby crystals of NaP at 10% NaOH+TMAOH
solution, (C) Intertwinned NaP crystal aggregates associated with partly altered quartz at 10%
NaOH+TMAOH solution, (D) Hydroxysodalite perched on the smectite flakes at 15% NaOH+TMAOH
solution.
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Q: quartz
S : smectite
M : mica

W

15%

Intensity

10%

Mt et

10 20 30 40
20 CuKa
Fig. 4. X-ray diffraction pattemns representing smectite
formation from the siliceous mudstone vs. the
treated TMAOH concentrations at the residence time
and temperature of 7 days and 80, respectively.
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Fig. 5. X-ray diffraction patterns representing altera-
tions of the siliceous mudstone vs. the residence
time at the conditions of 80C and 10% concen-
tration of TMAOH solution.
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Fig. 6. SEM microphotographs showing characteristic morphology and habit of synthesized smectite from
siliceous mudstone at TMAOH solutions at the residence time and temperature of 7 days and 80T,
respectively. (A) Smectite associating with quartz residues at 5% TMAOH solution, (B) Partly altered
quartz residues at 15% TMAOH solution: Note the solution cavities in quartz residues, (C) Curved and
crenulated smectite flakes synthesized at 5% TMAOH solution, (D) Rather flattened habit of smectite
flakes synthesized at 5% TMAOH solution.

ol 80CE 29 FEw HAastd ook ] & CT +smectite + mica + TMA" + OH — TMA'-
Mo A 23HE A0g JeEdthFig 9).  smectite + H3SiOs. o] W32 NaOH &9 3}l

TMAOH £ stojA] 2uElo]Er} AAEE A9 whgor B I g ¢ 4 4
HRBE AlY TFYoRA J)E 2ueee o £ £03 AAF Ao AAAG. o=
= BEE QREL 9B 235 o] wgo) Fa3t  HIRAY 2HEC|ET}F A Eeto| Bl HIEA

= AoE AT 7N 202 Yo & AWALR SYAl FFHlZE @) fjFolth. o9t
HEE 729 2veelEE AT AHE B2 42 TMAOH £ stolx Hgo] W9

FHE Ao oh)n SalE o] AZS 2o SaHA SETE A3 A5g0) AgiolEY
JER YAHE HAL AL Aoz APtk FA W39 ASur vike A A 3
AAAAEN) A DR ool FAE el=  BAATH EF o] ge dANe v HF Al

AEA QAT 5449 #2897 Are »  FFAS AAHow FrksEA 4 4
WElo|ER (7|2 2uEelEE Ao o  FAATE 2deelEr} Bt wol g4E &
£ wn 2gde] 4 wiuel 9x @ U9e AN

&) EAS B3] AP o9t 22 ks
AL mARcE R¥sE 3 2ot opal-



A ooz Ry 7] AdeolEd AL 5T

F | weightloss
: (Wi%)

DIA
i I 1 ] i
23 200 400 400 800
Temperature (°C)
Fig. 7. Differential thermal analysis (DTA-TG)

patterns of synthesized TMA-smectite: A strong
exothermic peak at about 380°C indicates a thermal
decomposition of TMA ions intercalated within the
smectite.
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Fig. 8. Infrared absorption analysis (IR) patterns of
synthesized TMA-smectites: Arrows indicate a vi-
bration position of TMA ion.
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Fig. 9. XRD patterns representing a transformation

of opal-CT to smectite when treated siliceous mud-

stone with TMOH solution.
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Table 2. Possible stability relations of some hydrothermally formed minerals with respect to pH and

temperature (modified after Stringham, 1932)

7(°C) acid side pH=7 alkaline side »
600 4
biotite
500 apatite pyrpphyllite wolliastonite
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