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Fillers for a radiant smile
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dental impression material

For some time fillers are far more than only economical materials for dilu-
ting polymers. By applying fillers the characteristics of the polymer system
can be changed purposefully and can be adjusted to special requirements.

HPF The Mineral Engineers has developed a variety of High Performance
Fillers for use in both silicone and polyether based dental impression mate-
rials as well as composites.

Cristobalite for silicone impression material
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FRIRF | dental applications

Cristobalite is a high-temperature modification of quartz. It is made from
pure silica by heating it up to more than 1,000 °C. As a result of this
calcining-process a microbiological harmless mineral with outstanding
brightness is obtained. Cristobalite fine and ultra fine flours are the ideal
base for silicone dental impression materials.

The selection of suitable fillers enables a very high filling degree with
acceptable viscosity of the impression compounds. That way the highest
possible precision of the casting compound can be realized by minimisation
of shrinking during reaction. An excellent colouring power and desired
elasticity as well as shore hardness of the compound can be achieved by
application of this very white cristobalite.

It Is to be emphasised that all quartz and cristobalite powders, as described
here, contain a very low fraction of coarse particles. This is crucial for the
functionality of the application.

Overview of properties of cristobalite fine and ultrafine flours for dental
applications:

e high brightness

* abrasion-free processing

* narrow grain size distribution, coarse grain optimised
* microbiological harmlessness

e specially adapted surface treatment available



SIKRON® # SILMIKRON® — BT # TR E L EHI 77 AR
SIKRON® und SILMIKRON® — untreated cristobalite flours for dental applications

Parameter SIKRON® SIKRON® SIKRON® SILMIKRON®
S SF 3000 SF 4000 SF 6000 805-10/1

Kérnung
o dyo (Hm)
dso (um) 6,0 50 35 0,5
dgo (pm) 19,0 15,0 9,0 1.0
Farbe
B X/D65 91,5 92,1 925 92,0
Y/D65 96,5 972 97,0 97,0
Z/D65 103,8 104,6 105,1 104,0
pH-Wert
pH & 8,2 82 8,2 8,5
Oberflache (m2/g)
He = EH (m2/g) 3,0 4,0 50 20
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Excellent processability
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4  ZFRIRF | dental applications

Surface treatment for optimum
interaction between filler and polymer

Surface treated cristobalite fine flours of the product line SILBOND®
have especially been developed to be employed in silicone impression
materials type RTVZ2. The surface treatment specially adapted to the
polymer system has been applied to the filler in order to guarantee an
optimum bond to the binder and to enable an excellent processability.
A perfect adjustment of the viscosity at high filling degrees is achieved
as well.

The type of surface treatment is defined by the following threeletter code
added to the characteristic grain data:

MST treated with Methacrylsilane
RST treated with Trimethylsilane



Parameter SILBOND® SILBOND® SILBOND® SILMIKRON®
SH 3000 RST 6000 RST 8000 RST 805-10/1 RST

Kérnung
i dso (Hm) 15 1.0 1.0 0.2
dsp (UM) 6,0 35 25 05
dgo (um) 19,0 9,0 6,0 1,0
Farbe
D 1 2 2 2
i X/D65 91,0 92,0 92,0 92,0
Y/D65 96,0 97,0 97,0 97,0
Z2/D65 104,0 104,0 104,0 104,0
pH-Wert
oH {8 85 85 85 85
Oberflache (m2/g)
H SRR (m2/g) 3,0 50 8,0 17

SILBOND® #I SILMIKRON® — F§F RTV2 B!fERENEE#14

SILBOND® and SILMIKRON® - for silicone impression material type RTV2
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Summary

Precise impression and optimized moulding time

In using SILBOND® cristobalite fine flours highly accurate casts can be
obtained. The very important balance between the exactitude and the

length of time for the moulding process for both patient and dentist is
optimized in regard of the binder.

Ideal sensory quality for the patient

Contaminations are prevented through extensive cleaning- and iron-
free grinding processes on abrasion-free milling units. Furthermore
highly efficient air separation allows an optimum limitation of coarser
grain fractions. Thus a consistent and ideal sensory quality, which

is important for the patients, is assured.
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Dental composites consist of methacrylates such as bisphenol-A
glycidyl methacrylate (bis-GMA) and triethylene glycol dimethyl
methacrylate (TEGDMA) as base monomers. The monomers in
question are filled with different fillers depending on the application.
Also depending on the application, glasses, quartz or porcelain are
used to reduce polymer shrinkage, improve mechanical properties,
adjust optical properties or improve X-ray visibility.

