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HPF for polymer applications

Hidden inside — Performance outside!
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HPF The Mineral Engineers is a division of the Quarzwerke Group that
looks to the future with development of innovative and functional
high-performance fillers and additives on a mineralogical and synthetic
basis.

Trust in our expertise and let us meet the challenges of the future

together.

Requirements for modern plastics

The demands placed on new and innovative plastics, which by nature
cannot meet them, are constantly increasing. By adding certain mineral
fillers, the behaviour of the plastic can be modified and adapted to customer
specifications.

In the case of compact components - aggravated by the continuing trend
towards miniaturization - there is a danger that the heat loss cannot be
sufficiently dissipated, the assembly overheats and then fails.

Modern automotive concepts, and especially the field of alternative drive
systems, hold considerable potential for heat dissipating plastics. With
increasing electrification, new fields of activity are opening for masterbatch
and compound manufacturers. Plastics with the appropriate mechanical and
physical properties and high quality requirements are in demand.

A clever combination of polymer and fillers often offers a technically and
economically sensible solution in a wide range of modern applications
and is by no means limited to the automotive sector. Accordingly, tailor-
made plastics are given a demanding range of tasks.

/\ .
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Ecjz=gl Polypropylene

Zo|Z=2 Cfst 38 20f0]| AFBELICE AFE ™S 0|88l 7| Polypropylene is used in a wide variety of applications. It is

38 XSA 3o W 7 HEE RECE 7HEE 1 ¥ES S5l Rt processed by injection moulding into parts for electrical

LEOZ NMZELICE XtSAH AN Ol2fst stetE2 M M, 0 # & engineering, automotive engineering and household appliances,

e ERIN 242 2 2E8 CtE = o] AR ELULE as well as by extrusion into fibres and films. In the automotive
industry, these compounds are used to make large parts such
as side sills, door sills and interior trim.

Zz|oj0|= Polyamide

Z2(0i0|= 6 & Z2|0t0|= 662 M MAMCE JHE da| AHBE|= X Polyamide 6 and polyamide 66 are the most widely used

L|0{3 Z2tARIQLICEL 0|5 E2tARIE =2 WEY, =2 A= X AME  engineering plastics worldwide. They are used because of their

ZEX| 0 7| 2YLICE Z2[0H0|E 62 246 HE EME JHX|1 & high heat resistance, high hardness and stiffness. In addition,

LI OJUIE STITE AHSSHH el 3 E= EH SEHN 220 §  polyamide 6 has good damping properties. The use of mineral

Mot EME0| A0 7|AX EMol| 2FXQl AskS RIS ZMW BO|2  fillers can positively influence the mechanical properties due to

=2 MER 7tsdS0| MAIELICE their different specific characteristics such as morphology,
hardness or surface properties and thus offers an interesting

spectrum of new possibilities.

Z2|of 2 Polyethylene

AE I A Y, QR Vs, TR HE T =Y S ZR|oE>HM ZE2  Whether as packaging for food, in vehicle construction, in
LIS S8 200l AL =0 siE 27 Alete S&8H0F LT medical technology, on buildings for thermal insulation or in
7IAH EM Qo FHM, et SRHEL 22 &t F A0l F agriculture: polyethylene films are used in various areas of
717 |2 LT 017 |0 O|H[E SXITHE AF8stH T2 o|HE HE application and must meet the corresponding requirements.
&= ASLILCL In addition to mechanical properties, optical requirements

such as transparency, gloss or opacity are often added. Here,
too, the use of mineral fillers can offer many advantages.
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IX | high-performance fillers for thermoplastics

