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1 INTRODUCTION

As it is well-known, ultraviolet radiation is a real problem to human health. It can harm
human skin and can even lead to the extreme case of skin cancer. That is the reason why
UV protection agent is concerned. Day by day, some new UV protection skin creams are
introduced into market. However, the topical non-natural substances in these suncreams,
for instance TiO, as main organic UV protection factor, are known to produce an
unexpected photocatalytic effect. Very photocatalytic effect probably arise serious
problems to human health when being applied directly to skin. Therefore, it is promoted
to find the natural material, which can substitute for artificial/synthetical agent.
Therefore, finding the natural material, which can substitute for artificial/synthetical
agent, is strongly promoted. The expected optimal material should not only satisfy

pharmacy safety requirement but also can prevent UV-radiation very effectively.

Clays and clay minerals as natural materials, with many benefits towards human heath,
are used in traditional and industrial applications including pharmacy and cosmetic
products. Some common clays and clay minerals which have been applied as skin-care
products are kaolinite, talc and smectite. They are popular in the cosmetic industry
because of their natural specific properties as well as their remarkable high specific area

and adsorption capacity.

From these points of view, this study expects to reveal the characteristics of clays and
clays minerals, and to examine which of their advantages are to apply in UV protection

cream.

The mineral composition and chemical composition of clay matter as well as the specific
properties of clay mineral such as charge and expandable behaviour are considered. Not
only the individual property but also the influence of the interaction is discussed to

exploit the role on UV protection ability.

Properties which support for UV-absorption ability of clay itself and/or clay in
combination with biomass are determined and discussed based on several different. We

can expect to discover some optimal clay to block UV radiation effectively.
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2 POSSIBLE FUNCTIONS OF CLAYS, CLAY MINERALS
IN UV PROTECTION

2.1 Clays, clay minerals and sustainability in geosciences

Integration of the concept of sustainable development, which was developed for industry,
also affects the usage of raw material from geosphere. Discussing about this concept and
a hierarchy of natural resources, Wellmer & Kosinowski (2005) suggested the rule:
“lower value resources should always replace higher value resources”. Related to
application of the hierarchy, the authors also showed the improvement of resource
efficiency of various commodities, in which kaolin - one kind of clay, has the highest
change among others with nearly 250% of increasing from 1978 to 2001.

With respect to application of clay as one natural resource, Murray (2005) reviewed that, in
the last decade, many new industrial applications of clays have been developed. Currently,
clays are used in wide extent, such as paper filling and coating, paint, ceramic raw material,
catalysts, food additives, absorbents and carriers, pharmaceuticals, cosmetics and many
others (Murray, 1997). The growth in the use of clays and clay minerals will continue in
the future. Especially, new techniques to modify clay minerals or new applications can
make clays more valuable. For example, in paint industry, calcined kaolins can be used as
an extender for titanium dioxide because of economical benefit. Currently, TiO, costs over
1 dollar per pound whereas calcined kaolin costs only about 15 cents per pound (Murray,
2005).

Therefore, to contribute to the sustainable development, clays and clay minerals are
expected to be more value-added products and be substituted for expensive materials.
With this aim, searching for new possible applications of clays and clay minerals should

be concerned in geosciences.

2.2 Ultraviolet radiation and human skin

Ultraviolet radiation is broadly noticed with the awareness of harmful effect. With
waveband from 100 to 400 nm, which is shorter than waveband 400 — 700 nm of visible
light, UV rays have strong thrust ability. UV band includes three parts of UV-C, UV-B
and UV-A with the wavelength of <280 nm, 280 - 320 nm and 320 - 400 nm,
respectively. This division refers generally to division by Commission Internationale de
'Eclairage (CIE) (Coblentz, 1932), however, the border between UV-A and UV-B is
placed at 315 nm by CIE seems to be rarely cited but is defined at 320 nm (Allen, 2001;
Setlow, 1974; Young, 1998; Baadsgaard, 1991; Lim et al., 2005). Sunlight that reaches
the Earth surface is in the wavelength between 280 and 3000 nm. That means the UV-
radiation reaches the Earth surface at 280 - 400 nm, which includes UV-B and UV-A band.
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The quality by spectrum and quantity
by intensity of terrestrial UV-radiation
vary with the time of day, the day of
year and geographical latitude and
longitude (Diffey, 2002) (one example

was shown in figure 1). In this

Relative spectral power

280 300 320 340 360 380 400

contribution, the UV- measurement Wavelength nm

focused on UV-absorption abilities of Figure 1. Spectral power distribution of terrestrial
materials with full range of terrestrial ultraviolet radiation
Note: measured in clear sky condition, at around noon in

UV-radiation in the same conditions. X o )
summer at a latitude of 38 °S (adapted fo Diffey, 2002)

Therefore, the term “ultraviolet” (or
“UV” as abbreviation) in the other parts of this contribution mentions to terrestrial ultraviolet

radiation which belongs to wavelength 280 - 400 nm.

With regard to dermatology, UV-radiation can cause erythema (or sunburn), tanning,
DNA-damage (e.g. protein crosslinks, protein breaks), skin cancer (e.g. non-melanoma,
malignant melanoma, basal cell carcinoma, squamous cell carcinoma, curaneous
melanoma), pigmentation, photoaging as well as produce vitamin D3 (Setlow, 1974;
MacLaughlin et al., 1982; Bissett et al., 1989; Diffey, 1991; Baadsgaard, 1991; de Gruijl
et al., 1993; de Gruijl & van der Leun, 1994; Longstreth et al., 1994; MacKie, 2000).
The UV-radiation effects on skin depend upon the ray energy and skin sensitivity. There
is widespread agreement that, by physical theoretical idea, the shorter is the wavelength,
the more energetic is the radiation. An individual’s response to UV-radiation is also
dependent on skin phototype (Lim et al., 2005). In addition, of course, human skin is not

equally sensitive to all wavelength of UV area.

UV-C ray, which is normally absorbed by the ozone layer, hence, does not present an
immediate threat. In general, UV-B is well-known as the radiation that can lead the
damage to DNA and cause skin cancer because of such high energetic rays (Setlow,
1974; Young, 1998). Besides, UV-B also play helpful role in formation of vitamin D3 by
the skin (MacLaughlin ef al., 1982; Diffey, 1991; Chel ef al., 1998; Lim et al., 2005).
Effective wavelengths in the production of erythema also have a peak in the UV-B range
(Setlow, 1974; Lim et al., 2005). However, the symptom of erythema or sunburn might
be caused by UV-A radiation because erythemal action spectrum has a high response
level in UV-A range (as comparable model by Stratospheric Ozone and Human Health
Project and presented in figure 2 (reviewed by SEDAC)). Besides, UV-A has a larger
contribution in the spectral distribution than UV-B (Bissett ef al., 1998; Diftey, 2002 and
figure 1). In other words, UV-A plays a harmful role in that it causes typically sunburn

on human skin. But, UV-A has low potential of causing skin cancer.
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Diffey (2002) suggested that
UV-B contributes about 80%
toward most of the harmful

effects and UV-A contributing
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the remaining 20%. Recently it is
a general accepted position that
solar UV-radiation range of 300

— 320 nm is more damaging than
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radiation may be classified into
Figure 2. Action spectra for selected UV-related effects

Several action spectra: the erythemal action spectrum given
tissue and on the whole body by McKinlay and Diffey (1987), the mammalian non-

melanoma skin cancer action spectrum of de Gruijl and van
(Wong, 1998). At the level of ger Leun (1994); and the DNA-damage action spectrum of

UV-induced cell, the most Setlow (1974) (reviewed by SEDAC)

three categories: on cell, on

important effect is the DNA-

damage; for example DNA-to-protein crosslinks and single-strand breaks (Moan & Peak
1989; Peak & Peak, 1991). Figure 3 below is a model of common DNA-damage
elucidated by Herring (reviewed by Allen, 2001). With respect to UV-induced tissue,
there is induction of sunburn and skin aging (McKinlay and Diffey, 1987; Bissett et al.,
1989). “Standard erythema dose” (SED), which is a measure of the erythemal
effectiveness of UV-exposure, and “minimal erythemal dose” (MED), which is a
threshold for skin redness or burning, are common terms related to sunburn or erythema
problem. In degree of effect on the whole body, UV damage can lead to serious problems
include skin cancer (figure 4) and immune suppression (de Fabo et al, 1990;
Baadsgaard, 1991; Longstreth et al., 1994). The magnitude of the problem is evident
from the fact that in 1988, 1019 people died of skin cancer in Australia (Gies et al.,
1998). Unions New South Wales also reported that about 66% Australian people treated
for skin cancer at some stage in their life (Unions NSW, 2005).
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Before

Incoming
UV Photon

Figure 3. One common damaging type on Figure 4. Superficial spreading malignant melanoma

DNA molecule is harmed by ultraviolet photons Note: the imegular outer edge and iregular color within the lesion
(llustration by David Herring, reviewed by Allen, 2001)  (Health Protection Agency (NRPB, 2002))

In conclusion, with respect to dermatology, ultraviolet radiation has a considerable
potential for causing harmful effects to the human health with many kinds of symptom at
different levels. UV-B radiation, with waveband of 280 — 320 nm, generally, has the
higher damaging potential than UV-A radiation with longer waveband of 320 - 400 nm.
Significantly, wavelengths from 300 — 320 nm, especially wavelength of 300 nm, have
strong effects, therefore, should be concerned. Nevertheless, most of UV-A radiation

amount must be prevented because of its high contribution to solar UV-radiation.

2.3 Actual substances as UV protection factor and their problems

As mentioned previously, it is obvious that UV-radiation has potential harmful effects;
therefore, researching for ways to control skin exposing under solar radiation is an urgent
need. To shield skin from UV, beside wearing protective clothes or staying indoor, which

is not always applicable, UV protection cream can be used as the filter.

So far, topical sunscreens contain organic filters, which prevent from either mainly UV-B
(e.g. octyl methoxycinnamate) or UV-A (e.g. avobenzone), and inorganic filter such as
TiO; and ZnO (an example is some of Ladival®’s ingredients in appendix 9) (NRPB,
2002). List of sunscreen active agents allowed in sunscreen products with their maximal
quantity was published by U.S. Food and Drug Administration (FDA, 1999). Organic
filters as chemical filters are chosen carefully because of photoinstability and possible
unfavorable synergistic interactions, therefore, they can cause many seriously problems.
Some examples are Padimate-A (or Escalol 506), one commercial organic sunscreen, was
withdrawn from European market in the late 1980s and Padimate-O (or Escalol 507)
which induces mutations and attacks DNA directly. Therefore, trend of using inorganic
UV protectors as physical sunscreens has been increasing (reviewed by one group,
published in Knowland et al., 1993; Serpone et al., 2002; Hidaka et al., 1997).
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Titanium Dioxide (TiO;) is the most commonly utilized inorganic protector because of
its highly distinctive properties: long-term durability, non-combustible, odorless, color
neutrality (white or opaque) and discoloration resistance. Furthermore, U.S. Food and
Drug Administration noted (US Federal Register, 43FR38206, 25 August 1978) that
TiO; is biologically inert, chemical inert, resistant as well as safe and effective as
“physical sunscreen” (FDA, 1999). This advantage, physical sunscreen, was found
because of its very high refractive index (n = 2.5 — 2.7) (Judin, 1993). TiO; has also a
safety card number ICSC 0338 (CAS No: 13463-67-7, March 2002) by International
Occupational Safety and Health Information Centre (CIS). In other words, TiO, is
expected only to scatter and reflect UV-radiation. Therefore, it has been becoming
commercial and popular additive in cosmetic and especially sun-care products as UV

protector as well as pigment and thickener.

Actually, due to their applied nano- and micro- particle size in cosmetics, TiO;
probably does not reflect and scatter UV-radiation intensively but is capable to express
its photocatalysis ability significantly (reviewed by Hidaka et al., 1997). TiO, prevents
UV-radiation from going into human skin by absorbing about 70% incident radiation
(Dunford ef al., 1997). Pure fine TiO, does not occur in nature but can be manufactured
from ilmenite or leucoxene ores as well as rutile beach sand. To understand this

effective absorption of TiO;, ones have learnt about its native characteristics.

Ground state of Ti N ‘ NN ‘ VY ‘ ™
3s 3p 3d 4s
Promoted state of Ti*" ‘ ™ ‘ ‘ ™ ‘ ™ ‘ ™ ‘ ‘ | ‘ ‘ | ‘ I:l
3s 3p 3d 4s
Ground state of O N ‘ NI ‘
2s 2p
State of OF NN
2s 2p

Figure 5. Electron configuration of outermost orbital shell of Ti and O and their ionic states

Ti** (Z+i= 22) and two of o* (Zo = 8) are associated by ionic bond to form TiO,. At promoted state, all
of 3d orbitals and 4s orbital of Ti** are empty. Ti** and O have no single electron.



Possible functions of clays, clay minerals in UV protection

TiO, is bonded from Ti*" and two O*, which have electron configuration like in figure 5,
by electronic valence. Crystalline forms of TiO, as anatase and rutile are well known as
semiconductor' materials. Valence band® of TiO, is comprised of the 2p orbital of
oxygen, while the conduction band® is made up of the empty 3d orbital of titanium.
Bandgap® energies of anatase and rutile are approximately 3.23 eV and 3.06 eV,
respectively, corresponding to wavelength of about 390 nm and 405 nm (Judin, 1993).

The UV-radiation, 280 — 400 nm, has enough energy to promote semiconducting
property of TiO,. TiO, absorbs photons resulting in electrons from the valence band
being pushed up into conduction band. In this excited state, a number of single electron
(¢) and electron hole (h") in the valence band (where the electron left) are created.
Normally, this photo-excited state is not stable and can break down to become normal
state with recombination of (¢) and (h"). Conversely, photo-excited state of TiO, remains
stable. Accordingly, TiO; is a powerful UV-absorption material as well as an excellent

photocatalyst.

TiO, was evaluated as a safe chemical material (IARC, 1989) that cannot cause
mutagenic and cannot damage DNA, consequently; but the paper did not research on the
effect of sun illumination. In the darkness, TiO,, even as ultrafine particle, is chemically
inert. This characteristic manifests its stability in box-closed trade-ware creams.
However, to apply TiO, as cosmetics additive, its effectivity must be acknowledged also

under illumination condition.

Illuminated TiO, is really not safety. Its products of (¢) and (h") by photocatalytic
process, as described above, can interact with surrounding environment. In the air, (e")
can react with oxygen, which has 2 empty orbital in the molecule, into peroxy radical
(*OOH). In aqueous environment, (¢”) react with “dissolved O,” and especially, (h") can
alter OH- into hydroxyl radial (*OH) (Clechet et al., 1979; Jaeger and Bard, 1979;

Goswami, 2003). These processes are similar to photosynthesis”.
TiO; + hy = TiO, + (¢') + (h")
() + Oz =2 (*00) = (*OOH) = H,0,
(h") + OH (H,0) - (*OH)

' The semiconductor, at “absolute zero” temperature, has the outermost electron energy band is fully filled,
that is different from a conductor (which is partly electron filled) and the bandgap is small enough for there
to be appreciable thermal electrons in its conduction band at room temperature.

? Valence band, among the bands filled with electrons, is the one with the highest energy level or the
electron orbit farthest from the nucleus.

* Conduction band is the range of electron energy, higher than that or “outside” of the valence band.

* The bandgap is energy width of the forbidden band between the valence band and the conduction band.

> Chlorophyll captures sunlight to turn water and carbon dioxide into oxygen and glucose.



Possible functions of clays, clay minerals in UV protection

Jaeger and Bard (1979) did detect the radical intermediates in the photodecomposition of
water at TiO, particulate systems includes (*OO) and (*OH) by using spin trapping and
electron spin resonance. Clechet et al. (1979) demonstrated that the formation of these
radicals with the present of TiO; is a real photosynthesis reaction of UV-illumination.
Dunford et al. (1997) reviewed that both anatase and rutile have this property, whilst
anatase is more active than rutile. Burgeth & Kisch (2002) had the same conclusion.
Dunford et al. (1997) and Goswami (1999) also demonstrated that ZnO (bandgap of 3.3
eV), which is also UV inorganic filter in cosmetics, has similar photosynthesis process
but less effective. Dunford and coworkers (1997) concluded that TiO, extracted from a

sunscreen is photoactive, as well.

(*O0) is not considered to be so reactive and is further reduced slowly to H,O, (Cai et
al., 1992a). The formation from electron hole, (*OH), is probably the most unstable with
an in vivo half-life of approximately 10” sec (Pryor, 1986). Therefore, (*OH) is highly

reactive and is a very dangerous compound to the organism.

(*OH) can oxidize and decompose organic compounds effectively into simpler
component of water, carbonic and mineral acids, consequently. In fact, people apply the
photocatalytic property of TiO, forming (*OH) in detoxification and disinfection of water
and air: water treatment, self-cleaning glass and paint, killing bacteria material, killing
fungi material (Goswami, 1999; Desrosiers, 2005). Study of Goswami and his coworkers
showed that several common bacteria (E. coli and S. aureus) were killed after just a few
minutes under solar exposure in the presence of TiO,, meanwhile without TiO,, it took

over two hours to destroy these bacteria.

Hidaka and coworkers (1997) demonstrated that in vitro serious damages to DNA and
RNA by (*OH) can be ensured in the presence of nanoparticles of titania (TiO,) under
exposing to UV-radiation. Knowland and coworkers (1993) concluded that variety of
bimolecular including DNA are attacked directly by (*OH) (but in the study, (*OH) is
formed from photocatalytic Padimate-O). By in vitro and in vivo (cultures human
fibroblasts) study, Dunford and coworkers (1997) proved that (*OH) inflict direct strand
breaks in DNA. In additions, nanoparticles of TiO, not only can yield harmful («OH) but
also can pass through human skin (Tan et al., 1996).

In conclusion, with respect to UV protection skin creams of applying to skin directly,
TiO, is expected to scatter and reflex as physical sunscreen. However, TiO; is proved to
be an unexpectedly harmful chemical sunscreen because of their inimical effects to
human health. It is proved that TiO, can cause serious effects to human health. These

effects might be comparable with the UV-inducted problems.
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2.4 Pharmacy requirement in suncreams

Sun protection products and products with a Sun Protection Factor (SPF) are regulated as
cosmetics® (subject to positive lists) in the EU and Japan, as functional cosmetics in
Korea, as over-the-counter (OTC) drugs in the USA, as non-prescription drug in Canada
and as OTC products in Australia if the SPF is greater than 4 (RPA, 2004). Therefore,
depending on the specific market, sun protection products have to obey requirement for

accordingly kind of product in category.

The EU Cosmetics Directive (76/768/EEC) was adopted on 27 July 1976. The Directive
aims to guarantee the safety of cosmetic products for human use while encouraging
commercial exchange and eliminating barriers to trade (EC, 1999). The European
Commission has overall responsibility for cosmetics legislation within the EU. Each

Member State designates a competent authority that enforces the legislation (RPA, 2004).

In the EU, skin care products as a whole account for 23% of the total cosmetics and
toiletries market and are the fastest growing segment (Colipa, 2003). Sun protection
products are still expected to a development associated with the introduction of new and
more effective UV filters. Until now, titanium dioxide is in the list of UV filters which
sunscreens may contain with maximum authorized concentration of 25%. It takes about 2
- 3 years of preparation of the file for approval of new UV filters and afterwards
Scientific Advisory Committee, the SCCNFP, need approximately 1 year to issue the
expected new one. Data requirements and timescales for approval of new UV filters are
considerably different between markets (RPA, 2004).

The main difference of suncream from normal cream is its sun protection ability. To
measure the amount of protection against UV-radiation provided by a sunscreen, SPF is
applied. An SPF rating of 15 would only allow 1/15"™ of UV-radiation falling on its
surface to pass through it. In other words, this suncream would transmit about 7% of UV-

radiation.

In definition, SPF is arithmetical mean of individual SPF; (1 decimal point):

SPF; = pr0tecmdMEDi/unpmteCtedMEDi (see also in figure 6)

% The EU Cosmetics Directive defines a cosmetic product as:

‘any substance or preparation intended to be placed in contact with the various external parts of the
human body (epidermis, hair system, nails, lips and external genital organs) or with the teeth and the
mucous membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfuming them,
changing their appearance and or/correcting body odours and/or protecting them or keeping them in good
condition’.
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(AS/NZS, 1998)

There is an important note that the biological effectiveness of UV-radiation increases by
a factor of over 1000 as the wavelength changes from UV-A to UV-B because UV-B
exposure causes 1000 times as much of skin damage as the same amount of UV-A
exposure (figure 7). However, as showing in the formula, SPF is based solely on

prevention of erythema.
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Figure 7. Spectral effectiveness of ultraviolet radiation

(ARPANSA, 2003)
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SPF ratings are determined by testing sunscreens on the skin of human volunteers in

accordance with updated standard for sunscreen.

Australia published as first country a standard for sunscreen products in 1983. The
present joint Australian and New Zealand standard is AS/NZS 2604: 1998 “Sunscreen
Products Evaluation and Classification”. An international SPF is also published in 2003
by Colipa (European Cosmetic, Toiletry and Perfumery Association) written in
collaboration with CTFA-SA (Cosmetic, Toiletry and Fragrance Association of South
Africa) and JCIA (Japan Cosmetic Industry Association). Both of updated SPF categories
listed a high-SPF level with minimal side of SPF 15 (table 1) (AS/NZS, 1998;
ARPANSA, 2003 and CTFA, 2004).

According to the previous discussion, TiO, can cause problem to human health.
Therefore, it is preferred to develop new safety UV filters or new series of Sun protection
products, which can satisfy the requirement of AS/NZS 2604: 1998 standard, Colipa
standard or some updated one. Therein, new cosmetic creams with an SPF >15 are
expected sunscreens. In addition, the new sunscreens are expected to prevent also skin

cancer which is caused mainly by UV-B radiation.

Table 1. Comparative SPF categories (labelling)
(According to CTFA, 2004)
Australia & New Zealand, 1998 International SPF, 2003
(AS/NZS 2604: 1998) (Colipa, CTFA-SA, JCIA)
Labelled SPF: SPF rounded down to nearest Mean value from the test rounded down to
integer or <mean SPF in same category the nearest whole number in the SPF
classification table summarised below
Very Low: 2-<4 Low: 2-4-6
Low: 4-<8 Medium: 8-10-12
Moderate: 8 -<15 High: 15-20-25
High: 15-<30 Very High: 30-40-50
Very High: >30 Very High: 30-40-50
SPF >15 products should be “Broad spectrum” Ultra: 50+

2.5 Clays, clay minerals and their application for human health

Application of clays and clay minerals in pharmaceutical products and cosmetics is very
widespread in daily life. The applied abilities are based on the typical properties of clay
minerals: high specific area and adsorption capacity, rheological properties as well as
chemical inertness and low or null toxicity. In addition, because of clay’s character as

natural material, it is possible to control its active principal and chemical process.

11
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Carretero (2002) reviewed in detail the applications and beneficial effects upon human
health of clays and clay minerals. Following is a short introduction about those

applications.

Minerals which are utilized for pharmaceutical purpose are mainly natural clay minerals
(eg. smectites, kaolinite, palygoskite...) except hectorite “Laponite S”. Use of clays and
clay minerals for health protection and treatment is already as old as mankind. The
ancients used mud to cure wounds and to soothe irritation. Nowadays, people use clays

and clay minerals in pharmaceutical formulations, in spas and in aesthetic.

Using clays as bulk material, spas and aesthetic medicine are two popular fields of
application. In spas, clay is applied in geotherapy as cataplasms or mud baths, in
pelotherapy and in paramuds. Clays are mixed with water then matured in pelotherapy or
mixed with paraffin in paramuds. For example in geotherapy spas, the mixture of clays
and water can be direct applied upon the skin as cataplasm to treat boils, acne, ulcers,
abscess, seborrhoea, etc.; or cool-muds can be used as anti-inflammatory agent and hot-
muds can be used for chronic articulatory treating. In aesthetic medicine application, cold
clay mud is commonly used in facial treatments. Clays are also used to treat blackheads,

spots, acne and seborrhoea as well as to retard the development process of cellulite.

The using of clay minerals in pharmaceutical formulations fall into one of two main

categories: excipient’ and active substance.

As excipient, clay minerals improve organoleptic characteristics such as taste, smell,
color and improve physical-chemical properties such as viscosity. They facilitate the
preparation and promote the disintegration of pharmaceutical formulation. The clay
minerals familiar in this category are palygorskite, smectites, kaolinite and talc. Some
examples of the using of these materials are emulsifying agents, thickening agents,
lubricants, agents to aid disintegration, dispersion of fibres, inert bases and to avoid the
segregation of the pharmaceutical formulation. However, it is noticed that clay minerals

can have influence on liberation and stability of bioavailability of the main drug.

Especially in case of excipient, concerning sunscreen, sepiolite and smectites were
researched on their abilities to form complexes with organic compounds which absorb
UV-radiation (del Hoyo et al., 1998, 2001; Vicente et al., 1989)

7 An excipient is an inert substance used as a diluent or vehicle for a drug. (http://medical-
dictionary.thefreedictionary.com/)
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As active substance, the application is more limited, some should be listed are
gastrointestinal protectors, osmotic oral laxatives, dermatological protectors and
cosmetics. One familiar is “Beidelix” which is used as a stomach buffer from Na-
beidellite. In pharmacy, clay minerals are utilized to produce powders, creams and
ointments for protecting skin against external agents and agents exuded by skin itself or
excreted liquids. For cosmetic purposes, clay minerals are utilized for inflammatory
processes to treat for example boils, acne, ulcers and are produced in creams, powders,

emulsions. Kaolinite, smectites, talc and palygorskite are the common used clay minerals.

In conclusion, clays and clay minerals are various and familiar in pharmaceutical and
cosmetic application. Because special properties of clay minerals which are different

from other minerals, they have many beneficial effects upon human health.

2.6  Possible functions of clays, clay minerals in UV protection cream

Because of problems with UV-radiation as well as the non-natural additives used in
suncreams, clay minerals and clays are object of this study with expectation to open some

clay characterization which has function in UV protection.

As above mention, clays and clay minerals are applied in many industrial fields including
application in pharmaceutical and cosmetic fields. They are used in the health care
productions because, besides of specific properties, clays and clay minerals have high
surface area and absorption capacity, rheological characterization, chemical inertness and
low or null toxicity. However, there is still limitation in the pharmaceutical and cosmetic
application of such kind of material. Almost of all application in these fields is using
clays and clay minerals as excipient, only few is using as active substance (Carretero,
2002). With the aspect in sunscreen, some former researches of del Hoyo et al. (1998,
2001) and Vicente et al. (1989) intended for clays but as only excipient and related in
UV-C area. Because clays and clay minerals have many possible functions in UV
protection, this contribution concerns substitution clays as active substance for non-

natural additives in suncreams.

Clay minerals are phyllosilicate minerals, so that they can create conditional feeling on
the skin with high rheological property. That is why they are used as cosmetic materials.
Some commonly used clay minerals in cosmetic application are talc and montmorillonite.
Clays are also characterized as the materials having high absorbency level. Therefore,
they are also supportive for skin to absorb greases and toxins. This characterization is

advantage for application in cosmetic field.
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Because of such the “phyllo-“property, clays have high surface area. Kaolin has the
surface area of about 10 — 20 m*/g and bentonite has the number around 700 - 800 m*/g
of total surface area. With such high surface areas, clays can cover effectively a zone of
human skin. Therefore, on this applied clay-bearing suncreams, clays are expected that

they can support a UV-absorption ability or UV-reflection ability.

With respect to the possible UV-reflection function, the specific surface area of clay
should be an important factor. Therefore, particle parameters are concerned. Different
grain size distributions of same clay are studied to compare the influence of surface area
in the similar chemical composition. Clay minerals in different groups such as kaolinite

and smectites are also considered because they are in different surface area levels.

With respect to the possible UV-absorption function, the chemical composition of clays
is considered. Hence, clays characterized with different chemical compositions are used
in this study. Moreover, different phases of the same chemical element in clay samples
can have different influence, so that the clays are studied in detail for all of mineral

phases especially main clay mineral phases.

Besides, cream samples are mixture of clays and organic components. Therefore, some
properties of clay such as surface charge, which can affect the interaction between clay

and organic component, are considered.

Conclusively, besides of many positive properties towards human heath and human skin,
clay minerals and clays are reasonably expected to support for UV protection substituting

non-natural additives.
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3 METHODOLOGY

3.1 Clays and clay minerals analyses

Used clays and clay minerals for UV experiments were divided into four different
groups: kaolin, bentonite, mica dominated clay and mixed-layer dominated clay (table 2,
table 3). These categories were identified based on corresponding clay minerals group:
kaolinite and halloysite (kaolin); montmorillonite, beidellite and nontronite (bentonite);
illite and dioctahedral vermiculite (mica dominated clay); and illite/smectite mixed layer

series and dioctahedral vermiculite/smectite mixed layer series (mixed-layer dominated
clay).
In this project, XRD, TEM-EDX, XRF, SEM, dithionite treatment and Atterberg

sedimentation were performed in the laboratories of Institute of Geography and Geology,
E-M-A-University of Greifswald.

Table 2. Untreated kaolin samples involved in UV-measurements

Sample Locality Note and literature Source

Caminau Caminau, Lausitz  Granodiorite kaolin by weathering; Institute of Geography
near Bautzen, German reference kaolin; and Geology, EMAU,
Saxony, Germany =~ ASMW, 1988 Greifswald

Woltka Kemmlitz, Porphyry kaolin by weathering; Institute of Geography
near Leipzig German reference kaolin; and Geology, EMAU,
Saxony, Germany ~ ASMW, 1988 Greifswald

Spergau Spergau, Merseburg, weathered New-red Sandstone arkoses; Institute of Geography
Saxony-Anhalt, German reference kaolin; and Geology, EMAU,
Germany ASMW, 1988 Greifswald

Seilitz near Meissen, Pitchstone kaolin by weathering; Institute of Geography
Saxony, German reference kaolin; and Geology, EMAU,
Germany ASMW, 1988 Greifswald

KGa-1b Washington, weathered Tuscaloosa Formation sandstone; The Clay Minerals
Georgia, CMS low defect kaolin; Society (CMS)
USA van Olphen & Fripiat, 1979

KGa-2 Warren, probably lower Tertiary sedimentation, The Clay Minerals
Georgia, CMS high defect kaolin; Society (CMS)
USA van Olphen & Fripiat, 1979

Michalovce Michalovce, hydrothermal alteration of rhyodacite Institute of Geography
Slovakia halloysite (TS-41); and Geology, EMAU,

Kuzvart, 1969 Greifswald (TS-41)
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Table 3. Untreated clay samples involved in UV-measurements

Sample Locality Note and literature Source

Plessa Bad Liebenwerda, German reference clay; Institute of Geography
Brandenburg, Kranz, Ruchholz and Marx, 1990 and Geology, EMAU,
Germany Greifswald

Gorrenberg Traustein, German reference clay; Institute of Geography
Thuringia, Kranz, Ruchholz and Marx, 1990 and Geology, EMAU,
Germany Greifswald

Teistungen Worbis, German reference clay; Institute of Geography
Thuringia, Kranz, Ruchholz and Marx, 1990 and Geology, EMAU,
Germany Greifswald

Thierfeld  Zwickau, German reference clays; Institute of Geography
Saxony, Kranz, Ruchholz and Marx, 1990 and Geology, EMAU,
Germany Greifswald

Friedland  Friedland Eocene marine sedimentation; Pilot Vegetable Oil

Clay near by Anklam, IS-mixed layer rich (30% illite : 70%  Technology Magdeburg
Mecklenburg-Western smectite); e.V.(PPM e V),
Pomerania, Germany Henning, 1971 Magdeburg, Germany

Garfield Garfield area, formed from basalt by weathering; Institute of Geography
near Spokane, nontronite, API/H-33a; and Geology, EMAU,
Washington, USA Kerr, 1951 Greifswald (TS-1803)

Chambers Chambers, altered volcanic ash; Institute of Geography
Arizona, montmorillonite, API/H-23; and Geology, EMAU,
United State Kerr, 1951 Greifswald (TS-569)

Wyoming  Upton area, interbeded in Mowry shale; Institute of Geography
near Newcastle, montmorillonite, API/H-25; and Geology, EMAU,
Wyoming, USA Kerr, 1951 Greifswald (TS-874)

SHCa-1 San Bernardino, altered Red Mountain andesite; The Clay Minerals
Califonia, hectorite, CMS bentonite Society (CMS)
USA van Olphen & Fripiat, 1979

STx-1 Gonzales, altered rhyolitic, Manning Formation = The Clay Minerals
Texas, montmorillonite, CMS bentonite Society (CMS)
USA van Olphen & Fripiat, 1979

SAz-1 Cheto Mine, Apache, altered vitric tuff, Biodhochi Formation The Clay Minerals
Arizona, montmorillonite, CMS bentonite Society (CMS)
USA van Olphen & Fripiat, 1979

SWy-2 Crook, volcanic ash, Newcastle Formation The Clay Minerals
Wyoming, montmorillonite, CMS bentonite Society (CMS)
USA van Olphen & Fripiat, 1979
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3.1.1 X-Ray diffraction

XRD-investigations were carried out to determine the mineral composition of the samples
and their semiquantitative distribution. Additionally, some individual parameters have been
measured like particle size distribution (coherent scatter domains / CSD). Normally, the used
samples were milled and sieved to particle size of <63 um before diffraction measurements.

With randomly oriented powder samples, a Siemens D5000 X-ray diffractometer with a
Cu tube, Ka, , radiation of 1.54 A was used at 30 mA of current and 40 kV of voltage
(table 4). Besides, soller collimator is 0.5/25, measurement step size & time: 0.02 °20@ for
3 seconds. The data were collected from 4 to 68 °2@. Some samples with high Fe-
proportion were re-investigated by Co tube of 1.79 A with Fe-filter. XRD measurements
with randomly oriented powder could bring out all of diffraction with hkl-spacing. These
d-values were compared with the basis of ICDD/JCPDS database to identify the main
mineral matter (appendix 1).

XRD analyses were carried out also on oriented mounts including air-dried, ethylene-
glycolated and 550 C-heated (during 4 hours) specimens by means of a Freiberg Praezitronic
diffractometry HZG 4A-2 equipped with a Seifert C3000 control unit (Co tube, Ko,
radiation, 30 kV, 30 mA; fixed slits: 1.09 mm / 6.0 mm, soller: 0.5/25, detector slit: 0.35 mm,
see table 4). Data recording was started at 4 and ended at 34 °2@ with a step size of 0.02 °20
and a count time of 2 seconds per step. XRD analyzing of oriented specimens checked the
00l-spacing and the changing of this spacing that is caused after interlayer space saturation
or thermal treatment. Based on different minerals modification (Starkey et al., 1984), the
minerals which were presented in oriented mount were identified.

For analyzing the line-profile of clay minerals with broad and heavily overlapping X-ray
refraction, specialized WinFit program was used (Krumm, 1994). This program helped to
decompose complex or noisy pattern by fitting profile shape functions that can be fixed
to Gaussian. The refined profiles were used for determination of positions. Besides,
intensity and area of the peak could be taken to quantify phases relatively. Furthermore,
by WinFit program, the refined profiles, which include FWHM and peak shape, with
Fourier transformation implement were used for the determination of CSD as
approximation to the particle thickness distribution.

In this research, dominated clay minerals are divided into 4 groups: kaolin-group with
kaolinite and halloysite; smectite-group with montmorillonite, beidellite and nontronite;
miscellaneous series with illite, dioctahedral vermiculite and illite/smectite mixed layer
(IS-ml) and dioctahedral vermiculite/smectite mixed layer (diVS-ml) phases.