Dental composites are used by the dentist to seal cavities or cracks

in the enamel and are composed of fillers and an organic matrix
consisting of modified acrylates. Dental composites are predominantly
UV-curing. For this reason, it is crucial that the fillers used have a
refractive index suitable for the monomer mixtures (1.52-1.53). This
ensures that even high layer thicknesses can be cured.
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Feldspar for dental composites
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6 FRRF | dental applications

The feldspar products of the MICROSPAR® 1351 series represent a perfect
alternative to the standard fillers used. They provide the same or better
mechanical properties in cured composites.

With almost 60% by weight of the accessible earth crust, feldspars are

by far the most common mineral group. Feldspar is a chemically resistant
silicate with a thick slated grain morphology. HPF produces both potash
and soda feldspar, which are separated, classified and finely ground using
complex processing techniques.

Properties:

* High degree of whiteness

e Chemical resistance

 Transparent behaviour in the binder system
* Low refractive index



TRERTMURNEBLERANEE. TENIEFRERE  The types examined are shown in the following table with their
FrEERA M T E MR IER T rER. respective properties. The different filling degrees result from the
same processing viscosity for all fillers.

BR T ARERES, MICROSPAR®HSZRIE S AT IR SR, $FFRTEAIE  In addition to the standard grades, other MICROSPAR® grades

AR EMBREAEZETESE (MSTS) , BEEAMEN are offered which have undergone a special process and have a

AR EM . MICROSPARSF MEREWIEfG, AIFEERISEEY  low content of secondary group elements on the surface (MST-S).

EREMES. ERDIEANE, EREFFEREMRALUESENL  This can have a positive effect on the storage stability of the

MR = BWRPA MST 2R ER BRI R OIE. composites. All MICROSPAR® products have a surface coating that
enables optimum integration of the filler into the polymer matrix.
Silanisation is possible at different levels, but our basic version is
recommended to avoid mechanical failure. The designation -MST
in the product name refers to a coating with methacrylic silane.

P B 7= m B B [ A I

Overview of products and properties investigated

Parameter MICROSPAR® MICROSPAR® FRIGHE | dental glass
SH 1351-600 MST 1351-900 MST 3 ym MST
d50 [um]* 3,50 0,70 3,0
BET [m2/g]** 3 15 23

*ENATEY| laser diffraction **BLBUE | typical values

Parameter MICROSPAR® MICROSPAR®
S 1351-600 MST-S 1351-900 MST-S
d50 [um]* 3,50 0,80
BET [m2/g]** 11 18

*BOLHTES| laser diffraction ** BBUE | typical values
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8  ZFRIRF | dental applications
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Production of composites

The considered MICROSPAR® 1351 grades were incorporated into a
mixture of bisphenol A glycidyl dimethacrylate (bis-GMA) and triethylene
glycol dimethyl methacrylate (TEGDMA). The mixing ratio bis-GMA /
TEGDMA was 80/ 20, and as the photoinitiator system, camphorquinone
and 2-dimethylaminoethyl methacrylate were used. The incorporation of
the filler was carried out by means of Speedmixer.

Production of the three-point bending test specimens

The flexural strength of the cured composites was determined according
to ISO 40489. The curing of the composites was carried out by means of
Heraeus Hilite Power for 90 seconds. The specimens were irradiated on
both sides. After demoulding the specimens they were stored for 24 h at
37 ° C in de-ionized water. Subsequently, the test specimens were loaded
until breakage and the force applied at break was recorded.



HE [EE %] LG [MPa] K E [MPa]

filling degree [wt.%] flexural strength [MPa] e-modulus [MPa]
ZFRIKEE 3.0 MST 7235 102 7851
MICROSPAR® 1351-600 MST 70,50 112 7513
MICROSPAR® 1351-600 MST-S 70,50 119 8849
MICROSPAR® 1351-900 MST 70,50 106 7605
MICROSPAR® 1351-900 MST-S 70,50 104 8275

*FIEREYMBRETER 51% (RERIT) o XAAZF MICROSPAR® 70.50% ME BT KFE. HAit, HEEREEYUMR.
*The target filling degree for all mixtures was 51% by volume. This corresponds to a weight filling level of 70.50% MICROSPAR®. For this reason, the degree of filling varies with the blends.

MICROSPAR® 5 ZF F1 3% 3 i 45 R AT L 3

Test results MICROSPAR® compared to dental glass

MR ZRAF, & MICROSPAR® NE SV IMFBRES TS ES The tests showed that the mechanical strengths of the products
RIEBREEY. manufactured with MICROSPAR® are higher than those of a commercially
available dental glass.