O PDrope Z
kS
= 7| S
proa Z § 8
S Eﬁ 5
& ol = IS
g kS LIRS s
. s E S W | .o
— S L T S = ol S ol .S
2T ®2 | g3 |pi¥| #8 | 8
HEL| <S5 | £ |ME§&| wS§ | S
dls 2| HS as |M8S=| WS ur s
TREMIN®283
Azt 2|2 FSIM(LAR) | wollastonite silane treated (LAR) 285 45 10 6 - -
TREMIN® 939
A2t X2|El FE|M(HAR) | wollastonite silane treated (HAR) 285 45 10 6 " "
Chinafill, Kaolin TEC
7t22! | kaolin 2,60 2 >/ > " "
TIKRON®
§E|.)S‘| | talc 2,80 1 10 4 n u
TREFIL® 1232
M2t X2|El 325 | phlogopite silane treated 280 225 95 27 " "
TREMICA®
A2t X|2|El W23 | muscovite silane treated 285 25 95 / - -
SILATHERM® o Wt ohE
A=Y SXIXY | thermally conductive fillers depends on type -
MICROSPAR®
29 | ldspar 2,60 6 10 .
TREFIL®
ZX1 | anhydiite 300 } ’
SIKRON®
DIE3kel M2|5} 28 | micronized silica flour 265 ! ! 1 -
®
SIKRON 2,35 6,5 8,5 54 N

0| 2stEl F2|AELRI0|E 8L | micronized cristobalite flour
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22|
polymers

E=2|0t0|E, PBT, PSU, PPS
polyamide,PBT, PSU, PPS

gavdad (€

4 2ot 245 x| oYY

=2
high impact strength and excellent dimensional stability

Zz2(0j0|E, E2|z2 A
polyamide, polypropylene

£2 AZX NEY, £2 ¥ WE 25, 52 52 JE, SYs Tols A, N2 2T A A 2 45

high scratch resistance, high heat deflection, high impact strength, outstanding paint adhesion, low shrinkage for zero gap design

Zz2[olnl=
polyamide

1 = BHIE BVt bl el Efdet HI sikd

Increased tensile strength and module of elasticity, effective flame retardance, excellent cost effectiveness

Z2[0l0|E, E2|z2 LA
polyamide, polypropylene

&2 24, TSR

good impact resistance, nucleating agent

Z2(oj0|= SIS0l 2T, 0l My, OfE 22
polyamide distortion sensitive, dark, large parts
Z2/oj0|= 1Sl BIZs, ge Mato), thy BB
polyamide distortion sensitive, bright large parts

E2(0j0|E, E2|m2 A
polyamide, polypropylene

I g
increased thermal conductivity

ECVEER]
polyethylene

RE2S0|=, 2% 22 YA G =2 R

low haze, good anti-blocking values, high transmission

ECEE]

S48 B2 WX 2t

polyethylene good anti-blocking values

Zojofa L, 227 WK HIHH, 052 My
polyethylene Ims, antiblocking additives, dark colors
ELIVEE g, 227 YK I, e My
polyethylene films, antiblocking additives, bright colors
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N8s ST SYst ZtAE ditollM Efdst dgts ghLict 1 High-performance fillers play an outstanding role in the production
T2 T2 Xgtnt 20| Hshdo]| thet =2 29| 3= 7Isd ST of thermoset plastics. High demands placed on thermosets, such as
£ STt SEAZ 4 QUELICE Eot AME BEO)| ALRSHH 2SIHMO  high strength and high temperature resistance, can only be met by
ENICHED MEEH0| =2 EHO| 2SO0 FLCL functional fillers. In addition, their use in the finished parts leads to

optically demanding, resistant surfaces.

MIIZetE gt 6ZEA| =X Epoxy resins for electronic engineering

a5t TaE, 2405 LIGM 2 LSkt @t otL|2t 25 T |H E4 Due to their good adhesion, good heat and chemical resistance as well
OF 0I5 | ZA| £X|= 4] A SOt M7| & L ML MEC| 56t Y as excellent electrical properties, epoxy resins have been an important
22 ARE|0] 2tELICE HXAF Zto| M o ZA| £=X| M MZE= AE AA  raw material for electrical engineering and electronics for decades. In

g 3|28 20|H[0|E x| & Q3|2 7|2k Mg BX Tig = AFSEL electronics, epoxy resin moulding materials are used as coating systems,

Cf. T17| S0l M OIZA| =X|= HE] 14 L HAR|Q 744 Het7| o laminating resins for circuits and auxiliary materials for printed circuit board

production. In electrical engineering, epoxy resins are used in converter
construction and for production of insulators and dry transformers.