Kaolinite and halloysite

Although having same formula, XRD pattern of kaolinite is different from this one of
halloysite. Kaolinite has 7.18 A 001-spacing and 3.58 A 002-spacing peaks. Otherwise,
halloysite has 7.4 A 001-spacing and 3.63 A 002-spacing peaks.
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Montmorillonite, beidellite and nontronite

Montmorillonite, beidellite and nontronite allow water or other molecules to enter
between the layers, so that the expansion is very clear with ethylene-glycol treatment. It
is difficult to distinguish between beidellite and montmorillonite, by applying Heller-
Kallai test using Li" saturation with suitable material proportion, (Malla & Douglas,

1987; Kloprogge et al., 1990), so that beidellite is recognized with TEM analyzing.
1llite and dioctahedral vermiculite

In XRD result parts, “illite” is referred to illite, dioctahedral vermiculite and
illite/smectite mixed-layer or dioctahedral vermiculite/smectite mixed-layer with very

low proportion (smaller than 10%) of smectitic layer.
1S-ml and diVS-ml

“IS-ml”, mentioned in XRD results, is referred to illite/smectite mixed-layer and/or

dioctahedral vermiculite/smectite mixed-layer.

All these phases occur together mostly as mixture and the resulting overlapping
interferences are not to separate clearly, because of their similar behaviour. They have

been listed and distinguished in detail by mineral formula in TEM-EDX results.

Especially, according to Moore and Reynolds (1997), it is possible to estimate proportion
of illitic layer in ethylene-glycol saturation profile with IS-ml 001/002 and 002/003 peaks
by Newmode-modelling.

Table 4. Equipment and technical parameters of XRD measurements
Equipment Siemens D5000 X-ray Praezitronic Freiberg HZG 4
diffractometer / Seifert C3000
(for randomly oriented mounts) (for oriented mounts)
X-ray tube CuKa CoKa
Wavelength 1.54 A 1.79 A
Voltage 40 kV 30kV
Current 30 mA 30 mA
Step 0.02 °20/3s 0.03 °20/2s
2 Soller-slits 0.5/25 0.5/25
Divergence-slit 20 mm 1.09 mm
Scatter-slit 2.0 mm 6.0 mm
Receiving-slit 0.06 mm 0.35 mm
Counter Scintillation counter Proportional Counter
Other Graphite secondary- Fe-filter
monochromator
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In conclusion, line-profiles from XRD measurement can be interpreted for analyzing
phase and individual mineral. Therefore, almost all clay samples, which were used in this
research, were analyzed by XRD with both randomly oriented powder mount for hkl-

spacing and oriented specimens for 00l-spacing.

3.1.2 TEM-EDX

The selected clay samples were characterized by means of morphology, crystal habit,
size, electron diffraction and element distribution by transmission electron microscopy
(TEM). Normally, from the bulk sample, <2 pm fraction was separated by sedimentation.
The sample suspension was prepared by dilution in distilled water and dispersed by
shaking in an ultrasonic bath during about 10 minus then air-fried on carbon covered

micro Cu-grids.

In this research, TEM investigations were carried out by a transmission electron
microscope Jeol JEM-1210 (120 kV, LaBg¢-cathode or CeBg-cathode) linked with ISIS
LINK-OXFORD EDX-system and a GATAN MULTISCAN camera.

Semiquantitative chemical analyses were performed on selected particles by energy
dispersive X-ray (EDX) examines using X-rays. By moving electron beam across the
material, an image of each element in sample, not on surface, can be acquired. Therefore,
electron diffraction also allows an evaluation of the stack order. Ring-like structures of
the electron spots indicate for clay minerals a constructing of reciprocal layers (so called

turbostratic orientation of the layers).

Morphology of particles was described
according to Henning & Storr (1986). 110

Mineral formulas were calculated from

EDX chemical semiquantitative ’ .

analyses with software toolkit, which

was presented by Kasbohm et al

polytype for 2:1 sheet silicates were 2M, - polytype 1M - polytype

demonstrated by Zoller (1993), this Figure 8. Electron diffraction by convergent
. - beam mode

author based on intensities of

interferences of (110) and (020) in

convergent beam system, in which |110}/| 020| > 1 is characterized as 2M-polytype and

[110)/] 020] < 1 is characterized as 1M-polytype. Taken together, the particles were

identified into mineral species.
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Kaolinite and halloysite

Kaolinite and halloysite have the same theoretical formula of Al,Si;Os(OH)snH,O (n =0
or 4). However, some substitution of Al by Fe and Mg should be considered. Kaolinite
and halloysite were distinguished by variation in morphology: kaolinite is

pseudohexagonal platy particle, whereas halloysite shows a tube-like shape.

Montmorillonite, beidellite and nontronite

Both montmorillonite and beidellite are Al-bearing dioctahedral smectite whereas
nontronite is iron-rich dioctahedral smectite. Montmorillonite and beidellite can be
distinguished by the site of negative charge on the layers. In montmorillonite, the charge
increases in octahedral layer, however, in beidellite, the charge arises in tetrahedral layer
(Newman, 1987). According to Newman (1987) and Moore & Reynolds (1997), ideal

structural formulae of montmorillonite, beidellite and nontronite are as following:

Montmorillonite: M 033.043 (Al 671 57,Mg033.0.43)2 Si4O10 (OH),nH,0
Beidellite: M 033.043 ALy (Si3 67.3.57,A1033.043)O10 (OH)2nH,O
Nontronite: M, Fe3+2 (Si-x),Alx)O10 (OH),'nH,O

M is exchangeable cation in the interlayer space.

In calculation process of mineral formulae, the indexes of each element can be accepted

with lager range of variation corresponding to empirical formulae.

Illite and dioctahedral vermiculite

The name “illite” has been used relatively vaguely in the literature. Commonly,
muscovite is defined as end-member of the illite series (Rosenberg, 2002; Meunier and
Velde, 2004). But IMA (Rieder et al, 1998) reported on the nomenclature of mica
defined that illite is a series name with potassium in interlayer of 0.6 - 0.85 and
muscovite is another series name in the mica group with potassium in interlayer from 0.7
- 1.0 per O;o(OH), (interlayer > 0.85). The substitutions causing interlayer charge are

found in octahedral and tetrahedral layer.

The Subcommittee of IMA report (Rieder ez al., 1998) was unable to find any hydromica
that has an excess of water over the equivalent of (OH,F); and could not be interpreted as
a mixed-layer structure (such as biotite-vermiculite, illite-smectite). At the same time, all
micas described as hydromicas exhibit a deficiency in the interlayer cation position.
Accordingly, the Subcommittee voted to abandon the subgroup name hydromicas and
replace it with interlayer-cation-deficient micas or, in an abbreviated form, interlayer-

deficient micas.
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Illite, recognized in TEM investigation, is referred in this contribution to illite in the
sense of Srodon et al. (1992). According to these authors, structure formula of illite in the

stricto senso is:
FIXo .89 (Al; 85F€0.0sMgo.10) (S13.20Al0.30) O10(OH)>

For example, concerning illite formula above, the sum of octahedral layer charge (of -
0.1) and tetrahedral layer charge (of -0.8) -0.9 is almost exactly balanced by the +0.89

charge of interlayer cations.

Further K deficient dioctahedral micas (with tetrahedral Si < 3.3 per O,o(OH),) are called
in this contribution as dioctahedral vermiculite offering additional possibilities to

distinguish between different genetic signals.

IM and 2M; staking are the most frequently encountered in illite particles and were
described by Meunier and Velde (2004).

According to Meunier et al. (2000, 2004), example of vermiculitization of smectite
interfaces was studied. The authors mentioned that montmorillonite can be substituted in
tetrahedral and then octahedral sites and addition of exchangeable interlayer cations, in
the case without saturation of K* or NH*', then montmorillonite transform into
vermiculite. When saturated with K, the high charge interlayer is collapsed to construct
illite. Moore and Reynolds (1997) also mentioned the process: from muscovite to
dioctahedral vermiculite. Vicente (1997) reported some empirical formulae of Al-
vermiculite, which were very dioctahedral vermiculite. Taken together, this research
concerned in dioctahedral vermiculite as clay mineral which is distinguished from illite
by K' in interlayer. Based on formulae from Moore & Reynolds (1997), Bailey and

Chairmen (1980), the ideal formula of dioctahedral vermiculite is:
M35 (AlLs (Mg,Fe)o2) (Siz0Al;0) O10(OH),

In which, M" include monovalent and bivalent cations. The charge per O;o(OH), unit of
dioctahedral vermiculite is about 0.6 — 0.9 (Bailey and Chairman, 1980).

IS-ml and diVS-ml

“IS-ml” and “diVS-ml” terms are synonymous for clay series formed of illite/smectite
and dioctahedral vermiculite/smectite mixed layers phases. Srodon et al (1992)
introduced a system to calculate mineralogical formula allowing for proportion of illitic
and smectitic layers. The basic of calculation is relationship of “fixed” cations interlayer
with expandability of particles (equa.l). Combined many lines of evidence, the authors
proposed an interlayer charge of 0.4 for smectite and 0.89 for illite (per O;o(OH),) with

an accuracy of £ 1% for smectite and + 0.01% for illite components (equa. 2). Kasbohm
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(2002), based on works above, developed indicative system to identify and calculate

chemical formulae of those IS-ml or diVS- ml particles with following equations:

%Smax = (95.6-105.75xFIX) (eq. 1)
Xineoretic = [0.89%(100 - %S) + 0.4x%S1/100 (eq. 2)
%S = 100.38x("VA)*-213x("VA1)+109.4 (eq. 3)
%I =100 - %S (eq. 4)

%Smax is defined as maximal proportion of smectite layers in the calculating mixed layer
phases. FIX is introduced as fixed K+Na cations in interlayer. XIliheoretic iS the theoretic
interlayer charge considering IS-ratio and 0.4 as charge for smectitic layer and 0.89 for
illitic layer. The variable %S is defined as proportion of smectite layer based on Al in
tetrahedral layer. And finally, %I is defined as proportion of illitic layer (for example
particle with %I of 90 is illite/smectite mixed-layer particle with 90% of illitic layers). In
fact, the system calculated with %I according to %S and %Syax equations.

Kasbohm (2002) has introduced two linked controlling parameters distinguishing
between IS-ml and diVS-ml - comparison between Xllieoretic t0 Xmeasured a0d FIX ninimum
to K+Nameasured- FIXminimum 1S calculated by equation 1 defining %Smax = %S. It should
describe the minimum requested sum of K+Na in the interlayer space of illitic layers to
fulfil the postulations of Srodon et al. (1992) for illite in stricto senso. In fact I1S-ml
phases are valid XIleoretic ~ XImeasured ad FIX minimum < K+Nameasured. Otherwise diVS-ml

could be expected.

3.1.3 X-Ray fluorescence

Some selected samples, which are untreated and dithionite treated samples, were measured
by X-ray fluorescence (XRF) method. It is the only method that can be used to analyze
routinely for almost any element including major-elements and trace elements as well as

metals and non-metals. Samples were milled to <63 um before XRF measurement.

Analysis was carried out using a wavelength dispersive Philips PW 2404 X-ray
spectrometer with 10 mA of current and 20 kV of voltage. Mixture of approximately
0.800 gram of bulk sample and 2.000 gram of lithium tetraborate (Li,B407) and 1.932
gram of lithium metaborate (LiBO,) were anhydrous dense molten fluxed to assure
homogeneity. In the progress, it was using non wetting agent (NWA) or/and oxidizer.
Loss on ignition (LOI) at about 1000 C also served as an approximate measure of volatile
H,O0.

Detail of XRF method has been report by Couture & Dymek (1996).
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3.1.4 Mbossbauer spectroscopy

Mossbauer spectroscopy is a method for defining valence and structure state of Fe-ions
that could not be done by XRF method. This kind of analysis were presented elsewhere
by Menil (1985), Rancourt (1998) and Stucki (2005) and, in this research, were carried
out at St-Petersburg State University, Department of Chemistry, Laboratory of MBS, St-
Petersburg, Russia (Prof. Dr. Eduard Goilo, Dr. Sofia Lessovaia).

Mossbauer spectra of selected samples were recorded on Ms-1104Em Mossbauer
spectrometer at room temperature, using Doppler-velocity and *’Co isotopes resource.
Because of recoil-free of gamma emission, which can be resonantly absorbed by
stationary atoms, >'Fe in the solid samples absorbed 14.41 keV gamma photons and
affected equipment probe. Univem MS program was applied to fit the obtained spectra

for receiving series of sub-spectra.

Obtained parameters of the sub-spectra, such as isomer shift 6 (or center shift),
quadrupole splitting A (caused by electric field gradient), line-width I' (or FWHM) and
magnetic hyperfine field H;, were collected to characterize the Fe-ion phases in the
samples. According to isomer shift values, which were collected by Menil (1985)
(appendix 6), the oxidation states Fe atom were identified. The iron oxides or hydroxides
can be identified by sextet (component peaks of six-line pattern) and the silicate iron can
be identified from doublet with isomer shift at about 0.3 mm/s (Stucki, 2005). The exact
silicate site in which Fe-ion is located (e.g. cis-octahedral, trans-octahedral, tetrahedral or
interlayer) could be identified according to the different quadropole splittings, which
depend (1) only on the local cation arrangements around a central Fe** or 2)
significantly on mutual disposition of OH groups for spectroscopic characteristic of
dioctahedral 2:1 layer silicates (cis or trans) (Drits et al., 2002).

In combination with mineral identification by other methods, minerals which contain Fe-

ion phases, Fe oxidation states and Fe-ion sites were pointed out by MBS analyses.

3.1.5 Atterberg sedimentation

The fractions <2 um and <6.3 pm were separated from some bulk samples by Atterberg

sedimentation in order to investigate also the influence of grain size.

According to Gessner (1931), collected sample was dispersed in distilled water,
subsequent the suspension was shaken during one day-night and was filled in the glass
container with water level controlling. The > 63 um fractions were a result of wet-sieving
first. The falling time for each smaller fraction for the Atterberg sedimentation was
determined by STOKE’s law:
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‘= 9-h~77 (eq. 5)
2-g-r*-(p-p")

Where h is height of falling (m); n is viscosity of fluid (kg/mxs); g is acceleration due to
gravity (m/s?); r is radius of particle (m); p is density of particle and p’ is density of fluid
(kg/m?). Using the g = 9.81 m/s%; 1 = 0.001 kg/mxs (for water at 20°C); p = 2650 kg/m?
(density for quartz); p’ = 998 kg/m? (2OOC) and h = 30 cm, for <2 um, it was took 23 h
11”08’ and for <6.3 um 2 h 20’ 12°".

After Atterberg sediment process was completely, determined by clear-looked water
column, the suspension was condensed by centrifuge, warm dried or by vacuum-filter

and then freezing dried in the case of <2 pum particle size.

3.1.6 Dithionite treatment

For removing free iron phases (oxides and/or hydroxides) in the samples, dithionite
method based on the procedure of Mehra and Jackson (1960) was applied. The method
used sodium dithionite® as reducing agent in citrate’-bicarbonate'® buffered suspension.
An amount of approximately 10 gram of each selected samples was placed in 45 ml of an
8 volume of 0.3 Na-citrate: 1 volume of 1 M NaHCOj solution in a tube. Afterwards, the
suspension was heated to about 70°C by water. Na-dithionite was added as the solid
phase, and stirred for 1 minute (dissolving time of hematite) and then for 15 minutes
(dissolving time of goethite). It took four hours for the reaction. Subsequently, the
suspension was cooled and washed by distilled water to remove excess dithionite.
Finally, the treated clay samples were dried at 40 C and milled slightly to get the powder

and estimate the reduction.

3.2 Non-clay samples analyses

Apart from clay, some pharmaceutical or trade-ware materials as following list were

utilized:

Suncream trade ware:

- Ladival® allerg 20: trade-ware, STADA GmbH, Bad Vilbel, Germany

- L’Oreal (LSF 15): trade-ware, L’Oreal Paris, Karlsruhe, Germany

¥ Dithionite: Na0,SSO,Na
° Na-citrate: HOC(COONa)(CH,COONa),.2H,0
19'Sodium bicarbonate: NaHCO;
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Pharmaceutical substances:
- Ferrum Oxydatum Flavum: C.I.Nr.77492, Caesar & Lorentz GmbH, Hilden, Germany
- Ferrum Oxydatum Rubrum: C.I.Nr.77491, Caesar & Lorentz GmbH, Hilden, Germany
- Titandioxid: Eu Rho ® Ph.Eur.4, Euro OTC Pharma GmbH, Bénen, Germany

Cream matrix and cream admixtures:

- Wool-wax-alcohol cream: SR 90, Bombastus Werke AG, Dresden, Germany
- Plantacare® 2000: Decyl Glucoside, Merck, Darmstadt, Germany
- Glycerol: Merck, Darmstadt, Germany

Nanoparticles (lipids):

- Ganoderma pffeiferi: harvested in laboratories at Institute Pharmacy, E-M-A-
University of Greifswald

Wool-wax-alcohol cream (“Wollwachsalkoholesalbe” by German) includes wool-wax-
alcohol, sorbitanum trioleinicum GOT and mainly vaseline. Wool-wax-alcohol has also
the name “Lanolin Alcohol” as International Nomenclature of Cosmetic Ingredients
(INCI) (Parmentier, 2004).

Ganoderma pfeifferi was characterized that its extracts can inhibit the growth of
microorganisms responsible for skin problems (Lindequist ez al., 2005). Especially, according
to Julich et al. (2004), Ganoderma pfeifferi extracts are suitable for pharmaceutical and
cosmetic preparation as well as controlling infection. The authors also indicated that
extracts of some Ganoderma species have a scavenging effect on free radicals so that

they exhibit an anti-oxidative effect and cause a delay toward aging process.

3.2.1 UV-measurement

UV-measurement was used to characterize reduction potential to reduce the transmission
abilities of cream samples. Before measurements of UV-transmission could carry out,
cream samples were mixed with clay samples, which are also characterized in this
research (chapter 4). For the measurement, each cream sample was prepared with
0.003 mm of thickness based on one layer of sticking-plaster. A couple of special quartz
cuvette has guaranteed this thickness and kept the cream sample during the measuring

process.

All of cream samples were UV-measured using an AnalytikJenaAG SPECORD 50
photometer at the Institute of Pharmacy, University of Greifswald (UV lamp as light
source electric potential of 483 V, current of 0.3 A, and frequency of 200 Hz). The
samples were kept as far as 10 cm away from the light-source. Measurement interval of

wavelength was chosen from 250 nm to 400 nm.
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Pure-clay cream sample

First of all, normally, clay samples were milled slightly to get the particle size smaller
than 63 um and to homogenize the powder. In some specific samples, clay samples were
used with particle size <2 pm. Two mixing ratios between wool-wax alcohol and clay
were tested (10% clay; 20% clay). The 10% clay - cream samples were made from clay
sample and wool-wax-alcohol cream by 0.1 g clay per 1 g wool-wax-alcohol cream.
However, clay sample was mixed primarily with 0.2 gram of glycerol. The cases of 20%
clay-creams are completely similar. Every mixture should be milled to become

homogeneous one.

Clay-fungi cream sample

Involving of UV-active organic compounds in the experiments, fungi nanosuspensions
will be prepared, too. The warmed fine powder terrestrial fungi Ganoderma pfeifferi and
warmed emulsifier Plantacare 2000 with the ratio of approximately 5.00 gram and 45 ml
are united at around 50°C. Subsequently, with the help of an agitator (rotor stator
principle or ultrasonic) working on 45,000 rpm, a pre-suspension was manufactured. The
pre-suspension is homogenized about 4 times thereafter with a support of highly pressure
homogenizer, whereby the organic solvent was also removed by evaporation. In one end,
precipitation active substance containing biomass was the form of stable particles. In
other words, expected nanosuspension of fungi was obtained. This process was presented
in detail by Julich ef al. (2004). Each 1 ml of the received nanosuspension was blended
with 1 gram of wool-wax-alcohol cream and afterward with 0.1 gram of clay. At the end,

clay-fungi cream samples of 10% clay were prepared to measure UV-transmission.

In this project, for every cream sample, the measurement was repeated 20 times or more

to get the average value. The data are showed by transmission:
T = (Ix100)/1p (%) (eq. 6)

In which, Iy is intensity of incident UV ray; I is intensity of penetrate ray, which is

remains of incident UV ray after passing the cream-bearing cuvettes into the target.

The results will be drawn from completely 280 to 400 nm of wavelength.
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3.2.2 Light microscopy

A light microscopy, ZEISS - AXIOSKOP linked with Carl Zeiss AxiCam HR system,
was used to observe and to take typical images of selected clay-pure and clay-fungi
cream samples. The cream samples with about 0.003 mm of thickness were prepared
between two glass pieces. From obtained images, the structures of cream samples were
described. Consequently, the homogeneities of cream matrix were estimated by STDV
parameter with Adobe Photoshop 7.0 software supporting. With samples originated from
the same clay (e.g. untreated Friedland Clay and acid treated Friedland Clay), the lower

STDV could present the more homogeneity of matrix.

3.2.3 Skin model test by mouse-ear in vivo

Selected clay cream samples, both types of pure-clay creams and clay-fungi creams, were
investigated on their behaviours towards human skin based on skin model test with skin
flora Escherichia coli and infectious bacteria Staphylococcus aureus. The experiments

were performed by Biometec GmbH, Greifswald.

E. coli, usually harmless, is frequently studied in life sciences because of its ubiquity and
its clear structure. The bacteria species is a germ of normal skin flora, so that, in this
research, it is used as indicator a safety of clay cream for human skin under UV-exposure
condition. Mouse-ears were prepared at pistils disinfected with ethanol and then infected
with E. coli (strain 25922, MF 0.125, dilution 1:20). After 1.5 hours of incubation at
30°C, the mouse-ears were coated with the clay creams and consequently were irradiated
under UV-radiation (30 cm of distance to the lamp) during 30 seconds. The control
sample was not coated with any clay cream. After exposure under UV-radiation, the
Germ-colonies of the mouse-ears were plated on Miiller-Hinton Agar plates. The plates
were incubated during 24 hours at about 37 C. At the end, number of growing colonies E.

coli was counted.

S. aureus, a germ of many skin infections, was also used in this study to identify
behaviours of clays with skin. S. aureus (strain ATCC 6538, MF* 0.125, dilution 1:20)
was infected with ethanol disinfected mouse-ears which were prepared at pistils. After
incubating at 30°C during 1.5 hours, except the control sample, all of the mouse-ears
were coated with clay creams and then incubated for 24 hours at 37 C. Subsequently, the
Germ-colonies of these mouse-ears were plated on Miiller-Hinton Agar plates and
incubated for 24 hours at 37 C. Number of growing colonies should be counted after the

experiments.
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3.2.4 Lactate DeHydrogenase test in vitro

The enzyme lactate dehydrogenase (or lactic dehydrogenase or LDH) is found in the cells
of many body tissues. As cell die, its LDH is released. Therefore, LDH test is used to
measure an alteration of cells. In this research, toxicities of TiO, in comparison with
fungi Ganoderma pfeifferi and control samples were identified by LDH test using HaCaT
cell, which is a spontaneous transformed human skin keratinocyte cell line. The

experiments were analysed in Biometec GmbH, Greifswald

The immortalized HaCaT cells were incubated in Roswell Park Memorial Institute
medium supplemented with 8% fetal calf serum, 37°C, 95% humidity and 5% CO; in
plastic culture dishes. In the parallel experiments, the cells were pretreated by coating on
the clean quartz plates as control samples, or on the quartz plates with mixture of clay
and biomass or suspension of TiO,. Until HaCaT cells grown reaching confluence of
50% in the 60 mm” area dishes, the medium was replaced by 2 ml phosphate-buffered
saline. Subsequently, the cells were illuminated with UV light (medical UV-B, broad

band, maximum 311 nm) using a dose of 20 mJ/cm?.

During irradiation process, the LDH releases were determined corresponding to optical
density (OD) at 550 nm at different selected time points. The higher toxicity is expressed

as the higher OD value or the higher concentration of LDH release.
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4 MINERALOGICAL CHARACTERIZATION OF USED
CLAYS AND CLAY MINERALS

Experiments with different untreated clay and clay mineral samples are divided in 4
groups: kaolin, bentonite, mixed-layer dominated clay and mica dominated clay.

Furthermore some clay samples were treated under different technical viewpoints.

4.1 Kaolins

The used kaolin samples include German reference kaolins like Caminau, Wolfka,
Spergau and Seilitz as well as Georgia kaolins (KGa-1b and KGa-2) from US and

Michalovce halloysite from Slovakia.
4.1.1 German reference kaolins

XRD-results from randomly oriented powder mount (table 5) confirmed the certified
mineral matter for Caminau, Wolfka, Spergau and Seilitz (appendix 2). Kaolinite is the

dominating phase (figure 9). Non-clay mineral traces are quartz and pyrite.
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Figure 9. XRD patterns of German reference kaolins from randomly oriented powder

mount, °20 CuK, position

Note: Measured using Siemens D5000; The four XRD patterns from above to bottom: Caminau - bulk, Wolfka
- bulk, Spergau — bulk and Seilitz — bulk, these samples were milled and sieved to <63 um before measuring;
the patterns show the peaks of kaolinite (Kao.), dioctahedral clay mineral (diCM): illite, montmorillonite as well

as quartz and pyrite

3.34 Quartz
2.47 Pyrite
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Table 5. Quantitative Roentgen diffraction of German reference kaolins by
“Autoquan” program (Rietveld method)

Caminau (ph003.raw; <63 um, 3 s)
certified: 0=1.4%, K=84.9%, DSTM=14.3% Rp=17.94% Rpb=24.64% R=21.40% Rwp=22.53% Rexp=10.38%

Component Mass (%) STDV (%)  Deviation diagram:
Kaolinitedis 83 3.0 ¢

Muscovite 1M 15 3.0

Quartz 1 0.6

Wolfka (ph002.raw; <63 pum, 3 s)
certified: 0=15.4%, K=81.7%, DSTM=2.9% Rp=17.92% Rpb=25.33% R=19.67% Rwp=23.28% Rexp=10.38%

Component Mass (%) STDV (%)  Deviation diagram:
Kaolinite C1, an, BISH 7 3.3
Kaolinitedis 79 3.9
Muscovite 1M 2 1.3
Quartz 12 1.0

Spergau (ph005.raw; <63 pum, 3 s)
certified: 0=15.0%, K=71.6%, DSTM=12.8%  Rp=17.56% Rpb=28.46% R=19.20% Rwp=22.65% Rexp=10.48%

Component Mass (%) STDV (%)  Deviation diagram:

Kaolinitedis 72 3.0

Muscovite 1M 14 29 1 ; ’
Quartz 13 12

Seilitz (PRO20; <32um, 10 s)
certified: 0=19.4%, K=34.1%, DSTM=45.0% Rwp=11.17% Rexp=5.74%
Component Mass (%) STDV (%)
Kaolinite C1, ideal, BISH 34
Muscovite 2M; 45
Quartz 21

Note: Analyses with powder preparation, muscovite 1M was used as model for illite dominated I1S-ml
phases; certified data referred to ASMW, 1988; Q: quartz, K: kaolinite, DSTM: 2:1 sheet silicate
(“Dreischichtsilikat’); STDV: standard deviation
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Figure 10. XRD patterns of Wolfka and Spergau kaolins from oriented specimens, °20 CoK, position
Note: Measured using HZG 4 / Seifert C3000; Above: completely XRD-patterns of air-dried specimen patterns
(AD), ethylene-glycol saturated specimen patterns (EG) and 550 degree C heated specimen patterns (550);
Bottom: fitting decomposition of air dried specimens; Left: Wolfka - <2 um; Right: Spergau - <2 um; kaolinite looks like
composed by a mixture of well and poor ordered kaolinite particles (peak deconvolution by WinFit-Software (Krumm, 1994)

The German kaolin group also was analyzed with oriented specimen. Therefore, it is
possible to distinguish and verify kaolinite and other clay minerals in the sample. Wolfka
kaolin and Spergau kaolin contain e.g. a mixture of poor-ordered kaolinite and well-
ordered kaolinite (figure 10). They are different from each other by the thickness of
coherent scattering domains (CSD). In oriented profiles of Caminau and especially Seilitz,

IS-ml phases were identified.

Caminau

The kaolin formed by weathering of granodiorite in Lausitz/Saxony. Kaolinite is
distributed in the sample as thick pseudohexagonal aggregates and also as thin,
pseudohexagonal plates, corresponding to about 30 and 14 layers per stack (~ 211 and
101 A of CSD, respectively, using WinFit — Krumm, 1994). Caminau kaolin is characterized
by the highest amount of kaolinite than other German reference kaolins with 84.9%. In
accordance, Caminau kaolin is also characterized by a very low percentage of quartz —
1.4% by ASMW (1988). By XRD measurement, Caminau quartz peaks also presented
the lowest intensity in comparison with corresponding peaks of other kaolins (figure 9).
The component was confirmed by Rietveld analysis (table 5). Also an intergrowth of

kaolinite and dioctahedral mica were identified by TEM (non-published information by

Storr & Kasbohm, 2006).
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Anatase, crandallite, goethite, hematite, ilmenite, jarosite, calcite, limonite, magnetite,
monacite, pyrite, rutile, siderite, titanomagnetite, xenotime and zircon were identified in
this kaolin as traces totally < 1% (ASMW, 1988).

About 44% of Caminau kaolin sample is smaller than 2 um (appendix 3). This kaolin has
also a cation exchange capacity of 5 meq/100g (methylene blue method) and specific
surface of 14 m*/g (ASMW, 1988).

Wolfka

The porphyry kaolin as weathering product from Saxonia Volcanic complex in Kemmlitz
contains two morphological types of kaolinite particles in the fraction <2 pm: (i) thick,
pseudohexagonal platy aggregates larger than 1 um and (ii) thin, pseudohexagonal plates
generally smaller than 300 nm (see fig. 65 in Henning & Storr, 1986). Only rarely lath-
like shape of kaolinite is also to detect in Wolfka kaolin sample. By XRD, the triplet-
peak group at 20 degree 20 in the powder diffraction showed a clear resolution of all
three kaolinite peaks (figure 9). This would be interpreted as intermediate disorder of
kaolinite in Wolfka sample. Considering the deconvolution (by WinFit-procedure —
Krumm, 1994) of 7 A interference, Wolfka kaolinite could be composed by kaolinite
particles with a CSD of 320 A (~ 46 layers per stack) as well ordered phase and 104 A (~
15 layers per stack) as higher disordered material or kaolinite with a smaller thickness
per stack. Rietveld analysis of the bulk sample documents an amount of kaolinite with
86% in the sample (table 5).

In the ASMW-certification (1988) for the Wolfka reference kaolin, the low amount of
2:1 sheet silicates is characterized as IS-ml phases. However, the content of IS-ml phases
is quite low (only 2.9% in mass), so that this phases were not identified clearly in the
bulk XRD patterns. In traces, anatase, apatite, baryte, crandallite, goethite, hematite,
jarosite, K-feldspar, calcite, monacite, pyrite, plagioclase, rutile, xenotime and zircon are
listed for a total amount <1% (ASMW, 1988).

About 42% of Wolfka kaolin sample is smaller than 2 um (appendix 3). This kaolin has a
cation exchange capacity of 5 meq/100g (methylene blue method) and specific surface of
13 m*/g (ASMW, 1988).

Spergau

The kaolin deposit in Spergau, Merseburg/Saxony-Anhalt resulted from weathering of
New-red Sandstone arkoses. Spergau kaolin was identified with 72% kaolinite by Rietveld
quantification (table 5). The kaolinite particles appeared mainly as pseudohexagonal plates.
By comparing CSD using WinFit-procedure (Krumm, 1994), Spergau kaolinite stacks
are much thinner than that of Woltka sample (figure 10). CSD values of Spergau kaolin
are about 160 A and 71 A (about 23 layers and 10 layers per stack, respectively).
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Figure 11. TEM images of Spergau sample

a) Overview of Spergau sample (1,000x); b) zoom of image a) (8,000x); c) & d) zoom of image a) (5,000x); ) (an
other) overview of Spergau sample (1,000x) and f) zoom of image e) (5,000x)

Note: Measured using Jeol JEM-1210; the images show the particles of kaolinite (dominating particles),
lllite/smectite mixed-layer (IS-ml), quartz and anatase (rutile)
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Figure 13 shows TEM-EDX-mapping of a kaolinite particle aggregate which is imaging
as A-point in the figure 12b (zoom of figure 11e). Apart from 3 main elements Al, Si, O,
there are K and other minor elements. Also the Fe-enrichment through the edges of this
aggregate is to note. K could be an indication for a small portion (less 5%) of former
mica in this aggregate (like an intergrowth (?), noted already for Caminau kaolin).

Analysis of B-point (figure 12b) gave following chemical formula of kaolinite:

Ko.04 (Al3 98 F€3+0.02) (OH);g (S13.96 Alg.04) O10

Additionally dioctahedral vermiculite, IS-ml, diVS-ml, anatase/rutile and quartz were
observed (figure 11 and figure 12). Especially, illite in the sense of the international
mica-classification (Rieder et al., 1998), which has deficient K-amount in the interlayer, is
labelled here as dioctahedral vermiculite (diVerm.) or diVerm-dominated mixed layer

structures between diVerm and smectite (diVS-ml). An averaged formula of these phases is:

Ko.45 Mgo.os (Al 83 Fe’ 0,07 Mgo.03 Tio.02) (Si3.38 Alo.s2) O10 (OH),

These dioctahedral vermiculite phases have a platy xenomorphous shape under TEM and
could present mainly the 10 A interference in the XRD-pattern (figure 10, right) caused

by available K-amount.

The 2:1 sheet silicate component of Spergau sample, which was certified 12.8%
according to ASMW (1988), is identified also as randomly interstratified IS-ml phase
with 50% of smectitic layers. By TEM-EDX experiment, the chemical formula of this

phase was calculated as:

Ko.50 Mgo.os (Al 66 Fe* 0,07 Mgo.22 Tio01) (Siz.67 Alo33) O10 (OH),

0.80 pm

p A c)

Figure 12. Examples of Spergau kaolin by TEM
a) one Spergau kaolin slide (magnification:
3,000x), b) one kaolin particle and c) its 1M-
polytype by electron diffraction at A-point

Note: Measured using Jeol JEM-1210 linked with ISIS LINK-
OXFORD EDX-system and a GATAN MULTISCAN camera
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Figure 13. Element distribution in kaolinite aggregate by TEM-EDX-mapping of Spergau kaolin
Note: Measured using Jeol JEM-1210 linked with ISIS LINK-OXFORD EDX-system and a GATAN MULTISCAN camera

Anatase, crandallite, halloysite, K-feldspar, calcite, magnetite, monacite, pyrite,
plagioclase, rutile and zircon are identified minerals in Spergau kaolin with total amount
less than 1% (ASMW, 1988).

Remarkable higher than in Wolfka and Caminau kaolins, about 66% of Spergau kaolin
sample is <2 um (appendix 3). This kaolin has also higher cation exchange capacity of
7 meq/100g (methylene blue method) and specific surface of 18 m?*/g (ASMW, 1988).

Seilitz

The Seilitz kaolin deposit, supplied the production of Meissen porcelain in Saxony, is the
oldest active kaolin mine in the world. It is weathering product developed on pitchtstones

(hydrated glassy silicic volcanic rocks) of Meissen volcanic complex (Storr, 1982).

