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ABSTRACT

Study in microstructures of bentonite suspensions /XRD, SEM,
TG=analysis/ indicetes that feldspar grains mey be formed, pre-
ferably from cluater structure, either at elevated temperature
or due to storage and drying.

INTRODUCTION

Study in microstructures of commercisl bentonite suspensio-
ns, used in Civil Engineering, indicated the possible phase tran-
sformation /XRD peaks and SEM/. Also evidence was found that ben-
tonite suspensions may distributs into various microstructural
phases /parallel particle arrangement, cluster-sggregate struc-
ture, floc-aggregate structure/, which favour formation of va~
rious new phasss /paragonite-, feldspar- zeolite~like grains
respectively, see [1ﬂ /. Feldspar formation is energeticslly
possible even at room temperature at a high pH and at a suitable
Na* ion and silice concentration [4], see 2lso [6]. Authigenic
feldspar in saline-lake deposits was reported by Hey [1]. In
silice saturated marine environment with Na’ ion prevaling, al-
bite was detected in lowest zones of temperature 120 -~ 125 °c
[2], whereas in montmorillonite heated at 1100 oC, Na-photoé=~
lectron binding energy and Auger electron kinetic energy both
shift to those of Na-albite [7].
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THEORETICAL CONSIDERATIONS

In the clay~water system there exist long-range interactions
befﬁon,colloidal particlee and other structural elements /clust=
ers, aggregates/ at the mutual distance, 2d: attraction, VA<< 0,
snd repulsion, VR.> 0, which energies are definite functions of
d /DLvO~theory, 13 , Fig, 1/, Balance of internal forces and
external pressure, Pe /exgressed as density of energy, VE/ must
exist at equilibrium, which takes place st an sxtremum, prefera=-
bly minimum of the total energy curve, Vi = Vo + Vg + Vs, d,
in which case the resultant pressure: Pr =~ dvT/dg = O, This con=-
dition is fulfilled in thes system by change in: /1/ distence be-
tween structural elements due to /a/ change in water content at
consolidation or swelling, /b/ internal water redistribution,

/c/ change in particle thickness, /2/ separation into various mi-
crostructural phases of local equilibrium, /3/ change in size of
structural elements: attraction, - A+ increases with size of in=-
teracting bodies [8].

Decrease in d during consolidation or drying resulte in a po-
sitive change of repulsion / Aavp >0/ and in a negative change
of attraction /A Vp < 0/, which may transform into thermal ener=-
gy or energy of formation of new mineral phases or its other
forme. This change ies the higher, the more dense the final etruc-
ture is, e.g. parallel particle arrangement.

It is postulated here that: /1/ activation snergy of phase
transformation, A4 E, is dependent on microetructure of the sy=~
stem, i.e, paragonite is formed prefersbly from parallel struc~
ture, feldspar from cluster structure, zeolite from floc struc-
ture, which wes indeed observed in bentonite suspensions [9],[;1].
/2/ probebility of phase transformation is a function of action,
i.e. the supplied energy multiplied by time and indeed similar
forms were observed in air dried and heated suspensions end in
those stored for a prolonged time and air dried.

MATERIALS AND METHODS

Suspensions of rnommercially activeted to Na~form Brebent
/8/R/ and Berkbent /B/B/ bentonites were prepared at various
concentrations end various estirring ections /energy x time/,

[9]. [10], [11] :
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Sample number: B/R- 1 2 3 4

B8/B=- 5 6 7 8 9 10
Concentration: 4% 5% 6% 5% ca.6% ca.7%
5% 6% oven dry
Stirring energy: 2000 RPM 7000 RPM 5000 RPM
Stirring time: S min 15 min
Series: 0 a b d e f g
Storing time ca., O 2 4 4 5 8 8 months

Unstored samples: B/B-A ca. 6%, 5000 RPM, 15 amin
B/B~B ca. 6%, mixed by hand.

Semples were air dried either at 18°c /series O/ or at 45°C,
in gless containers, h=@=5cm, after storing times mentioned above.
Some oven dried and some oriented samples were prepared, They we-
re studied in various laboratories by XRD, SEM, water sorption
test, DTA, DTG and TG analysis. Hsre only results pertaining to
feldspar formation will be presented.

RESULTS AND DISCUSSION

Drying et 110°% of samples B/B-A and B/B=B resulted in dense
packing of particles and formation of some hard grains difficult
to grind. XRD peaks were observed either at 3.3 R or at 3.75 R
or several peaks around 3.2 x, which may belong to feldspasr. Si-~
milar reflections besides peaks at 4.25 and 3.35 R were shown by
these thick well oriented semples /air dried on a gless ‘slide/.
All these peaks were not detected in powder B/B samples, [10}.