OIZA| /0] Q7= 71745, 2 o 77| SM2 Melfst 7|5y

= | The required mechanical, thermal and electrical characteristics of
el daks 3| EELICE

epoxy resins are largely determined by the selected functional filler.
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Hojct 7|AH S8 °=*7| Qs AFBE7 | st MMz 2 o|dE o
7| @I ®EH=|7| = SHLICE SILBOND® W 12 EST £ £5| LY
20N EESE 2| FRUSLICEL 2L SILBOND® M2|7t 22
g X FX 2E0| "R AHZ0| EiE| 1 QJUSLICE Xt 3

7|
Z|XS}El SILBOND® 126 EST R82 SYSH MM O =2 STEE &

0||

7| flsf HEELICE

EP = stEt2at 24 Mz 7| 38 200 4sh d uH AE|A
o] =EELICE FHEQ &84S LM M2 CHE M= 2 23 X
H817L 745 et AXSHoF S| MEE SILBOND® 28 A2|7t 2LUE A
25tH =X 31210t 24 ALo|o]| L2 QI8 X4 H5lo| X0|7} E| A}
|0 SRS AMHE| MZEI} 7Hsot #E0| WX|ELICE 07| M EHAL
=0 =2 STIE=E 23l 2[4 571 S22 SILBOND® FW 126 ESTE NS
ghuct

gAtel RE HMF2 OlIFA| X 8 20folM CEnt 22 E4s MY
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cE2 AN 2=

=i
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£
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Properties of High Performance Fillers in thermosets

For decades, our fillers have proven their worth in EP resin systems. On the
one hand, they are used for their outstanding mechanical properties and,
on the other, they make an important economic contribution. SILBOND®
W 12 EST in particular has long been the standard for weather-resistant
outdoor applications. Today, SILBOND® silica flours are also increasingly
used for ,indoor casting resin parts”. The type SILBOND® 126 EST with an
optimised particle size distribution is recommended for even higher filling
degrees with the same viscosity.

EP casting compounds and the metallic material are exposed to strong
thermal alternating stress in electrical engineering. To avoid damage

to the component, the temperature-related dimensional changes of the
different materials must be as constant as possible. The use of selected
SILBOND® fused silica flours minimises the different temperature-induced
dimensional changes between casting compound and metal, enables

the manufacture of complex components and prevents cracking. Here,
too, we offer the package-optimised grade SILBOND® FW 126 EST for
higher filling levels.

All our products offer the following properties in epoxy resin
applications:

e improved resistance to weathering and chemicals
e good mechanical strength

e excellent workability

e low thermal expansion

e reduced shrinkage

* high filling levels

MILLISIL® SILBOND® SILBOND® TREMIN® SILATHERM® SILATHERM® SEPASIL® 1284
Plus
2|7t g8 427t 3|4 Fu=Y ST =0t
silica fused silica wollastonite thermally conductive fillers alumina

A 2 e . . -
mechanical strength

=%
L . + ++ + ++ + - + + - -
Weather resistance

55HM
LHQ‘}_,‘)‘\-" . ++ + ++ + ++ + - ++ ++ ++
chemical resistance
SFe-XM et __ __ __ __ . . eia
SFg-resistance
i -
filling degree ++ ++ ++ + ++++ +
7t8d . ++ ++ ++ - ++ + +
processibility

Tx}
e . + + ++ + ++ ++ ++ ++
thermal expansion
g _
thermal conductivity * * r e T r
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AMa|7} 7|k ZZIxH

= ol SERQEIS} 2H(SFg)oll tiSt ME=0|
glooZ JhA ol B

A
S| ol A8 &t 4= QIGLICL YR0|L= SIS No2 2
EHEULICE 245t sFetY EMOZ Qlsl SEPASIL® 1284 = 0[2{st S&

Z0fof| O H LTt

e

SEPASIL® 1284 for gas insulated switchgear

Fillers based on silica are not resistant against the protective gas sulfur
hexafluoride (SFg) and can therefore not be used for gas insulated
equipment. Aluminas are chemically inert. Due to the excellent chemical
properties SEPASIL® 1284 is ideally suited for these applications.

