*eC:€r Opea?,

Calcined Neuburg Siliceous Earth
In capacitor gaskets

HOFFMANN
[MINTE[RY/AL

Author: Nicole Holzmayr upply material for good idea



Contents

TN ER/A

Introduction

Experimental

Results

Summary

Appendix

VM-2/0314/09.2019



¢

Status Quo [WAINIER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Since 2010, calcined versions of Neuburg Siliceous Earth are

available — without a surface treatment as well as functional grades.

The calcination of Neuburg Siliceous Earth results in improved
properties of rubber compounds when compared to the standard

Neuburg Siliceous Earth grades.
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Objective [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Comparison of calcined clays Polyfil 80 and Burgess KE and
established Aktisil grades EM and VM 56 in a resin-cured butyl
rubber formulation to the Calcined Neuburg Siliceous Earth grades

Silfit Z 91 and Aktifit VM.

Key properties:
* Processing

Hardness
Moduli
Compression set

Heat aging
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Fillers, Characteristics MIINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Particle @]] Functiona- | Calcination
Size absorption | lization

aconol [9/100g]

Silfit Z 91 1.8 8.0 56 5 v
Polyfil 70 2.4 16 59 x v
Aktisil VM 56 1.5 5.9 47 Vinyl x
Aktifit VM 1.8 7.50) 5l Vinyl v
Burgess KE ) 4.10) 220) 70 vinyl v

Polyfil 80 was not available in Germany, so we used Polyfil 70
which is identical to grade 80 except for color.
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Preparation and
Curing of the Compound [MINIER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

* Mixing
Open mill @ 150 x 300 mm
Batch volume: approx. 1000 g
Temperature: 60 °C mixing
100 °C to avoid bubbles before removing the sheet
off the mill
Mixing time: approx. 30 min.

* Curing
Press, 6 min. / 200 °C

 Post-cure
2h/190 °C
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5 High CB Loading
j HCFFVIANN
' & Using N 990 AN RS
Formulation non-surface
: surface treated
in phr treated
INTRODUCTION
EXPERIMENTAL Silfit | Burgess| Aktifit | Aktisil
Z91 = VM VM 56
High CB, N 990
Butyl 268 100 100 100 100 100
RESULTS N 990 100 100 100 100 100
SUMMARY Polyfil 70 100 - - - -
Silfit Z 91 - 100 : - -
Burgess KE - - 100 - -
Aktifit VM - - : 100 -
Aktisil VM 56 - - : - 100
Zinkoxyd aktiv 5 5 5 5 5
Stearic acid 2 2 2 2 2
Dispergator FL 2 2 2 2 2
Tackirol 201 18 18 18 18 18
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Medium CB Loading Using N 774 HOFFMANN
! 7 + Additive MINIERAL
Formulation non-surface L
in phr treated
INTRODUCTION
EXPERIMENTAL Silfit |Burgess| Aktifit | Aktifit | Aktisil
Z91 KE VM VM VM 56
Medium CB, N 774,
with additive Butyl 268 100 100 100 100 100 100
N 774 50 50 50 50 50 50
RESULTS
Polyfil 70 150 - - - : -
SUMMARY Silfit Z 91 : 150 : : . .
Burgess KE - - 150 - - -
Aktifit VM - - - 150 175 -
Aktisil VM 56 - - - - : 150
Phenodur EP-560 2 2 2 2 2 2
Zinkoxyd aktiv 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
Dispergator FL 2 2 2 2 2 2
Tackirol 201 18 18 18 18 18 18
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6 Medium CB Loading HCFFMANN
' Using N 774, no Additive TN ERIATE

!: ormulation TEHH S surface treated
in phr treated
INTRODUCTION
EXPERIMENTAL Silfit |Burgess| Aktifit Aktifit Aktisil
Z 91 KE VM VM VM 56
100 100 100 100