In the ASMW-certification (1988), Seilitz kaolin is characterized by 34.1% kaolinite —
the lowest amount than other used German reference kaolins. By XRD experiment, in
relatively comparison peak intensities, kaolinite amount of Seilitz sample is remarkable
lower than the other samples (figure 9). Using Rietveld quantification, Seilitz kaolin is
calculated with kaolinite amount of 34% in bulk sample (table 5). The morphology of
particles in the kaolin sample is presented by sharp edges, pseudohexagonal plates and
disorder kaolinite under TEM observation (Storr, 1982). In addition, only two kaolinite
peaks at 20 degree 20 were observed in XRD profile. By WinFit-procedure (Krumm,
1994), two obtained CSD values of 114 and 33 A were interpreted as two corresponding
types of kaolinite: thicker particle phase with about 16 layers per stack and thinner
particle phase with about only 5 layers per stack.
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Seilitz kaolin is also characterized by a higher amount of 2:1 sheet silicates than other
kaolins. Kenj (1990) identified ~90% illitic layers in IS-ml phases as typical value by
HR-TEM.

In oriented profiles of Seilitz sample, IS-ml phase was also identified. From XRD
analysis of ethylene-glycolated specimen with CoKa, peak positions between 001/002-
interference and 002/003-interference showed a difference of 9.83 °A20. Applying
Newmode-modelling (Moore & Reynolds, 1997 - see table 9), proportion of illitic layer
in IS-ml phase is more than 90%, which is in agreement with publication mentioned

above.

Accessory phases of Seilitz kaolin include anatase, ankerite, barite, crandallite, gypsum,
goethite, jarosite, K-feldspar, calcite, monazite, pyrite, plagioclase, rutile and zircon with
total amount <1% (ASMW, 1988).

The <2 um fraction of Seilitz sample is approximately 68% which is the highest amount
among corresponding numbers of other kaolin samples (appendix 3). Seilitz kaolin was
also characterized with significant higher cation exchange capacity of about 14 meq/100g
(methylene blue method) and specific surface of 17 m*g (ASMW, 1988).

4.1.2 Kaolin samples originated from Greifswald clay collection

The halloysite deposit is in Michalovce/Slovakia was formed at least partially by the low-
temperature hydrothermal alteration of rhyodacite (plagiorhyolite) (Kuzvart, 1969).

XRD patterns, which were received from the bulk samples from randomly oriented
powder mount and oriented specimens of Slovakia Michalovce halloysite, were shown in
figure 14 and figure 15. The obtained peaks demonstrated that the Michalovce sample
contains halloysite, quartz and trace of plagioclase. 7.36 A 001-spacing peak of halloysite
indicated that Michalovce halloysite is 7 A-halloysite type or dehydrated halloysite (as
recommended by the AIPEA Nomenclature Committee) (Joussein ef al. 2005).

Based on MacEwan (reviewed in Hillier & Ryan, 2002) about the relationship between
proportion halloysite/kaolinite in the sample and changing of peak height before and after
ethylene-glycol saturation, Michalovce is a pure halloysite-bearing sample or in other
words, kaolinite percentage is negligible. From air-dried specimen, peak high ratio
between 001-spacing peak (7.40 A) and 002-spacing peak (3.58 A) was (108:50=) 2.16.
Corresponding ratio was identified from ethylene-glycol saturated specimen was
(82:72=) 1.14. Therefore, the changing ratio was calculated as larger than 60%. With
such high change of peak height intensity ratio, the sample is supposedly 100% of

halloysite in comparison with kaolinite.
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Figure 14. XRD patterns of Michalovce halloysite from powder mount, °20 CuK, position

Note: Measured using Siemens D5000; sample was milled and sieved to <63 um before measuring; the
patterns show the peaks of halloysite (Halloy.), quartz and plagioclase

Figure 15. XRD patterns of
Michalovce halloysite from oriented
specimens, °20 CoK, position

Note: Measured using HZG 4 / Seifert C3000;
XRD-patterns of air-dried specimen
patterns (AD), ethylene-glycol saturated
specimen patterns (EG) and 550 degree
C heated specimen patterns (550); the
patterns show the peaks of halloysite

7.36 Halloysite

4.44 Halloysite
3.61 Halloysite

l
Michalovce - <2 pm

4 8 12 16 20 24 28 32

TEM experiment showed the tubular morphology of Michalovce halloysite (figure 16).
The length of tubules particles was usually smaller than a half of micrometer and only a
few exceed 1 um while the diameter was <0.1 pm in almost cases. The tubules shaped
well with rolled ends. Occasionally, there were very big tubules, stacks of very small
fragment (figure 16¢) and thick plates which were broken form large tubules (figure 16b).
In additions, there was presence of large and thin platy halloysite particle in the sample.
Altogether, halloysite tubules are the main part of Michalovce sample from the TEM

observation.

According to TEM-EDX analyses, Michalovce halloysite belongs to Al-rich halloysite,
which is corresponding to the review by Joussein et al. (2005) that halloysite tubular
form is relatively Fe-poor. Calculated empirical formula of pure dehydrated halloysite

particles with average indexes from Michalovce halloysite was:
(AL.o3 Fe* 0.3 Mgooa Tio.02) Siso0 O10 (OH)g

In conclusion, Michalovce sample is dominated by halloysite. The halloysite tubules make

the specific and different surface area vs. kaolinite plates from other kaolin samples.
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Figure 16. TEM images of halloysite Michalovce
a) Overview of the sample (magnification: 1,000x)

b) Zoom of image a) (magnification: 6,000x)

c) Zoom of image a) (magnification: 4,000x)

Note: Measured using Jeol JEM-1210 linked with ISIS
LINK-OXFORD EDX-system and a GATAN MULTISCAN
camera; the images show the particles of halloysite
(dominating particles)

4.1.3 CMS reference kaolins

The used CMS kaolins include Georgia low defect kaolin (KGa-1b or KGa-1) as
weathered Tuscaloosa Formation sandstone in Wyoming/Georgia/USA and Georgia high
defect kaolin (KGa-2) as lower Tertiary sedimentation in Warren/Georgia/USA. The
TEM-EDX analyses showed that the two kaolins were dominated by kaolinite. By the
method, it was found few indications also for kaolinite/expandable mixed-layer series,
but more investigations are necessary to bring sufficient proofs for that (e.g. to avoid
influence of beam damages). Only in rare detected points, observed particles were
anatase (or rutile) and ilmenite. Kaolinite and kaolinite/expandable particles were
pseudohexagonal plates. KGa-1b sample showed stacks of medium particles which have
a dimension ranging from about 0.2 micrometer to over 1.0 micrometer. Almost all of
these particles had good shape. KGa-2 sample presented a lot of very small particles in

aggregation with medium particles.
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Figure 17. TEM images of Georgia kaolins: low defect (KGa-1b) and high defect (KGa-2)
a) Overview of the sample KGa-1b (magnification: 1,000x); b) & c) Zoom of image a) (magnification: 5,000x & 6,000x)
d) Overview of the sample KGa-2 (magnification: 1,000x); e) & f) Zoom of image d) (magnification: 5,000x & 6,000x)

Note: Measured using Jeol JEM-1210; the images show the patrticles of kaolinite (dominating particles),

anatase (rutile), ilmenite
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The TEM observation is corresponding to the data published by van Olphen & Fripiat
(1979), therein surface area of KGa-1b was 10 m*g and that of KGa-2 was about
24 m*/g, which is much higher than that of KGa-1b. With KGa-1b (or KGa-1) sample,
Ammann (2003) calculated about only 8 m?/g of surface area (methylene blue method)
and accordingly about 1 meq/100g of cation exchange capacity. According to van Olphen
& Fripiat (1979), the certificated cation exchange capacity values of KGa-1b and KGa-2
are 2 and 3 meq/100g, respectively. The publication also presented the general chemical

compositions of the two kaolins (appendix 5).

According to Chipera & Bish (2005), KGa-1b and KGa-2 carried out by powder XRD
analyses contain approximately 96% kaolinite and traces of dickite together with about
3% anatase, 1% crandallite (hydrated phosphates) and quartz (?) (KGa-1b sample) or
mica and/or illite (KGa-2 sample). The proportion is obtained from both types of

“processed” <2 um size-fraction samples and “as-shipped” Source Clays.

Using QUAX software (Quantitative Phase Anlysis with X-ray Powder Diffraction),
Vogt et al. (2002) investigated that impurities in the fraction <2 pm samples of the same
source Georgia kaolins are quartz (both samples), plagioclase (KGa-1b) and
clinopyroxene (KGa-2) (0.5, 0.2 and 0.7% by weight, respectively). Besides, anatase was
found but not quantified. The investigation also showed the grain size distribution from
both samples: <2 pm fraction made up about 60% and 80% in Georgia low defect kaolin
(KGa-1b) and high defect Georgia kaolin (KGa-2), respectively.

In sum, Georgia kaolins are very pure kaolinite. The impurities in both samples are not
various. They are mainly quartz and anatase. The significant difference between two
kaolins is particle size of kaolinite. In quantitative aspect, high defect kaolin showed the
higher percentage of fine fraction and surface area. Indeed, by TEM observation in this
contribution, high defect kaolin also presented much considerable density of tiny

particles. Conversely, good shape kaolinite particles were preserved in low defect kaolin.
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4.2 Bentonites

4.2.1 Bentonite samples originated from Greifswald clay collection

The used Greifswald collection includes Garfield, Chambers and Wyoming bentonites.
These bentonite samples were certified by American Petroleum Institute Clay Mineral
Standards (API). Garfield, Chambers and Wyoming bentonites were labeled by API as
H-33a, H-23 and H-25, respectively.

XRD patterns of these bentonites, shown in figure 18 and in figure 19, confirmed the
corresponding dominated clay minerals. Garfield patterns presented nontronite and traces
of montmorillonite while Chambers and Wyoming patterns showed different kinds of
montmorillonite: mainly 15 A-montmorillonite (bivalent cations in the interlayer space)
was observed from Chambers sample; 13 A-montmorillonite and 14 A-montmorillonite
(dominated by monovalent cations in the interlayer spaces) were observed from
Wyoming sample. In all of three samples, the typical expandable property of smectite
was obvious. Nontronite dominated bentonite is quite pure but two montmorillonite
dominated bentonites contain a variety of impurities.
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Figure 18. XRD patterns of Greifswald collection betonites from powder mount, °20 CuK,, position
From above to bottom: patterns of nontronite Garfield, montmorillonite Chambers and Wyoming

Note: Measured using Siemens D5000; sample was milled and sieved to <63 um before measuring; the patterns
show the peaks of nontronite (Nont.), dioctahedral clay mineral (diCM): montmorillonite (Montm.), Na-
montmorillonite (Na-Montm.) as well as quartz, calcite, domomite and feldspar
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The difference among three benonites is also presented clearly in the chemical
compositions obtained from XRF analyses (table 6) because nontronite dominated
Garfield bentonite is a Fe-rich smectite but the montmorillonite dominated Chambers and
Wyoming bentonites are Al-rich smectites. Iron made up significant amount in the
Garfield sample with iron oxide form of about 31.8% in mass. Conversely, only 2.8 and

3.3% (mass) of iron oxide were detected by XRF chemical analyses from Chambers and

Wyoming samples, respectively.
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Figure 19. XRD pattemns of Greifswald collection betonites from oriented specimens, °20 CoKa, position
From above to bottom: patterns of nontronite Garfield, montmorillonite Chambers and Wyoming
Note: Measured using HZG 4 / Seifert C3000; right: XRD patterns including air-dried (AD), ethylene-glycol

saturated (EG) and 550 degree C heated (550) specimen patterns; left: fitting decomposition of example
specimens; the patterns show the peaks of nontronite, montmorillonite (Montm.), illite/smectite mixed-layer

series (IS-ml), kaolinite and quartz
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Table 6. Chemical composition (main components, oxide form) of Garfield, Chambers and
Wyoming bentonites from X-Ray Fluorescence analyses, indicated in mass %

LOI

Si0, | TiO, ALO, Fe,0; MnO MgO CaO Na,0 K,0 P,0 H,0- Total

Clay Samples 2 2 23 203 g 2 2 295 | 1000°C | 2 :)a

) (D) ) (W ) B | B () (%) | (%) %) (%) (%)

(1]

Garfield 40.14 007 554 3179 001 069 207 023 017 005 650 13.86 101.10
TS-1803

Chambers | 43¢ (29 1454 281 004 329 818 012 006 003 11.69 1354 9893
TS-569

W%’:g;ng 5813 0.14 1671 330 002 208 158 1.69 039 005 544 876 9829

Note: Measured using Philips PW 2404, non wetting agent or/and oxidizer, LOI at 1000°C

Garfield

The mine, in Garfield area, near Spokane, Whitman County, Washington/USA, locating
in basalt zone and the nontronite veins were formed by weathering process. Nontronite,
the dominating clay mineral in this bentonite, was confirmed by clear peaks at about
15.82, 4.57, 4.33, 2.30, 1.73 and 1.53 A in the XRD pattern of randomly oriented powder
mount. Besides, montmorillonite peaks with very low intensities were obtained, too. The
001-spacing peak of nontronite overlapped with 001-spacing peak of montmorillonite
(15.5 A) to compose the asymmetric peak. This combination was verified by oriented
specimen analyses (figure 19). Whilst air-dried specimen was decomposed to peaks of
14.9 A and 14.1 A, ethylene-glycol saturated specimen was decomposed to peaks of 17.3
A and 16.7 A. Therefore, it was interpreted that the first one is peak of montmorillonite
and the second one is peak of nontronite. Both collapsed to approximately 10 A peaks
after heating. The spacing values at 8.45 A and 5.57 A obtained from ethylene-glycol
saturated specimen confirmed that montmorillonite in Garfield is true montmorillonite or
IS-ml with very low proportion (smaller than 5%) of illitic layer based on the
interpretation about the relationship between percent illtic layer in the IS-ml series with

positions of related peaks by Moore & Reynolds (1997).

The dominating 060-spacing peak at 1.53 A (more exactly: 1.526 A) in comparison with
1.50 A (ratio of area of respective peaks was 38:13) verified that nontronite contributes
the main part of Garfield sample. Although the pattern obtained from powder mount did
not show any peak of quartz in nontronite Garfield sample, the 3.33 A was detected from
ethylene-glycol saturated specimen showing that quartz occurs in traces. This is in
agreement with information from research of Huo (1997) (reviewed by Fialips et al.,
2002). The authors also indicated the presence of small amount of iron oxides (goethite

and maghemite).
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Special iron content in Garfield was studied more detail by Mdssbauer spectroscopy at
the St-Petersburg State University (Lessovaia, 2004 - unpublished report). The obtained
spectrum of Garfield nontronite consisted of a single symmetric quadropole doublet,
which presented two doublet sub-spectra (CM-7.1 and CM-7.2), is given at figure 20.
These two doublets, that had the same 6 values of 0.36 mm/s and varied on A of 0.24 and
0.65 mm/s, corresponded in order with cis- and trans-octahedral 2:1 layer silicates or
nontronite in this sample (Goodman et al., 1976; Goodman, 1978; Rozenson and Heller-
Kallai, 1977; Heller-Kallai and Rozenson, 1981) (appendix 7). The difference of A was
affected mainly by disposition of the OH-groups which was in description of Bishop et
al. (2002). In this case, Fe’" showed slightly cis-vacant preference. The sample of
Garfield nontronite contained structural iron about 22% by weight, which is a little
higher than that of nontronite (20%) from statistical data of Stucki (2005). There was no

detected sub-spectrum of tetrahedral Fe*”.

TEM-EDX analyses, in agreement with above findings from Mdssbauer analysis about
non-tetrahedral Fe’*, gave the nontronite formula presented in table 7. Although there
was the difference in the division of tetrahedral Fe’™ and octahedral Fe’", the charge of
tetrahedral layer was calculated very close to data of Murad (1987). The tetrahedral
components were also similar with published formula by Fialips e al. (2001) using IR
technique. Morphology of nontronite particles were presented as lath-shaped
xenomorphic (figure 21 b, d) and platy xenomorphic (figure 21c, e). Almost all of
electron diffraction analyzed particles showed ring-like structures (figure 21f), that
indicated turbostratic orientation of the layers of Garfield nontronite. The total surface
area of Garfield bentonite is about 656 m?/g (Srodon & McCarty, 2006).
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Figure 20. Méssbauer spectrum of nontronite Garfield (bulk sample) at room temperature

The spectrum showed sub-spectra of cis-nontronite and trans-nontronite (see more in appendix 7)

Note: Measured using Ms-1104Em spectrometer at St-Petersburg State University, Russia; %Co isotopes
resource, subspectra were fitted by Univem MS program

44



Mineralogical characterization of used clays and clay minerals

300 pm

2
AI000 [0EV 405200
Meawoope: 11210

Cpmer: | Mo Zander
Prepontion:  Siepemion
Sampie: Cfcdd (Ta)

-

x5000 ) 1208V [N 1405200 x50, | 120KV | 1405200 B . ”
¥ Maoroscope: 10 1210 sl 8 b
\

r— I = -8

Opersear ‘:Enhd?’.'nh \ Cpenter: [ Moctod Zoedr 1 \ ; P
% E Propargon | oo r .

Propermcar 8- | w:« Gerickd (339) - o 3 P

Sample Gerfichd (33) 3 d) h £ I, ol |

'. - L

*E000 | 120KV 1405200

Mcrmcope: | 11210 A
Oporaer: [11 | Mo Zonr
Frepurstion: | Skepemion
Sample: [1 Grfod (30a)

e) : )]

Figure 21. TEM images of nontronite Garfield sample

a) Overview of Garfield sample (1,000x); b) Zoom of image a) (3,000x); c) and d) Zoom of image a) (5,000x) e)
Zoom of image a) (8,000x) and f) Electron diffractions of selected point of particle in image e)

Note: Measured using Jeol JEM-1210; the images show the particles of nontronite (dominating particles)

45



Mineralogical characterization of used clays and clay minerals

Table 7. Mineral formulae [O4o(OH);] of Garfield nontronite, Chambers and Wyoming
montmorillonite, based on TEM-EDX analyses

Interlayer Octahedral layer Tetra. layer
Ca Mg Na K Fe* Al Fe* Fe® Mg Ti Al Fe* Si

Garfield: nontronite

Average 0.02 0.03 0.07 0.02 0.07 0.20 1.79 0.00 0.00 0.01 0.40 0.00 3.60
STDV 0.02 0.03 0.05 003 0.04 012 0.12 0.00 0.01 0.02 0.07 0.00 0.06
Min 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.16 0.00 3.46
Max 0.08 0.11 022 011 0.16 052 200 0.00 0.04 0.16 0.54 0.00 3.69

Besson et al, 0.00 0.00 0.00 057 0.00 0.15 1.84 0.00 0.02 0.00 038 000 346
1983;beRD’MB . . . . . . . . . . . . .

Murad, 1987;

by MB 0.00 0.00 0.47 000 0.00 025 1.70 0.00 0.05 0.00 030 0.10 3.60
Fialips et al.,
2002; by IR 0.00 0.00 0.40 0.00 0.00 0.32 1.82 0.01 0.02 0.00 039 0.00 361

Chambers: montmorillonite

Average 0.03 0.01 0.16 0.06 0.00 1.45 0.32 0.00 0.18 0.02 0.03 0.00 3.97

Cuardros, 028 000 002 000 000 1.37 018 000 041 002 014 000 3.86
2002; by XRF 026 000 0.0c 000000 190 010 000 041 0 ' ' '

Wyoming: montmorillonite

Average 0.02 0.05 0.02 0.01 0.00 1.61 0.21 0.00 0.16 0.01 0.03 0.00 3.97
STDV 0.02 0.03 0.03 0.01 0.00 0.08 0.04 0.01 006 0.01 0.02 0.00 0.02
Min 0.00 0.00 0.00 0.00 0.00 137 1.17 0.00 0.09 0.00 0.00 0.00 3.94
Max 0.07 0.09 0.09 0.03 0.00 168 033 0.02 027 0.03 0.06 0.00 4.00

Kasbohm et al.,
1998; by TEM 0.07 0.00 0.22 0.04 0.00 154 0.17 0.00 0.26 0.00 0.05 0.00 395

Madsen, 1998 0.00 0.00 030 0.00 0.00 155 020 0.01 024 000 004 000 396

Wold & Eriksen, 4 21 ; ; ; 5 y
2002: by ICP, CEC 0.03 0.0 0. 0.0 0.00 .55 0.19 0.00 0.26 0.00 0.0 0.00 3.96

Note: Measured using Jeol JEM-1210; Average: average index, Min: minimal index, Max: maximal index,
STDV: standard deviation

Chambers

The altered volcanic ash bentonite originated near the Chambers siding in Apache County,
Arizona/USA. By XRD experiments, for Chambers bentonite it is verified a composition of
two kinds of montmorillonite: 15 A-montmorillonite (bivalent cations in the interlayer
space) and 13 A-montmorillonite (monovalent cations in the interlayer space). They were
identified not only by powder mount but also by oriented mount. The 001-spacing peaks
at 15.1 and 13.0 A (figure 19), which were decomposed from one asymmetric peak
obtained from air-dried specimen, indicated to accordingly two kinds of montmorillonite.
The peaks shifted to 16.8 and 18.0 A after saturating by ethylene-glycol confirming the
expandable property of smectite. However, the area ratio between the two 001-spacing
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peaks from air-dried specimen pattern of about 2430:190 indicated the domination of 15
A-montmorillonite or bication montmorillonite. This was corresponding to the much
higher proportion of Ca (oxid form in mass) from XRF result. Moreover, a couple of 8.55
and 5.59 A peaks was also identified from the ethylene-glycol saturated specimen
pattern. According to Moore and Reynolds (1997) (see also table 9), the couple
manifested the presence of IS-ml particles with illitic layer proportion of about 10% in
the sample. The presence of IS-ml may be caused by smectite illitization towards original
Chambers montmorillonite. About minor phases and impurities, Chambers pattern
showed the signs of calcite, dolomite, kaolinite and quartz of which three last ones

occurred as trace in the sample.
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Figure 22. TEM images of montmorillonite Chambers sample

a) Overview of Chambers sample (1,000x); b) Zoom of image a) (3,000x); c) Zoom of image a) (8,000x) and d)
Electron diffractions of selected point of particle in image b)

Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (dominating
particles)
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The morphology of Chambers montmorillonite was observed by TEM experiment. The
sample presented 2 kinds of montmorillonite particles. The larger particles, thick, curved
edges and xenomorphic, had the dimension of more than 1 pm (figure 22b). The smaller
ones had only 0.10 — 0.20 um of dimension and occurred as single, platy xenomorphic
particles (figure 22¢). Both kinds showed mainly turbostratic orientation, an example is
shown in figure 22d. The -calculated average chemical formula of Chambers
montmorillonite by TEM-EDX is shown in table 7.

The total surface area of Chambers bentonite is about 805 m?/g (Srodon & McCarty, 2006).

Wyoming

This type of bentonite, in Upton Area, was in interbeded in Mowry shale. The deposit
located in Weston/Wyoming/USA and dipped away from Black Hills uplift. The samples
was characterized as bentonite dominated by 13 A-montmorillonite and 14 A-
montmorillonite with 12.7 and 14.0 A peaks fitted from XRD air-dried specimen profile.
Relative ratio of height of these peaks was similar. By ethylene-glycol saturation, the
interlayer spaces of two kinds of montmorillonite were expandable, resulting in
appearance of 16.8 and 17.3 A peaks. Similar to Chambers montmorillonite case, a
couple of 8.51 and 5.64 A peaks fitted from ethylene-glycol saturated specimen profile
showed presence of IS-ml series with illitic layer proportion of 5%. Wyoming pattern
presented the signs of quartz and traces of kaolinite and feldspar.

Under TEM-EDX observation, the Wyoming bentonite showed not only the large
particles in approximately 1 — 2 um of a dimension (figure 23b, c¢) but also very fine
particles (figure 23a). The morphology of large ones is curved edges and xenomorphic.
The turbostratic orientation, demonstrated by ring-like structures of the electron spots
from electron diffraction (figure 23d), is typical for structure of the Wyoming
montmorillonite particles. The chemical formula of this kind of bentonite obtained from
randomly selected particles is presented in table 7. The difference in the octahedral
occupations and yielding interlayer in comparison with references might be caused by
alteration of montmorillonite after long time in contact with water during experiment
preparation. This mentioned process was discussed in some works (Kasbohm, 2003;
Herbert ez al., 2004). In the process, Al substituted for Mg in the octahedral layer together
with the dissolution of Na in the interlayer and substituted partly by Mg. Therefore, origin
montmorillonite is changed to low-charge montmorillonite day after day.

Cation exchange capacity of the Upton Wyoming was calculated to about 75 meq/100g
using copper complex exchange method by Ammann (2003) or about 67 meq/100g using
ethylene blue method by Kahr & Madsen (1995). Total surface area of Wyoming
bentonite differs from about 700 m?g (according to Srodon & McCarty, 2006) to about
522 m?/g (according to Kahr & Madsen, 1995).
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Figure 23. TEM images of montmorillonite Wyoming sample

a) Overview of Wyoming sample (1,000x); b) Zoom of image a) (3,000x); c) Zoom of image a) (8,000x) and d)
Electron diffractions of selected point of the particle in image c)

Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (dominating
particles)

In general, Garfield, Chambers and Wyoming are dominated by smectites; the impurities
play a minor role in the characterization of these samples. Garfield was identified as
bentonite of nontronite with very high amount of iron which is in instructure of
nontronite mineral. In contrast, Chambers and Wyoming are aluminium-rich clays.
Chambers is Ca-montmorillonite (bivalent cation), whereas Wyoming is Na-
montmorillonite (monovalent cation). By TEM-EDX investigation, charges of Garfield,
Chambers and Wyoming are estimated about 0.31, 0.14 and 0.16 per unit cell.
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4.2.2 CMS reference bentonites

In this research, hectorite SHCa-1, montmorillonite STx-1, montmorillonite SAz-1 and
montmorillonite SWy-2 were included. Their properties, such as chemical composition
(appendix 5) and mineral composition, were published in many documents (van Olphen
& Fripiat, 1979; Chipera & Bish, 2001; Vogt et al., 2002). Therefore, in this research,
these samples were analyzed only by TEM-EDX with suspension of <2 pm particles to
aim to recognize the material for further experiments. The geological origin of these
bentonites is reviewed and published in Moll (2001).

SHCa-1

The special benonite, dominated by Li-bearing trioctahedral smectite - hectorite, is
secondary product developed from Red Mountain andesite formation in county of San
Bernardino, California/USA (Moll, 2001). By XRD analyses, Chipera & Bish (2001)
found that bulk sample contained approximately 50% smectite together with 43% calcite,
3% dolomite, 3% quartz and 1% others (feldspar, kaolinite(?)). The hectorite presented
001-peak at 9.9 A (d-value) in the XRD air-dried specimen profile and expanded up to
16.8 A after ethylene-glycol saturation.

TEM observation showed that hectorite SHCa-1 sample presented very dense suspension
of <2 um fraction. The sample includes two kinds of particle morphologies: (i) very fine,
slat-shaped aggregates and (ii) about >1 pm of dimension, nepheloid and curled particles
(figure 24). Both types displayed the typical signs of expandable clay mineral. The
obtained morphologies of the SHCa-1 sample are very similar with description about the
hectorite located in Hector, California by Henning and Storr (1986). All of electron
diffraction analyzed particles showed ring-like structures (figure 24e, f), which
demonstrated the turbostratic orientation of the layer or the overlapping of the particles of

hectorite in the SHCa-1 sample.

General chemical composition of the hectorite SHCa-1, according to van Olphen &
Fripiat (1979), Vogt et al. (2002), is shown in appendix 5.

The component of <2 um contributed about 23% in the sample and contained
approximately 97% smectite (Vogt et al., 2002; Chipera & Bish, 2001). The bentonite
has cation exchange capacity of about 44 meq/100g (van Olphen & Fripiat, 1979) and
surface area of about 706 m?/g (Srodon & McCarty, 2006). The cation exchange capacity
was also confirmed with about 47 meq/100g by Ammann et al. (2005).
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e) D

Figure 24. TEM images of SHCa-1 (California hectorite) sample

a) Overview of SHCa-1 sample (1,000x); b) Zoom of image a) (4,000x); c) Zoom of image a) (5,000x); d) Zoom of
image a) (6,000x); e) and f) electron diffractions of hectorite particle

Note: Measured using Jeol JEM-1210; the images show the particles of hectorite as dominating particles
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Figure 25. TEM images of STx-1 (Texas montmorillonite) sample

a) Overview of STx-1 sample (1,000x); b) Zoom of image a) (4,000x); c) Zoom of image a) (6,000x) and electron
diffraction of Montm. particle; d) Zoom of image a) (6,000x); e) Zoom of image a) (5,000x) and electron
diffractions of Montm. particle (above)

Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (Montm.)
(dominating particles), lllite/smectite mixed-layer (IS-ml), dioctahedral vermiculite (diVerm.), opal-CT and
probably misanalyzed halloysite (halloysite(?))
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STx-1

The white bentonite, resulted by alteration process from volcanic ash of rhyolitic
composition, occurs in the Manning Formation of the upper Eocene Jackson group in
county of Gonzales, Texas/USA (Moll, 2001). STx-1 includes approximately 67%
smectite, 30% opal-CT, 3% impurities including quartz, feldspar, kaolinite and talc(?)
(Chipera & Bish, 2001). The <2 um part still bring rich non-smectite phase as listed
above. In the clay fraction composition, using XRD analyses, Chipera & Bish (2001)
calculated 68% of smectite and Vogt et al. (2002) calculated 58% of smectite. Chemical

composition of the hectorite SHCa-1 is presented in appendix 5.

By TEM observation, particle size of STx-1 bentonite (figure 25) could be classified into
2 categories. The lager one with about 0.50 pm of dimension occurred thick, moré and
curled edges particle. The smaller one appeared as thin, moré and xenomorphic particle.
Most of determined particles are montmorillonite or mixed-layer with high proportion
(mostly 90%) of montmorillonitic layer. Chemical composition of analyzed
montmorillonite was showed in table 8. This data indicated that interlayer component of
STx-1 montmorillonite was various from particle to particle. K-interlayer was more
stable than other interlayer elements. STx-1 montmorillonite is well-known as Ca-
montmorillonite but average Ca-index is quite low from results of the study. Monovalent
cations (Na and K) took a part as high as a part that bivalent cations (Ca and Mg)

contributed in the interlayer.

With respect to the octahedral layer component, results from TEM-EDX indicated that
STx-1 montmorillonite is Fe-poor montmorillonite: octahedral layer contained
dominating Al and partly Mg with low standard deviation. The published structure
formula of SAz-1 montmorillonite by van Olphen and Fripiat (1971) has a gap in
octahedral layer with only 1.62 element per [O;9(OH),] unit.

Layer structure of STx-1 montmorillonite studied by electronic diffraction showed a ring-

like polytype (figure 25c, e, f).

The identified minor phase of STx-1 included lath-shaped dioctahedral vermiculite
(figure 25), dioctahedral vermiculite/smectite mixed-layer, tubule halloysite (figure 25d),
beidellite and the particles (figure 25b, c), which have chemical formula of SiO,, were

interpreted as opal-CT because its published abundant amount in <2 um composition.

STx-1 bentonite has cation exchange capacity of about 84 meq/100g (van Olphen & Fripiat,
1979; Ammann et al., 2005). STx-1 surface area is of about 741 m%g according to Srodon
& McCarty (2006).

53



Mineralogical characterization of used clays and clay minerals

080 pm
3000 120KV | 04.00.2005
Meawmoope: 1210

Opomacr | Masined Zondks

Prepontion: | Sepemion

Sampie: JEIS5A2-1 = Jum
%

£ ‘ -~

"

'@

3.00m

X 1000 120KV | D452005
Mheroseoge: | 11210

Opersor || Marfed Zaeder
Proparssions | Suspensicn

T S [0 IKISSAZ] < am

080 pm

X000 0KV 0002005

Mroscope 1210
Opentor: Mefirod Zancler

Pepmgon.  Sagerion
Sermple: 158421 < Jum

e |

c) e

- 060 pm

x4000 120KV || 04 08,2005
Mharoscope: | J 1210

o Opereer: [ | Mafred Zomcer
Propngion | Spemion
Somghe: 155421 < Jum.

040}

G000 120KV | 04008 2005

Mhcneope | 11210

Operer: || Marnd Ve

I i Sumpersion
JKISSAZ-] < 2

e) 5 y))

Figure 26. TEM images of SAz-1 (Cheto, Arizona montmorillonite) sample

a) Overview of STx-1 sample (1,000x); b) and c) Zoom of image a) (3,000x); d) Zoom of image a) (4,000x); e)
Zoom of image a) (6,000x); and f) Electron diffractions of Montm. particle (bottom)

Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (Montm.)
(dominating particles)
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Figure 27. TEM images of SWy-2 (Wyoming montmorillonite) sample

a) Overview of SWy-2 sample (1,000x); b) Zoom of image a) (3,000x); c) Zoom of image a) (4,000x) d) Zoom of
image a) (4,000x) and A and B points for electron diffraction analyses; e) Electron diffractions of A point in
image d) - montmorillonite particle and f) Electron diffractions of B point in image d) — diVS-ml 90:10 particle
Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (Montm.)
(dominating particles), dioctahedral vermiculite/smectite mixed-layer (IS-ml), hematite and quartz
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Table 8. Mineral formulae [04o(OH),] of montmorillonite and hectorite from CMS bentonites,
based on TEM-EDX analyses

Interlayer Octahedral layer Tetrahedral layer
Ca Mg Na K Fe®* Al Fe* Mg Ti Fe* Al Si

SHCa-1: Hectorite
Ca Mg Na K Fe* L' Fe* Mg Ti Fe* A Si
CMS* 0.00 028 021 003 000 070 000 230 001 003 009 388

STx-1: Montmorillonite
Ca Mg Na K Fe* A Fe* Mg Ti Fe* A  Si

Average 0.03 0.08 0.07 0.04 0.00 1.63 0.05 0.31 0.01 0.00 0.03 3.97
STDV 0.05 0.05 0.07 002 000 007 005 0.05 0.01 0.00 0.02 0.02
Min 0.00 0.00 0.05 0.02 000 153 000 023 0.00 0.00 0.00 394
Max 017 015 025 008 000 176 019 037 0.04 0.00 0.06 4.00
CMS* 0.14 0.00 0.02 0.01 0.00 121 005 036 0.02 0.00 0.00 4.00

SAz-1: Montmorillonite
Ca Mg Na K Fe* A Fe* Mg Ti Fe* A S

Average 0.05 0.13 0.00 0.01 0.00 1.53 0.07 0.38 0.01 0.00 0.00 4.00
STDV 0.03 0.03 0.00 0.01 0.00 005 004 0.04 0.02 0.00 0.00 0.00
Min 0.00 0.06 000 000 000 139 000 029 0.00 0.00 0.00 3.95
Max 0.15 019 0.00 0.05 000 165 020 046 0.07 0.00 0.05 4.00
CMS* 020 000 0.18 0.01 000 136 006 056 002 0.00 0.00 4.00

SWy-2: Montmorillonite
Ca Mg Na K Fe® A Fe* Mg Ti Fe* A  Si

Average 0.07 0.03 0.01 0.01 0.00 1.60 0.17 0.21 0.01 0.00 0.03 3.97
STDV 0.04 0.04 0.01 0.01 000 005 002 0.04 0.01 0.00 0.02 0.02
Min 0.02 0.00 0.00 000 000 156 113 0.15 0.00 0.00 0.00 3.94
Max 012 010 003 003 000 168 019 025 0.03 0.00 0.06 4.00
CMS* 0.06 0.00 0.16 0.03 0.00 151 021 027 001 0.00 0.01 399

Note: Measured using Jeol JEM-1210; CMS*: according to CMS resource (van Olphen & Fripiat, 1979);
Average: average index, Min: minimal index, Max: maximal index, STDV: standard deviation

SAz-1

Deposits of the bentonite occur in non-marine Pliocene Biodhochi Formation,
Arizona/USA. In the 1950s in district of Cheto, the production reached a maximum so
that SAz-1 bentonite is also called “Cheto” bentonite. SAz-1 bentonite is very rich
smectite with about 98% together with 1% quartz and 1% others (feldspar, mica,
magnetite, rancieite(?), cristobalite(?), zeolite(?) as well as amorphous phases(?) as glass
or opal-A) (Chipera & Bish, 2001). However, the bentonite contains only 23% weight of
<2 um particles (Vogt ez al., 2002).
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In own TEM-EDX research, SAz-1 smectite was also determined as very pure material.
Figure 26 presented SAz-1 that montmorillonite was totally dominated. Lager
montmorillonite particles, about more than 1 pm of dimension, are xenomorphic and
isometric. Edges of some of them, which are thick particles, were curled strongly (figure

26¢). Smaller ones are moré and slightly elongate (figure 26d).