43t EME 7HE TREMIN® 13|

T3M2 7|AE EM0| 0jR S5t Zst D ZiQlL|ch 71 &AY
QE(TREMIN 9399)2 F|0{ it LH AdE EZOE FLICE m2kA
2= ZYo| DIzt S8 20t ArZ5t7 (0] o] A ILICEH

O OO0 o

2% TREMIN® 283(LAR)Z} &S TREMIN® 939(HAR)S| & 7HX| MIE
2

AFBE 4 YBLICE
TE|M ST C31 22 SFo| YLt
- Qa3 A5 S
- ste g
. ettt st 54
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SEPASIL® 1284

AlLO, 99.7 %
7184 Na |soluble Na 110 ppm
Ca 2 ppm
H7| MEE | electrical conductivity 32 ms/cm
SZHX 321 | medium grain size dsg 2.6 um
BET 1.45 m2/g
pH-2L | pH-value 7.6

ULt Zt | typical values

TREMIN® wollastonite with reinforcing properties

Wollastonite is a reinforcing mineral with very good mechanical properties.

Long needled wollastonite types, (TREMIN 939®) are characterized by

excellent impact resistance. Wollastonit flours are therefore ideally suited

for use in crack sensitive applications.

Two different product ranges are available: the block-shaped
TREMIN® 283 (LAR) and the needle-shaped TREMIN® 939 (HAR).
The wollastonite fillers are characterized by the following features:

e good electrical properties
e low thermal expansion
« excellent reinforcing properties
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HYDRAFIL® Aluminiumhydroxide for flame retardance

Aluminium hydroxide is produced from bauxite in the Bayer process.
The outstanding features of aluminum hydroxide are its flame-retardant
properties, its high whiteness and low hardness. The product
HYRAFIL® 744 has already proven itself in epoxy resin systems.

HYDRAFIL® 744

Al(OH)3 99.9 %
Na,O 0.1 %
Fe,0; 001 %
HZ(2A) | hardness (Mohs) 3
UL | density 2.4 g/cm3
871 | brightness Y>90
pH-2} | pH-value 8

QIHFA

ALtH 2t | typical values
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Effective heat dissipation and electrical insulation

H|Z: SILATHERM®

AtSsh HEXAZ & 7| oFF 2t e Z 0t 2AE F&F S8 20k +7¢
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Product family: SILATHERM®

The number of E&E applications with regard to automation, networking
and other safety-relevant components is constantly increasing. In most
of these applications, the issue of heat generation and its effective
dissipation poses a major challenge. A clever combination of plastics
and fillers can be used to develop technically and economically viable
alternatives to metal solutions.

Thermal conductivity of plastics can be significantly increased

by adding special mineral fillers. They also give thermoset systems
better mechanical strength as well as thermal and dielectric
properties.

Various SILATHERM® types are available for the area of casting
compounds.
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Performance spectrum

In addition to thermal conductivity, fillers also have a strong influence on
other properties. With increasing filler content, the thermal conductivity
increases disproportionately. At the same time, the processability of the
thermally conductive plastic decreases. Thus, when selecting a thermally
conductive plastic, a compromise must always be made between thermal
conductivity, processability and material costs.

As with other materials, the advantages and disadvantages must be
considered, weighed and taken into account at the beginning of a
development process. Thus the main advantages can be used optimally.

