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PHASE TRANSFORMATIONS IN SEPIOLITE AND PALYGdRSKITE AT DIFFERENT
PRESSURES UNDER HYDROTHERMAL CONDITICNS
V. A, Frank-Kamenetskiy; N. V. Kotov and G. N. Klochkova
- Leningrad State Uﬁivcrsity

Sepioclite and palygorskite are layer-chain silicates composed
of pyrox?ne~type chains connected by oxygen bridges (Fig.lA,B) /1,2/.
In palygorskite the chains are double and in sepiolite, triple pyroxene
chains.,

The beﬁavior of these structurally similar minerals under hydro-

f

thermal conditions, at elevated temperatures gnd pressures, is sﬁ'interest
in connection with investigations of structural transformations in the

principal components of sediments /3,1/

Starting materlals ., The semples used in the investigation were

palygorskite from the Pamibs /5/ and sepiclite from Karamazar /6/. The
chemical composition cf these minerals ;s shown in Table 1,
Table 1
The crystallochemical formula of palygorskite was calculated on

s

the basis of anion (818020)8' s
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Fig.l.A-unit cell of palygorskite projected on (001)-

B-unit cell of sepiolite projected on (100)
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Table 1

Chemical Composition of Palygorskite and Sepiclite,

wt.%
: p ! 0 | Ho | HoO _
Mineral 510, | ALLO, f,o.' cs0 .| mgo | JhQ | Had. o - | b sl B
56,12 |11,62| 3,48 | 0,14 | 9,06| — [12,00] — |2,00 | 6,00 [100,42
Palygorskite 60:81, 5.45| 2,62 | 0,77 16,54‘1,85, e la.as' = ,7,90’99,’30
Sepiolite
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(Sirz'hlAlO.Sg) (I’Iglg?BFeou35A11.22)018.96(OH)5‘28(032)1.76

~and of sepiolite, on the basis of anion (8112030)12':

s13(Mgg, 3141, 36Fe0,42)030,51(0H), g6(0H,)) g3

Water content was determined from weight loss curves or

derivatograms /5,6/.

Experimental method. The samples were subjected to hydrostatic

pressure (EHQO = 800, 1400, 20CC kG/cm?) in cold seal pressure vessels of
the Tuttle type /7/. The charges were sealed irn plafinum capsules, heated
at temperatures from 100 to 700°C, and quenched under identical conditions
for both minerals. The x-ray diffraction data were obtained on diffracto-

£ using
neter DRON-l, and in part ?; diffractometer URS-50 I, ngdnx filtered cop-
per radiation. The diffractometer traces were recorded under exsctly the
same conditions in all experiments.

Fig.l
EXPERIMENTAL DATA
The diffractometer traces of the experimental products are

shown in Figs. 2 and 3. The crystal structures of palygorskite and seplo-

' (o
lite in the pressure interval from 800 to 2000‘53é2m2 and temperature

range from 100 to 300°C remain unchanged. This is shown by the very close

A
similarity of the traces of seplclite (Fig.zea-d) and pf palycorskite
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Fig.2. Diffractometer traces of seplolite (A) and

T 100 to 700°C,

]

under water vapor pressure of 2000 kG/cm?

48 hour runs
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T - talc; Cr ~ cristobalite;

freed of calcite ; M - montmorillonite; M-X - mixed layer phase -

montmorillonite-chlorite; Cor - cordierite
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(Fig.2B,a',b',c',a,d. At 350°C, under hydrothermal conditions, sepiolite
changes to talc (Fig.2A, e) eand palygorskite, to montmorillonite (Fig.2B,e),
and further transfcrmaticns of these minerals must be considered separately.
As can be seen from the data of Table 2, the characteristics of the diffrac-
-tometer traces become clearer and clearer as the duraticn of run 1s in-
creased.
Seplolite. The formation of palc at the expense of sepiolite
can be répresented by the following equation, in which the idealizéd
for¢ulas of the mlnerals are used:
Fig.2
IMEgSL, 054 (0R), (OIL,)) == BMgBSiuolo(OH)EQLsmzi;Izo
sepiolite | “47“{£;i65
As can be seen from Fig.2A,d,B,d the sllica released in this
reaction appears as cristobalite (reflection L,Cl A);
Fig. 2B
At T = 350°C talc is represented by its hydrated variety, as indicated by
the increase in the interplanar distance 9o0p to 9.7 A. This value of d
is the same as 4001 in non-expgndable montmorillonite; however, experi-

ments with dioctahedral montmorillonite (from Askangel!', Georgian SSR)

show that expandable montmorillonite remains stable up to a temperature
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Table /X«?/