TEM-EDX brought out a ring-like polytype of SAz-1 montmorillonite (figure 26f).
Chemical formula with mean indexes of pure analyzed montmorillonite particles
showing in table 8 proved that interlayer of STx-1 montmorillonite is dominated by
bivalent cation. In comparison to the data published by van Olphen & Fripiat (1979),
there is a difference in the octahedral components, that might caused by alteration of
montmorillonite after long time in contact with water. In the process, Al substituted for
Mg in the octahedral layer together with the dissolution of Na and Ca in the interlayer and
substituted partly by Mg. The process was discussion by Kasbohm and his group
(Kasbohm, 2003; Herbert et al., 2004).

ATx-1 bentonit is certificated with quite high cation exchange capacity of 120 meq/100g
(van Olphen & Fripiat, 1979) and surface area of about 764 m¥g (Srodon & McCarty,
2006). The publication of Kahr & Madsen (1995) identified its cation exchange capacity is
100 meq/100g and its surface area is 782 m?*/g by methylene blue method.

Swy-2

The benonite, one of “Wyoming bentonite” kind, is resulted as deposit of volcanic ash in
to the lake of Newecastle Formation in Crook County, Wyoming/USA. Mineral
composition of the bentonite is characterized as approximately 75% smectite, 8% quartz,
16% feldspar, 1% impurities involving gypsum, mica and/or illite, kaolinite(?) and/or
chlorite(?) (Chipera & Bish, 2001). Research on the <2 pum fraction material, the authors
found that it contained approximately 95% smectite and the impurities as various as in
bulk sample. Vogt et al. (2002) suggested that the material contains about 80% amount of
clay fraction. However, different from information from Chipera & Bish, the authors
found augite, quartz, saponite, kaolinite and pyroxene as minor phase of SWy-2
bentonite. In this contribution, TEM-EDX results determined the presence of quartz and

hematite as traces in <2 um SWy-2 sample.

By TEM observation, SWy-2 presented xenomorphic and fine particles, therein finest
ones look like “background” in the images (figure 27). The extremely fine particles were
demonstrated as montmorillonite by EDX analyses. Montmorillonite also occurred in
the dimension of about 1 - 2 um. The particles were curled dependently on their

thickness so that folds were obvious in the “background” and the particle edge. Some
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detected particles, which have the same morphology with the identified montmorillonite
in this sample, were analyzed as illite/montmorillonite mixed-layer or dioctahedral
vermiculite/montmorillonite mixed-layer (rarely) with about 90% of montmorillonitic
layer. They had turbostratic orientation of the layers as indicated by a ring-like polytype
(figure 27e, f). The presence of mixed-layer particles might be caused by slightly

illitization or vermiculitization.

Chemical formula of SWy-2 montmorillonite is shown in table 8. Similarly with the case
of ATx-1 montmorillonite, there is a substitution of Mg and Fe by Al in the octahedral
layer in combination with the solution of Na in the interlayer, so that it caused the
difference from the structure formula in literature. SWy-2 montmorillonite has richer iron
in the octahedral layer than other used CMS reference bentonites. General chemical

composition presented in appendix 5 also supported for that.

In publication of van Olphen & Fripiat (1979), SWy-2 cation exchange capacity is
identified as 76 meq/100g. Ammann (2003) got the similar value 77 meq/100g for cation
exchange capacity. According to Srodon & McCarty (2006), the surface area of ATx-1 is
about 748 m%/g.

In general speaking, SHCa-1, STx-1, SAz-1 and SWy-2 were characterized as smectite-
rich bentonites and high surface area. Studies by TEM-EDX showed a typical process
that modifies octahedral layer components and following interlayer components.

Therefore, it might cause different properties from new materials.
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4.3 Mixed-layer dominated clay
4.3.1 Friedland Clay

The Eocene clay, was supplied by Pilot Vegetable Oil Technology Magdeburg e.V.
(PPM e.V.), originated from Eocene marine sedimentation and located in Friedland,
Mecklenburg-Western Pomerania, Germany. The geological background for the
Friedland Clay is summarized in Henning & Kasbohm (1998).

This contribution used (i) bulk FRDL sample labelled as “Friedland Clay - bulk”, (ii) <2
um FRDL sample, obtained by sedimentation after few hours in contact with water,
labelled as “FRDL - <2 pm, short-term” and (iii) <2 um FRDL sample, obtained by
Atterberg sedimentation after about two months in contact with water, labelled as “FRDL
- <2pm, long-term”.

Based on Henning (1971) and further measurements, Henning & Kasbohm (1998) published
also the mineral matter composition of FRDL with IS-ml 50-55%, illite 20%, kaolinite +
chlorite <5%, quartz 10 — 15%, feldspar <5% as well as traces of pyrite, gypsum and halite.

In own measurements, visual XRD patterns of randomly oriented samples indicated the
presence of several minerals: illite, IS-ml and kaolinite as main clay mineral phases as
well as quartz as main non-clay mineral phase (figure 28). In general, there was no
significant variation between two spectra. However, the 13.3 A peak of IS-ml series with
bivalent cations existed only in <2 pm FRDL sample.
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Figure 28. X-Ray Diffraction patterns of Friedland Clay samples from randomly oriented powder mount,

°20 CuK,, position

Note: Measured using Siemens D5000; Above: Friedland Clay — bulk; bottom: FRDL - <2 um long-term in
contact with water; the patterns show the peaks of kaolinite (Kao.), dioctahedral clay mineral (diCM): illite,
illite/smectite mixed-layer series (IS-ml) and quartz
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Experiments with oriented samples,
including air-dried, ethylene-glycol
saturated and  550'C  heated
specimens,  were  used to
characterize the expandable layers,
from both <2 pm samples (figure
29). In these FRDL samples, IS-ml
presented, 11.7 and 12.0 A peaks,
which increased up to 16.0 and
16.2 A peaks after ethylene-glycol
saturation. Illite had 10.2 A peak,

Table 9. The positions of reflections for estimating
proportion of illitic layer in illite/EG-smectite
(according to Moore and Reynolds, 1997)

L] Ordering oox/o02 002003

Dikite type d¢h) | *20 [ dcA) 20 °x28
10 0 252 (1031 ] 561 1580 549
20 0 267 |1020| 558 1588 568
30 0 1009 1603 594
40 1] 289 995 ) 1611 616
50 0 005 | 977 | 544 1629 652
(1] 1 Q22 959 534 1660 701
70 | 040 | 041 | 528 1679 733
80 1 Q64 917 520 1705 TER
90 3 022 | o901 | 510 1739 £3%

which is slightly larger basal spacing than the typical 10 A. It was possible to recognize

this characterization of illite at powder diffraction, too.

Proportions of illitic layers in the illite/smectite mixed-layer were calculated according to
Moore & Reynolds (1997). Based on the relationship between the d-values (A) of
001/002 interference and 002/003 interference taken from ethylene-glycolated specimen
(table 9), FRDL samples were characterized as illite/smectite mixed-layer with 35% -

40% 1illitic layers, respectively.

’ FRDL - <2 um, short-term ‘

7.17 Kao.

5.00 Illite
<= 426 Quartz
3.57 Kaolinite
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g Sl ’ FRDL - <2 pm, long-term ‘
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3.57 Kaolinite

Figure 29. XRD patterns of Friedland Clay samples from oriented specimens, °20 CoK, position
Note: Measured using HZG 4 / Seifert C3000; Left: FRDL - <2 um, short-term, right: FRDL — <2 um, long-term;
Above: completely XRD-patterns including air-dried specimen patterns (AD, solid), ethylene-glycol saturated
specimen patterns (EG, dash), 550 degree C heated specimen patterns (5650, solid); Bottom: fitting
decomposition of example ethylene glycol saturated specimens; the patterns show the peaks of kaolinite
(Kao.), dioctahedral clay mineral (diCM): illite, illite/smectite mixed-layer series (IS-ml) and quartz
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The slight differences, as above
description, in general mineral Friedland Clay PPMeV

>63um 300 um

5% 6%
. : ° 2063pm
specific mixed-layer phase, 10%

composition and also in the

were caused by different

material separated by particle ,
<2pum
size. The <2 pm Friedland Clay 49%
sample (FRDL - <2 um, long 6.3-2 um
30%

term) is as product of Atterberg

sedimentation from untreated Figure 30. Grain size distribution of Friedland Clay
by Atterberg sedimentation

(published in Henning & Kasbohm 1998:

2 months contacting with water. <2 ym = 50%, 2-63 pm = 48%, >63 uym = 2%)

bulk Friedland Clay sample after

Contribution of <2 um particles

among the other larger size particles from bulk sample is drawn in figure 30. This finest
part occupied about a half of whole sample. It showed appropriate result to Friedland Clay
studied by Henning & Kasbohm (1998). The authors presented the material with 50% of
<2 pm fraction and only 2% of > 63 um fraction.

With respect to chemical composition, <2 pm FRDL sample obtained by Atterberg
sedimentation showed much lower percentage of SiO,, Al,O3, Na,O than the bulk sample.
It is easy to agree with this because the <2 um FRDL sample is much less of quartz

particles than bulk sample and the sodium amount was washed by treatment processing.

Table 10. Chemical composition (main components, oxide form) of bulk and <2 ym Friedland Clay
samples from X-Ray Fluorescence analyses in comparison with literature, indicated in mass %

LOI

Si0, | TiO, | ALO; |Fe,0, | MnO | MgO | Ca0 |Na,0 | K,0 | P,04 H,0- | Total
1000°C
Clay Samples | ) | ooy | o) [ @0 | @0 | @0 | @0 | o) | ) | ©o) o | @ |
0
Fnedlin?kaay 56.70| 0935 18.09] 7.31| 0.035| 201 054| 096 3.01| 0.106] 7.24| 265 99.59
-ou
Friedland Clay

51.84( 0.921| 23.47( 6.44| 0.016] 2.38( 0.50| 0.43| 3.48 0.099| 8&.12 1.62 99.32
<2pm, long-term|

1S-ml (30:70)

586 | 01 | 182 ] 115 27 07| 02| 34 4.6 | 100.0
(Kasbohm, 2003)

Ba* | Ce* | Co* | Cr* | Cu* | Ga* | Nb* | Ni* | Pb* [Rb* | sr [Th* | U* | v+ | v* |zn* | zr+
Clay Samples | [ opm) | qom) | pm) | opm) | open | open | opm | copm | oprmy | opm | opm | @prm) | opm) | opm) | opm) | opemy
Friedland Clay | ool o5l 15| 110 <100| 23| 20| s6| 28| 152 213| 11| <s| 199 34| 102| 185

— bulk

Friedland Clay | 5,51 ool 13| 156 <100] 30| 20| 61| 46| 211] 227] 12| <5| 267| 35| 169| 144
<2um, long-term

Note: Measured using Philips PW 2404, non wetting agent or/and oxidizer, LOI at 1000°C
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To go in detail in clay mineral distributions, TEM experiments were performed on the
couple of samples: FRDL - <2 um with short-term in contact with water (“short-term”
sample) and FRDL - <2 pm with long term water contact (“long-term” sample). Beside a
few particles of quartz, kaolinite, halloysite, anatase/rutile, feldspar and beidellite which
were identified, both samples were observed as dominated by mixed-layer particles
including end-members and mixed-layer series: montmorillonite, diocta-hedral
vermiculite, dioctahedral vermiculite/smectite mixed-layer and illite/smectite mixed-

layer (figure 31 and figure 32).

The mixed-layer particles occurred mainly as xenomorphic flakes or slats, some of which
formed aggregates or intergrowths with hexagonal arrangement. This overview is
consistent with description about “muscovite-montmorillonite mixed-layer from Tertiary
marine clay, near Friedland” by Henning and Storr (1986). There was no significant
difference in morphology of illite/smectite mixed-layer series compared with
dioctahedral vermiculite/smectite mixed-layer series. Mixed-layer particles were not
distinguished from end-member firmly based on morphology, neither. Identified
dioctahedral vermiculite minerals presented in moiré, small or very large platy crystals as
well as xenomorphic particles (figure 31c). A few particles of montmorillonite were
identified by TEM semiquantitatively chemical analyses but their morphology could not
be distinguished from mixed-layer series (an example in figure 31c).

Electron diffraction patterns presented 1M-polytype for xenomorphic and flake
dioctahedral vermiculite/smectite mixed-layer particles (figure 31e, f and figure 32e) as

well as ring-like polytype for flake illite/smectite mixed-layer particle (figure 32f).

The frequency of mixed-layer particles was presented in figure 33. The “short-term”
sample contained more mica-like particles than the “long-term” sample. In both samples,
proportions of IS-ml series to diVS-ml series were calculated to relation of
approximately 30:70 (30% IS-ml particles and 70% diVS-ml particles). These mixed-
layer particles were also presented in ternary charge diagrams contributed from TEM-
EDX results (figure 34). The attended particles of the “short-term” sample, in general,
were closer to Muscovite-corner (M-corner) than the “long-term” sample. This difference
is caused by tetrahedral charge and yielded octahedral charge. For research of variations
in octahedral layer only, three main compositions of octahedral Al, Fe and Mg were
drawn in ternary diagrams (figure 35). In octahedral ternary plot of the “short-term”
sample, substitution Al by Mg showed clearly. Accordingly, octahedral Mg component

in the diagram of “long-term” sample looked poorer than that of “short-term” sample.

Based on TEM analyses of individual particles, the structural formulae with average indexes of

IS-ml and diVS-ml from FRDL are given in comparison with literatures in table 11.
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a) Overview of the sample (magnification: 1,500x)
b) Zoom of image a) (magnification: 10,000x)

c) Zoom of image a) (magnification: 15,000x)

d) Zoom of image a) (magnification: 15,000x)

e), f) Electron diffractions of diVS-ml and I1S-ml
particles presented in right bottom box
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Figure 33. Tendency of illite- and dioctahedral vermiculite-components distribution in mixed-

layer series from Friedland Clay samples, based on TEM-EDX analyses

Note: Above: histograms and table of FRDL - <2 um, short-term sample; Bottom: histograms and table of FRDL - <2 um,
long-term sample; Right histograms: illite-components distribution in illite/smectite mixed-layer series (IS-ML); Left
histograms: dioctahedral vermiculite-components distribution in dioctahedral vermiculite/smectite mixed-layer series (diVS-
ML); % lllite- or % diVerm.-comp.: proportion of illite or dioctahedral vermiculite-component in mixed-layer series (e.g. 00%
illite-comp. series: 1S-ml series with 00% illite-component or montmorillonite); Montm.: montmorillonite, diVerm.: dioctahedral
vermiculite; TEM-EDX measured using Jeol JEM-1210
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O diVerm.
& divVS-ml
ol

FRDL - <2 pm, long-term

|FRDL - <2 um, short-term

O etrahedral charge tetrahedral charge

Figure 34. Ternary charge diagrams of end-member particles and mixed-layer particles from

Friedland Clay samples, based on TEM-EDX analyses

Note: According to Koster (1977); Ternary octahedral charge — interlayer charge — tetrahedral charge diagrams of
FRDL - <2 um, short-term (left) and FRDL - <2 um, long-term (right); TEM-EDX Measured using Jeol JEM-1210; C
corner: position of theoretical Celadonite KAI;(OH)2SisO1; P corner: position of theoretical Pyrophyllite
Aly(OH)2SisO10; M corner: position of theoretical Muscovite KAl;(OH)2SizAlO+; Montm.: montmorillonite, diVerm.:
dioctahedral vermiculite, diVS-ml: dioctahedral vermiculite/smectite mixed-layer, IS-ml: illite/smectite mixed layer

FRDL - <2 pm, long-term

{ FRDL - <2 pm, short-term

Mg Fe Mg F

Figure 35. Ternary octahedral Al-Fe-Mg diagrams of end-member and mixed-layer particles

from Friedland Clay samples, based on TEM-EDX analyses
Note: Left: from FRDL - <2 um, short-term sample; Right: from FRDL - <2 um, long-term sample; TEM-EDX
Measured using Jeol JEM-1210; Montm.: montmorillonite, diVerm.: dioctahedral vermiculite, diVS-mi:

dioctahedral vermiculite/smectite mixed-layer, IS-ml: illite/smectite mixed layer
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Table 11. Mineral formulae [04(OH),] of illite/smectite and dioctaheral vermiculite mixed-layer
series from original Friedland Clay samples, based on TEM-EDX analyses

FRDL - <2 uym, Interlayer Octahedral layer Tetra. layer
short-term Ca Mg Na K Fe®* Al Fe™ Fe* Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 40%; Montmorillonite = 60%)

Average 0.03 0.02 0.21 0.29 0.00 1.26 0.42 0.00 0.29 0.01 0.24 3.76
STDV 0.03 0.03 0.11 0.15 0.00 0.15 0.14 0.00 0.06 0.01 0.03 0.03
Min 0.00 0.00 0.05 0.13 0.00 103 023 000 019 000 020 3.73
Max 0.08 009 035 054 000 143 066 000 036 0.03 0.27 3.80
Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 80%; Montmorillonite = 20%)
Average 0.02 0.11 0.12 0.23 0.01 1.73 0.17 0.00 0.10 0.02 0.60 3.40
STDV 0.02 0.08 010 020 0.02 0.18 0.14 0.00 0.06 0.01 0.02 0.02
Min 0.00 0.01 0.00 0.01 0.00 142 0.00 0.00 000 0.00 056 338
Max 006 029 031 057 007 197 045 000 018 0.04 062 344
FRDL - <2 um, Interlayer Octahedral layer Tetra. layer

long-term Ca Mg Na K Fe* Al Fe*” Fe* Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 30%; Montmorillonite = 70%)

Average 0.01 0.12 0.00 0.26 0.00 1.50 0.28 0.00 0.14 0.00 0.19 3.81
STDV 0.01 0.03 0.00 0.04 0.00 0.18 0.13 0.00 0.07 0.00 0.01 0.01
Min 0.01 0.10 0.00 023 0.00 138 0.19 0.00 0.09 0.00 0.18 3.81
Max 0.02 015 0.00 029 000 163 037 000 019 0.00 0.19 382
Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 50%; Montmorillonite = 50%)
Average 0.04 0.07 0.00 0.14 0.03 1.74 0.21 0.00 0.04 0.01 0.38 3.62
STDV 0.02 0.04 001 010 0.05 0.15 0.11 0.00 0.07 0.01 0.02 0.02
Min 0.00 0.00 0.00 000 000 145 001 0.00 0.00 0.00 0.35 358
Max 0.08 0.11 0.03 034 013 199 039 000 023 004 042 365
HGW98, <2 um Interlayer Octahedral layer Tetra. layer

m Ca Mg Na K Fe* Al Fe* Fe® Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 30%; Montmorillonite = 70%)

Average 0.03 0.07 0.04 0.35 0.00 1.11 0.64 0.00 0.18 0.01 0.25 3.75
STDV 0.02 0.05 0.06 010 0.00 034 032 000 0.07 002 0.02 0.02
Min 0.01 0.03 0.00 029 000 054 043 000 0.09 0.00 023 372
Max 0.06 0.12 0.12 052 0.00 135 117 000 026 0.04 028 3.77
Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 60%; Montmorillonite = 40%)

Average 0.04 0.10 0.01 0.21 0.00 1.66 0.28 0.00 0.06 <0.01 0.45 3.55
STDV 0.02 0.04 0.03 012 000 0.13 0.10 0.00 0.07 0.01 0.02 0.02
Min 0.01 0.03 0.00 0.09 0.00 142 013 000 000 000 043 352
Max 0.06 0.18 0.10 043 000 187 044 000 019 0.01 048 357

Note: Measured using Jeol JEM-1210; (*): according to Henning & Kasbohm (1998); Average: average index,
Min: minimal index, Max: maximal index, STDV: standard deviation
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In aim of determination of iron variations, which were observed by XRF and TEM-EDX
measurements and presented above, bulk FRDL and <2 ym FRDL (“long-term’’) samples
were analyzed by Mossbauer spectroscopy. MB can determine Fe-mineralogy and relative

abundance of Fe-bearing minerals that cannot be obtained from XRF spectroscopy.

Mossbauer spectra of bulk and <2 pm FRDL samples (figure 36) showed that they
consisted of four quadrupole doublets, which superposed to form single asymmetric
spectra. According to relative intensities and positions of these four Fe phases, it was
possible to distinguish various Fe species. All of 8 phases of 2 FRDL samples had no
magnetic hyperfine field, so that there was no magnetic phase, such as hematite, in these
samples. According to Menil (1985) who concluded that Fe”" octahedral coordination had
& from 1.43 to 0.46 mm/s and Fe’* octahedral coordination had & from 0.46 to 0.30 mm/s,
the both FRDL samples were observed with 2 phases of Fe*" and 2 phase of Fe’* for each
(appendix 7).

In the spectra of both samples, 2 first quadrupole doublets (CM-5.1 and CM-6.1), which
had 6 about 1.24 and 1.20 mm/s together with A about 1.82 and 1.74 mm/s, respectively,
are commonly for a phase of Fe*'-ion in silicate. In comparison with A of Fe*" from
research of Heller-Kallai & Rozenson (1981), these phases belong to dioctahedral mica

(trans-octahedral).

2 second quadropole doublets of these FRDL samples were identified as other Fe**
phases (CM-5.2 and CM-6.2), which are completely similar with & = 1.13 mm/s, A = 2.73
mm/s and I' = 0.36 - 0.37 mm/s. In comparison with XRD decompositions of FRDL
samples and referencing research on 2:1:1 layer minerals by Ballet ef al. (1985), these

phases were identified as octahedral Fe*"-ion in chlorite.

The main central doublets at about over 0.3 mm/s of & characterizing for Fe’-ion
component in dioctahedral silicate were obtained twice in both 2 samples of FRDL and
were different in A values. The A values of CM-5.4 and CM-6.4 (1.04 mm/s and 0.95
mm/s) were approximately twice that of CM-5.3 and CM-6.3 (0.52 mm/s and 0.42 mm/s)
corresponding to the relation between A of frams-vacant and that of cis-vacant. The
obtained 8, A and I' are around the corresponding values of illite, montmorillonite,
muscovite, glauconite from many samples studied by Heller-Kallai & Rozenson (1981)
(the authors did not mention to mixed-layer mineral). Therefore, these doublets were

interpreted to mixed-layer mineral which dominates in the two samples.

Summarizing XRF- and MS-measurements in combination with results from XRD and TEM
analyses, it can be concluded that bulk and <2 pm FRDL samples contained Fe*"-ion in
dioctahedral mica, Fe*"-ion in chlorite and Fe*'-ion in cis- and frans-octahedral of mixed-

layer mineral. Because of significant difference in relatively height of 2 first Fe*"-ion
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sub-spectra (area of component), the distributions of Fe-rich dioctahedral mica of 2
samples are different. This finding is in agreement with the conclusion of more mica-like

particles in “short-term” sample in comparison with “long-term” sample.

Beside the identified mixed-layer phase, illite and dioctahedral vermiculite (mica like
phase), montmorillonite, kaolinite, beidellite and chlorite, FRDL also includes muscovite
and glauconite as main clay minerals (Henning & Kasbohm, 1998). About the non-clay
mineral phases, quartz, feldspar, calcite, dolomite, siderite, pyrite, halite, alunite, jarosite,
gypsum, rozenite, roemerite and szomolnokite are identified in the clay (Henning &
Kasbohm, 1998).

From the work of Ammann (2003), Friedland Clay (Friedldnder) was identified with
approximately 37 meq/100g of cation exchange capacity (copper complex exchange
method) and approximately 280 m?/g of specific surface area. The former work by
Henning & Kasbohm (1998) identified 54 meg/100g of cation exchange capacity for
FRDL.

o
i
? 1ot @) Friedland Clay
X bulk sample
¢
Sz20
I
E 20k
:
I

a0}

7
£
e ) Fo2e
—_—= . lFe3
o Wr——?w
1ol b) Friedland Clay \\/ — 7
<2 pm sample \\\/ \\
20| \
30} ~ f
A4 \/ ’?
a0
VE|DCityl —21-4 . ——11.6 : —Cll.s ’ l:il . +Dl.3 - +_t.l.6 B +2I.4 : MH;’E

Figure 36. Méssbauer spectra of bulk and <2 pym Friedland Clay samples at room temperature

Each spectrum showed sub-spectra of chlorite (Fe?"), di-Mica (Fe*") and cis- and trans- mixed-layer phases
(Fe*) (see more in appendix 7)

Note: Measured using Ms-1104Em spectrometer at St-Petersburg State University, Russia; a) Friedland Clay — bulk
sample, b) Friedland Clay - <2 um sample; Co isotopes resource, subspectra were fitted by Univem MS program
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In sum, FRDL is characterized as mixed-layer dominated clay. Whilst “FRDL - <2 pm,
short-term” sample contained mostly IS-ml series with 40% illitic layer — 60% smectitic
layer and diVS-ml series with 80% dioctahedral vermiculitic layer — 20% smectitic layer,
“FRDL - <2 pm, long-term” sample contained mostly IS-ml series with 30% illitic layer
— 70% smectitic layer and diVS-ml series with 50% dioctahedral vermiculitic layer —
50% smectitic layer. They are different in mica-like phase which affects also the variety
of iron content. Iron amount in both samples is identified as in iron-bearing clay

minerals.

Considering the differences of TEM results between two Friedland Clay samples (figure
34, figure 35 and table 11), mineral matter of Friedland Clay was undergoing an
alteration process in contact with water. Illitic particles altered to diVS-ml with
increasing smectite-amount and the original IS-ml particles (40% illitic layers) showed a
slight smectitization process (to 30% of illitic layers) after two months of contact with
water. Linked with alteration is a rearrangement of the octahedral layer to higher Al- as
well as less Mg- and Fe-amounts. The processes are combined with a reduced interlayer
charge from 0.09 per unit cell for “FRDL - <2 pm, short-term” to 0.05 per unit cell for
“FRDL - <2 pm, long-term” (the charge values are calculated from TEM-EDX analyses,
table 11).
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4.4 Mica dominated clays

4.4.1 German reference clays

Representative XRD patterns, in figure 37 and figure 38, from randomly oriented powder
mounts of bulk Plessa, Gorrenberg, Teistungen and Thierfeld samples and oriented
specimens of their <2 pm fractions confirmed that the clay mineral phases of these clays
include illite, kaolinite and chlorite mainly like published in Kranz et al. (1990). XRD
patterns also demonstrated the presence of hematite, quartz and feldspar (plagioclase and
orthoclase). Clay mineral phase contributed from 44% to 53% (in mass) in these clays
(Kranz et al., 1990; see in appendix 2). Ammann (2003) calculated that amounts of illite
in total clay mineral of Plessa, Teistungen and Thierfeld were quite high as 52%, 77%

and 80%, respectively. Therefore, these clays were called simplifiedly as “mica

dominated clays”
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Figure 37. XRD patterns of German clays from powder mount, °2@ CuK, position

Note: Measured using Siemens D5000; From above to bottom: Plessa — bulk; Gorrenberg — bulk;
Teistungen — bulk and Thierfeld — bulk; these samples were milled and sieved to <63 um before measuring;
the patterns show the peaks of kaolinite, chlorite, dioctahedral clay mineral (di.CM): illite, illite/smectite
mixed-layer series (IS-ml) as well as hematite, quartz and feldspar (plagioclase and orthoclase)
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Figure 38. XRD patterns of German clays from oriented specimens, °20 CoK, position

Note: Measured using HZG 4 / Seifert C3000;, XRD patterns including air-dried (AD), ethylene-glycol saturated
(EG) and 550 degree C heated (550) specimen patterns; left above: Plessa - <2 um; left bottom: Gorrenberg -
<2 um; right above: Teistungen - <2 um and right bottom: Thierfeld - <2 um; the patterns show the peaks of
kaolinite, chlorite, illite, illite/smectite mixed-layer series (IS-ml), quartz and feldspar

Normally, the peak at 10 A is composed of two major components, one wide and
displaced to a position greater than 10 A and another narrow and centered at very close to
10 A (Meunier & Velde, 2004). The first one is signature of poor-ordered illite particles
and the second is from the well-ordered illite particles. All of illite from German clays
included such two components. From the components, any shifting under glycol

saturation could not be observed.

German clays also contained kaolinite. The kaolinite had two components: well-ordered
kaolinite and poor-ordered kaolinite, which were identified by oriented specimen
analyses. The poor-ordered kaolinite 001-peak occurred on the position larger than 7.2 A

and the well-ordered kaolinite peak placed at about 7.15 A.

Plessa

Plessa mine is located in Bad Liebenwerda, Brandenburg/Germany. The clay contains
about 53% clay mineral amount (Kranz ez al., 1990). Plessa had the highest percentage of
kaolinite with 24% in total chemical composition among the four clays. According to the
calculation by Ammann (2003), Plessa clay minerals included 52% illite, 9% smectite and
39% kaolinite whilst Teistungen and Thierfield had no smectite phase. By XRD analysis

for powder mount, Plessa also showed the lowest intensity of 10 A peak (figure 37).
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By TEM observation, Plessa presented (i) large, thick and xenomorphic particles and (ii)
small laths (figure 39a, b, ¢). Almost all of the particles were identified as dioctahedral
vermiculite (diVerm.), which has deficient charge and K-amount in the interlayer in
comparison with illite in the sense of the international mica-classification (Rieder et al.,
1998). Phases of diVS-ml, IS-ml, montmorillonite, beidellite as well as quartz and anatase
were identified from Plessa sample. Structural formulae of analyzed clay minerals were
calculated particle by particle and shown in table 12. Especially, Plessa diVerm. showed
lower index of Mg but high index of Ca in opposite to the other German reference clays.
This result is suitable with chemical composition by Kranz et al. (1990) (appendix 4).

The diVerm.-phase could present the 10 A interference in the Plessa XRD-patterns.
Using WinFit deconvolution (Krumm, 1994), Plessa diVerm. (or charge and K-deficient
illite) occurred as well-ordered particles with ~40 layers per stack (CSD of 400 A) and as
poor-ordered particles with ~10 layers per stack (CSD of 100 A). Besides, one
component is overlapping with illite peak at 11.14 A from Plessa air-dried specimen
profile expanded to 16.51 A after ethylene-glycol saturation. According to Moore &
Reynolds (1997), these extensions belong to diagnostic range of illite/montmorillonite
mixed-layer series, so that the presence of mixed-layer phase in Plessa is demonstrated.
By electronic diffraction, diVS-ml presented a 2M; polytype (figure 39c¢).

About only 27.6% of Plessa sample is smaller than 2 pm (Kranz et al, 1990; see in
appendix 3). According to Ammann (2003), Plessa has a cation exchange capacity of
28 meq/100g (copper complex exchange method) and the specific surface area of 200 m?/g.

Gorrenberg

Gorrenberg clay is originated from Traustein, Thuringia/Germany. This clay, containing
about 45% clay minerals amount (Kranz et al., 1990), was characterized similarly as
Plessa clay. XRD analyses confirmed the presence of 2:1 sheet silicates (illite, IS-ml),
kaolinite, chlorite as well as quartz, feldspar (plagioclase and orthoclase) and hematite.

Almost all of particles identified by TEM-EDX analysis from Gorrenberg sample is
dioctahedral vermiculite (charge and K-deficient illite) (figure 39d, e, f). Gorrenberg
diVerm. showed 1M polytype by electronic diffraction analysis (figure 39f). Two
morphology types of clay particles in fraction size <2 um were observed: thick aggregates
larger than 1 um and very fine, xenomorphic plates smaller than 0.5 pm. Accordingly,
deconvolution 10 A peak from XRD profile by WinFit obtained CDS of 320 A (~32 layers
per stack) as well ordered phase and CDS of 70 A (~7 layers per stack) as disordered or
thinner particle phase. Besides, a weak peak at 12.68 A expanded to 16.92 A by ethylene-
glycol saturation demonstrated [S-ml and/or diVS-ml phase in Gorrenberg clay (figure 38).