Advantages at a glance

- significant increase in thermal conductivity

- electrical insulation

- excellent connection to the polymer matrix

- outstanding processability despite high filling

- Increased isotropy, heat distortion resistance and warpage resistance
- customised product adaptions

- worldwide availability and good price/performance ratio
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TREMIN 939-304 £ &t
USLICE

Brake pads

Our long needled wollastonite Products TREMIN® 939 achieve the
follwoing benefits in brake pads::

e reduction of abrasion
e lower degree of noise
e lower degree of vibration
e higher stability of the brakes
e leveling of abrasion
(low spread angle of the friction coefficient course)

e mechanical hardness increase of the green bodies in particular

Abrasives

In the abrasives segment, phenolic resins are primarily used for
metalfinishing I. e. grinding wheels, cut-off wheels and as binding
agents for sandpaper. In these applications, our high-quality kaolins
and calcium carbonats are used. In addition optimise distances
between the individual grains is achieved by the use of calcium
carbonate. Kaolin, however, can also be used in urea linked

abrasives.

PUR-RRIM applications

Long needle-shaped wollastonite TREMIN® 939 provides in automotive
parts produced with PUR-RRIM the following decisive benefits:

* high tensile strength
e good optical properties

e excellent ability for high-gloss varnishing

With the right dosage of TREMIN 939-304 a perfect e-modulus
can be adjusted.

/\ .
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Elastomers

Elastomers are dimensionally stable but elastic deformable polymers
such as fluoroelastomers or silicones. These polymers are used wherever
the high elasticity of the end product is important, e. g. in sealing rings,
tyres, cables, hoses, conveyor belts, floor coverings and in medical
technology. High-performance fillers offer a wide range of possibilities
for improving mechanical and electrical properties. In addition, they

allow good to very good colorability of the elastomer.
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Fluoroelastomers

Fluoroelastomers are highly specialised materials for the most demanding

applications in engine and mechanical engineering as well as in chemical
plant construction. They make seals for high-temperature applications and
particularly agressive chemicals possible in the first place.

Our short needle wollastonite flours have been used successfully for
many years as functional fillers in fluoroelastomers for example to adjust
hardness. In fluoroelastomers, our TREMIN® 283 products offer not only
good reinforcement but also the advantage of colorable, light-colored
compounds. Fluoroelastomers optimised with TREMIN® 283 are ideal

for applications under special conditions such as high mechanical stress

and offer the following advantages:

e excellent dimensional stability
* very good colorability

* high tear resistance

 Jow friction coefficient

e increased tensile strength

e improved chemical resistance

 higher temperature resistance

Rubber

Rubber has become indispensable in our everyday lives as an
extremely ductile material. Rubber is vulcanised natural or synthetic
rubber. Rubber polymers can be found where elasticity is particularly
important, e. g. in tyres, floor coverings, hoses, cables and conveyor
belts or in various household products. By adding kaolin types
CHINAFILL, the following properties are achieved in rubber
applications:

o excellent tensile strength

* high tear resistance

e increased modulus of elasticity
e very good colorability

e increased electrical insulation properties in cables

/\ .
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Silicone

Silicone is an elastomer with special properties: it is extremely elastic,
very heat-resistant, hydrophobic and has a high dielectric strength.
Unlike common rubber, silicones retain their properties over a wide
temperature range. Silicones are therefore used for gaskets, insulations
and moulded parts subject to high thermal stress and are indispensable
in medical technology, the electronics industry and the household.
Especially fine silica and cristobalite flours have proven themselves

in silicone. The following properties are achieved by using SIKRON®
and SILBOND® in silicones:

e adjustable elasticity or Shore hardness
 adjustable thermal expansion

e very good colorability

* increased electrical insulation properties

e reduced shrinkage

Recommendations for seals and cables

SIKRON® SF 600 silica powders or the surface-treated variants
SILBOND® 600 TST or SILBOND® 600 RST are particularly suitable

for seals and cables. Surface treated fillers ensure low viscosity during
silicone processing. By using these fillers, the electrical and mechanical
properties of the silicone part can be specifically influenced (e.g. increase

in electrical insulation behaviour).

Thermal conductivity of silicone encapsulants

The soft, thermally conductive elastomers are particularly suitable

for connecting warm or even hot electronic components on heat sinks
or printed circuit boards with adjacent metal housings. Suitable
SILATHERM® grades are available for use in thermally conductive
silicone encapsulants.
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Dental impression materials

017N YRt o 2 HEtst SILBOND® S&S HAFLICE Cristobalite flours are preferably used in silicone for dental impression

materials. Here we generally recommend the silanised SILBOND® grades.