Experimental Results

Pressure, |Temperature, | Time, o
kG/cm2 oC hours Products
Sepiolite
Near ini?ial chafge
" i I
n n L]
" 2000 %8 gg : Appeﬁrance of hygrous ta%c
e - No sepiolite; uneriented microcrystalline
400 29 talc; cristobalite
450 24 - Talc, cristobalite, quartz
500 99 - Talc, oriented on 00l; less cristobalite;
600 2% more quartz; appearance of mullite
Near Initial charge
. Appearasnce of hydrous talc
400 %8' % ' Less seplolite; hydrous talc
‘ 400 120 | Talc, cristoballte
500 22 Oriented talc, cristeobalite, quartz,
%8 % ' mullite
Same '
800 300 48 Near initial charge
- e o Appearance of hydrous tale
400 - 120 | Sepiolite, hydrous talc
~ 500 29 ] " n
2% §§ Talc, cristobalite, quartz
, : Talc, cristﬁbalite, qu%rtz, mullite
1" n
2000 100 22 Palygorskite
200 48
30 B Near initial charge
400 29 i " "
450 24" n n n
500 22
550 22 Appearance of montmerillonite
800 ” More montmorillonite
%
! Same
700 5 Montmorillonite, cristobalite,quabtz
1400 1300 22 Mixed~layer phase:montmorillonite+chlorite,
- "4 quartz, traces of cordlerite and talc
500 29 Chlorite; sharp increase in quartz content;
550 22 traces of talc
- 5 Cordierite, talc, quartz
Near initial charge
800 o = Appearsnce of montmorillonilte
350 190 Montmorillonite, cristobalite
400 120" Montmorillonite, quartz

Fontmorillonite+chlorite, quartz

Mentmorillonite+chlorite, quartz, tale,
cordierite

Same

Near initial charge
Montmorillonite, palygorskite
4 "

" n




550

T 600
650 - .

3
Table X cont.

Montmorillonite, palygorskite, quartz

Montmerillonite+chlorite; quartz

Montmorillonite+chlorite, talc, cordie-
rite, quartz

Same
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of 4;80°C. With increase in temperature (from 350 to 700°C) ef talc

%002
gradually changes from 9.7 to 9.4 A.
Table 2
Although talc begins to form at n)32500 at a1l pressures, the
course of itScrystallization is dependent on both P and T. In the interval
between [,00 and 500°C there is an increase in the centent of small tale
crystals in the charge; as indicated by increase in the intensity of all
Fig.3
of its reflections on the diffractometer trace. At temperatures between
500 end 700°%¢ only the crystels lying on their basal pinacoidsincrease
in aize; for the diffraction patterns show increase in the intensity of
the 00l reflectlions.only. At higher water vapor pressures talc crystsllizes
more rapidly but the size of the crystals increases more slowly than at
lower pressures.
With increase in gﬂzo, in 22-L48 hour runs, seplolite decomposes
completely at lower temperatures; and this éxplains earlier appearance
of cristobglite in the charges. The content.of cristobalite reaches a

>
maximum et 500°C and Pyo0 = 200 5gﬁzm2. Beginning with 600°C cristobslite

is trensformed into quartz, and jJudging by weaX 3.41 and 2,29 A reflections,




mullite gppears in the charge. Yransformation of cristobalite inteo quartz
reaches maxiimum intensity at the highest pressure (2000‘556%m2).

Pslygorskite. In 22 to L8 hour runs decomposition of palygors-

kite is completed sooner at high pressures, although, as in the case of
sepiolite, the process begins at 3259%% Beginning with a temperature of
325°Cc, in the entire temperature range, palygorskite was transformed into
montmorillonite, whose appearance is indicated on the diffrasctometer traces

by reflection @ = 1Lh.7 A (Fig.2B, e,f,d). In samples saturated with

=001
glycerine dggy increased to 18 A (Fig.3A, a,b,c), and after annealing at
600°¢, decfeaseq to 9.9 A (Fig;jg,a,b,c);

The montmorillonite formed from palygorskite,ig dioctghedral

with @ = 1.,4,85 A (Fig.2B, d). The trnasformstion may be represented
=060 -

by equation:

(Mgy ,78Feq 35Aly ,22) (S1y 11810,59)018 g4(0H) g 2g(0H,) 7 ==
- (Mgl‘TBFGOOBSAllozz)(Si'].ulAloesg)ozo(OH)u + 2H20

Beginning at 500°C, under water vapor pressure, montmorillonite

¥ In the experimsnts at 100-200°C (Fig. 2B, b',c!) palygorskite with ad-
mixed calcite was used, but in the experiments at higher temperatures
(Fig.2B, d-1) only palygorskite freed of calcite by washing in 5% HCl

(Fig.2RB,a) was used.
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Palygorskite treated with glycerine Palygorskite heated at 600°C