Medium CB, N 774,

no additive Butyl 268 100 100

RESULTS N 774 50 50 50 50 50 50
Polyfil 70 150 - - - : -

SUMMARY Silfit Z 91 : 150 : : . .
Burgess KE - - 150 - - -
Aktifit VM - - - 150 175 -
Aktisil VM 56 - - - - : 150
Phenodur EP-560 - - - - : -
Zinkoxyd aktiv 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
Dispergator FL 2 2 2 2 2 2
Tackirol 201 18 18 18 18 18 18
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Overview [MINIER/AL

Part 1. High carbon black loading using N 990

Part 2: Medium carbon black loading using N 774 and
additive

Part 3: Medium carbon black loading using N 774
without additive

Summary

Appendix:

Results in detall
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5 High CB Loading
j HCFFVIANN
' & Using N 990 AN RS
Formulation non-surface
: surface treated
in phr treated
INTRODUCTION
EXPERIMENTAL Silfit | Burgess| Aktifit | Aktisil
Z91 = VM VM 56
High CB, N 990
Butyl 268 100 100 100 100 100
RESULTS N 990 100 100 100 100 100
SUMMARY Polyfil 70 100 - - - -
Silfit Z 91 - 100 : - -
Burgess KE - - 100 - -
Aktifit VM - - : 100 -
Aktisil VM 56 - - : - 100
Zinkoxyd aktiv 5 5 5 5 5
Stearic acid 2 2 2 2 2
Dispergator FL 2 2 2 2 2
Tackirol 201 18 18 18 18 18
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Processing in General [MINIER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

Problems regarding processing on the lab mill occurred with both
Polyfil 70 and Burgess KE:

x distinct stickiness on the mill

By using any Neuburg Siliceous Earth grade, stickiness was
avoided:

v" no stickiness with Neuburg Siliceous Earth
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Mooney Viscosity [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN 53 523 Part 3, ML 1+4, 120 °C

80 non-surface treated surface treated

70

60

50

MU

40

30

20

10

Polyfil Silfit Burgess Aktifit Aktisil
70 Z91 KE VM VM 56
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¢

Mooney Scorch Time

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN 53 523 Part 4, ML +5, 120 °C

- non-surface treated

surface treated

o1
|

Polyfil Silfit
70 Z91

Burgess

Aktisil
VM 56
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¢

Hardness MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN 53 505-A, piled-up S2 dumbbells; post-cured

- non-surface treated surface treated
70
< 65 -
@
(@]
c
)] 60 -
55 -
50 -
Polyfil Silfit Burgess Aktifit Aktisil
70 Z 91 KE VM VM 56
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Moduli

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN 53 504, S2; post-cured

non-surface treated

B HE Mod. 50 % Mod. 100 %

surface treated

N R
. \
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Compression Set, 72 h IMIINERALE

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN ISO 815-1 B, cooling method A, 25 % defl.; post-cured
HE 105°C 125°C OO 135°C

- non-surface treated surface treated
30
25 —
o N
> 20 % | -
\
15 RN N\ u
\ :
\
5 | —§ i
0 . . .
Polyfil Silfit Burgess Aktifit Aktisil
70 Z 91 KE VM VM 56
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Hot Air Aging, 72 h

Change of Elongation at Break MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

High CB, N 990

SUMMARY

DIN 53 508; post-cured
HE 105°C 125°C OO 135°C

non-surface treated surface treated
TN \ \ \ \
5 __§ B
\

TN I ‘
-20 ——§ Y
N
-25 |

-30
Polyfil Silfit Burgess Aktifit Aktisil
70 Z 91 KE VM VM 56
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6 Summary Part 1
! 7 High CB using N 990 [N ER/AE

Non-surface treated fillers

INTRODUCTION Silfit Z 91 in comparison to Polyfil 70
EXPERIMENTAL

RESULTS Processing +

SUMMARY

Hardness =
High CB, N 990

Moduli =
Compression set +

Aging =/+
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¢

Summary Part 1

High CB using N 990 N ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

High CB, N 990

Surface treated fillers

Neuburg Siliceous Earth grades in comparison to Burgess KE

Processing
Hardness

Moduli

Compression set

Aging

Aktifit VM Aktisil VM 56
- +
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6 Medium CB Loading Using N 774 HOFEMANN
! + Additive NIERAL