The part of clay fraction size smaller 2 pm of Gorrenberg contributed about 29.6% of the
bulk sample (Kranz ez al., 1990; see in appendix 3).
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Figure 39. TEM images of Plessa and Gorrenberg samples
a) Overview of Plessa sample (1,000x); b) Zoom of image a) (4,000x); c) Zoom of image a) (4,000x) and electron
diffraction of diVS-ml particle; d) Overview of Gorrenberg sample (1,000x); e) Zoom of image d) (4,000x) and f)
zoom of image d) (5,000x) and electron diffractions of diVerm. (above) and I1S-ml (bottom) particles
Note: Measured using Jeol JEM-1210; the images show the patrticles of montmorillonite (Montm.),
dioctahedral vermiculite (diVerm.), dioctahedral vermiculite/smectite mixed-layer (diVS-ml), lllite/smectite
mixed-layer (IS-ml), beidellite (Beid.), quartz, anatase (rutile)and hematite
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Table 12. Mineral formulae [044(OH);] of diVerm., diVS-ml, IS-ml and smectite from German clays,

based on TEM-EDX analyses

Interlayer
Ca Mg Na K Fe*

Dioctahedral Vermiculite

Plessa 0.17 0.04 0.13 0.14 0.04
Gorrenberg 0.04 0.13 0.04 0.29 0.02
Teistungen 0.06 0.26 0.03 0.21 0.01
Thierfeld 0.03 0.26 0.02 0.26 0.00

Dioctahedral Vermiculite/Smectite mixed-layer

Plessa — 70/30 0.05 0.06 0.02 0.25 0.00
Gorrenberg —60/40 0.02 0.13 0.01 0.16 0.01
Teistungen —70/30 0.02 0.09 0.02 0.28 0.02
Thierfeld — 70/30 0.01 0.05 0.04 0.36 0.00

lllite/Smectite mixed-layer

Plessa — 50/50 0.07 0.03 0.09 0.33 0.00
Gorrenberg —40/60 0.02 0.12 0.00 0.26 0.00
Teistungen —50/50 0.00 0.06 0.05 0.43 0.00
Thierfeld — 50/50 0.02 0.05 0.02 0.40 0.00

Beidellite

Plessa 0.12 0.03 0.03 0.04 0.00
Gorrenberg 0.03 0.04 0.02 0.05 0.05
Teistungen 0.03 0.05 0.01 0.08 0.03
Thierfeld 0.01 0.03 0.13 0.08 0.12

Montmorillonite
Plessa 0.00 0.00 0.20 0.20 0.00

Al

1.81
1.61
1.61
1.59

1.81
1.62
1.75
1.71

1.57
1.50
1.72
1.51

1.88
1.78
1.87
1.93

1.32

Octahedral layer

Fe*

0.13
0.22
0.25
0.30

0.12
0.24
0.15
0.14

0.14
0.27
0.12
0.25

0.16
0.25
0.17
0.13

0.35

Fe*

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.03
0.04

0.00
0.01
0.00
0.00

0.00

Mg

0.06
0.06
0.13
0.10

0.07
0.12
0.08
0.13

0.24
0.18
0.04
0.11

0.05
0.00
0.01
0.00

0.32

Ti

0.02
0.08
0.03
0.02

0.01
0.03
0.02
0.04

0.01
0.00
0.00
0.03

0.00
0.04
0.02
0.02

0.00

Tetra. layer

Al

0.81
0.81
0.86
0.88

0.52
0.45
0.52
0.52

0.29
0.21
0.27
0.31

0.62
0.54
0.51
0.55

0.04

Si

3.20
3.19
3.14
3.12

3.48
3.55
3.48
3.48

3.71
3.79
3.73
3.69

3.38
3.46
3.49
3.45

3.96

Note: Measured using Jeol JEM-1210; data is average index; 70/30 (and the similar ratios) means mixed-layer
series with 70% of the first member (dioctahedral vermiculite or illite) and 30% of the second member (smectite);

mixed-layer series did not include end-members

Teistungen

The clay, originated from Worbis, Thuringia/Germany, includes about 44% in mass of
clay mineral amount (Kranz et al., 1990), therein 77% illite, 14% kaolinite and 17%
chlorite (Ammann, 2003). Differently from Plessa and Gorrenberg, the chlorite peaks

presented obviously in XRD patterns. Conversely, Teistungen have lowest amount of

kaolinite among the German reference clays. Beside the proof about sheet silicate phase,

XRD and TEM-EDX results also confirmed non-clay mineral phase including quartz,

feldspar (plagioclase and orthoclase), anatase and especially hematite. The hematite

phase and other iron-bearing clay phases were also determined using Mdssbauer

spectroscopy analyses (for details, see chapter 4.5.2).
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Almost all of particles in the <2 pm fraction of Teistungen was identified as diVerm. or
diVS-ml with high proportion of diVerm. layer (figure 40a, b, c) because they have
charge and K-deficient in the interlayer in comparison with illite in the sense of the
international mica-classification by IMA (Rieder ez al., 1998). They are mostly fine, thin
and platy except some small aggregates. The diVerm. phase, could form the 10 A peak,
was determined as two components: a component of about 6 layers per stack and a
component of about 17 layers per stack, corresponding to CSD values of 60 A and 170 A,
respectively (deconvolution by WinFit). Electron diffraction determined that Teistungen
diVerm. and diVS-ml particles represented 2M; polytype mostly (figure 40b). Mineral
formulae of diVerm., diVS-ml as well as IS-ml and smectite (beidellite and

montmorillonite) are shown in table 12.

Teistungen clay contained about 51.3% amount of <2 pum fraction (Kranz et al., 1990),
which is much higher than those of other German reference clays. However, the clay has
the specific surface area of only 140 m?/g and a cation exchange capacity of 17 meq/100g
(copper complex exchange method) (Ammann, 2003; Ammann et al., 2005).

Thierfeld

Thierfeld clay mine located in Zwickau, Saxony/Germany. The sample contained about
53% clay minerals amount (Kranz ez al., 1990). Ammann (2003) calculated that the clay
minerals amount include 80% illite, 3% kaolinite and 17% chlorite. These clay minerals

were verified by the XRD proof, too.

Thierfeld clay minerals, in the <2 um fraction, represented a variety of quite large plates,
thick aggregates, slats and very fine plates (figure 40d, e, f). Deconvolution by WinFit
from XRD pattern of bulk sample, 10 A component of Thierfeld included well-ordered
phase with about 29 layers per stack (CSD =290 A) and poor-ordered phase with about 8
layers per stack (CSD = 85 A). A part of the component was labelled as diVerm. or
diVS-ml with high proportion of diVerm. layer in the TEM-EDX results. Figure 40e
shows an example 2M; polytype of diVS-ml particle.

Especially in the Thierfeld XRD pattern of powder mount, hematite peaks were very
clearly (figure 37). This hematite component, caused the very dark brown colour of
Thierfeld clay, was indicated about 4.5% in the total mineral amount (Kranz et al., 1990;
see in appendix 2). Under TEM observation, hematite particles were commonly very
small but few were about a half of micrometer in the dimension and in idiomorphic

hexagonal shapes (figure 40f).

The part of <2 pm contributed approximately 39.3% in the bulk Thierfeld sample (Kranz ez
al., 1990). Its cation exchange capacity is 14 meq/100g (copper complex exchange
method) and specific surface area is 73 m?/g according to calculation by Ammann (2003).
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Figure 40. TEM images of Teistungen and Thierfeld samples

a) Overview of Teistungen sample (1,000x); b) Zoom of image a) (3,000x) and electron diffractions of diVS-ml
and diVerm. particles; c) Zoom of image a) (3,000x); d) Overview of Thierfeld sample (1,000x); €) Zoom of image
d) (3,000x) and electron diffraction of diVS-ml particle; and f) zoom of image d) (6,000x)

Note: Measured using Jeol JEM-1210; the images show the particles of montmorillonite (Montm.),
dioctahedral vermiculite (diVerm.), dioctahedral vermiculite/smectite mixed-layer (diVS-ml), lllite/smectite
mixed-layer (IS-ml), kaolinite (Kao.), beidellite(?) (Beid.?), quartz, anatase (rutile) and hematite
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Proportions of indentified mica-like and mixed-layer
particles of German clays
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Figure 41. Proportions of identified mica-like and mixed-layer particles of German clays
Note: Data from TEM-EDX analyses using Jeol JEM-1210; light color filling presented dioctahedral vermiculite
component, confetti filling presented dioctahedral vermiculite/smectite mixed-layer component; square filling
presented illite/smectite mixed-layer component and dark filling presented smectite component

In conclusion, German clays include significant amount of dioctahedral vermiculite,
which caused sharp and high 10 A peak in XRD patterns and were observed very often
by TEM-EDX analyses. Series of diVS-ml are also the main component in German
reference clays. Besides, the German clays also contain IS-ml, beidellite, chlorite and
kaolinite as clay mineral phases. The frequency of the mica-like phase, smectite phase
and mixed-layer phases between mica-like component and smectite component was
estimated as in figure 41. Among the non-clay minerals identified in German clay
samples, contents of hematite are importantly making these clays differentiated.
Especially, hematite presented in remarkable content in Teistungen and Thierfeld
samples. The contribution of hematite and iron-bearing minerals in total of iron amount
as well as in the bulk sample was presented in the chapter “dithionite treated clays”
(chapter 4.5.2).
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4.5 Treated clays
4.5.1 Acid treated series

Acid treatments by HCI solution with different concentrations of acid solution and
different temperatural conditions were performed to Friedland Clay. This contribution

involved six treated samples including:

~ FRDL, HCI 1.0 M, 100°C, 2 h (treated FRDL 5)
- FRDL, HCI 1.5 M, 60°C, 2 h (treated FRDL 6)

- FRDL, HCI 1.5 M, 100°C, 2 h (treated FRDL 10)
- FRDL, HCI 1.8 M, 100°C, 2 h (treated FRDL 13)
- FRDL, HC1 2.0 M, 80°C, 2 h (treated FRDL 14)
- FRDL, HCI 2.0 M, 100°C, 2 h (treated FRDL 16)

Friedland Clay was characterized as mixed-layer dominated clay including mainly IS-ml
and diVS-ml series (chapter 4.3.1). Acid treatment is well-known as surface modification
method towards clay minerals (Komadel & Madejova, 2006). This chapter is presenting

some changes in clay matter and clay mineral phase caused by the acid treatment.

By XRF analyses, all the treated series show increase of SiO, component and decrease of
some other components, especially Fe,Os, in comparison to the untreated sample (table
13). In relative comparison of the changes, the influence of thermal treatment was more

effective than the rising concentration of acid.

Table 13. Chemical composition (main components, oxide form) of HCI acid treated series
of Friedland Clay in comparison with untreated sample from X-Ray Fluorescence analyses,
indicated in mass %

LOI
i0, | TiO, | ALO; | Fe,0, | MnO | MgO | Ca0 |Na,0 | K,0 | P,0 H,O-
Clay Samples SiO, | TiO, 03 [ Fe;O3 | Mn g a ay 2 205 | 000ec | H2 Suznme
(%) (%) %) | (%) | (%) (%) (%) (%) (%) (%) (%) (%) (%)
0

1.0M, 100°C | 61.64| 1.01| 17.11| 3.26] 0.006| 1.06] 0.06] 023 2.62| 0036 6.67| 494 896
(FRDL 5)
O,

LSM, 60°C | o5 6l 098] 1849| 427 0008| 137 o006| 024| 297| 0.042| 651| 47| 993
(FRDL 6)
(e]

LSM, 100°C | ool 105 1623 25| 0.004| o0g0| 006 025 251 0.032| 622| as0| 987
(FRDL 10)
(e]

L8 M, 100°C | 0 0ol 1.00| 1604 235\ 0.005| 083 o006| 027] 255| 0.032| 682| 475 oss
(FRDL 13)
O,

20M,B0°C | o 7l 098] 1771 372 0007| 119 007| 026| 284| 0.040| 659| 4s6| 989
(FRDL 14)
2.0 M, 100°

2 C| 63.18| 106 1689 2.43| 0.005| 092| 006 024| 269 0.032| 635 490 oss
(FRDL 16)

Friedland Clay | 55701 0035| 18.00| 7.31| 0.035| 201 o054 096| 3.01| 0.106] 724 265 99.50
bulk, original

Note: Measured using Philips PW 2404, non wetting agent or/and oxidizer, LOI at 1000°C
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Figure 42. TEM images of some acid treated FRDL clay samples
a) FRDL, HCI 1.0 M, 100°C, 2 h; overview of the sample (mag.: 1,000x) (left) and a zoom image (mag.: 5,000) (right)
b) FRDL, HCI 1.5 M, 60°C, 2 h; overview of the sample (mag.: 1,000x) (left) and a zoom image (mag.: 5,000) (right)

c¢) FRDL, HCI 2.0 M, 100°C, 2 h; overview of the sample (mag.: 1,000x) (left) and a zoom image (mag.: 6,000) (right)
Note: Measured using Jeol JEM-1210
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Figure 43. Tendency of illite- and dioctahedral vermiculite-components distribution in mixed-layer series
from some acid treated FRDL samples in comparison with untreated FRDL, based on TEM-EDX analyses

Note: Histograms of FRDL, HCI 1.0 M, 100°C (treated FRDL 5); FRDL, HCI 1.5 M, 60°C (treated FRDL 6); FRDL, HCI 2.0 M,
100°C (treated FRDL 16) and untreated FRDL (presented in figure 33); Right histograms: illite-components distribution in
illite/smectite mixed-layer series (IS-ML); Left histograms: dioctahedral vermiculite-components distribution in dioctahedral
vermiculite/smectite mixed-layer series (diVS-ML); % lllite- or % diVerm.-comp.: proportion of illite or dioctahedral vermiculite-
component in mixed-layer series (e.g. 00% illite-comp. series: IS-ml series with 00% illite-component or montmorillonite);
Montm.: montmorillonite, diVerm.: dioctahedral vermiculite; TEM-EDX measured using Jeol JEM-1210
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@ divS-ml
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Figure 44. Ternary charge diagrams of end-member particles
and mixed-layer particles from some acid treated FRDL samples
in comparison with untreated FRDL, based on TEM-EDX analyses

Note: According to Koéster (1977); Ternary octahedral charge -
interlayer charge — tetrahedral charge diagrams of FRDL, HCI 1.0 M,
100°C (treated FRDL 5); FRDL, HCI 1.5 M, 60°C (treated FRDL 6);
FRDL, HCI 2.0 M, 100°C (treated FRDL 16) and untreated FRDL
(presented in figure 34); TEM-EDX Measured using Jeol JEM-1210;
C corner: position of theoretical Celadonite KAl;(OH)2SisO10;, P corner:
position of theoretical Pyrophyllite Alo(OH)2SisO10; M corner: position of
theoretical Muscovite KAIz(OH),SisAlO1; Montm.: montmorillonite,
diVerm.: dioctahedral vermiculite, IS-ml: illite/smectite mixed layer,
diVS-ml: dioctahedral vermiculite/smectite mixed-layer

[FRDL - <2 pm, short-term|

®
m] tetrahedral charge
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Table 14. Mineral formulae [04,(OH),] of illite/smectite and dioctaheral vermiculite mixed-layer
series from some acid treated FRDL samples in comparison with untreated FRDL, based on
TEM-EDX analyses

FRDL, Interlayer Octahedral layer Tetra. layer
HCI1.0M,100°C ca Mg Na K Fe* Al Fe* Fe® Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 20%; Montmorillonite = 80%)
Average 0.03 0.07 0.07 0.18 0.00 1.52 0.26 0.00 0.12 0.01 0.12 3.88
STDV 0.04 0.04 006 010 000 0.08 0.07 000 0.05 0.01 0.02 0.02

Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 50%; Montmorillonite = 50%)

Average 0.01 0.08 0.05 0.16 0.00 1.77 0.16 0.00 0.05 0.01 0.38 3.62
STDV 0.01 0.03 0.04 0.10 0.00 0.08 0.05 000 005 0.01 0.03 0.03
FRDL, Interlayer Octahedral layer Tetra. layer

HCI1.5M,60°C ca Mg Na K Fe” Al Fe* Fe®* Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 20%; Montmorillonite = 80%)
Average 0.02 0.08 0.08 0.14 0.00 1.55 0.26 0.03 0.07 0.01 0.12 3.88
STDV 0.02 0.06 0.05 0.04 0.00 0.06 003 004 006 001 0.03 0.03

Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 40%; Montmorillonite = 60%)

Average 0.02 0.05 0.05 0.20 0.00 1.60 0.29 0.00 0.10 0.01 0.30 3.70
STDV 0.02 0.03 0.04 0.06 0.00 0.08 0.05 000 004 0.01 0.03 0.03
FRDL, Interlayer Octahedral layer Tetra. layer

HCI20M,100°C ca Mg Na K Fe* Al Fe* Fe* Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 20%; Montmorillonite = 80%)
Average 0.02 0.05 0.05 0.20 0.00 1.60 0.29 0.00 0.10 001 0.12 3.88
STDV 0.01 0.03 0.03 0.04 0.00 0.09 0.05 000 011 0.01 0.03 0.03

Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 60%; Montmorillonite = 40%)

Average 0.02 0.06 0.05 0.31 0.00 1.74 0.14 0.00 0.11 0.02 0.43 3.57
STDV 0.02 0.04 0.05 003 000 0.06 0.03 000 0.04 0.02 0.04 0.04
FRDL - <2 um, Interlayer Octahedral layer Tetra. layer

short-termy Ca Mg Na K Fe* Al Fe* Fe* Mg Ti Al Si

lllite/Smectite mixed-layer (lllite = 40%; Montmorillonite = 60%)
Average 0.03 0.02 0.21 0.29 0.00 1.26 0.42 0.00 0.29 0.01 0.24 3.76
STDV 0.03 0.03 0.11 0.15 0.00 0.15 0.14 000 0.06 0.01 0.03 0.03

Dioctahedral Vermiculite/Smectite mixed-layer (diVerm. = 80%; Montmorillonite = 20%)
Average 0.02 0.11 0.12 0.23 0.01 1.73 0.17 0.00 0.10 0.02 0.60 3.40
STDV 0.02 0.08 0.10 0.20 0.02 0.18 0.14 000 0.06 0.01 0.02 0.02

Note: Measured using Jeol JEM-1210; (*): presented in table 11; Average: average index, STDV: standard deviation
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With respect to the clay mineral phases, TEM-EDX measurements were performed to
characterize some selected samples. As shown in the figure 42, clay particles were modified
after two hours in contact with acid solution at high temperature. Therefore, in comparison
with the morphology of the untreated clay particles (figure 31), the treated clay particles
show totally different morphology: non-regular plate with partly curled margin.

By XRD analyses (appendix 8), the clay minerals also became highly disordered
mirrored by broader peaks. Especially, for the treated samples at 100°C (the highest
temperature among all), it could not be detected any peak at position of IS-ml and diVS-ml
series. That means only few layers per stack of acid treated IS-ml and diVS-ml particles.

In the treated samples, IS-ml and diVS-ml showed generally higher smectitic proportions
than the untreated samples. This observation was revealed by the calculated formulae of
mixed-layer particles (table 14 and figure 44). Whilst the untreated FRDL sample was
determined with 40% illitic layers IS-ml particles and 80% dioctahedral vermiculitic
layers diVS-ml particles (chapter 4.3.1), the acid untreated FRDL samples show IS-ml
particles with only 20% illitic layers and diVS-ml particles with 40 — 60% dioctahedral
vermiculitic layers (table 14 and figure 43). Between three selected treated FRDL
samples, the treated sample under the condition of HCI 2.0 M and 100°C during 2 h
represented less particles of the expandable clay minerals than the others (figure 44).

Based on the results obtained from TEM-EDX particles analyses of <2 pum fraction, a

. 34+VI
solution of Fe

component from clay minerals is determined. The untreated FRDL
sample shows octahedral Fe'* from 0.1 - 0.5 per unit cell while the treated FRDL

samples present only 0.3 as maximal octahedral Fe’" index (table 14 and figure 45).

In conclusion, acid treatment can modify and dissolve partly the expandable clay
minerals of FRDL, therein much more mica-like layers were dissolved than
montmorillitic layer. The treatment also reduced the expandability of mixed-layer

SV amount. Among different conditions of treatment, the condition with

particles and Fe
higher temperature (100°C) and higher concentration of acid solution (HCl 2.0 M) is

more effective environment.
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Figure 45. Octahedral Fe** component of mixed-layer particles from some acid treated FRDL
samples in comparison with untreated FRDL, based on TEM-EDX analyses

Note: from left to right: FRDL, HCI 1.0 M, 100°C (treated FRDL 5); FRDL, HCI 1.5 M, 60°C (treated FRDL 6);
FRDL, HCI 2.0 M, 100°C (treated FRDL 16) and untreated FRDL; TEM-EDX Measured using Jeol JEM-1210
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4.5.2 Dithionite treated clays

The Fe-rich Teistungen and Thierfeld clays (see the part 4.4) were treated by dithionite
method according to Mehra & Jackson (1960) to remove the iron oxides and hydroxides
in the bulk samples. The changing after treatment was documented by XRF, XRD and
Maossbauber spectroscopy (MS) analyses. Whilst XRF data showed the changing of total
iron amount, XRD and MS results showed the specific phases from which iron were

removed.

The decreasing in percentage of iron oxide amount from about 4.5 to 4.1% and 7.9 to
4.1% for Teistungen and Thierfeld, respectively, indicated effects of dithionite
treatments. Only a low portion of iron was removed in the Teistungen sample. However,
the changing in percentage of iron mass from the untreated to the treated Thierfeld
showed the significant difference between the samples. Except about iron (and sodium
oxide amount which is influenced by treatment material and process), the changing of
other compositions were not considerable in XRF results because they were small and

related to the changing of iron oxide percentage (table 15).

Table 15. Chemical composition (main components, oxide form) of untreated and dithionite
treated Teistungen and Thierfeld from X-Ray Fluorescence analyses, indicated in mass %

LOI
1000°C
(%)

Si0, TiO, ALO, Fe,0, MnO MgO CaO Na,0 K,O P,0;s
%) () (0 (B () () (B (B (%) (%)

H,O0- Total

Clay Samples (%) (%)

Teistungen 63.12 0.816 16.25 4.52 0.059 2.18 0.80 170 3.41 0346 4.10 1.05 9835

Te'lst}lng'en 64.16 0.860 16.92 4.06 0.037 2.36 0.61 2.09 3.74 0.195 4.09 0.95 100.06
Dithionite
Thierfeld 59.22 1.64 17.63 7.89 0.091 2.16 0.61 0.85 3.35 0.337 5.01 0.77 99.56
T.hle.rfe.ld 61.49 1.70 18.64 4.11 0.043 2.27 0.51 1.32 3.48 0.259 5.25 0.74 99.81
Dithionite

Clay Samples Ba* Ce* Co* Cr* Cu* Ga* Nb* Ni* Pb* Rb* Sr* Th* U* V* Y* Zn*

Zr*

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Teistungen 1783 86 10 58 <100 21 19 38 20 154 178 17 9 8 31 71 301
Te.lstfmg.en 1332 80 9 62 <100 23 19 35 21 189 166 13 <5 81 28 81 241
Dithionite
Thierfeld 825 96 22 77 <100 23 26 60 26 142 168 13 5 127 50 112 288
T.hle.rfe.ld 824 102 21 68 <100 25 25 53 22 181 173 11 5 95 32 121 273
Dithionite

Note: Measured using Philips PW 2404, non wetting agent or/and oxidizer, LOI at 1000°C
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The information about the removed iron amount obtained from XRF experiments is
quite similar to the results, which were obtained from MS analyses (appendix 7, figure
46), wherein iron (%) in general component decreased slightly from about 3.2 of
untreated Teistungen to 2.8 of treated Teistungen and decreased drastically from 5.5 to
2.9 in the Thierfeld samples.

The Mdssbauer spectra of Teistungen, Thierfeld and their dithionite treated samples
consisted of a single asymmetric quadropole doublet, which represented a superposition
of a sextet and four or three doublets (figure 46). The sextet sub-spectra (O-1.1, O-2.1,
0O-3.1 and O-4.1) with 6 of 0.37 — 0.39 mm/s, A of (-0.18) - (-0.21) mm/s and magnetic
hyperfine field of 50.7 - 51.1 Tesla at room temperature correspond to characterization of
hematite (a-Fe,O3) (Menil, 1985; Murad & Schwertmann, 1986; Murad, 1998).

Based on the & values, other doublets were identified as octahedral Fe** phases (CM-1.1,
CM-1.2, CM-2.1, CM-2.2, CM-3.1 and CM-4.1) and octahedral Fe** phases (CM-1.3,
CM-14, CM-2.3, CM-24, CM-3.2, CM-3.3, CM-4.2 and CM-4.3) in clay minerals
(Rancourt, 1998). The obtained A and I' values of these doublets are in intervals of
corresponding values of Al-rich dioctahedral mica or smectite, Fe-rich dioctahedral mica,
trioctahedral 2:1 silicate, illite, chlorite from hundred spectra were studied by Heller-
Kallai and Rozenson (1981). However, none of obtained data set was exactly fitted to
reference data. This might be caused by the mixture of Fe-ion spectra from many clay
minerals in one. The cis- and trans-octahedral of iron ion were carried out according to
the conclusion that the A values of trans-site is larger (approximately twice) than that of
cis-site (Heller-Kallai & Rozenson, 1981; Ballet & Coey, 1982).

s0 100 150 200 Channe s S50
—T—T —r—r— —r—n —— -
Fes* | |

E ’L % 7 } | \ f

£ | | £ i 1

E 14/ @) Teistungen . : “L l: |

] untreated sample l ! | |

i L ; |

dn | 21 “| | | |
zoL( -\‘, "f ¢) Thierfeld y | |

untreated sample

A = I .r;i B . __“T Fe B
. E’w ’ 5 - [\

8t b) Teistungen E i 1I! o ql"_»" "Jj |

1 il i 4 -‘:HH
| [ | LWty

- I | ol (R
[ f | d) Thierfeld Ly

dithionite treated sample it

L

_,
. i |

J' sz f
L . — PR
velocity ~8.0 -a.0

Ao 7 <8.0 a0 o .o v

Figure 46. Méssbauer spectra of original and dithionite treated samples of Teistungen and
Thierfeld at room temperature

Note: Measured using Ms-1104Em spectrometer at St-Petersburg State University, Russia; a) Teistungen —
untreated sample (left above), b) Teistungen — dithionite treated sample (left bottom), c) Thierfeld — untreated
sample (right above), and d) Thierfeld — dithionite treated sample (right bottom) ; Co isotopes resource,
subspectra were fitted by Univem MS program
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As described above, Teistungen and Thierfeld samples include more than one species of
dioctahedral clay minerals. Therefore, the doublets were characterized as octahedral Fe**
and octahedral Fe’" of the set of dioctahedral clay minerals. The sextet sub-spectra of

hematite with different areas of component showed the hematite-removing amount after

dithionite treatment.

The reducing of iron phase was also confirmed by XRD patterns (figure 47). The relative
height of hematite peaks reduced clearly from untreated samples to corresponding

dithionite treated samples.

In conclusion, performed dithionite treatment removed hematite phases in original
Teistungen and Thierfeld clays. The removed iron amount in Teistungen clays is much

lower than that in Thierfeld clays.
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Figure 47. XRD patterns of original and dithionite treated samples of Teistungen and Thierfeld
from powder mount, °20 CuK, position

Note: Measured using Siemens D5000; from above to bottom: untreated Teistungen, dithionite treated
Teistungen, untreated Thierfeld and dithionite treated Thierfeld; these samples were milled and sieved to <63
um from bulk samples before measuring; the patterns indicate changing of relatively height of hematite peaks;
other peaks: see more in figure 37
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Characterization of cream samples/UV-measurements

5 CHARACTERIZATION OF CREAM SAMPLES/
UV-MEASUREMENTS

5.1 Pure-clay cream samples — overview
5.1.1 Clay concentration

With pure-clay cream samples, two levels of clay concentration in cream sample were
prepared and analyzed: 10%-clay and 20%-clay. Table 16 and table 17 showed UV-
transmission results of 20%-clay cream samples and 10%-clay cream samples,
respectively. Some examples in the purpose of comparing UV-absorption ability between
these two clay concentration levels were shown in figure 48. Whilst average UV-
transmission value of 20%-clay pure-clay cream sample of Caminau is only 28.8%, the
corresponding UV-transmission value of 10%-clay sample of Caminau is as high as
43.7%. Similarly, pure-clay samples of Chamber show the average UV-transmission
values for 20%-clay sample is 34.5% and for 10%-clay sample is 40.6%. It is obvious
that clay amount has effect to reduce the intensity of UV-radiation. The 20%-clay cream

samples absorbed much higher UV-radiation than the 10%-clay ones.

In almost cases, UV-transmission profiles obtained from the two concentration levels had
the same trend. Therefore, in comparison UV-absorption abilities of the clay groups in

pure-clay cream, normally only 20%-clay cream results were presented.

UV-Measurement of 10%-clay and 20%-clay cream samples
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Figure 48. UV-measurement in comparison clay concentration: 10%-clay and 20%-clay cream samples

Left: UV-transmission from Caminau kaolin; right: UV-transmission from Chambers bentonite

Note: Measured using AnalytikdenaAG SPECORD 50; Pure-clay cream samples of 10% and 20% of <63 ym
bulk clay with wool-wax-alcohol cream; The lower transmission proportion, the better effect by clay cream
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Characterization of cream samples/UV-measurements

5.1.2 Kaolins

Kaolin samples, Caminau, Wolfka, Spergau, Seilitz, KGa-1b (Georgia, low defect) and
KGa-2 (Georgia, high defect) with kaolinite as main phase, showed absorption capacities
of 20% clay-cream samples from approximately 60% to 80% of incident UV rays. In
other words, obtained UV-transmission values for these kaolin samples were
approximately 40% to 20% (figure 49 and table 16). Different trends of UV-transmission
were not to recognize between these kaolins. Eventually, some result curves cut the
others. Among these, Seilitz sample seemed to have the highest UV-absorption ability
and Georgia high defect kaolin had lowest UV-absorption ability.

Especially, halloysite dominated kaolin had a notable lower UV-absorption ability than
the other mentioned kaolinite bearing samples. At 300 nm of wavelength, the UV rays
could transmit still nearby the half (about 47% in average) of incident light through
halloysite cream screen. Whereas, the other kaolinite cream samples let pass only
average 27 to 35% of incident light (table 16).

Light microscopy images of kaolins were presented in figure 50. The images show that
distribution of clay in the wool-wax-alcohol cream is dispersion or dense aggregation.
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Figure 49. UV-measurement of 20%-clay cream samples of kaolins

Caminau, Wolfka, Spergau and Seilitz are German reference kaolins; Georgia, low defect (KGa-1b) and
Georgia, high defect (KGa-2) are CMS kaolins; halloysite Michalovce is from Greifswald collection

Note: Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of <63 um bulk clay with
wool-wax-alcohol cream; Ladival® allerg 20 and L’Oreal (LSP 15) are trade-wares (see more: abbreviations);
The lower transmission proportion, the better effect by clay cream
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Characterization of cream samples/UV-measurements

Figure 50. Light microscopy images of 20%-clay cream samples of kaolins
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Characterization of cream samples/UV-measurements

Table 16. UV-transmission at three selected points of 20% pure-clay cream samples

UV- transmission (%)
Samples Grainsize 280 nm 300 nm 400 nm Note

Kaolins, pure-clay creams, 20% clay

Caminau <63 um bulk 25.8 26.4 34.1 German reference kaolin
Wolfka <63 um bulk 29.9 28.1 34.5 German reference kaolin
Spergau <63 um bulk 24.0 28.4 39.1 German reference kaolin
Seilitz <63 um bulk 20.1 24.9 34.7 German reference kaolin

Georgia, low defect, KGa-1b <63 um bulk 28.0 28.3 36.7 CMS reference kaolin
Georgia, high defect, KGa-2 <63 um bulk 31.5 321 42.7 CMS reference kaolin

Michalovce (TS-41) <63umbuk  45.6 441 52.2 Greifswald collection, halloysite
Wolfka <63 pm (coarse) <63 um 30.0 28.2 34.5 Sieving separation
Wolfka <2 ym (fine) <2um 30.1 29.3 37.1 Atterberg separation

Bentonites, pure-clay creams, 20% clay

Wyoming (TS-874) <63 um bulk 19.7 25.3 40.4 Greifswald collection, montmorillonite
Chambers (TS-569) <63 um bulk 35.0 23.7 44.8 Greifswald collection, montmorillonite
Garfield (TS-1803) <63 um bulk 8.7 16.8 28.0 Greifswald collection, nontronite
SHCa-1_California <63 um bulk 30.6 33.3 43.4 CMS bentonite, hectorite
STx-1_Texas <63 um bulk 371 38.9 53.1 CMS bentonite, montmorillonite
SAz-1_ Arizona <63 um bulk 24.6 29.4 43.2 CMS bentonite, montmorillonite
SWy-2_Wyoming <63pmbulk  22.2 26.2 38.9 CMS bentonite, montmorillonite

Mixed-layer dominated clays, pure-clay creams, 20% clay

Friedland <63 ym (untreated) <63 pym bulk 18.8 22.4 32.9 Friedland Clay PPM e.V.
Friedland <2 um (Atterberg) <2um 16.2 22.3 40.3 FRDL - <2 ym, long-term
FRDL, HCI 1.0 M, 100°C,2h <63pmbulk  14.6 19.7 32.5 Treated Friedland Clay 5
FRDL, HCI 1.5 M, 60°C, 2 h <63umbuk  14.6 19.0 32.3 Treated Friedland Clay 6
FRDL, HCI 1.5 M, 100°C,2h  <63pmbulk  12.6 19.3 31.7 Treated Friedland Clay 10
FRDL, HCI 1.8 M, 100°C,2h  <63pmbuk  13.3 19.7 32.8 Treated Friedland Clay 13
FRDL, HCI2.0 M, 80°C,2h  <63umbuk  10.5 16.2 29.8 Treated Friedland Clay 14
FRDL, HCI 2.0 M, 100°C,2h  <63umbuk  19.0 25.1 37.0 Treated Friedland Clay 16

Mica dominated clays, pure-clay creams, 20% clay

Plessa <63 um bulk 23.3 13.5 31.5 German reference clay
Gorrenberg <63 um bulk 19.1 11.0 25.5 German reference clay
Teistungen (untreated) <63 um bulk 14.8 9.5 22.1 German reference clay (untreated)
Thierfeld (untreated) <63 um bulk 8.3 4.6 15.1 German reference clay (untreated)
Teistungen, dithionite <63 pm bulk 14.7 10.2 24.7 Treated Teistungen

Thierfeld, dithionite <63 um bulk 13.3 13.3 25.2 Treated Thierfeld

Reference materials

Ferrum Oxydatum Rubrum 0.6 0.2 0.2 Pharmacy material, Fe;O3
Ferrum Oxydatum Flavum 0.3 <0.1 <0.1 Pharmacy material, Fe(OH);
TiO, 1% 324 27.3 23.7 Anatase

TiO, 8% 1.5 1.1 1.0 Anatase

L'Oreal (LSP 15) 0.2 <0.1 <0.1 Trade-ware cream, SPF 15
Ladival® allerg 20 15.0 1.6 0.7 Trade-ware cream, SPF 20

Note: Measured using AnalytikJenaAG SPECORD 50
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Characterization of cream samples/UV-measurements

5.1.3 Bentonites

Bentonite cream samples had complete different UV-absorption behaviors from those of
kaolin bearing creams (figure 51). Garfield let pass only approximately 9% to 28% of
incident rays (from 280 nm to 400 nm, respectively) (table 16). This group had result
series, from highest absorption ability of nontronite Garfield to the lowest absorption
ability of montmorillonite Texas.

Absorption in the whole UV area was very much larger from Garfield than from the other
bentonites. In the series, montmorillonite Chambers had result line that diverges from
others, especially in the UV-B range. Na-montmorillonite or Wyoming bentonite, which
is common used in cosmetics and pharmacy, had medium UV-absorption capacity among
this group. This material absorbs UV rays better than other bentonite samples but the
result is still far from the result of Garfield nontronite. Approximate 10% of transmission

unit was the difference between UV-transmission of Wyoming and UV-transmission of
Garfield.

Observation from light microscopy shows that matrix of bentonite and wool-wax-alcohol
cream is dispersion or aggregation with honey-comb and/or porous shape (figure 52).
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Figure 51. UV-measurement of 20%-clay cream samples of bentonites

SHCa-1, STx-1, SAz-1 and SWy-2 are CMS bentonites; Chambers, Garfield and Wyoming are Greifswald
collection bentonites

Note: Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of <63 um bulk clay with
wool-wax-alcohol cream; Ladival® allerg 20 and L'Oreal (LSP 15) are trade-wares (see more: abbreviations);
The lower transmission proportion, the better effect by clay cream
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Characterization of cream samples/UV-measurements

Figure 52. Light microscopy images of 20%-clay samples of bentonites
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Characterization of cream samples/UV-measurements

5.1.4 Mixed-layer dominated clay

The figure 53 shows result spectra from Friedland Clay (from PPMeV) which were
characterized as mixed-layer dominated clay (chapter 4.3). Clay cream samples, made
from 20% of untreated bulk FRDL (milled to <63 pm) and <2 um FRDL (long-
term)'", showed the UV-transmission approximately 19% to 33% and 16% to 40% (table
16). With 10%-clay pure-clay cream sample, at three selected points (280, 300 and 400
nm), UV-transmission results of bulk FRDL are 37.3, 30.5 and 41.8%, whilst UV-
transmission results of <2 um FRDL (long-term) are 31.3, 33.4 and 47.4%, respectively.

From 280 nm to 300 nm, strong UV-B range, <2 um FRDL (long-term) absorbed UV rays
better than <63 um bulk FRDL. Conversely, from 300 nm to 400 nm - UV-A range and one
part of UV-B range, <63 pm bulk FRDL exposed the better ability of UV-absorption.