© P=B00 kG/em®  P=1400 kG/cm?
Cor 97 . Cof‘
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Fige3. Parts of diffrsctograms. of the phases developed in palygors-
kite sample at Py o = 800 and 1400 kG/cm? and T= 350 to 650°¢
after 22-148 hour runs; A - sample treated with glycerine after

experimen} ;B - sample heated at -atmospheric pressure for 2 hours at

600°¢c
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gfadually changes to chlorite, forming with it a disordered mixed layer
structure (Fig.3A and B: at temperatures sbove 00°C reflection with dnllia
is no longer shifted towards 18 A in montmorlillonite saturated with
glycerine, and does not decrease sharply to 9.9 A in montmorillonite heatecd
for 2 hours at 600°C). The transformetion of montmorillonite to chlorite

at EHZO = 1400 5%%%;2 is shown in Fig.lj. The diagram shows change in the

value of Q

100 in untrested montmerillonite (a), montmorillonite saturated

with glycerine (b), and montmorillonite heated for 2 hours at 600°C (c).
The forﬁation of dis%?ered mixed layer
‘montnorillonite~chlorite struvture begins
at point A (500°C, 1400 ;z//én@). At 650°C

Fig o)—l»

the structure becomes strictly non-expandable. If, instead of the mixed
layer phase, chlorite is taken as the end member in the montmorillenite -

- chlorite transformation, the transformation may be represented by equation:

20K81 76700, 35711 ,20) (517,141, 59)020( OB "miz0 =

'?(MgB"SéFeOo?OAll;.m)(812.12.411.88)010(01’1)8 + 1207Si02 +
++mH50

The silica released in this reaction crystallizes as quartz,
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whose reflectiénAappear on the diffraction traces of samples heated abo&e
450°C (Fig.2B,h,k,1).

The dependenée of the montmoril-
lonite-chlorite transformation on pres-
sure can be - traced by the appearaéce
of the quartz'reflexeé on the diffracto-
meter traces, for release of silica
from the montmerillonite structure is
the first sign of fts'destructioén. The

content of quartz in the charge in-

creases with chlorite content. At Righ

FigoS

pressures, as shown by the diffractograms, the process of formation eof
chlorite is intensified.
A~
At a temperature of 600-700°C and PHo0™ 800 - 2000 k /cmi high
temperature minerals, cordierite and telc, are formed. Their reflections
are marked on the diffraction traces (Fig;2§, k,1). Talc forms from paly-

gorskite at a higher temperature than frem sepiolite (600°C). In the

case of palygorskite three intermediate phases form in the course of




structurel transformation: montmorillonite, disordered mixed-layer
phase { montmorillonite + chlorite) and chlorite, but in the case of
sepiolite there is only the final phase - talec.

Stability fields of the pheses., Using the data of Table 2, we

‘constructed . schematic EHZO-E diagrams (Fig.5A,B) showing stability
fields of the starting and some Iintermediate phases, The upper temperature
limit of stability is the same for sepiolite and polygorskite, v325°C. At
higher temperatures (up to T = 700°C) sepiolite 1s transformed into talc,
and palygorskite is first transf§ped‘into montmorillconite and then
(at 50600) into a mixed-layer montmorillonite+chlorite ﬁhase, followed
by chlerite. Abo#e 600°C cordierite aﬁd talc are the products of trans-
formation of palygorsklite. Pressure has little effect on the phase
boundaries; except for the cordierite boundary; which shifts into the
region of lower temperatures at lower pressures.
SUMMARY

1. Sepiolite and palygorskite are stable under hydrothermal

cénditions (gﬁzo = 800 - 2000 5ﬁ¢%m2) at temperatures below rv 325°¢.

2. At higher temperatures, and in the same pressure range,

325°¢

sepiolite undergoes the following transformation : seplolite -—=—3>
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Fig.y. Varlation in dgy,, of montmorillonite
formed from palygorskite
a - montmorillonites obtained at PHyo = 1400 kG/cm2
and 400-600°C; b - same, saturated with glycerin;
¢ - same heated for 2 hours at 600°C under at-

mosphreric pressure. Crosses are experimental

points
kG/ch
ponfte® A |
2 y 1 f: T T ML T
2000 X°fx xjoooo o. o -
_ o
1400r x: (<] o 00 ~
800} xFo ——
200_ 1 i v" 1 1 1 L l
kG fem?
’?«zo:. g8 '
a6oof 1 W@ T
H:f | M |.ﬁ'3:rz€d.+ﬁ6 PR
2000 o ™e of¢ ¢ ¢ ¢ o4 Fig.5. Py g " T diagrams of stability
1400 oi ¢ .l o . . 2
: P fields of sepiolite (A), .palygorskite (B)
800} 0'10 ¢ P o+ + J o .2
a0t ) 14/”/1 . and some phases formed from them

Sep = sepiolite; T+Q ~ talc + quartz;

Pal = palygorskite; M - montmorillonite;
M-X - disordered mixed layer montmorillo-
nite-~chlorite phase + quartz; T+Cor+Q -

talc + cordlierite + quartz. Interrupted
lines =~ preliminary phase boundaries..
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= tale + Si0,. The transformation of palygorskite is more complex:

325 - 500°¢ 500-600°¢
Palygorskite -——=wee—-->> montmorillonite -=~——-->» mixed-layer mont-

morillonite-chlerite + SiO2 —'-Egggg cordierite + talec + 8102.

3. The difference in the phase transformations of sepiolite
and palygorskite, two minerals with similar structure, is determined
by the difference in their chemical composition.
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