Dried residuala of specimens series b and d /3-4g, 4 months
storage/ were heated stepwise statically at 110°c, 220°c, 400°¢
and 800°C for 1h /series b/ or 18h /series d/, see [9] and weig-
ht losses were recorded ss A G. Heated samples indiceted exter-
nal yellow crust and internal brown core conteining yellow gre=-
ins. SEM study revealed parallel atrueture on the sample surface
and cluster structure in the sample interior /Fig. 5/. Except
for the Ma20-content, which was incressed in the external yellow
crust and decreased in the internal brown core, the content of
remaining elements was almost identical in both ssmpls parts[;d].
Similar migration of Na to the eurfece of the heated powder sam-
ple of montmorillenite was observed by Seyama and Some [7].
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XRD was studied of the surface part and of the internal part
of some samples, series b, heated at 800°C, i.e. 8/R=2b=~ ,~4b«,
B/B~6b~, =8b~ and ~9b-800°C-1h. All the psaks observed may be in=-
terpreted as /Fig. 3, 4a/:

/1/ dehydrated montmorillonite

/2/ feldspar: small 6.4 R peak, peaks at 4,0 R. 3.2 R, 3.0-2.97 R
end others st 3.75, 3.49-3.5, 2.89, 3.69-3.78 8. In B/R san-
ples they were closer to low albite, in B/B samples - to high
albite. Feldspar-like grains were observed in sample B/B=9d-
-800°C-18h, Fig. 7. Some graine of morphology and chemical
composition of feldspar were found by SEM in unheated sam-
ples 1g, 2g, 3g. 49 and 10g. A grain of morphology of sanie
dine "in statu nascendi” was observed in cluster structure
of sample B/R-2 /Fig. 7/.

/3/ cirstobalite, especially in surface layers /4.13-4,2, 2,5~
-2.6 /. Grains of cristobalite morphology and chemical com=-
poeition were observed by SEM in some samples. Also quartz
peaks /4,27 R, 3.35 X/ and grains were found,

/4/ a gypsum pesk at 7.6.7.7 R was detected in all the B/R hea-
ted samples, which peak was not present in the unheated ones,
Gypsum grains were identified by SEM in sample B/R-4b,

/5/ some smell, possibly zeolite peaks /phillipsite/ were found
in B/B=2b, surface layer /4.98, 3.27, 3.19, 2.7 &, Fig. 4a/.
Also small, possibly emphibole peeks are visible /8.7, 3,06,
2.69 R/.

In all the B/B samples,series b, feldspar peaks were compa=-
ratively higher in the brown core than in the yellow surface lay-
er, including internal yellow grains, see Fig. 3.

Relative inte«nsities of feldspar peak 3,2 . /G.Kranz, ZIAC,
Serlin, Fig. 2b/ were compared in: /1/ Berkbent powder /I=5%/,
/2/ that heated at 800°C /1=10%/ and both /3/ yellow crust
/1=11%/ and /4/ brown core /I=16%/ of the sample B/B-Qb-800°c-
~ih, Appreciable quartz peak appeared in sample /2/ and a weak
one in sample /3/. It should be noted that the first order mon-
tmorillonite peak disappesred after heating of the powder sam-
ple /2/, it indicated a very low intenaity in sampls /3/, or a
broad band was found beteen 7.7 and 9.8 & in the unground sam=-
ple [9]. The intensity of this peak was somewhat higher in sam-
ple /4/, Fig. 2a.

Increase in weight loss A G/110°C.800°C/ waa obsarved in
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TABLE 1
Thermogrevimetric behaviour of dried bentonite suspensions in
static heating /series b/, in DTA /series g/ and in DTG /series
Sample Series b DTA, series g, stored 8 months
stored 4 mogtha Dehydration: Dehydroxylation:
G/110%800 C/ Tmin A G Heat Tdefl Tmin
% mV.min/G ° °
oc c c
B/R=1 6.27
-2 6.12 surf 11.7 65.3 567 658
int 120 13.7 71.6 564 656
"'3 5.61
-4 6.28 surf 111 9.4 44.0 559 645
int 113 10.1 56.3 569 645
" 112 9,7 56.1 569

8/R-powder 4.65

DTG, series f, stored 8 months

Dehydration: Dehydroxylation:

T/completion/ AG T/inflectionAG
G, Mg o % o, %
B/B=5 6.82 29 103 12.5 507 5.5
B/B<6 7.16 32 102 13,9 523 5.5
B/B=7 6.36 11 83 14,0 501 6.0

8/B-8 7.31
B/B-powder 4.58

surf « surface layer, int = internal part,
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series b in comparison to powder semples, It may be due to in-
cresse in temperature of dehydration /see [12]/, but alsc phase
transformations mentioned above may be of importance. Both effe~
cts depend on microstructure.

The value of 4 G increased with the increase in stirring
energy of the initial suspension and it varied also with its
concentration /Teble 1/.