Under light microscopy, 20%-clay cream sample of bulk FRDL represented the porous

aggregation distribution like cream samples of bentonites (figure 59).
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Figure 53. UV-measurement of 10%- and 20%-clay cream sample of mixed-layer dominated clay

UV-transmission from 20%-clay cream samples (left) and 10%-clay cream samples (right) of <2 pm
Friedland Clay and <63 pm bulk Friedland Clay

Note: Measured using AnalytikdenaAG SPECORD 50; Pure-clay cream samples with wool-wax-alcohol cream;
Ladival® allerg 20 and L'Oreal (LSP 15) are trade-wares (see more: abbreviations); The lower transmission
proportion, the better effect by clay cream

"' The <2 pym FRDL material, which was obtained by Atterberg sedimentation from bulk sample under
long-term contact with water for two months, is labeled as “FRDL - <2um, long-term” (see chapter 4.3)
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Characterization of cream samples/UV-measurements

5.1.5 Mica dominated clays

All clay cream samples, which were made from Plessa, Gorrenberg, Teistungen and
Thierfeld with 20% of clay, were analyzed. They showed the high UV-absorption
capacity. The best result curve was from Thierfeld clay. It was observed that UV-
absorption abilities decreased in order of Thierfeld, Teistungen, Gorrenberg and Plessa
(figure 54). In the figure, results of all of clay cream samples had the same trend. They

got the highest absorption or lowest transmission at about 298 nm of wavelength.

UV-transmission of Thierfeld was approximately 8% at the minimal point and 15% at the
maximal point (table 16). In beginning of UV-B range, the short and high energy area,
this group absorbed from about 77% (Plessa) and 92% (Thierfeld) at 280 nm and
increased to 87% and 95% at 298 nm. Moreover, in this area, Thierfield reached a lower
value of transmission than the trade-ware Ladival® allerg 20. From 298 nm to 400 nm,
UV-absorption decreased gradually to 68% and 85%.

Matrix of 20%-clay pure-clay samples of clays were also observed by light microscopy
(figure 55). All of the clays mix with wool-wax-alcohol cream to form dense aggregation

matrix.

UV-Measurement of Mica dominated Clays
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Figure 54. UV-measurement 20%-clay cream samples of mica dominated clays
Plessa, Gorrenberg, Teistungen and Thierfeld are German reference clays

Note: Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of <63 ym bulk clay with
wool-wax-alcohol cream; Ladival® allerg 20 and L'Oreal (LSP 15) are trade-wares (see more: abbreviations);
The lower transmission proportion, the better effect by clay cream
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Characterization of cream samples/UV-measurements

Figure 55. Light microscopy images of 20%-clay cream samples of clays
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Characterization of cream samples/UV-measurements

In general, as the contribution observed, different clay samples have different UV-
transmission values or different UV-absorption ability. In the kaolin series, all kaolinite
dominated kaolins have quite close UV-transmission values meanwhile halloysite
dominated sample has significant lower UV-absorption ability. Conversely, from the
bentonite series, all of them are dominated by smectites but have complete different
behaviour of UV-transmission. Therefore, the parameters which affected abilities of UV-
transmission were expected to bring out. Besides, in the mica dominated clay series,
Thierfeld showed the much lower UV-transmission. Therefore, some characteristics of
the clay could play an important role. The levels of influences of mentioned parameters

or characteristics were also expected to be determined.

Concerning distribution of clay and ointment cream, whilst bentonites and mixed-layer
dominated clay mostly presented the structure of dispersion or aggregation with porous
or honey-comb shape, kaolins and mica dominated clays showed the structure of dense
aggregation or dispersion. The influence level of distribution between clays and ointment

cream to the UV-transmission levels was also considered.
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Characterization of cream samples/UV-measurements

5.2 Clay samples with different particle parameters
5.2.1 Particle sizes

The left side of figure 56 visualizes to results of <63 pm bulk and <2 pm Wolfka cream
samples. The <63 pm bulk sample, was separated by sieving from bulk sample,
containing about 86% kaolinite and 12% quartz (part 4.1.1). And the <2 um sample,
which was obtained by Atterberg sedimentation from original bulk sample, was
composed by about 80% kaolinite and 17% IS-ml phases (Storr, 1982). Therefore, these
two kaolin samples are not only different in particle size but also different in mineral
matter. However, these UV-transmission result curves are quite similar. The difference in
UV-transmission, which could be caused by particle size difference as well as
mineralogical component difference, was not observed clearly. The problem was also met
with <63 pm bulk and <2 pm Friedland Clay samples (the above chapter 5.1.4).

Chapter 5.5 also will present the UV-transmission of clay-fungi cream with different

parameters.
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Figure 56. UV-measurement of 20%-clay cream samples of Wolfka and Michalovce

UV-transmission from 20%-clay cream samples of <2 ym and <63 pm bulk Wolfka (left) and from
20%-clay cream samples of <63 um bulk Michalovce halloysite kaolin and Wolfka kaolin (right)

Note: Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of clay with wool-wax-alcohol cream;
The lower transmission proportion, the better effect by clay cream
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Characterization of cream samples/UV-measurements

5.2.2 Particle shapes

On the right side of figure 56, the difference between Woltka kaolin and Michalovce
halloysite was significant. It is about 15-18% of transmission unit. Michalovce halloysite
contains mostly tabular halloysite, whereas, Wolfka is platy kaolinite dominated kaolin.
As described above, Wolfka and other kaolinite dominated kaolins had quite similar UV-
transmission values. And as can be seen in the figure 49, Michalovce halloysite cream

sample had much lower UV-absorption ability than other kaolin cream samples.

Because of these observations, roles of particle size and particle shape which could
affect the UV-transmission degrees are considered and will be discussed in the
following chapter 7.6. Especially, it was expected that the sample with finer grain size
distribution generated the higher surface area can protect more effectively UV-radiation,
but the experiment with different grain size distributions of Wolfka and Friedland Clay
showed the opposite trend. Therefore, the relationship between the factor, which played a

role in these results, and the grain size separation should be determined.
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Characterization of cream samples/UV-measurements

5.3 Iron-reduced samples

Whilst 20%-clay cream samples of untreated Thierfeld clay let pass only about 8 — 15%
of UV-radiation, 13 — 25% UV-radiation could transmit through the 20%-clay cream
samples of dithionite treated Thierfeld clay (table 16 and figure 54). That changing
should be considered. A similar changing was also observed for Teistungen clay. UV-
transmission of the cream samples (20% clay) of dithionite treated Teistungen was
measured about 15 - 25% of incident UV ray, which is a little bit higher than UV-
transmission of corresponding cream samples of untreated Teistungen (15 - 22%) (table
16 and figure 54). The main difference in the mineralogy of Thierfeld and Teistungen
between original and dithionite treated samples is the reduced hematite contribution by
dithionite treatment (XRD traces: figure 47; XRF analyses: table 15 and Mdssbauer
spectroscopy analyses: figure 46 and appendix 7).

With 10%-clay cream samples, UV-transmission of untreated Thierfeld was obtained
about 17 — 23% and UV-transmission of dithionite treated Thierfeld was obtained about
20 —42% (figure 57 and table 17).

Similarly to the untreated clays, the cream samples of dithionite treated Teistungen and

Thierfeld have dense aggregation distribution (figure 55).

Difference of UV-transmission between untreated and dithionite treated samples also
obtained from analyses of clay in combination with nanosuspension of a fungi kind (will

be presented in chapter 5.5).

UV-Measurement of untreated and dithionite treated Thierfeld
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Figure 57. UV-measurement of 10%-clay cream samples of
untreated Thierfeld and its dithionite treated sample

Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of <63 uym bulk clay
with wool-wax-alcohol cream; The lower transmission proportion, the better effect by clay cream
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5.4 Acid treated samples

With respect to the UV-absorption behaviour of some treatments on clay, not only the
original bulk Friedland Clay but also its HCI treated series were analysed by UV-
measurement (figure 58 and table 16). The obtained results showed that almost of all
20%-clay cream samples of treated clay samples represented the higher UV-absorption
abilities than the original clay sample. It is looking like a formation of an optimum of
UV-absorption for the sample treated under the condition of HCI 2.0 M, 80°C, 2 hours.
More intensive acid treatment, such as the treatment with HC1 2.0 M with 100°C for 2
hours, is causing a reducing of UV-absorption behavior again. With 20%-clay, the treated
clay cream sample transmitted 10 — 30% incident UV ray whilst the untreated clay cream
sample transmitted 19 — 33% incident UV ray.

The distribution between clay particles of acid treated FRDL sample with wool-wax-
alcohol cream looks more aggregative in comparison with untreated sample (figure 59).

Chapter 5.5 also will present UV-measurement of one special sample of acid treated

Friedland Clay and the untreated one in the system of clay-fungi creams.
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Figure 58. UV-measurement of 20%-clay cream samples of untreated Friedland Clay and
its acid treated series

Measured using AnalytikJenaAG SPECORD 50; Pure-clay cream samples of <63 um bulk clay with wool-wax-
alcohol cream; Friedland: untreated Friedland Clay PPM e.V. and FRDL, HCI -M, -degC: acid treated series of
Friedland Clay with treated condition such as acid concentration (M) and temperature (degC), the treatment
time is 2 hours; Ladival® allerg 20 and L’Oreal (LSP 15) are trade-wares

(the lower transmission proportion, the better effect by clay cream)
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Figure 59. Light microscopy images of 20%-clay cream samples of Friedland Clay series
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2.0 M, 100 °C 124 Aggregation  sub-dense
(20%-clay)
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5.5 Clay-fungi cream samples - combination with Ganoderma pfeifferi

The clay-fungi cream samples are the combination of clay sample and nanosuspension of
fungi kind Ganoderma pfeifferi (see more in chapter 3.2.1). The concentration of clay
amount in the sample is about 10% by weight in comparison with amount of wool-wax-
alcohol cream. Various selected clay samples were performed in combination with the

fungi suspension.

UV-Measurement of all of mixtures from
Clay and Ganoderma Pfeifferi

25 -
10% clay
|~ Wolfka, nature (Gano.)
—O— Wolfka, < 63 ym (Gano.)
—e— Wolfka, <2 pm (Gano.)
20 _|~>—Thierfeld (Gano.) P
"""" > Thierfeld, dithi. (Gano.)
;\B\
c
R
)
R
£
»
% —O— Garfield, < 63 ym (Gano.)
|’: —e— Garfield, <6.3 ym (Gano.)
4 —— Wyoming, < 63 pm (Gano.)
—x<— Friedland, < 63 ym (Gano.)
=N +-- FRDL, HCI 2.0M, 80degC (Gano.)
5
21 - Ladival (Allerg 20)
< L'Oreal (LSF15)
0 L} L} L} ) ) )

280 3(I)0 SéO 34I-0 3(I30 3é0 4(I)0
Wavelength (nm)
Figure 60. UV-measurement of clay-fungi cream samples
UV-transmission from clay-fungi cream samples: mixtures of 10%-clay and fungi nanosuspension

Measured using AnalytikJenaAG SPECORD 50; Clay-fungi cream samples of clay with fungi
nanosuspension and wool-wax-alcohol cream (0.1 gram: 1ml: 1gram); Wolfka, nature = natural Wolfka;
Wolfka, <63um = <63um Wolfka by milling and sieving; Wolfka, <2 ym = <2 ym Wolfka; Thierfeld = <63 um,
untreated Thierfeld; Thierfeld, dithi. = <63 um, dithionite treated Thierfeld; Garfield, <63 ym = <63 pym
Garfield by milling and sieving; Garfield, <6.3 ym = <6.3 um Garfield by Atterberg sedimentation; Wyoming,
<63um = <63 ym Wyoming; Friedland, <63 um = <63 pm untreated Friedland Clay; FRDL, HCI 2.0 M, 80
deg C = acid treated Friedland; Ladival® allerg 20 and L'Oreal (LSP 15) are trade-wares (see more:
abbreviations); (the lower transmission proportion, the better effect by clay cream)
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Figure 61. Light microscopy images of clay-fungi cream samples
(10%-clay and fungi nanosuspension)
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Figure 61. Light microscopy images of clay-fungi cream samples (cont.)
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‘Table 17. UV-transmission at three selected points of 10% pure-clay cream samples
and 10% clay-fungi (Ganoderma pfeifferi) cream samples

UV- transmission (%) of UV- transmission (%) of
10% pure-clay cream 10% clay-fungi cream

\\'\'\'\\\\\ Wavelength| 280nm 300nm 400nm | 280nm 300 nm 400 nm
Clay samples T
Wolfka, nature bulk - - - - 12.1 14.2 20.4
Wolfka, <63 pm <63 pm bulk 35.6 334 40.5 14.9 16.8 23.2
Wolfka, <2 um <2 um 40.0 34.2 43.6 16.6 16.4 23.3
Wyoming (TS-874) <63 pm bulk 33.2 34.5 47.7 6.0 7.6 13.3
Garfield, <63 um (TS-1803) <63 um bulk 13.3 15.8 29.8 124 12.2 17.9
Garfield, <6.3 pm (TS-1803)  <6.3 pm - - - 10.6 10.1 15.6
FRDL, untreated <63 pum bulk 37.3 30.5 41.8 26 29 5.2
FRDL, HCI 2.0 M, 80°C, 2h <63 ym bulk 16.2 19.8 327 5.6 8.3 226
Thierfeld, untreated <63 um bulk 16.5 16.2 22.6 11.8 12.8 17.5
Thierfeld, dithionite <63 um bulk 19.9 26.7 41.9 13.4 151 223

Note: Measured using AnalytikJenaAG SPECORD 50

In general, the series of UV-absorption abilities or UV-transmission results were
observed, and UV-absorption increased clearly with clay-fungi cream samples in

comparison with corresponding pure-clay cream samples (figure 60 and table 17).

In Wolfka cream sample series, sample of bulk Wolfka with natural particle size
distribution and without any treatment showed the best results. The UV-transmission
difference between the samples of <63 um Wolfka and the samples of <2 um Woltka
was not to define. Clay-fungi cream samples of three of them presented approximately 12

-23% UV-transmission.

Untreated Thierfeld and dithionite treated Thierfeld represented UV-transmission of their
clay-fungi cream samples from 12 — 22% of incident UV-radiation. The samples of
untreated Thierfeld absorb UV ray better than the samples of treated Thierfeld but the
difference is not so large: it is only 1 - 4 percent unit whilst the UV-transmission difference

between 10%-clay pure-clay cream samples of them is about 3 — 19 percent unit.

Two result profiles of Garfield show the UV-transmission from 10 — 18%. The observed
UV-absorption abilities are higher than those of Wolfka group and Thierfeld group. The
fungi-cream of finer Garfield, <6.3 um of particle size, showed the better UV-absorption
ability than the bulk Garfield milled and sieved to <63 pum. The difference is about 1 - 2

percent unit.
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Concerning the untreated and the treated Friedland Clay samples, conversely the cases of
pure-clay cream that presented the higher UV-absorption ability of the acid treated
Friedland Clay (condition: HCI 2.0 M, 80°C, 2 hours) than the untreated one, clay-fungi
cream samples of the acid treated Friedland Clay showed the lower absorption potential.
The UV-transmission potential of acid treated one was changed significantly depending
on the UV wavelength.

Interestingly, some clay-fungi cream samples showed significant improvement of UV-
absorption in comparison with corresponding pure-clay cream samples, such as

Wyoming bentonite and original Friedland Clay.

The matrix of clay-fungi cream was observed by light microscopy (figure 61). The
distribution between clay and nanosuspension looks differently from sample to sample.

In summary, besides the general increasing of UV protection ability of clay in
combination with Ganoderma pfeifferi, the other trends of UV-transmission changing
might be influenced by some characteristics of clay samples. The mentioned
characteristics will be discussed. Notably, it is considerable the interaction between clay
and nanosuspension of the fungi, that differs from the system of pure-clay cream

samples.
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6  RESULTS OF BIO-EXPERIMENTS IN CREAM SAMPLES

6.1 Changes in skin flora after UV-irradiation with different clays

The ability of attacking some kinds of common bacteria such as Escherichia coli is a
proof for photocatalytic effect of TiO,. This property was demonstrated by the former
research (chapter 2.3). That’s why it was the target for this contribution to examine the
influence of clay matter bearing creams in comparison with TiO,-bearing suncreams on
such the skin flora E. coli. The experiments were performed by skin model test with
mouse-ear in vivo. As the above description in chapter methodology 3.2.3, the number of
E. coli germ colony, which was available after experiments with UV-irradiation during
30 seconds, represented the safety of the used media or the coated cream samples. The
higher number of the colony shows the more safety of the clay towards the skin flora.

Changes in skin flora after UV-irradiation with different clays
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Figure 62. Changes in skin flora E. coli after UV-irradiation with different clays
(20%-clay pure-clay cream samples)

Performed by Biometec GmbH, Greifswald; Wyoming, Garfield, Thierfeld, Friedland (Friedland Clay) and
Wolfka: from untreated, bulk <63 uym clay samples; Thierfeld, dithionite = dithionite treated Thierfeld,;
Friedland, HCI = acid treated Friedland Clay under condition of HCI 2.0 M, 80°C, 2 hours; Wool-wax-alcohol:
sample without any clay; L'Oreal: trade-ware with LSP 15; bacteria without UV and bacteria with UV are
control samples; dash line means to divide samples with skin flora attacking behavior and samples with skin
flora protecting behaviour; The higher number of colony, the more safety clay cream towards the skin flora
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The figure 62 shows the results of some selected pure-clay cream samples in comparison
with the trade-ware L’Oreal. The TiO,-bearing L’Oreal has a high UV protection ability
(SPF 15), but this cream attacks also clearly the skin flora expressing through the very

few available E. coli colonies after experiment.

Behaviour of the involved clay bearing samples can be subdivided generally into two
main groups: (i) samples with skin flora attacking behaviour like L’Oreal: Garfield,
untreated Thierfeld and acid treated Friedland Clay (by HCI 2.0 M, 80°C, 2 hours) and
(i1) samples with skin flora protecting behaviour: Wyoming, dithionite treated Thierfeld,
untreated Friedland Clay and Wolfka.

In agreement with L’Oreal cream, the three samples with the skin flora attacking
behaviour (group i) have a quite high UV-absorption ability (average UV-transmission
values of untreated Thierfeld, Garfield and acid treated Friedland Clay were 9.3, 17.8 and
18.8%, respectively). This UV-absorption degree is also higher than that of the
investigated samples with the skin flora protecting behaviour (group ii) with 17.3, 28.5,
24.7 and 30.8% as average UV-transmission values for dithionite treated Thierfeld,
Wyoming, untreated Friedland Clay and Wolfka, respectively. This situation is
promoting to find a further parameter, which influences the clay matter behaviour
concerning the skin flora. Normally, a higher UV protection degree should let expecting
also a lower effect to the skin flora. This additional parameter is not linked alone with the
influence of UV-radiation (the E. coli tests showed only a small difference between two

control samples with and without UV-irradiation in figure 62).
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6.2 Influences on skin infection of different clays

Behaviour of clays towards skin infections was determined by skin model test on mouse-ear
in vivo using infectious bacteria Staphylococcus aureus (figure 63). Based on the
experiment results, the involved clay bearing samples were subdivided generally into two
main groups. One group (i) including Wyoming, Garfield, untreated Thierfeld, dithionite
treated Thierfeld and Wolfka. This group has behaviour of destroying skin infection like
L’Oreal cream, which presented very low number of S. aureus colonies in comparison
with control sample (wool-wax-alcohol cream). Conversely, the other group (ii),
including untreated Friedland Clay and acid treated Friedland Clay (by HC1 2.0 M, 80°C,
2 hours), has behaviour of protecting skin infection. They seem to provide suitable media

for infectious S. aureus.

In general, different clays can affect skin infection at different levels. Some of clays can

limit the bacterial growth, so that they can reduce the infection.

Influences on skin infection of different clays
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Figure 63. Influences on skin infection S. aureus of different clays
(20%-clay pure-clay cream samples)

Performed by Biometec GmbH, Greifswald; Wyoming, Garfield, Thierfeld, Friedland (Friedland Clay) and
Wolfka: from untreated, bulk <63 um clay samples; Thierfeld, dithionite = dithionite treated Thierfeld;
Friedland, HCI = acid treated Friedland Clay under condition of HCI 2.0 M, 80°C, 2 hours; Wool-wax-alcohol:
sample without any clay; L'Oreal: trade-ware with LSP 15; bacteria without cream is control sample; dash
line means to divide samples with bacteria attacking behavior and samples with bacteria protecting behaviour
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6.3 Improving the protection ability of skin cream

To improve the protection ability of skin cream, the combination of Ganoderma pfeifferi
suspension with different clays were tested because the G. pfeifferi extracts were
demonstrated having suitable properties for controlling infection and skin problem
inhibition.

In these in vitro Lactate DeHydrogenase (LDH) tests, in comparison with obtained
results from suspension of 0.5% TiO,, extract from G. pfeifferi impressed with very low
concentration of LDH release, especially after more than 6 hours of UV-irradiation.
Therefore, G. pfeifferi expressed the positive property towards the skin cells versus

suspension of TiO, even with very low concentration.

The experiments gave a proof for the using fungi kind Ganoderma pfeifferi in skin
cream. Beside the known anti-aging effect, the species of fungi can improve the
protection abilities of cream samples as presented in UV-measurement (as showed in

chapter 5.5) as well as in the in vitro test.

LDH release from HaCaT cells after irradiation with UV-B band
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Figure 64. LDH release from HaCaT cells after irradiation with UV-B band
under the influences of suspension of TiO, (0.5%) and Ganoderma pfeifferi

Performed by Biometec GmbH, Greifswald; analysed samples were prepared as suspension; using medical
UV-B (broad band, maximum 311 nm); the LDH releases were determined corresponding to optical density (OD)
at 550 nm; the higher OD value (or the higher concentration of LDH release), the more toxicity of material



Results of bio-experiments in cream samples

6.4 Changes in skin flora after UV-irradiation with different

mixtures of clay and fungi

Changes in skin flora after UV-irradiation with different mixtures of clay and fungi
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Figure 65. Changes in skin flora E. coli after UV-irradiation with different mixtures of
clay and nanosuspension of G. pfeifferi (10%-clay clay-fungi cream samples)

Performed by Biometec GmbH, Greifswald; Wyoming_Gano, Garfield, <63um_Gano, Friedland,
<63um_Gano, Wolfka, <63um_Gano: mixtures of untreated, bulk <63 um clay samples with G. pfeifferi,
Garfield, <6.3um_Gano: mixture of fine part, <6.3 ym, of Garfield with G. pfeifferi; Wolfka, <2um_Gano:
mixture of fine part, <2 ym, of Wolfka with G. pfeifferi; Wolfka, nature_Gano: mixture of Wolfka as natural
size with G. pfeifferi; Anatase 1% and Anatase 8%: mixtures of anatase and wool-wax-alcohol without G.
pfeifferi; bacteria without UV and bacteria with UV are control samples; dash line means to divide samples
with skin flora attacking behavior and samples with skin flora protecting behaviour; The higher number of
colony, the more safety clay cream towards the skin flora

The tests with skin flora E. coli for mixtures of clay and nanosuspension of G. pfeifferi
were also carried out. The figure 65 presents the changes of colonies with different

selected clay-fungi cream samples after 30 seconds under UV irradiation.

In this visualization, it is also possible to subdivide the samples into two groups
according to results of counted E. coli colonies. One group (i) has skin flora attacking
behaviour like TiOj,-bearing L’Oreal, anatase 1% and anatase 8% - these materials

presented generally lower numbers of colonies than other samples after experiments.
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This group includes mixtures of Ganoderma pfeifferi with <63 um Garfield, <63 pum
Woltka and <2um Wolfka samples. These clay-fungi cream samples have also average
UV-transmission values of 14.2, 18.3 and 18.8%, respectively. The other group (ii) has
skin flora protecting and partially stimulating behaviour expressing the stronger growth
of bacteria. This group involves mixtures of the fungi with <63 Friedland Clay
(untreated), Wyoming, <6.3 um Garfield and natural Wolfka samples. These samples
have generally higher UV-absorption abilities in comparison with other clay-fungi
samples. Their corresponding average UV-transmission values are 3.6, 9.0, 12.1 and
15.6%.

In general, it is notable here that the samples with high UV-absorption potential or low
degree of passing UV-radiation also protect the skin flora. Therefore, UV protection
property of clay-fungi may be connected with skin flora protection behaviour. However,
because of the regardless difference between the numbers of colonies obtained from the
control samples (plates of bacteria with and without UV-irradiation), some additional
parameters which influences the behaviour of clay-fungi mixtures is also expected to be

determined.
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7  DISCUSSION

7.1 General UV protection behaviour of clays and clay minerals
7.1.1 UV protection potential of clays and clay minerals in pure-clay creams

Clays show a potential in UV protection to absorb or to reflect UV-radiation. The
analyzed pure-clay cream samples did not show only a level of UV-transmission result,
but they are obtained with different results and different levels of UV-transmission

behaviour.

From analyses of four clay groups carried out, it was observed that kaolins have a lower
UV protection level than bentonites and mixed-layer dominated clays; and mica
dominated clays have a higher UV protection level than the other clays. The quite low
UV-transmission results from nontronite Garfield and hematite-rich Thierfeld suggest an
iron influence. This study was also considering effects of particle parameters. However,
the samples in different grain size distributions showed an unexpected difference: the
sample with finer grain size distribution showed a slight lower UV protection ability. An
additional treatment, acid treatment, was mentioned in the Friedland Clay series to
examine any changing in UV-transmission level. The obtained results showed that the
activation of clays can improve UV protection, especially with sample treated in the
condition of HC1 2.0 M and 80°C during 2 hours.

In the pure-clay creams, clay particles (pretreated by mixing with glycerol) are
distributed in ointment wool-wax-alcohol cream with dispersion as well as aggregation.
Samples of bentonites and mixed-layer dominated clay showed the aggregations with
different levels of porosity (e.g. honey-comb in Wyoming, Garfield and open structure in
Chambers, SWy-2 and Friedland Clay) and also the dispersions (other samples). Samples
of kaolins and clays showed mostly blocky, dense aggregations except for the dispersion
of Caminau and Seilitz samples. But, from an ESEM image (figure 66), clay particles,
which were also found under the wool-wax-alcohol cream, can be seen. That means clay
matter could cover the whole area of cream slide. The distributions of clay particles in

ointments did not show a clear agreement or trend with UV-transmission levels.

Therefore, influences of iron, acid treatment and particle parameters are taken for
discussion in detail in corresponding three next chapters 7.3, 7.4 and 7.6 to bring out
specific UV protection behaviour of clays and clay minerals. The structure of the system

of pure-clay creams is also discussed in chapter 7.2.
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Figure 66. Light microscopy image (left)
and ESEM image (right) from <63 pm bulk
Wolfka kaolin cream (20% of clay)

Note: ESEM image is analyzed using microscopy FEI
Quanta 600 (EDAX microanalysis) at Institute of Soil

science, University of Hamburg

7.1.2 UV protection potential of clays and clay minerals in clay-fungi creams

Clays presented also completely different behaviours when mixing with nanosuspension
of fungi Ganoderma pfeifferi. The UV protection behaviours of all fungi-clay cream

samples increase in comparison with the corresponding pure-clay cream samples.

In general, the clay-fungi cream samples of kaolins showed the higher UV-transmission
value than other groups. Grain size distribution influence is also considered in the mixing
with the nanosuspension. The sample of Wolfka in natural size distribution presented the
best results in comparison with finer grain size distributions using grinding and Atterberg
sedimentation. The iron trend, which was observed with pure-clay cream series, does not
appear in the clay-fungi cream series. In additions, the acid treated Friedland Clay, which
presented much lower UV-transmission value than the untreated clay in pure-clay cream

system, showed drastic reducing in UV protection ability, especially in the UV-A area.

In the clay-fungi creams, distribution of clay particles in nanosuspension is considered.
The suspension of fungi extracted by plantacare (aqueous solution of decyl glucoside)
can interact with clays. The interaction might present different levels depending on the
charges of the clays. In the system, clay could absorb the long-chain molecular (decyl
glucoside). The dispersive or aggregative distributions between clay particles and
nanosuspension and ointment observed under light microscopy may be related to the

charge.

Therefore, detailed discussion about some specific properties of clay, which influences
the interaction between clay and nanosuspension causing changes of UV protection
behaviour from pure-clay system to clay-fungi system, is considered in later chapters,
especially chapter 7.2 and chapter 7.5.
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7.1.3 Effects of clays media towards skin flora and skin infection

Concerning changes of skin flora after UV-radiation with clays and mixtures of clay and
fungi as well as skin infection with clays, different clays showed a completely various
behaviour in interaction with bacteria. With pure-clay cream samples, towards both kinds
of skin flora and skin infection, bacteria are limited to grow by clay characterized with
mostly higher UV protection ability and they are “supported” by clay characterized with
mostly lower UV protection ability. Conversely, in mixing with nanosuspension of fungi,
the UV protection abilities and positive intensities of interaction with skin flora of clays
are in an agreement. Hence, the interaction between pure-clay and clay-fungi cream

samples with skin flora and skin infection is discussed in detail in the chapter 7.7.
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7.2 Structure of clay particles in cream
7.2.1 Structure of clay particles and wool-wax-alcohol ointment in pure-clay creams

In the process of preparing pure-clay cream samples, clay was premixed with glycerol
and subsequently mixed with ointment wool-wax-alcohol cream. Because of the
preparation manner, interlayer spaces of clay minerals in the clay samples can be

dominated mostly by glycerol.

Wool-wax-alcohol cream contains wool-wax-alcohol, sorbitanum trioleinicum GOT and
vaseline with a ratio 2.5 : 3 : 100. The dominating vaseline itself includes 50 - 80% liquid
phase of isoparaftin and olefincarbohydrate. The solid phase of vaseline is composed by 10 -
20% of crystalline component (n-paraffin) and 90 - 80% of microcrystalline component

(isoparaffin with low amount of alicycle) (Voigt & Bornschein, 1975).

The XRD analyses of pure-clay cream samples of Wolfka and Thierfeld, dominated by
non-expandable clay minerals, did not show any change of peak positions in comparison
with clay matter (figure 67 and table 18). Therefore, glycerol and wool-wax-alcohol are

not interlamellary in these samples.

Concerning clay minerals with layer-charge, the examples of Garfield, Wyoming and
Friedland Clay show shifting of 001-spacing from 14.9 A, 14.0 A and 11.7 A (air-dry
specimens) to 19 & 18 A, (pure-clay cream samples) after milling with glycerol and
wool-wax-alcohol cream (figure 67 and table 18). The first shifting level (i) of about
18 A corresponds to expansion of interlayer space by glycerol. The second yielded
shifting (ii), about 19 A, could be caused by absorption liquid vaseline component from
wool-wax-alcohol cream in interlayer. The second mentioned interaction is also proved

by XRD-results from clay-fungi cream samples.

The clay samples dominated by expandable clay minerals (such as bentonites and
illite/smectite mixed-layer dominated clays) can absorb glycerol and liquid vaseline
component of wool-wax-alcohol cream in interlayer. Otherwise, clay samples
characterized mostly by non-expandable clay minerals distribute wool-wax-alcohol

cream only in the voids between particles.

Light microscopy observation supports for imagination about structure of clay particles
in the pure-clay cream samples. Kaolins and mica dominated clays showed that mostly
distribution of coarse aggregate or dispersion structure is dominating (figure 50 and
figure 55). However, because glycerol and liquid vaseline can expand the interlayer of
expandable particles, bentonites and mixed-layer clays showed commonly disaggregation
of stacks representing finer distribution under light microscopy (figure 52 and figure 59).
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Figure 67. XRD patterns of selected clay samples and their cream samples, °20 CoK,, position
Note: Measured using HZG 4 / Seifert C3000; measured from 2 to 20 °20; XRD patterns including 10%-clay clay-
fungi cream sample (cream, clay-fungi), 20%-clay pure-clay cream sample (cream, pure-clay), ethylene-glycol
saturated specimen of clay sample (clay, EG saturated) and air-dried specimen of clay sample (clay, air dried), left
to right and above to bottom: Wolfka, Thierfeld, Garfield, Wyoming and Friedland Clay

Table 18. 001-spacing d-values of clay minerals from XRD patterns of clay
samples, pure-clay cream samples and clay-fungi cream samples

d-values of 001-spacing (A)
\\\\\ Sample Clay, Clay, Cream, Cream,
Clay \\\\ Air dried EG saturated Pure-clay 0 Clay-fungi ™
\

Wolfka, <63 ym <63 um bulk 7.2 7.2 7.2 7.2
Thierfeld, untreated <63 um bulk 9.9 10.0 10.0 10.0

17.9 i 15.7 i
Garfield, <63 um (TS-1803) <63 pm bulk 14.9 17.3 area (i) area (i)

18.7 area (i) 18.9 area (i)

. 18.0 area (i) 15.6 area (i")

Wyoming (TS-874) <63 pum bulk 14.0 17.3

19.1 area (i) 19.1 area (i)
FRDL, untreated <63 um bulk 1.7 16.0 19.0 area (i) 16.0 area (")

Note: (*): mixture of clay, glycerol and liquid vaseline bearing wool-wax-alcohol cream; (**): mixture of clay,
plantacare bearing nanosuspension of fungi and liquid vaseline bearing wool-wax-alcohol cream; (i): expansion
by glycerol; (ii): expansion by liquid vaseline and (i’): expansion by plantacare

Measured using HZG 4 / Seifert C3000; deconvolution using WinFit-procedure (Krumm, 1994)
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7.2.2 Structure of clay particles and fungi capsules in clay-fungi creams

In the process of preparing clay-fungi cream samples, primarily nanosuspension of fungi
extracted by plantacare was milled with wool-wax-alcohol cream. Consequently, this

matter was milled to homogeneous with the clay samples.

The used plantacare is aqueous solution of decyl glucoside, which is characterized as active
long-chain. The glucose head of plantacare has a positive charge under low pH-value.
Therefore, the positive charged heads of plantacare demobilize negative charged lipid-
like Ganoderma pfeifferi‘s extract (figure 68). The plantacare chain can enter interlayer
of clay minerals as showing in figure 68. The XRD experimental information also
supports for that. The patterns of clay-fungi cream samples show also two different
observations: no peak shifting with clay sample dominated by non-expandable clay
minerals such as samples of Wolfka and Thierfeld; and peak shifting (001-spacing and
002-spacing) with clay sample dominated by expandable clay minerals such as samples
of Garfield, Wyoming and Friedland Clay (figure 67 and table 18).

Clays dominated by non-expandable clay minerals

With non-expandable clay samples, for example Wolfka and Thierfeld, fungi capsules
can only distribute in the voids between clay particles (figure 69). Using XRD analyses,
there is no indicator for the entering in interlamellar (figure 67 and table 18). The larger
variable charge yields the larger voids between the clay particles, so that the fungi
capsules are more aggregated in the matrix. In figure 61, the images of clay-fungi creams
also show that the Thierfeld sample has more aggregative structure than the Woltka
sample in according to the higher variable charge of mica dominated clay Thierfeld than

kaolinite dominated Wolfka kaolin.