SIITHE SHIE MEiSI0] At&otH ISRt QA M2 MEE RXISIHAM  The correct selection of fillers enables a very high degree of filling with
R =2 20| ZTEE U & JUSLICEL 0|2 Sl B8 =52 &4 the desired viscosity of the impression materials. This allows the greatest
sl5t0d Qlatel MU E SOiStE o~ QUSLICE iR slMol 2| AEE 2} possible precision of the impression to be achieved by minimising reaction
O|EE AHZSIH Qlat MZO0l| A Rp5 MM © k| = Eh E= 20 shrinkage. The very white cristobalite allows excellent colorability and
4EE g8 =+ AUBLLCE the desired elasticity or Shore hardness of the impression materials.

Ol &2 22| HEl Xt Extremely low proportion of coarse particles

o{7]o]| LSt R = H2[7t Y AZ|AEHEI0|E 0N 220l= 2 LAt Al silica and cristobalite fine flours listed here contain an extremely

A
7} 25| M2 H|EZ E35HE[0] QELICE 0|2 EF SHO| AF83H7| I8 Jow proportion of coarse particles. This is decisive for the functionality
U= stekE2l 0jM L z0) Hl of applications. Coarser particles would greatly impair the sealing
M7| B EME I 24AFl= U2 E  properties or the electrical insulating properties as inhomogenities
£ Zefghct in the microstructure of the compound, but would of course also lead
to negative effects in dental impression materials.

/\ -
HPE Minerals Ltd.
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Silanisation of mineral fillers

rr

With a specific surface treatment of mineral fillers,
attuned to the polymer system, the following features

are achieved:

* high weathering and chemical resistance
* high mechanical strengths

* increased tensile modulus

e enhanced filling degree

o excellent processability

The most reliable way to find out which coating produces the

best results for a specific polymer is by experiment.

HE S8 =20k | Recommended application

Z2|0f AJAH 2hd x|

polymer systems labelling
EP, EPDM, FA, MF, PA, PC, PE, PF, PP, PUR, PVC, UF, ~AST
E2|&E | polysulfone, =84 24t | aqueous dispersions
ABS, EP, MF, UP, SAN, PA, PC, PE, PF, PP, PS, PUR, PVC, - EST
LI|= =X | alkyd resins, CKSI2 | polysulfide, B 1A AMA® | waterdilutable systems
EP, PE, PMMA, PP, PS, SAN, UP - MST
2|2 12 | silicone rubber -RST
AM2|2 12 | silicone rubber TST
EPDM, EPM, EPT, PDAP, PE, PP, SBR, UP - VST

22 HPF fiir polymere Anwendungen | HPF for polymer applications
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Tailor-made solutions for you

We are happy to manufacture special products
for your specific needs and application and provide
you with small samples free of charge for trials.
Please do not hesitate to contact us!

ShAtel UL K| S CLP 74 (EC/1272/2008) 0| k2t STOT RE ZtE| 02| 1 = 2 2 BREL|CHL Ot XIS 2= T SRIQFHH|0[EAEN M S
= UFLICE

0] S8 7|& B Moj| LE2 RI= A} Z|chst FEtdof folsto] £E5H0 £5 afot HE Akl M 9l ek
‘of| cisl 2ls & 4 glon, M|3X S5 0| MEts|X| b=Che g BE .

0f7[0f] ALRE @ 7|S = it O|Afe| =TtollA 2 AHII SEEIUSE 20 . I} 7|E} 208 AHEI0| QoM HALZ HEISIMAIR. FtEEl BtR
SXof Q1.

g

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
we cannot take over liability for the results in individual cases and for the suitability and completeness of our recommendations, and cannot guarantee that

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.
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Tel: +82-2-6490-9977

7F, Glaston Bldg.,

108 Bongeunsa-Ro,
Gangnam-Gu,

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

Hidden inside - Performance outside!

Minerals Ltd.

A SUBSIDIARY OF THE QUARZWERKE GROUP