FF MICROSPAR® FIMERIZERAE (35%) , FTLARIRSTIR T HE Since MICROSPAR® only has a very low opacity (35%), tests were also
FRIKE. REVNRERENNRDERT, FRRITEE carried out with blends with commercially available dental glass. The
(RFR) - FRANTFRBBNAERE N 480% , ZMICROSPAR®  already mentioned above dental glass was used. The results of the
HNEEMREREN 35%- examination of the opacity of the blends are still pending and were
therefore calculated in advance (see table). The dental glass used has
an opacity of 480%, that of the MICROSPAR® is 35%.
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It depends on the mixture

‘ TR (B %] 38 [MPal WILEE [MPa] | ITEHEOTERAE (%]
filling degree [wt.%] | flexural strength [MPa] e-modulus [MPa] calculated opacity [%]
50/50 FREHIE / 1351-600 MST 71,50 14 8599 185
80/20 FRHIE / 1351-600 MST 72,00 109 8387 282
50/50 ZFRIEKIE / 1351-600 MST-S 71,50 105 8036 185
80/20 ZFR3ZHE / 1351-600 MST-S 72,00 107 8635 282
50/50 ZFRIIKIE / 1351-900 MST 71,50 90 7680 185
80/20 ZFREIE / 1351-900 MST 72,00 106 8078 282
50/50 ZFRIEEIE / 1351-900 MST-S 71,50 18 8691 185
80,20 FRIILHE / 1351-900 MST-S 72,00 107 8070 282

*FIAREMNBEMARER 51% (REFI) o XAYF MICROSPAR® 70.50% MEBHFKE. AL, HRXERREMMmR.
*The target filling degree for all mixtures was 51% by volume. This corresponds to a weight filling level of 70.50% MICROSPAR®. For this reason, the degree of filling varies with the blends.

10 FRNFA | dental applications
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Conclusion

e The addition of appropriate dental glass significantly improves the
opacity of MICROSPAR® products.

e The mechanical properties of the composites with the blend tend to
show better flexural strengths than the mere use of a dental glass.

HPF Minerals Ltd.
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Expertise in fillers

The Quarzwerke Group has been producing mineral raw materials
for over 135 years as a family business. The focus is on extraction,
processing and refining of industrial minerals from high-quality
deposits: Quartz, kaolin, feldspar, wollastonite and mica are
processed into more than 700 different quality products and sold
in 50 countries. We are ecologically sustainable and rely on modern
and efficient processing.

HPF The Mineral Engineers is a division of the Quarzwerke Group, which
is looking toward the future with the development of innovative and
functional high-performance fillers and additives on a mineralogical and
synthetic basis. High-performance fillers impart amazing functional and/
or optical properties to polymer systems. We develop unique system
solutions based on our decades of experience. The demands placed on
our customers’ products are constantly increasing.

Our extensive experience in the processing and refining of mineral raw
materials enables us to successfully master these challenges again and
again: We develop and deliver tailor-made filler solutions for polymer
systems to our customers.

Quarzwerke is a company with a highly convincing quality philosophy,
certified in compliance with DIN EN SO 9001, so that everything runs
without a hitch from extraction to delivery. The successful implementa-
tion of DIN EN ISO 14001 proves that Quarzwerke exhibits a holistic
environmental management.

AR — L= SARIBEGN CLP 35 (EC/1272/2008) #HK4> 79 STOTRE 1 265 2 2. ¥IHESHMANNM N REKER.
ARG PRBIRERNAEEARENRS. B2, RINBRARER, BRONTHIDBIERAIERUZENE AT B IERIBR

£, BARRERRILEME=7LTFIN.
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Some of our products are classified into the STOT RE cat.1 or 2 according to the European CLP Regulation (EC/1272/2008). More detailed information is

available from the respective material safety data-sheet.

The figures documented in this application technique report were collected and shown to the best of our knowledge. However, we ask for understanding that

/

ss of our recc

dations, and cannot guarantee that

we cannot take over liability for the results in individual cases and for the suitability and comp
no third-party patent rights are restricted.

The use of the symbol ® herein signifies the registration of the associated trademark in one or more, but not all, countries. We are available for further questions

and consultation. Printed on paper containing kaolin.

7F, Glaston Bldg.,

108 Bongeunsa-Ro,
Gangnam-Gu,

Seoul, Korea (06123)
Phone: +82-2-6490-9977
www.hpfminerals.kr
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