Extract of T Plantacare
Gano. pfeifferi  (decyl glucoside) Capsule of

Gano. pfeifferi

Figure 68. Plantacare-bearing fungi capsules in Figure 69. Plantacare-bearing fungi
interlayer of clay particles capsules in voids of clay particles
Structure of clay particles in clay-fungi creams Structure of clay particles in clay-fungi

creams - emulsion homogenization
(adopted to Pusch & Yong, 2006)
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Clays dominated by expandable clay minerals

The two yielded expansions, (i') the first is about 16 A and (ii) the second is about 19 A,
are discussed now. The second one is equal to the above mentioned second expansion
yielded from pure-clay cream samples. Therefore, it refers to the expansion caused by
liquid vaseline of wool-wax-alcohol cream, which is used in both types of cream
samples. The first expansion at 16 A indicates a monolayer order of the plantacare chain
in the interlayer space, the glucose head is outside the clay stack because of its large size
(C-0 and C-C bonds are about 100 A) (figure 68).

Whilst the cream sample of Garfield shows that expansion by liquid vaseline is about 3.2 times
higher than expansion by plantacare (19 A : 16 A peak areas = 710: 220), the cream sample
of Wyoming shows corresponding number only about 1.5 times (220: 150). The sample of
Friedland Clay presents only the plantacare-expansion (figure 67). Because the
plantacare chain is neutral, so that it can occupy the interlayer space only under the low

charge condition.

Comparing the layer charge, Friedland Clay is characterized as mixed-layer dominated
clay including a part of IS-ml and a part of diVS-ml (4.3.1). Its charge is estimated about
0.09 per unit cell. Montmorillonite dominated in Wyoming bentonite is also characterized
as low-charge smectite with about 0.16 per unit cell. Garfield, dominated by nontronite,
has high-charge, which is about 0.31 per unit cell. The charge values are estimated from
obtained clay mineral formulae by EDX-TEM measurements (chapter 4.2.1). Therefore,
the order of decreasing layer charge is Garfield > Wyoming > Friedland Clay.

The observed images under light microscopy also showed the matrix of clay particles
with fungi capsules and wool-wax-alcohol cream (figure 70). The different levels of
porous of aggregated structures seem to belong to the structure of clay samples. The
more dispersive structure was observed from clay-fungi cream sample of Friedland Clay

in comparison with structures of clay-fungi cream samples of Wyoming and Garfield.

Wyoming FRDL

Ty

Figure 70. Clay-fungi cream matrix of selected clays dominated by
expandable clay minerals

Images taken by light microscopy, see also figure 61
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In sum, the structure of clay particle in the cream sample, including pure-clay cream
samples and clay-fungi cream samples, depends on the layer charge of clay minerals.
With clay samples dominated by non-expandable clay minerals, wool-wax-alcohol cream
and/or fungi capsule arrange in the voids between particles. The larger void makes the
more aggregative structure. With clay samples dominated by expandable clay minerals,
liquid vaseline of wool-wax-alcohol cream can enter partly in the interlayer and/or
plantacare linked with fungi extract also can enter in the interlayer. A low charge of
expandable clay mineral supports a higher absorption of plantacare. The lower charge of
the expandable clay minerals supports for more homogeneous structure of clay-fungi

cream sample.

120



Discussion

7.3 Iron effect on UV-absorption ability of clays and clay minerals
7.3.1 Presence of iron effect of clays and clay minerals in ointment

In chapter 5, few indications were summarized that iron amount of the samples could
have a certain effect to improve the UV-absorption ability of clay minerals. In the system
wool-wax-alcohol cream and 20 % clay minerals admixtures, nontronite Garfield as well
as German reference clays Teistungen and Thierfeld show a high ability for UV-
absorption (figure 51 and figure 54). These three samples are characterized by the high

amount of Fe,O3 in the chemical analyses in comparison to other involved samples.

Therefore, Fe,O3; could influence the UV protection property of the clays. Data from
samples of pharmacy products, Fe,O3 (ferrum oxydatum rubrum) with about 0.3% and
Fe(OH); (ferrum oxydatum flavum) with about 0.1% of UV-transmission, demonstrated
that the amount of iron has significant effect on the UV protection behaviour. That’s
why, the possible influence of iron, presenting generally as total Fe,Os-amount in
chemical composition of clay or especially as non-clay phases (for example: hematite)
and/or clay phases (for example: Fe’™ in octahedral layer of sheet silicates), is discussed

in detail now.

To understand the mentioned effect of Fe,O3, not only the untreated sample of Thierfeld
and Teistungen but also their treated ones were analyzed by UV-measurement. As
presented in the chapter 5.3, the obvious changes of UV-transmission values from
untreated samples to the corresponding dithionite treated samples of 20%-clay samples as

well as 10%-clay samples were observed.

Figure 71 shows the patterns of 20%-clay pure-clay cream samples of original and
dithionite treated Thierfeld and Teistungen as well as pharmacy products in comparison
with corresponding amount of total Fe,Os. The distances between patterns of original and
treated samples seem to be connected with differences between reducing Fe,Os-amounts
by dithionite treatment: about 7.9% of UV-transmission difference of couple of Thierfeld
samples is corresponding to about 3.8% weight of Fe,O3 reducing, meanwhile 1.1% of
UV-transmission difference of couple of Teistungen samples is corresponding to about

0.5% weight of Fe,Os reducing.

Mineralogy and Fe-bearing phases for Teistungen & Thierfeld samples

The positions of Fe-atoms in the mineral matter of untreated and treated Teistungen and
Thierfeld samples are differentiated by Mdssbauer spectroscopy analyses (figure 46 and
appendix 7).
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Teistungen, untreated: 1.1 % of total Fe in dioctahedral clay minerals as Fe*"
1.1 % of total Fe in dioctahedral clay minerals as Fe'*
1.0 % of total Fe in hematite as Fe*™ (~ 1.4 % hematite)

Teistungen, dithionite: 1.3 % of total Fe in dioctahedral clay minerals as Fe*"
1.1 % of total Fe in dioctahedral clay minerals as Fe’"
0.4 % of total Fe in hematite as Fe’" (~ 0.6 % hematite)

Thierfeld, untreated: 0.5 % of total Fe in dioctahedral clay minerals as Fe*"
1.7 % of total Fe in dioctahedral clay minerals as Fe'*
3.3 % of total Fe in hematite as Fe’™ (~ 4.7 % hematite)

Thierfeld, dithionite: 0.5 % of total Fe in dioctahedral clay minerals as Fe**
2.0 % of total Fe in dioctahedral clay minerals as Fe’*
0.4 % of total Fe in hematite as Fe’" (~ 0.5 % hematite)

UV-behaviour vs. Fe:
untreated and dithionite samples & pharmacy products
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Figure 71. UV-behaviour vs. iron amount: untreated Thierfeld, Teistungen,
their dithionite treated samples and pharmacy products

Measured using AnalytikJenaAG SPECORD 50; UV-measurement of 20%-clay pure-clay cream samples of
<63 um bulk clay with wool-wax-alcohol cream; The lower transmission proportion, the better effect by clay cream
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Teistungen and Thierfeld, were characterized by TEM-EDX analyses with <2 pm
component, composed mostly of diVerm. and diVerm.-rich diVS-ml, therein Fe’* in
octahedral layers is lower than 3% of Fe,Os-amount per particle. That means there is a
low degree of Fe-incorporation in the pattern of clay minerals. After dithionite
treatments, Fe*" components in octahedral layers were more or less unchanged. Hence,
the intensity of reduced UV protection ability is comparable with the amount of dissolved

hematite by dithionite processing.

Another possible factor, which may influence the UV protection theoretically, is the
distribution and orientation of particles. However, the observation (figure 55) shows that
creams of untreated and treated Teistungen and Thierfeld have the similar dense
aggregation structures. Therefore, there is no additional influence of particles’

arrangements in the creams to expect.

Summarizing the discussion of the two samples Teistungen and Thierfeld and their
treated materials, only the different iron-amount (corresponding to different amount of
hematite) seems to be responsible for the different intensity of UV absorption in those

samples.

UV-transmission and total Fe;03-amount of all samples

The average UV-transmission values (as average value of the three selected points at 280
nm, 300 nm and 400 nm of wavelength) together with Fe,Os-amount in total chemical
composition of bulk sample were selected for correlation diagrams in figure 72, figure 73

and figure 74.

Kaolins

Data of kaolin series contributed the figure 72, therein data from four kaolin samples
Caminau, Wolfka, Spergau and low defect Georgia kaolin KGa-1b, are in a linear
relationship. It is imaging that higher Fe,Os-amount will absorb more UV-radiation. The

exception points are from Seilitz and high defect Georgia kaolin KGa-2.

The Fe-contribution in clay minerals of these four samples is less than 7 of total Fe.

The further % of total Fe are covered by a large number of Fe-bearing trace minerals:

Caminau (Fe,O3: 1.25%): goethite, hematite, ilmenite, jarosite, limonite, magnetite,
pyrite, siderite, titanomagnetite

Wolfka (Fe,Os3: 0.34%):  goethite, hematite, jarosite, pyrite

Spergau (Fe,03: 0.71%):  magnetite, pyrite

KGa-1b (Fe;03: 0.17%):  Fe could be covered by Fe-contribution in kaolinite structure
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Kaolins
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Figure 72. Relationship between Fe,0;-amount and UV-transmission of kaolins

Note: UV-transmission values from 20%-clay pure-clay cream samples; solid squares
present the kaolin samples including Caminau, Wolfka, Spergau and KGa-1 samples; the
line is a linear fit of these four kaolins; empty square presents Seilitz sample and empty
triangle presents KGa-2 sample
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Figure 73. Relationship between Fe,0;-amount and UV-transmission of clays

Note: UV-transmission values from 20%-clay pure-clay cream samples; solid rounds
present the clay samples including Plessa, Gorrenberg, untreated Teistungen, treated
Teistungen, untreated Thierfeld and treated Thierfeld samples; dash line is linear fit of the
clays and empty square presents Seilitz sample
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Because of the large variability of Fe-bearing phases in the four kaolin samples, the Fe-
amount is to be considered as one of the main factors in this sample group to absorb UV-

radiation.

Comparing the mineral composition of Seilitz and high defect Georgia kaolin KGa-2
with the other mentioned kaolins, it is to note that these two samples have a different
general clay mineral matter than the other four samples. Seilitz was characterized with
lowest amount of kaolinite (34%) and highest amount of 2:1 sheet silicates (45%, mostly
as IS-ml with 90% of illitic layers) in comparison with other German kaolins (chapter
4.1.1). In Seilitz kaolin, Fe** was determined as Fe’" in octahedral layer of IS-ml series.
KGa-2 was determined as high defect kaolin with much higher total surface area than the
other kaolins (chapter 4.1.3). The results by TEM-EDX indicate the existence of a
remarkable amount of KE-ml phases with 40% of expandable layers in KGa-2.

Mica dominated clays

Similarly, figure 73 shows a linear relationship between Fe,Os-amount and average UV-
transmission values obtained from mica dominated clay series (Plessa, Gorrenberg,
untreated Teistungen, treated Teistungen, untreated Thierfeld and treated Thierfeld). The
figure also includes the presence of Seilitz kaolin. The sample is very close to the linear
fit line of clays. It is notable again that Seilitz includes nearby a half of 2:1 sheet silicate,
which is characterized as IS-ml phase with 90% illitic layer. Therefore, the Seilitz is also

close to the mica dominated clay series.

Similar to Teistungen and Thierfeld, Plessa and Gorrenberg were characterized as
materials composed mostly by diVerm. and diVerm.-rich diVS-ml in <2 pm component
(using TEM-EDX analyses). The Fe-amounts of these two clays, Plessa and Gorrenberg
with 2.25% and 4.36% weight of Fe,O; respectively, are distributed mostly as Fe’* in

octahedral layers of mica-like components.

Bentonites and mixed-layer dominated clays

In opposite to the cases of kaolins and mica dominated clays, from the data of bentonite
series (Garfield, Chambers, Wyoming, SHCa-1, STx-1, SAz-1 and SWy-2) and mixed-
layer dominated clays (untreated bulk sample and <2 pm sample of Friedland Clay), the
fitting is not a linear relationship, but exponential relationship (figure 74). Therefore, it is
quite clear that the relationship between Fe,Os-amount and UV-transmission of bentonite

as well as mixed-layer dominated clay is different from those of clays and kaolins.
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Bentonites and Mixed-layer dominated Clays

354
30 . Y = a*exp(X/t) +Y,
1 \ a=1542.440;t=-4.563; Y = 0.852
25 R? = 0.996
1 \
20 4
&\‘i ] \
& _
ON 15 \
0} 7 \
L 404 \
A
5- A
1 A Bentonites == —_A
04 A Mixed-layer dominated Clays A A A
= = ExpGro fit of Bentonites and Clays
T T T T T T T T T T T T )
15 20 25 30 35 40 45

UV-Transmission (%)

Figure 74. Relationship between Fe,0;-amount and UV-transmission of
bentonites and mixed-layer dominated clay

Note: UV-transmission values from 20%-clay pure-clay cream samples; solid triangles
present the bentonites including Garfield, Chambers, Wyoming, SHCa-1, STx-1, SAz-1 and
SWy-2 samples; empty triangles present bulk and <2 ym untreated Friedland Clay samples;
dash curve is exponential fit of the bentonite and mixed-layer dominated clay series

The bentonites have no phase of iron non-clay minerals, except for SAz-1 which contains
magnetite and Garfield which contains goethite and maghemite in traces. The bulk and
<2 pm Friedland Clay samples contain about 15% of Fe,Os-amount in chlorite phase (by
Mossbauer spectroscopy analyses). The main distributions of Fe-amount in the

bentonites and clays are Fe-ion in smectites or mixed-layer series.

These Fe-amounts in structure of clay minerals are mainly responsible for the UV-
absorption capacity of bentonites and mixed-layer dominated clays (shorten as
bentonites). In comparison to the relationship between amounts of Fe,Os; and UV-
transmission values analyzed from kaolins and mica dominated clays, the bentonites
have lower UV-absorption ability than the kaolins and the clays for the same amount of
Fe,Os (figure 75). The higher degree of dispersion of the particles in the ointment and
the commonly porous aggregates (partially, honey comb-like), observed from pure-clay
cream samples of bentonites, is overlapping the Fe-influence and is reducing generally

the UV-absorption in comparison to clays and kaolins.
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With the observation about the case of Seilitz as well as both determined relationships
all are linear ones. It is thus possible to connect kaolin series and mica dominated clay
series. Figure 75 presents this linkage. Almost all presences of kaolin and mica
dominated clay samples are combined in one. The figure also presents the series of
bentonites and mixed-layer dominated clays. Although it is expressed in the same scale
and excluding the special point of Garfield, which is very rich Fe,Os-amount in
chemical composition, the series of bentonite and mixed-layer clay do not tie to the
other series. They are in different exponential relationship. However, presence of KGa-
2 is close to the series of bentonite and mixed-layer dominated clay. That is possibly
because of some characteristics of KGa-2 kaolin, which was determined with
remarkable amount of kaolinite/expandable phase (with 40% of expandable layers), are

similar to characteristics of smectite or mixed-layer phase.
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Figure 75. Bentonites versus clays and kaolins in the aspect of relationship between
Fe,03;-amount and UV-transmission

Note: UV-transmission values from 20%-clay pure-clay cream samples; solid triangles present the bentonites
including Chambers, Wyoming, SHCa-1, STx-1, SAz-1 and SWy-2 and bulk and <2 ym untreated Friedland Clay
samples; dash curve is exponential fit of the bentonite and mixed-layer dominated clay series; empty triangle presents
KGa-2 sample; dark squares present kaolins including Caminau, Wolfka, Spergau and KGa-1 samples; empty square
presents Seilitz sample; dark rounds present clays including Plessa, Gorrenberg, untreated Teistungen, treated
Teistungen, untreated Thierfeld and treated Thierfeld samples and solid line is line fit of the kaolins and clays
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Based on the above discussion, it can be concluded that total Fe;Os-amount in clay
relates to UV-transmission level. The octahedral Fe-amount and Fe-bearing trace
minerals are responsible for that. For kaolin and mica dominated clay the relationship is
a linear trend. For bentonite and mixed-layer dominated clay the relationship is
exponential trend. The absorption abilities of bentonite and mixed layer structures are

lower for the same Fe-amount than absorption abilities of kaolin and clay.

Role of Fe - electron configuration

In previous proofs and discussion, hematite is contributed to UV-transmission
behaviour. Hematite with formula Fe,Os is bonded from Fe** and 02', whose electron
configurations are presented in figure 76. Theoretically, similar to the case of TiO,
(chapter 2.3), there is empty orbital in the electron configuration of Fe**, so that some
electrons can absorb energy to change to the higher energy level. The absorption is
demonstrated by experiments and electronic spectra of Fe’” oxides (including hematite)
in the near UV in a publication of Sherman & Waite (1985). Moreover, Kormann et al.
(1989) demonstrated that hematite (a-Fe,Os) expresses negligible photocatalytic effect
in comparison to photocatalytic effect of TiO; and ZnO. Combining the theoretical and
experimental properties of hematite with UV-measurement proofs, it can be concluded

that hematite plays a role of absorption to UV-radiation in clay matter.

Groundstate of Fe [N | [N [N 2] 1] 1] T
3s 3p 3d 4s
Ground state of Fe’* ‘Ti«‘ ‘T»L‘Ti«ﬁi«‘ ‘T|T‘T‘T|T‘ |:|
3s 3p 3d 4s
Ground state of O 'N/‘ NI ‘
2s 2p
State of OF N [N
2s 2p

Figure 76. Electron configuration of outermost orbital shell of Fe and O and their ionic states

Fe* (Zr. = 26) and O” (Zo = 8) are associated by ionic bond to form Fe,O;. At promoted state, 4s
orbital of Fe*" is empty.
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UV-behaviour vs. Fe:
iron-rich smectite and iron-poor smectite
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Figure 77. UV-behaviour vs. iron amount: iron-rich Garfield and iron-poor Wyoming

Measured using AnalytikJenaAG SPECORD 50; UV-measurement of 20%-clay pure-clay cream samples of
<63 um bulk clay with wool-wax-alcohol cream; The lower transmission proportion, the better effect by clay cream

With the respect to iron in clay mineral phase, octahedral Fe** in the structure of clay
mineral has also an electron configuration with empty orbital (see figure 77), so that it
can also absorb photons, theoretically. The experiments demonstrated octahedral layer
Fe’ can express this ability through the case of nontronite Garfield sample with low
value of UV-transmission. Garfield bentonite was characterized as quite pure bentonite
dominated by nontronite. Its iron was demonstrated using TEM-EDX and Mdssbauer
spectroscopy analyses as obvious Fe** represents in nontronite mineral.

A comparison between octahedral iron-rich smectite and octahedral iron-poor smectite is
presented in figure 79. Wyoming bentonite, characterized as dominating aluminum-rich
smectite with only 0.21 Fe** per [O19(OH),] unit, shows obviously higher UV-transmission
level than Garfield bentonite which has 1.79 Fe’* per [01o(OH),] unit. Both samples do
not include any other iron-rich phase.

In summary, it can be concluded that UV-absorption ability of iron-rich clay is better than
iron-pure clay. However, the phases of iron in the clay as well as mineral properties of
the clay play some role in the UV-absorption ability. This contribution exhibits that
kaolins and mica dominated clays show a linear relationship between Fe,O3-amount (in
total chemical composition) and UV-transmission (of 20%-clay pure-clay cream sample),
meanwhile bentonites and mixed-layer dominated clays show an exponential
relationship.
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7.3.2 Role of iron in mixture with nanosuspension of fungi G. pfeifferi

The obtained UV-transmission results of clay-fungi cream samples (figure 60 and table
17) and Fe,Os-amount of the clays are now discussed. Although, Thierfeld showed the
better UV-absorption ability than iron-reduced Thierfeld, both of the clays presented
lower UV-absorption ability than natural Wolfka (Fe,Os-amount of iron-reduced
Thierfeld is still higher than that of natural Wolfka). Moreover, UV-absorption level of
iron-poor Wyoming is clearly higher than that of iron-rich Garfield. Therefore, the
influence of Fe, which was found in the clay - wool-wax-alcohol system, seems to be
changed vice versa. It is possible that Fe effect is overlapped by another parameter such
as interaction between clay particles and nanosuspension of fungi. The next chapter 7.5.2

discusses about the mentioned parameter.
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7.4 Acid treatment and changing of UV protection ability

In chapter 5.4, it was observed that UV-absorption abilities of acid treated FRDL series
increase in comparison with the untreated one. However, iron was dissolved partly by
acid treatment (chapter 4.5.1), so that the relationship between Fe,O3-amounts and UV-
transmission values of acid treated FRDL series is not linked with the trend represented

for bentonites in the chapter 7.3.1 (figure 74).

Using Fe,Os-amount obtained by XRF analyses and the average UV-transmission values
of 20%-clay pure-clay cream samples, the correlation diagram of these two parameters is
drawn in figure 78 for series of acid treated samples in comparison with the bentonites
vs. mica dominated clays and kaolins. The figure shows that the points indicated for
samples of HCl acid treated FRDL series are closer to the trend line of mica dominated
clays and kaolins than the trend curve of bentonites and mixed-layer dominated clays.
This behaviour might be influenced by expandability that is difference between these two
groups: group of mica dominated clays and kaolins vs. group of bentonites and mixed-

layer dominated clays.

HCI acid treated FRDL series vs. untreated samples

8
&
- 6 \
o, | \
L \
\
A AN
AN A
2 % acid treated FRDL series S
B Clays and Kaolins S~o
A Bentonites A A
1 Liner fit of clays and kaolins
— — ExpGro fit of bentonites
0 T T T T T T T T T T T T
5 10 15 20 25 30 35

UV-Transmission (%)

Figure 78. HCI acid treated Friedland Clay series versus untreated samples
in the aspect of relationship between Fe,03;-amount and UV-transmission

Note: UV-transmission values from 20%-clay pure-clay cream samples; solid stars present the
involved acid treated Friedland Clay series (chapter 5.4), see also legend in figure 75
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Under the treatment with solution of acid HCI and high temperature during 2 hours,
mixed-layer particles were modified to finer particles and fewer layers per stack (chapter
4.5.1). The acid treated clay sample made decrease of the expandability because of low

pH environment.

By light microscopy observation, images of cream samples of acid treated FRDL series
also showed the more aggregative structures than those of the untreated one (STDV
parameters of treated samples images are mostly higher than that of untreated sample
image) (figure 59). It is a proof for the less expandability of acid treated series in

comparison to the untreated sample.

In summary, the acid treatment decreases expandability of mixed-layer particles that
causes the UV-absorption ability of treated sample becoming like non-expandable clay
minerals (kaolinite and mica). Hence, the UV-transmission level relates to the Fe;O;-

amount as the lineal relationship (discussed in chapter 7.3.1).
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7.5 Increasing of UV-absorption potential in clay-fungi combination

and meaning of clay charge

7.5.1 Increasing of UV-absorption potential in combination of clays and
nanosuspension fungi G. pfeifferi

Chapter 5.5 presented UV-measurements of some clay-fungi cream samples from
selected clay samples. It was observed, when combining the clays with nanosuspension
of fungi Ganoderma pfeifferi, that the obtained UV-transmission is improved remarkably
in comparison with UV-transmission levels of corresponding pure-clay cream samples

with the same amount of clays (10% per woo-wax-alcohol cream by weight) (table 17).

This reducing effect varies with different selected clays. The clay-fungi cream samples of
Garfield samples showed a little improvement of UV protection potential. Clear increases
in UV protection potential were obtained from groups of Thierfeld samples (Thierfeld —
untreated and Thierfeld - dithionite), Wolfka samples (Wolfka - <63 um and Wolfka - <2
pm and Wolfka — nature) and acid treated Friedland Clay sample (HCI 2.0 M, 80°C, 2 h).
Strong improvements were yielded from samples of Wyoming and Friedland Clay. The

comparisons are shown in figure 79 and figure 80.

Changes of UV-Measurement in combination
clays with nanosuspension of Ganoderma Pfeifferi
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Figure 79. Changes of UV-measurements in combination clays with nanosuspension
of Ganoderma pfeifferi: Garfield and Friedland Clay

Measured using AnalytikdenaAG SPECORD 50; UV-measurement of 10%-clay pure-clay and 10%-clay
clay-fungi cream samples of <63 ym bulk clay; The lower transmission proportion, the better effect by clay cream
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Changes of UV-Measurement in combination
clays with nanosuspension of Ganoderma Pfeifferi
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Figure 80. Changes of UV-measurements in combination clays with nanosuspension
of Ganoderma pfeifferi: Garfield and Wyoming

Measured using AnalytikdenaAG SPECORD 50; UV-measurement of 10%-clay pure-clay and 10%-clay
clay-fungi cream samples of <63 um bulk clay; The lower transmission proportion, the better effect by clay cream

These two figures also present Fe,Os-amount of the clay samples. It is obvious to
recognize that UV protection behaviour of clay-fungi cream samples does not follow the
influence of Fe,Os in the clay sample. Other factor which could influence effectively the
UV-absorption abilities of the clay-fungi cream samples is the degree of distribution

between clay particles and nanosuspension, may be linked with the charge of clays.

7.5.2 Influence of charge of clay: non-expandable clay and expandable clay

From the light microscopy images, parameter STDV was calculated to estimate degree of
homogeneity of mineral particles in the clay-fungi system. Therefore, the parameter
STDV can represent levels of aggregation or dispersion of clay particles in the cream

matrix. The results and images were presented in figure 61.

Correlating STDV numbers to the UV-transmission values of clay-fungi cream sample, it
is drawn in figure 81. The figure shows that kaolins and mica dominated clays represent
different behaviours concerning particle distribution versus UV protection ability from
bentonites and mixed-layer dominated clays. It may be caused by the different

behaviours of non-expandable clay versus expandable clay.
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Clay-fungi creams: UV-behaviour vs. particle distribution
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Figure 81. UV-behaviour vs. particle distribution in the clay-fungi creams’ system

Note: UV-transmission values from 10%-clay clay-fungi cream samples; solid triangles present the

bentonites and mixed-layer dominated clays including Wyoming, Garfield - <63 ym, Garfield - <6.3 ym,

FRDL - HCI 2.0 M, 80°C, 2 h (treated FRDL) and FRDL - untreated; dark squares present kaolins including

Wolfka - nature, Wolfka - <63 um and Wolfka - <2 um; dark rounds present clays including Thierfeld - untreated

and Thierfeld - dithionite treated; and solid line is linear fit of the kaolins and clays, the triangle closed to the

solid line by dash line presents treated FRDL which is reduced the expandability by acid treatment
For clays with non-expandable clay minerals, a lower degree of homogeneity of particle
distribution (higher STDV) indicates a lower density of clay particles in the aggregate for
a volume of cream. This situation allows a higher transmission of UV-radiation through
the cream. For clays with more expandable sheet silicates, another mechanism shown in
figure 81 is to consider. Higher degree of homogeneity (lower value for STDV in light
microscopy image) corresponds directly to reduce of a passing of UV-radiation. Interaction
between clay particles and the fungi capsule, a system which includes wool-wax-alcohol
cream, plantacare (aqueous solution of long-chain decyl glucoside) and extract of fungi

Ganoderma pfeifferi, is concentrated to discuss now.

Clays dominated by non-expandable clay minerals

The Wolfka series are dominated by kaolinite, so that they have only a variable charge at
the edge of particles. The untreated and dithionite reduced Thierfeld samples were
characterized as materials including mostly diVerm. and diVerm.-rich diVS-ml in clay
mineral phases, so that they have edge charge and also low layer charge. Therefore, the
fungi capsule is distributed mostly in the voids of clay particles as was concluded in

chapter discussion 7.2.2.
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The Wolfka sample as natural material without any grinding and treatment shows a
decrease of UV-transmission. This “native” Wolfka presents a more non-smoothed
distribution of grain size diameter than other Wolfka samples, so that the voids among
particles are smaller than those of the others. These small voids are limiting the mobility
or separation of fungi capsules including long-chain decyl glucoside. In other words, clay
particles of Wolfka kaolin and fungi capsules distribute homogeneously and the
distribution of natural Wolfka is more homogeneous than the distributions of the other
Woltka samples. By experiments using light microscopy, this discussion is also
supported by dispersion arrangement observed from matrixes of Wolfka clay-fungi
cream samples (image of clay-fungi cream of natural Wolfka has lowest STDV in

comparison with those of <63 pm and <2 pm Wolfka) (figure 61).

Similarly, the cases of untreated and treated Thierfeld samples might be caused by edge
charge or voids among clay particles. The treated Thierfeld, with the higher UV-
transmission than the untreated Thierfeld sample, was slightly enriched with Na"
(demonstrated by XRF results, table 15). The larger voids among clay particles could be
formed in comparison with the voids formed by untreated Thierfeld. The light
microscopy images also showed the more aggregative distribution (higher STDV) of
treated Thierfeld particles than untreated Thierfeld particles (figure 61). The higher
dispersion’s degree of particles and the higher value of variable charge for the dithionite
treated Thierfeld sample could be responsible for a better stabile homogenisation of fungi

capsule and clay particles.

With the determined structures, the UV protection behaviour of the clay-fungi cream
samples of Wolfka series and Thierfeld couple could be resulted partly by UV-absorption
ability of the clay samples themselves and partly by UV-absorption ability of fungi
capsules. The UV-absorption abilities of clay samples are under the iron effect as the
mention in chapter 7.3.1. With the same amount of fungi suspension, it seems, that the
own UV-absorption ability of Ganoderma compounds and its stabile homogenous
distribution in the cream affect the UV-behaviour much stronger than the specific UV-

absorption capacity of the clay minerals.

Clays dominated by expandable clay minerals

In previous discussion, the negative charged capsules are fixed at the positive charged
plantacare-heads. The plantacare molecules are embedded in the interlayer space. This
consolidated structure is stabilizing a durable homogenous distribution of Ganoderma-

capsules in the cream.
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In the previous chapter 7.2.2, it is determined that layer charge decreases in the order
Garfield > Wyoming > Friedland Clay. Moreover, Garfield and Wyoming smectites have
similar surface area (656 m%g for Garfield or 522 — 700 m*/g for Wyoming), so that the
adsorption domain (= specific surface / charge) of Garfield is much lower than that of
Wyoming because of much higher layer charge of Garfield smectite. Caused by grain size
separation, the surface area of sample Garfield - <6.3 um increases significantly from
sample Garfield — <63 um, so that the adsorption domain of Garfield - <6.3 um is higher
than that of Garfield - <63 um. Wyoming has also lower adsorption domain than Friedland
Clay because of two times higher layer charge of Wyoming in comparison with Friedland
Clay. In summary, the adsorption domain increases with the less layer charge in the
following order: Garfield - 63um < Garfield - 6.3 pm << Wyoming < Friedland Clay. With
acid treated Friedland Clay, because of the high disorder of clay particles caused by acid

treatment, the adsorption domain of treated sample is lower than the untreated sample.

Belonging to the above order of adsorption domain, the plantacare-molecules fixing the
fungi capsules are more distributed interlayer spaces with a higher adsorption domain
size. Therefore, the distribution of fungi capsule is more dispersive stabilised in the
matrix of those clay particles. In the other words, the fungi capsule is less concentrative
or aggregative in the layer surface. The observed light microscope images support partly
for this discussion (figure 61 and figure 70).

In agreement to the discussion on the role of plantacare in low charged clay minerals, the
UV-transmission values of clay-fungi cream samples decease in the same above
mentioned order: Garfield - 63um < Garfield - 6.3 pm << Wyoming < Friedland Clay
and acid treated Friedland Clay < Friedland Clay (untreated sample). Therefore, in this
case, the UV-absorption potential of clay-fungi cream samples could belong to the
permanent charge of expandable layers.

Conclusively, combination with nanosuspension of Ganoderma pfeifferi makes the UV-
absorption ability of cream samples of clay increasing. Especially, a sample with a low
charge for expandable layers, like Friedland Clay (untreated, bulk sample), reaches a
quite low UV-transmission level, see Friedland Clay with only 3.6% in average. This
value is equal to SPF 27 with UV-A broad band absorption (the estimation is presented
in chapter 2.4). In comparison with Ladival® (SPF 20) (figure 79), sample of Friedland
Clay showed a higher UV-transmission value in UV-A area. But in UV-B area, from 280
to 295 nm, UV-transmission value of Friedland Clay is noteworthy lower, which means
better. In chapter 2.4, it is noted that “the biological effectiveness of UV-radiation
increases by a factor of over 1000 as the wavelength changes from UV-A to UV-B”.
Therefore, UV-absorption potential of clay-fungi cream of Friedland Clay is considerable.
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The property which supports for Friedland Clay having such high UV-absorption
potential is a “low-charge” smectite. In this situation plantacare in the interlayer space of
clay minerals is immobilizing fungi capsules in cream. Non-expandable clay particles
with effective charges only at the edges adsorb fungi capsules in the voids between
particles, so that the UV-absorption ability affected partly by additional characterization
of clay sample (such as iron amount) and partly by the size of the voids. The high
dispersion of fungi capsules with expandable clay particles is the higher UV-absorption
potential.
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7.6 Influences of particle parameters on UV protection ability of clay

minerals
7.6.1 Influence of particle size observed from different grain size distributions

To investigate influence of particle size, the UV protection potential was determined
from different grain size distributions of the same original sample. A finer grain size
distribution will increase a homogenization of pore size between the grain and it will be

arisen a higher specific surface area.

Pure-clay creams

Comparing pure-clay cream samples of Friedland Clay (FRDL), the difference in UV-
transmission value is small (table 16 and figure 53). The UV protection level of cream
sample of FRDL - <2 um is better at UV-B area but is lower at UV-A area than that of
FRDL - <63 pm bulk. In the whole UV area, average UV transmission result of 20%-
clay of pure-clay cream samples of FRDL - <2 pm and FRDL - <63 pm bulk are about
26.3% and 24.7%, respectively. FRDL - <2 pm is better, because protection in UV-B
(stronger effective) is more necessary than protection in UV-A as well as this cream
sample is smoother than the cream of FRDL - <63 um. Correspondingly, FRDL - <2 pm
and FRDL - <63 pum contains about 6.4% and 7.3% of Fe,Os-amount (by XRF

measurements).

The lower Fe;Os-amount of <2 um fraction could explain for the higher UV-transmission
for cream sample of FRDL - <2 um in the overall interval of UV. The behaviour of <2
pum fraction in UV-B area indicates influence of an additional grain size effect. Normally,
it would expect a higher Fe,Os-amount in FRDL - <2 pm because of enrichment of Fe-
bearing mixed-layer series in <2 um fraction. But during the Atterberg sedimentation to
win the full <2 um fraction, clay particles had been in contact with water for two months.
Therefore, the contact led to clay particles undergoing alteration processes, a therein
illitic particles altered to diVS-ml and smectitization process is happened with IS-ml
particles. Furthermore, octahedral Fe’"-amount was reduced during these alteration
process. These alterations also reduced the interlayer charge of expandable mixed-layer

series (see chapter 4.3.1).

The expected additional grain size effect for UV-B area could be explained by
intercalation. Liquid vaseline compound filled the interlayer space and expanding from
about 12 A to 19 A supporting more homogenous particle distribution or reducing the

clay particle-free area in the cream on this way.
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UV-behaviour vs. particle size:
Wolfka - <63 um and Wolfka - <2 um
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Figure 82. UV-behaviour vs. particle size: Wolfka — <63 um and Wolfka - <2 ym

Measured using AnalytikJenaAG SPECORD 50; UV-measurement of 10%-clay pure-clay
cream samples of clay with wool-wax-alcohol cream; The lower transmission proportion, the
better effect by clay cream

The pure-clay cream samples of Wolfka, which contains about 42% of <2 um fraction,
were prepared with <63 pm bulk and <2 pum clay matters. Correspondingly, the surface
area of <63 um sample is smaller than that of <2 um. However, the UV-transmission
values of cream sample of <63 pum is slightly higher than those of <2 pm as shown in
figure 82 (see also in chapter 5.2.1). Therefore, the difference (average about 2% of
transmission unit) may be linked with the reducing of goethite, hematite, jarosite, pyrite
phases in Wolfka sample. The reduce Fe-amount could also explain the not better UV
protection of this finer (<2 um) material. The another effect by grain size distribution is

not to expect for non-expandable clay minerals.