In samples series f and g heated in DTG /f/ or DTA /g/ diffe=
rent TG bsheviour was detected., These differences between series
may be due either to /1/ s longer storing time /different micro~
structure/ and a shorter heating time or to /2/ smaller semple
size /here ca, 30 mg/ in form of minute scratched crumbs. The
influence of sample size and of microstructure on water sorption
was reported in [9].

Also different XRD patterns were observed in samples series
g heated in DTA than in samples series b heated statically, conm-
pare Fig. 4a and c. Surface layers and internal cores of samples
2g and 4g after heating at 800°C in DTA gave very similar XRD
petterns, except the very high background of sample 4g-surface
/amorphous matter/, which indicates the influence of stirring
energy and the segregation of suspension during drying /Fig. 4b
and c/. Besides the peaks of dehydrated montmorillonite /9.7 R,
4,48 R etc./, there wers present quartz peaks of high intensity
/4.27 R and 3.34 2/. This corresponds to a deflection on DTA
curve about 560-570°C, Fig. 6. Feldspar XRD peaks were weak,
they were probably masked by .the high background. In unheated
B/R samples series g also weak feldspar peaks are present and
zeolite /phillipsite/ is possible.

Anelysis of SEM results /selected samples series O, a, b,

d, f and g/ indicates that: feldspar greins were not observed
by SEM in suspensions stored for a short time /series O and a/.
Grains of feldspar morphology were found in /1/ series b and d,
stored for 4 months and heated stetically at 800°C./2/ in ser=-
ies g stored for 8 monthe; here also the chemical composition
wes estimated in SEM, indicating feldspar. In both cases cri-
stobalite and/or quertz grains were observed.

A big grain of the size of ca. 0.5 mm of feldspar-like mor-
phology and characteristic twinning was found in the cluster
structure of sample B/B~9d-800°C-18h /Fig. 7/. On the surface
of this grain outlines of separate smectite particles are visi-~
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TABLE 2
Feldspar peakes /A/ in Rested ssmples
2b=yellow-4b 49 interiour
soo®c 800°c 1000°¢C
6.37
4,03 4,004 4,036
3.83 3.86 3,88
3.75
3.69 3.69
3,49 3.49 3.53 3,49
3.34Q 3.33Q 3.34Q 3.3540
3.20 3.187 3.229 3.206
3.06
2,998
2.508 2.526 2.519
2.455 2,459

Low albite /?7/

6b=-yellow=-8b 6b~brown-8b
800°%C 800°C

4,00 4,004

3.85 3.85 3.87 3,88

3,69 3.70 3.74 3.78

3.50

3.335Q 3.34Q 3.335Q

3.275 3,27 3.24 3.24

3.206 3.21 3.206

3-005 3.009 2.97 2‘97

2,891 2,88

2.611 2.696 2,696

2,59 2,519 2,819

2.47 2.47 2.47 2,453

2,348 2,34

High slbite /?/

Zeolite peakes /A/, possitly phillipsite in
B/R-2b-800°C-1h yellow surface layer:
4,983, 4,27, 4.17, 4.03, 3.75, 3.49, é;EZ
3.19, 3.058, 2,876, 2,805, 2,698, 2.629
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ble and their arrangement in a-dense cluster structure may be
seen, compare [5].

Another feldspar grain was found within the parallel structu-
re of the surface part of the sample B/B-9d-BOO°C-1Bh. Here alt=-
hough the twinning is also visible, the surface morphology is
different but it is characteristic of feldspar as well /Fig. 8/,
compare [3].

A replica of twinning or a feldspar grain "in statu nascendi”
was observed in sample B/B-9b-800°C - 1h, Fig. 8, as a “"wavy"
structure of the “"wavelength" of ca. 5,um es compared to the
double size of twinning steps, Fig. 7 c end d, equal to ca.

5 - 6/um.

In. rigures 9, 10 and 11 some other examples of feldspar gra-

ins are shown and their chemicel composition is indicated.

SUMMARY

Study presented above indicates that feldsper may form in
bentonite suspensions:

/1/ during drying et room tempereture or at 110°%C, 1if the energy
necessary is supplied by decrease in internal energy /AAVA/
of the final dense packing of particles and structural ele-
ments,

/2/ during heating at elevated temperature: in this case phase
transformation depends on storing time prior to drying and
on sample size and form,

/3/ during prolonged storage /8 months/ followed by drying,

/4/ cluster structure gives in Berkbent bentonite the highest
probability of development of feldsper due to suitable arran-
gement of clay particles.

Thus both postulates, 1.e. dependence of phase transformation
on microstructure and on action /energy x time/ found some veri-
fication.

High stirring energy of a bentonite suspension resulted in
desintegration of particles into amorphous matter, which migra=-
ted to sample surface during drying. It may transform into some
crystal structure of silice /cristobslite observed in big sam=-
ples and quartz observed in smsll samples/. This amorphous sili-~
ca created the possibility of formetion of feldspar in silice
saturated solution.
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