Clay-fungi creams

Comparing UV-transmission of the three included samples: fungi-clay creams natural
Wolfka, <63 um Wolfka and <2 pm Wolfka, the natural Wolfka is the best one (chapter
5.5, figure 60 and table 17). Concerning the distribution between clay particles and fungi
capsules, natural Wolfka is also more homogenous than the others (figure 61 and figure
81). In chapter 7.5.2, it was discussed about the link between UV protection potentials of
the clay-fungi cream series and their cream distributions; therein the more homogeneity
of particle distribution is the better UV-absorption ability (figure 81). To explain for the
more dispersive structure of natural Wolfka, the grinding to get certain fraction may
produce the additional edge charge on clay particles, so that the voids among clay

particles are enlarged affecting on higher concentration of fungi capsule in the voids.
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With the case of expandable Garfield samples, <6.3 pm Garfield showed the better UV-
absorption possibility than the <63 pm Garfield. Concerning the influence on UV-
absorption by distribution of cream matrix, chapter 7.5.2 concluded that the higher
dispersion of plantacare-molecules fixing the fungi capsules in the interlayer space of
expandable clay minerals causes the higher UV protection potential. Because of thinner
particles, <6.3 um Garfield has a higher degree of occupied interlayer by plantacare in
comparison with larger fraction size, so that it causes the higher possibility in absorption
UV-radiation.

7.6.2 Influence of different particle shapes concerning ability of covering

In this study, the sample of halloysite dominated Michalovce kaolin was also
investigated. In comparison with all of the other clays, Michalovce showed significantly
the lowest UV protection potential (figure 49). Chapter 5.2.2 presented the comparison of
UV-transmission values between pure-clay cream samples of Woltka and Michalovce
(figure 56). The 20%-clay cream sample of Michalovce presented 15 - 18% UV-
transmission lower than that of Woltka. However, Wolfka has only 0.3% weight of
Fe,O; and Michalovce contains approximately 0.5% weight of Fe,Os (calculated from
TEM-EDX analyses).

kaolinite

tl:‘ﬂ;fm

X 5000/ 120KV ) 06.12.2005

Micrescope: & J 1210
Cperator: Manfired Zander
Prepoetion || Suspension i o
Sample: MTO04 Halloy. CSSR TS41 bulk: =3

Figure 83. TEM images of kaolinite and halloysite
Left: Wolfka sample, magnification: 5,000x; Right: Michalovce sample, magnification: 5,000x

Note: Observed using Jeol JEM-1210
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This problem may connect with the shapes of clay minerals. Different from other clay
samples, Michalovce dominated by tubules of halloysite while Wolfka and other used
samples were dominated by plates or slats of kaolinite, smectites, mica-like and mixed-
layer particles (figure 83). For certain amount of sample on cream slide, the surface area
of Michalovce is too small to cover totally the cream matrix, so that UV-radiation can
transmit easily. However, by comparison of all surface area data of used clay samples
(chapter 4) with corresponding UV-transmission values (chapter 5), none correlation
behaviour was defined. Therefore, it may also mean that the surface area is not an
effective factor for UV protection ability but it is a key to warrant the covering cream

arca.

Conclusively, slat and platy shapes of clay mineral are necessary to create enough
surface area for covering the cream slide to protect UV-radiation. For expandable clays,
particle size distribution influences the cream homogeneity to affect UV-absorption
ability. Especially, finer grain size distribution causes more disperse structure of clay
particles and plantacare linked with fungi extraction generating better UV-absorption
possibility. For non-expandable clays, grain size distribution has no directly effect to UV
protection ability of cream. However, the small fraction preparation by grinding can
increase the edge charge to decrease the UV-absorption ability of clay-fungi cream; and/or
small fraction separation by Atterberg sedimentation can decrease the iron amount, so that

it decrease the UV-absorption ability of pure-clay cream.
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7.7 Interaction between clay creams with skin flora and skin infection
7.7.1 Charges of clay minerals affect growth of skin flora and infectious bacteria

The bio-test with pure-clay cream samples showed significantly different changes of skin
flora and infectious bacteria (chapter 6.1 & 6.2 and following figure 84). These
differences promote to find the parameter which affects on changes of the colonies.
Especially, the experiment with skin flora after UV-irradiation (figure 84 left
above) shows that the mentioned parameter is not linked clearly with the influence of
UV-radiation because the reducing of bacteria growth from the control sample with
UV-radiation is not significantly lower than that from the control sample without UV-
radiation. That is reason why the discussion has to consider more clay mineral properties
in order to explain this behaviour seen in figure 84. Additionally the discussion has to
consider a different behaviour of bacteria in wool-wax-alcohol ointment: E. coli show a
promoted growth in the ointment (figure 84 left above) but S. aureus is underpressed in
the ointment (figure 84 left bottom).
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Bio-tests were performed by Biometec GmbH,
Greifswald; 20%-clay pure clay samples of
Wyoming, Garfield, Thierfeld, Thierfeld-
dithionite, Friedland, Friedland-HCI, Wolfka
and L’Oreal and control samples
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Pure-clay creams with skin flora E. coli

The creams of Garfield, Thierfeld and acid treated Friedland Clay, which have high
absorption abilities, were expected to have the skin flora protecting behaviour but they

show only fewer survived colonies in comparison with other creams (figure 84 left above).

Garfield is characterized as nontronite dominated high charge bentonite with 0.31 per
unit cell (chapter 4.2.1). The Thierfeld clay has high variable charge and additionally
very high charge in tetrahedral layer of the involved chlorite component (17%) and mica-
like component (80%). In the same group of attacking skin flora with Garfield and
Thierfeld, acid treated Friedland Clay (by HCI 2.0 M, 80°C, 2 hours) possibly have also
high charge. The untreated Friedland Clay charge is estimated about 0.09 per unit cell
(chapter 4.3.1). However, because of alteration by acid treatment, the treated Friedland
Clay sample have an increase of edge charge in comparison with the untreated Friedland
Clay one (using light microscopy, acid treated Friedland Clay sample also showed the

much more aggregative in structure in comparison with untreated one (figure 59)).

Conversely, the creams of Friedland Clay, Wyoming, dithionite treated Thierfeld and

Wolfka obtained with low absorption abilities have the skin flora protecting behaviour.

Similarly to Friedland Clay, Wyoming was determined as low charge smectite with about
0.16 per unit cell (chapter 4.2.1). In comparison to the original Thierfeld clay, the sample
of iron-reduced Thierfeld might be partly decreased with the charge because of slight
Na'-enrichment (detected by XRF analyses). Especially, Wolfka has only edge charge,

so that the sample could has much lower charge than the other samples.

As discussed above, the higher charged media have attacking behaviour towards skin
flora while the lower charged media support for skin flora to grow. Therefore, the
behaviour of clay cream may depend on the charge: the growth of bacteria is limited by

the charge of clay matter.

The influence of the charge towards bacteria can be explained by the fact that bacteria are
bonded to clay minerals using their positive charge organic molecules and the negative
charge clay particle as simulated in figure 85 (Pusch & Yong, 2006). Therefore, the
bacteria are immobilized stronger in the higher charged media. For example, the
bacteria are bonded at surface of smectite particles and/or at edge of kaolinite particles
as showed in pictures by Walker et al. (1989) (figure 86). In addition, the voids among
clay particles can also immobilize bacteria, so that they are limited from growing. The
trend of the yielded skin flora growth connects with the decreasing trend of total charge

from corresponding clays media.
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Figure 85. Bonding mechanism of  Figure 86. Bacteria are affected by charge of clay mineral

organic molecules and day minerals. B syptilis and E. coli walls and envelopes (empty arrow)
absorbed to smectite and kaolinite (solid arrow)

(Pusch & Yong, 2006) (Walker et al., 1989)

Pure-clay creams with infectious bacteria S. aureus

In figure 84 (left bottom), it is to recognize that wool-wax-alcohol cream bearing system
does not support an additional growth of S. aureus - only one exception: Friedland Clay.
The acid treatment has slightly reduced the additional input for S. aureus growth by
Friedland Clay. Wyoming and Garfield show comparable behaviours, so that, beside the

influence of charge, there is additional factor affecting bacteria growth.

Studying on cell biology of S. aureus, Skarr et al. (2004) proved that heme iron is
imported by this kind of bacteria. Friedland Clay is also characterized with 7.3% of
Fe;Os-amount that is higher than the Fe,Os-amount of treated Friedland Clay with 3.7%.
The samples of Garfield and Thierfeld are also iron-rich but they have also high charge,

so that the infectious bacteria are limited from growing.

Combining the goal of protection UV-radiation (that is effective by high Fe,O3-amount)
and the safety towards human skin through experiment with skin flora, the optimal clay
may be the clay that has low total charge and high amount of Fe,O; (for example,
Friedland Clay). Within the selected samples, the pure-clay cream samples are far from the
optimum concerning both UV protection and safety to skin (figure 84). Besides, low-
charge and iron-rich clay is suitable environment for the growth of infectious bacteria.
However, the high charge clay may be not safe for the human skin but suitable for anti

skin infection.
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7.7.2 Clay-fungi combination as an opportunity concerning safety to human skin

The combination with fungi Ganoderma pfeifferi improved the protection ability of skin
cream (chapter 6.3 & 6.4). Besides the advantage of the fungi, clay-fungi cream also
showed the optimal setting that material with high UV protection ability has also high
safety concerning skin thorough skin flora test (figure 87).

The previous chapter concluded that the lower charge clay is more protectively to the
skin, meanwhile the chapter 7.5 demonstrated that combination of fungi Ganoderma
pfeifferi and clays, especially the low charge expandable clays, improve the UV
protection potential. Therefore, the clay-fungi cream samples of Wyoming, <6.3 pm
Garfield, natural Wolfka and Friedland Clay, which presented the high UV-absorption

potential, showed the behaviour of protecting skin flora.

Therefore, combining clay with fungi offers the opportunity to get the optimal cream
material which can be safe for applying onto human skin because of the UV protecting
behaviour as well as the bio-protecting behaviour. Combining with the point concerning
UV protection potential, the trend to look for low charge expandable clay may give rise

to the optimal material.
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SUMMARY

The non-natural substances in commonly used UV protection creams such as TiO,, are
known to have a photocatalytic side effect, which is very harmful to human skin. On the
other hand, clays and clay minerals have been known to be good for human health and
have been used widely in traditional applications as well as pharmacy and cosmetic
industries. However, there is very little information on their UV-absorption properties.
This study presents here some properties of clays and clays minerals concerning UV
protection potential, which can be very helpful for the development of new UV

protection cream generation.

In order to obtain the goals of this study, different clay samples including kaolins:
Caminau, Wolfka, Seilitz, Spergau, KGa-1b, KGa-2, Michalovce (halloysite); bentonite:
Garfield (nontronite), Chamber, Wyoming, SHCa-1 (hectorite), SAz-1, STx.-1, SWy-1; IS-
and diVS-mixed-layer dominated clay: Friedland Clay; and mica dominated clays: Plessa,
Gorrenberg, Teistungen, Thierfeld were investigated. They were characterized by XRD,
TEM-EDX, XRF, Maossbauer spectroscopy, Atterberg sedimentation and dithionite
treatment analyses. The clay-containing cream samples were analyzed by UV-transmission

measurement, light microscopy observation and skin model test.

All the results, taken together allowed us to draw some following conclusions:

7. Clays and clay minerals have potential to absorb UV-radiation. Different types of
cream samples: pure-clay cream (20%-clay or 10%-clay in wool-wax-alcohol cream
ointment by weight) and clay-fungi cream (10%-clay in mixture of wool-wax-alcohol
cream and nanosuspension of fungi Ganoderma pfeifferi by weight), have different UV-

transmission results.

1.1. Each pure-clay cream had a different UV-transmission value indicating that clays

can absorb UV themselves.

1.2. Different UV-transmission results obtained for different clay-fungi creams showed

that clays have an effect on UV absorption of the system.

1.3. Because clays may have effects on skin flora and skin infectious bacteria, their

safeness on human skin should be taken care of when using clays in skin cream.
2. The structures of clay particles in cream were shown to be dependent on the layer

charge of clay minerals. The expandable clays have completely different properties from

the non-expandable ones.
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2.1. In pure-clay cream system, expandable clay minerals absorb glycerol and liquid
vaseline compound of wool-wax-alcohol cream while in clay matter containing only non-

expandable phases, wool-wax-alcohol cream distributes in the voids between particles.

2.2. In fungi-clay cream system, whilst wool-wax-alcohol cream and/or fungi capsule
arrange only in the voids between particles of non-expandable phases, plantacare linked
with fungi extract can enter into the interlayers of expandable phases. The lower layer
charge of the expandable clays supports more homogeneous structure of clay-fungi

cream sample.

3. The total amount of Fe,O3 in chemical composition of clay plays a key role in
determining the UV-absorption ability of the clay matter. Moreover, the UV-absorption
ability also depends on the expandable or non- expandable property of the clay.

3.1. The average UV-transmission level obtained from cream samples with 20%-clay in
wool-wax-alcohol cream related to the total Fe,O3; amount of non-expandable phase in a
linear relationship but in an exponential relationship for that of expandable phase. With
the same high Fe,Os-amount, kaolins and mica dominated clays absorb UV-radiation
better than bentonites and mixed-layer dominated clays. For example, the samples of
mica dominated Thierfeld and nontronite Garfield with the Fe,Os-amount of about 8%

and 32% absorbed about 91% and 82% in average, respectively.

3.2. The trend of iron amount in mixture clay and nanosuspension of fungi is overprinted

by layer charge property, which is affecting structure of clay particles in cream.

4. Acid treatment decreased the expandability of mixed-layer dominated Friedland
Clay so that UV-absorption abilities of acid treated clay matters were similar with non-
expandable clays (kaolins and mica dominated clays). Although the treatment dissolved a
part of iron in the clay matter, it could increase the UV-absorption ability of treated one.
Harsh treatment such as 2.0 M HCI at 100°C, can change seriously characteristics of

Friedland Clay generating reducing its UV-absorption ability.

5. Clays can be extremely useful for human skin when combining with
nanosuspension of fungi Ganoderma pfeifferi. The studies were performed on the
mixtures of wool-wax-alcohol cream and nanosuspension obtained by the extraction of
fungi mass by using plantacare (aqueous solution of long-chain decyl glucoside) together
with clay. Clay characterized with lipophilic property plays a role for emulsion

homogenization in distribution with the nanosuspension and the ointment.
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5.1. The combination of clays and nanosuspension increased its UV-absorption ability.

Moreover, the increase is considerable compared to Friedland Clay and Wyoming.

5.2. The interaction of clay minerals with nanosuspension or homogenization of cream
is critical for UV-absorption ability of cream. Therefore, the UV-absorption potential of
cream depends on the charge of clay minerals. The characterization of low charge of

expandable clay mineral is an advantage for such combination.

6. Particle parameters such as particle size (grain size distribution) and particle shape
of clay minerals also play also influences in UV protection potential of clay, especially in

the clay-fungi cream system.

6.1. In expandable clays, the clay matter with finer grain size supports the more
homogeneous particle distribution in order to increase the UV-absorption ability. For
non-expandable clays, the higher charge (e.g. caused by grinding) decreases the
homogenous distribution between clay particles and fungi capsule thus decreasing UV-
absorption ability of cream. Furthermore, during the Atterberg sedimentation to get finer

3+VI

grain size, a Fe” " -amount can be reduced in the alteration processes; hence changing its

UV-absorption ability.

6.2. In addition, the ability of covering a large area or typical flat and platy shape of
clay mineral is a real advantage for UV protection potential of clay. In other words, clay
matter characterized by too small surface area is not able to protect UV-radiation strongly
(e.g. halloysite dominated kaolin).

7. The skin model test was performed in vivo in mouse ears with skin flora
Escherichia coli (irradiated under UV-radiation during 30 seconds) and infectious
bacteria Staphylococcus aureus in order to determine the effects of cream samples on

skin under UV irradiation and skin infection.

7.1. Clay minerals prevented bacteria from growing by attracting them to the surface
charge or edge charge of clay minerals. The clay matter with higher charge is the less
favourable environment for skin flora as well as for infectious bacteria. Because the trend
reaching high UV-absorption links with high Fe,O3-amount, so that the optimal pure-
clay cream for human skin in terms of UV protection should be a low charge clay with
high Fe,O3 content, such as Friedland Clay. Besides, the iron-rich clay may support for

growing of the infectious bacteria.

7.2. Combination with nanosuspension of Ganoderma pfeifferi protects for skin flora
growth. The low charge expandable clay not only has high UV-absorption ability but also
has high safety towards skin flora. Therefore, it is a great candidate in the search of

materials for UV protection cream.
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8. From the results of characterization of clays and clay minerals properties in UV

protection cream, this study brings some following outlooks:

8.1. The clays dominated by low-charge expandable clay minerals can be the optimal
solution in mixture with UV-protection active organic materials like Ganoderma
pfeifferi. The interaction between expandable clay mineral and the emulsifier plantacare

is the reason for this preferred direction.

8.2. The short-term alteration upon on contacting with water can reduce the layer charge
of expandable clay minerals. This process should be taken care of when obtaining low-

charge expandable clay minerals.
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APPENDIX

Appendix 1. Determined clay minerals with d-values by A and related intensities based on the JCPDS International Center for Diffraction Data

14-0164 29-1487 02-0462 12-204 29-1498 13-0135 3173 (%) 07-0166 05-0490
Kaolinite-1I\ITA\RG Halloysite-7A Illite, IM Na-Montm. Montm.-13 A Montm.-15 A Nontronite Chlorite Quartz, low
ALSiO5(OH), ALSi,O5(OH), KALGSIAIO) — Nax(AIMghSis  Nas(ALMg)Sic  Caoa(ALMghSis  NaonFesx(SiAl:  (FeALM@(SLAD: SO,
(metahalloysite) (OH)z Om(OH)z OIO(OH)2-4H20 OIO(OH)Z~HZO Om(OH)z OIO(OH)8
7.170 100 2.064 20 7.300 65 10.000 80 12.900 100 13.600 100 15.000 100 9.986 100 14.000 60 4.260 35
4478 35 1.997 35 4.420 100 5.030 80 6.550 10 5.160 12 5.010 60 4.555 44 7.080 100 3.343 100
4.366 60 1.987 35 3.620 60 4.520 60 4.510 70 4.460 65 4.500 80 4.354 36 4.681 30 2.458 12
4.186 45 1.974 20 2.560 25 3.630 80 4.320 10 2.560 18 3.770 20 3.625 17 3.523 50 2.282 12
4.139 35 1.952 20 2.370 1 3.350 100 4.120 10 1.690 8 3.500 10 3.329 26 2.821 10 2.237 6
3.847 40 1.939 35 1.681 16 3.100 80 3.250 20 1.495 12 3.300 10 3.116 21 2.682 4 2.128 9
3.745 25 1.921 20 1.483 30 2.900 80 2.580 20 3.020 60 2.688 11 2.619 30 1.980 6
3.579 80 1.906 5 2.600 100 2.245 5 2.580 40 2.589 17 2.574 20 1.817 17
3.420 5 1.897 25 2.470 60 1.876 5 2.500 40 2.585 6 2.469 10 1.801 1
3.376 35 1.870 20 2.390 80 1.700 20 2.260 10 2.408 22 2.405 20 1.672 7
3.155 20 1.845 25 2.270 40 1.503 40 2.150 10 2.403 15 2.279 10 1.659 3
3.107 20 1.838 35 2.180 40 1.880 10 2.239 5 2.014 20 1.608 1
2.754 20 1.810 20 2.140 80 1.700 30 2.239 1.893 5 1.541 15
2.566 35 1.789 25 1.990 100 1.500 50 2.152 7 1.828 5 1.453 3
2.553 25 1.710 25 1.720 20 1.493 50 1.975 4 1.765 5 1.418 1
2.535 35 1.689 25 1.650 80 1.285 20 1.660 8 1.722 5 1.382 7
2.519 10 1.681 25 1.510 80 1.658 5 1.666 5 1.375 1
2.495 45 1.669 40 1.420 20 1.525 5 1.560 20 1.372 9
2.385 25 1.660 40 1.380 20 1.516 7 1.523 10 1.288 3
2.347 40 1.656 10 1.350 60 1.352 6 1.483 5
2.338 40 1.649 40 1.340 60 1.427 5
2.305 5 1.633 30 1.300 60 1.411 5
2.293 35 1.620 70 1.393 5
2.253 20 1.607 30 1.339 5
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09-0466
Albite, ordered

NaAlSi;Og

6.390
5.940
5.590

ONBAEANNNOOBEANBEEANNPAIOIOONNOON

1.851
1.844
1.829
1.824
1.804
1.785

-
OO WN

3714 (%)

Plagioclase

(Na,Ca)(Si,Al)O5

4.045
3.896
3.761

3348 (*)

Orthoclase

KAISi;05

4.218
3.937

06-0710
Pyrite, syn

FeS,

3.128
2.709
2.423
2.212

13-0534

Hematite, syn

Fe,04

3.660
2.690
2.510
2.285
2.201
2.070
1.838
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Note: (*) source: CHICHAGOV, A.V. et al (created: 1997):
Crystallographic and Crystallochemical Database for Mineral and their
Structural Analogues. Institute of Experimental Mineralogy, Russia. URL:
http://database.iem.ac.ru/mincryst/ (new full revision: 2000, accessed: 2005)



Appendix 2. Mineralogical composition of German reference kaolins and

German reference clays, indicated in mass %
(according to (a) ASMW, 1988; (b) Kranz et al., 1990)

(a) Reference Kaolins Caminau Wolfka Spergau Seilitz
Quartz 1.4 15.4 15.0 19.4
Kaolinite 84.9 81.7 71.6 34.1
2:1 Mineral (%) 14.3 29 12.8 45.0
Others <1 <1 <1 <1
() lllite IS-ml IS-ml lllite

Muscovite IS-ml

(b) Reference Clays Plessa Gorrenberg Teistungen Thierfeld
Quartz 40.8 38.3 34.4 32.6
Kaolinite 244 16.8 11.2 19.0
2:1 Mineral (%) 28.5 27.0 25.0 28.5
Feldspar (**) 5.0 10.0 191 7.7
Chlorite not detected 1.7 7.9 6.4
Hematite not detected 1.4 1.8 4.5
Rutile/Anatase 1.0 1.0 <1.0 1.5
Calcite not detected 3.0 not detected not detected
Dolomite not detected not detected <1.0 not detected
) Smectite Smectite Mixed-layer llite

Mixed-layer  Mixed-layer
lllite lllite
(** Orthoclase Plagioclase  Plagioclase  Plagioclase
Orthoclase Orthoclase Orthoclase

Appendix 3. Grain size distribution of German reference kaolins and German reference
clays, indicated in %

(adapted to (a) ASMW, 1988; (b) Kranz et al., 1990)

(a) Reference Kaolins

(b) Reference Clays

Caminau Wolfka Spergau Seilitz Plessa  Gorrenberg Teistungen Thierfeld

>20 pm 1.5 1.4 5.2 2.8 38.4 31.4 16.4 18.1
20-6.3 pm 18.3 15.2 13.5 15.6 19.5 20.2 14.7 25.5
6.3-2 pm 35.8 41.6 15.2 14 14.5 18.8 17.6 171
<2 ym 44 41.8 66.1 67.6 27.6 29.6 51.3 39.3

161



Appendix 4. Chemical composition (main components, oxide form) of German
reference kaolins and German reference clays, indicated in mass %

(according to (a) ASMW, 1988; (b) Kranz et al., 1990)

Samples Si0O, TiO, ALO; Fe0; MgO Ca0  Na,0 K,0  LOI
(%) (%) (%) (%) (%) (%) (%) (%) (%)
(a) Reference Kaolins
Caminau 46.16 0.61 37.05 1.25 0.20 0.14 0.03 1.53 12.86
Wolfka 53.75 016 32.84 034 011 013 0.016 0.10 1212
Spergau 53.81 0.73 31.23 0.71 0.36 0.18 0.069 1.09 11.16
Seilitz 6150 029 2387 129 107 027 0.035 409 7.18
(b) Reference Clays
Plessa 68.92 113 16.96 2.25 0.73 0.27 0.95 2.46 5.49
Gorrenberg 65.77 1.09 14.40 4.36 1.26 2.86 0.87 2.45 6.28
Teistungen 6558 079 1622 439 223 076 1.62 35 431
Thierfeld 60.22 167 17.92 7.89 210 047 066 329 509

Appendix 5. Chemical composition (main components, oxide form) of The Clay Minerals

Society reference clays (kaolins and bentonites), indicated in mass %

(according to a) van Olphen & Fripiat (1979) and b) Vogt et al. (2002))

Clay Samples g; sio2 Tzo2 A10203 Fe0203 F:O MOnO MOgO coao N?ZO Ko,o Pio5 LOOI

: ) ) () () (%) () () B B (%) (%) (%)
Georgia llg\cv;i:i-elt:ct Kaolin a) 442 139 397 013 0.08 <0.01 0.03 nd. 0.013 0.05 0.03 13.78
Georgia hzg?l-ezfect kaolin a) 439 2.08 385 098 0.15 nd. 0.03 nd. <0.01 007 0.05 13.77
SHCa-1 a) 347 004 07 002 025 001 153 234 126 013 001 21.80
California hectorite b) 521 020 152 140 0.07 7.54 0.12 nd. 005 0.01 24.17
STx-1 a) 70.1 022 160 0.65 0.15 001 3.69 159 027 0.08 0.03 6.54

Texas montmorillonite b) 622 022 145 0.58 0.01 4.57 0.12 nd. 0.04 0.02 18.33
SAz-1 a) 604 024 176 142 0.08 0.10 646 282 0.06 0.19 0.02 991

Arizona montmorillonite b) 525 020 152 143 007 744 018 nd. 005 001 23.61
SWy-2 a) 629 009 196 335 032 <001 3.05 168 153 053 005 6.06
Wyoming montmorillonite b) 573 0.11 179 3.73 0.01 391 0.05 nd.  0.12 0.02 17.38

Note: n.d.: not detected
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Appendix 6. Isomer shifts at room temperature for various (Fe™F,) and (Fe™0,) polyhedra
(according to Menil, 1985)

A
ro (12O
+5 :(F_ejo_ﬁ_)(_)i ¢ : cube
fmmmmoam oo o : octahedron
+4 :__l_(}:f_—(zﬁ_)?_l i t : tetrahedron
P e e ! Sp : square plane

s g
S | (FeOy)o
& ' p— |
= B (FeO)
) ‘ p— :
5 | (FeOt :

e S

§ E (F?E )¢ i

§ E (FeFg)o i

b: v ! (F'e_(|)s)c '

i (FeOp)o !

) |— 1

' (FeOy) !

{resp !

+1 (FeO)d

1 1 1 1 1 5
-1.00 -0.50 0.00 0.50 1.00 1.50 ~
0 (mm/s)
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Appendix 7. Méssbauer spectroscopy analyses with selected iron-bearing clay samples

- 3 Isomer shift Quadrupole Line-width Magnetic ion in general area of ion mass in Coeff. of
g g. Cogzz;z:: of - / splitting FWHM hyperfine field component component phase ionoxidation  Fe-ion phases
3 (i) A (mmis) I (mmis) H; (m) Fe* (%) 1 (%) Fe** (%) Feo
o-1.1 (Fe*) 0.37 -0.20 0.35 50.9 32.01 1.01 Hematite
§, cm-1.1 (Fe™) 1.14 2.61 0.32 0 27.19 0.86 diCM, cis
é cm-1.2 (Fe?) 1.15 2.06 0.40 0 3.16 6.97 0.22 0.66 diCM, trans
2 cm13(Fe™) 0.33 0.65 0.49 0 27.70 0.88 diCM, cis
cm-14 (Fe™) 0.36 1.14 0.58 0 6.13 0.19 diCM, trans
0-2.1 (Fe*) 0.37 -0.18 0.35 50.7 15.42 0.44 Hematite
S o 2+ . )
£ om21(Fe) 113 2.63 0.32 0 31.69 0.90 diCM, cis
% 2 cm22(Fe™) 1.19 2.16 0.58 0 2.84 14.99 0.43 0.53 diCM, trans
28  cm23(Fe™) 0.33 0.67 0.47 0 32.21 0.91 diCM, cis
cM-2.4 (Fe*) 0.39 1.13 0.36 0 5.69 0.16 diCM, trans
= 0-3.1 (Fe*) 0.38 -0.21 0.36 50.9 60.00 3.31 Hematite
€  omai(Fe™) 1.12 2.59 0.40 0 8.69 0.48 diCM, cis
o . 5.52 0.91 _ ,
£ cm32(Fe”) 0.35 0.65 047 0 21.90 1.21 diCM, cis
cm-3.3 (Fe*) 0.39 113 0.52 0 9.41 0.52 diCM, trans
so O (Fe*) 0.39 -0.20 0.35 51.1 12.23 0.35 Hematite
K] S cwm41(Fe™) 1.12 2.59 0.47 0 16.72 0.48 diCM, cis
82 . 2.87 0.83 , ,
EZ cwsa2 (Fe™) 0.35 0.67 0.47 0 46.23 1.33 diCM, cis
cm4.3 (Fe™) 0.38 1.08 0.58 0 24.82 0.71 diCM, trans

Note: Measured using Ms-1104Em at room temperature (about 300 K), Doppler-velocity and “Co isotopes resource

164



Appendix 7. Méssbauer spectroscopy analyses with selected iron-bearing clay samples (cont.)

= 3 Isomer shift Quadrupole  Width of line Magnetic ion in general area of ion mass in Coeff. of
o g- Component of splitting FWHM hyperfine field component component phase ionoxidation  Fe-ion phases
O3 spectrum & (mm/s) o o o on F

n A (mm/s) I (mmis) Hi (M) Fe* (%) 1(%) Fe** (%) €o
2 CM-5.1 (Fez") 1.24 1.82 0.28 0 31.16 1.59 di-Mica, trans
o 2% .

cM-52 (Fe 1.13 2.73 0.36 0 14.04 0.72 Chlorite

£3 (Fe™) 5.11 0.55
§ CM-5.3 (Fe3+) 0.34 0.52 0.41 0 43.97 2.25 ML mineral, cis
L Cwsa(Fe®) 037 1.04 0.38 0 10.84 0.55 ML mineral, trans
> CM-6.1 (Fez”) 1.20 1.74 0.37 0 2.95 0.13 di-Mica, trans
S E omez(Fe®) 113 2.73 0.37 0 16.34 0.74 Chlorite
s o 4.50 0.80
TV cme3s (Fe*) 0.35 0.42 0.40 0 57.44 2.58 ML mineral, cis
L cM-6.4 (Fe*) 0.34 0.95 0.45 0 23.26 1.05 ML mineral, trans
£3 owriFe) (34 0.24 0.34 0 50.48 13.22 ite, ci
5 % . . . 29 99 . . 1.00 Nontronite, cis
c®
29 cmr2 (Fe3+) 0.36 0.65 0.31 0 40.52 9.00 Nontronite, trans

Measured using Ms-1104Em at room temperature (about 300 K), Doppler-velocity and 5co isotopes resource

ML mineral: mixed-layer mineral, cis or trans means Fe-ion phase in cis-octahedral or frans-octahedral in accordingly mineral
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Appendix 8. XRD patterns of HCI acid treated series with different concentrations
of acid solution and different temperatural conditions, °20 CoK, position

(according to KASBOHM & HOANG, 2004 (working paper))

Note: Measured using HZG 4 / Seifert C3000; XRD patterns including ethylene-glycol saturated
(EG) specimen patterns; from above to the bottom: three groups of treated samples in according to
three temperature levels: 80°C, 90°C and 100°C; within each group is including samples in
according to different except treated sample concentrations of acid solution: 1M, 1.5M, 1.8M and
2M; the patterns show the peaks of mixed-lay series (except treated samples under temperature of
100°C), mica-like mineral and kaolinite
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Appendix 9. Ingredient of Ladival® trade-ware cream series
(according to STADA GmbH, Bad Vilbel, Germany, URL: http.//www.ladival.de/)

Ingredient

4-Methylbenzylidene Camphorr

Function for product

Acrylates/C10-30 Alkyl Acrylate Crosspolymer Sodium conS|stency gel-matrix

Alcloxa

Alcohol Denat.

Aloe Barbadensis Gel

Aqua

Arachis Hypogaea

Ascorbic Acid

Ascorbyl Palmitate

Bisabolol

Butyl Methoxydibenzoylmethane
Buxus Chinensis

C12-15 Alkyl Benzoate
C20-40 Alkyl Stearate
Candelilla Cera
Caprylic/Capric Triglyceride
Cera Alba

Cetyl Alcohol

Cetyl Palmitate
Cocoglycerides

Disodium EDTA

Glycerin

Glyceryl Oleate

Glycine

Hydrogenated Cocoglycerides
Hydrogenated Palm Oil
Hydroxyethyl Ethylcellulose
Isoamyl p-Methoxycinnamate
Isopropyl Myristate

Isopropyl Palmitate

Lactic Acid

Magnesium Aluminium Silicate
Magnesium Stearate
Magnesium Sulfate

Octyl Methoxycinnamate

Octyl Triazone

Octyldodecanol

Panthenol

Pentylene Glycol
Phenoxyethanol

Phenyl Trimethicone
Planktonextract (and) Lecithin
Polyglyceryl-2 Dipolyhydroxystearate
Polyglyceryl-3 Methylglucose Distearate
Propylene Glycol

Propylene Glycol Dicaprylate/Dicaprate
PVP/VA Copolymer

Ricinus Communis

Sodium Carbomer

Sodium Lactate

Titanium Dioxide

Titanium Dioxide, Alumina, Simethicone
Tocopherol

Tocopheryl Acetate

Vanillin

Xanthan Gum

Zea Mays

Zinc Oxide

Zinc Sulfate

to cure
solution

oil phase
anti-oxidation
anti-oxidation

oil phase
consistency
consistency

oil phase
consistency
consistency
consistency

oil phase
complexing agent
wetting agent
emulsifier, PEG-free
buffer constant
consistency
consistency
gel creator

oil phase

oil phase
buffer constant
gel creator
consistency
consistency

oil phase
provitamin B5
conservation

emulsifier, PEG-free
emulsifier, PEG-free
wetting agent

oil phase

film creator

oil phase
consistency

buffer constant

anti-oxidation
anti-oxidation
flavour
consistency
gel creator

stabilization agent
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Function for skin

UV-B filter

skin regeneration

skin regeneration

moisture, refrigerant, regeneration
greasing, pleasantness

depressant

UV-A filter

greasing, pleasantness
pleasantness
pleasantness
pleasantness

greasing, pleasantness
pleasantness

greasing, pleasantness

wetting disperser

pleasantness
pleasantness

UV-B filter

greasing, pleasantness
greasing, pleasantness
moisture

UV-B filter

UV-B filter

greasing, pleasantness
moisture, depressant
moisture, pleasantness
pleasantness
regeneration

moisture
greasing, pleasantness

greasing, pleasantness

moisture

UV-A, UV-B filter

UV-A, UV-B filter

vitamin E, pleasantness, radical captor
vitamin E, pleasantness, radical captor
flavour, odor

UV-A, UV-B filter
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