!: ormulation MBSO surface treated
in phr treated
INTRODUCTION
EXPERIMENTAL Silfit |Burgess| Aktifit | Aktifit | Aktisil
Z 91 KE VM VM VM 56
100 100 100 100

Medium CB, N 774,

with additive Butyl 268 100 100

RESULTS N 774 50 50 50 50 50 50
Polyfil 70 150 - - - : -

SUMMARY Silfit Z 91 : 150 : : : .
Burgess KE - - 150 - - -
Aktifit VM - - - 150 175 -
Aktisil VM 56 - - - - - 150
Phenodur EP-560 2 2 2 2 2 2
Zinkoxyd aktiv 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
Dispergator FL 2 2 2 2 2 2
Tackirol 201 18 18 18 18 18 18
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¢

Processing in General [MINIER/AL

INTRODUCTION

EXPERIMENTAL

Medium CB, N 774,

with additive
RESULTS

SUMMARY

Problems regarding processing on the lab mill occurred with both
Polyfil 70 and Burgess KE:

x distinct stickiness on the mill

By using Neuburg Siliceous Earth, stickiness was reduced:

v less stickiness with Neuburg Siliceous Earth

VM-2/0314/09.2019 22



¢

Mooney Viscosity [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

with additive

SUMMARY

DIN 53 523 Part 3, ML 1+4, 120 °C

80 non-surface treated surface treated
70
60 -
50 -
)
=40 -
30 -
20 -
10 -
O n T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56
175 phr
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¢

Mooney Scorch Time [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

with additive

SUMMARY

DIN 53 523 Part 4, ML +5, 120 °C

45 non-surface treated surface treated
40
35
30 -
£25 -
= 20 -
15 -
10 -
5
0 - . .
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z91 KE VM VM VM 56
175 phr
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€ HOFFMANN
' Hardness NI ERALL
DIN 53 505-A, piled-up S2 dumbbells; post-cured
INTRODUCTION
EXPERIMENTAL 100 non-surface treated surface treated
RESULTS 90
Medium CB, N 774, 30
with additive 70 -
SUMMARY < 60 -
D50 -
240 -
)
30 -
20 -
10 -
O n T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56
175 phr
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¢

Moduli MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

with additive

SUMMARY

DIN 53 504, S2; post-cured
HHE Mod. 50 % Mod. 100 %

non-surface treated surface treated

6 \
\ X
: \ \
R \ \
R\ \
i\
’ P(;I())/fil | glgllt Bulr<gEess | A\I;It\i/ll‘it | A\l;lt\i/ll‘it | Cl\ljltlglé

175 phr
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Compression Set, 72 h IMIINERALE

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

with additive

SUMMARY

DIN ISO 815-1 B, cooling method A, 25 % defl.; post-cured
HE 105°C 125°C OO 135°C

45 non-surface treated surface treated
40
35
30 —
25 N - -
\ \ N\ \
20 § % __§ § n
TEE \ N [ N \ a
N
10 - — —
5 4 — |
O n T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56

175 phr
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¢

Hot Air Aging, 72 h

Change of Elongation at B. MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

with additive

SUMMARY

DIN 53 508; post-cured
EE 105°C 125°C OO 135°C

0 non-surface treated surface treated
N | N Y | \ N \
NEFY YR
o N[N | N [\ :
< § § N § i
"o NN\ \ i
5N N[N | )
-25 Q %
-30 ||
-35
“ Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56

175 phr
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5 Summary Part 2 — Medium CB using
' N 774 + Additive MINTERAL

Non-surface treated fillers

INTRODUCTION Silfit Z 91 in comparison to Polyfil 70

EXPERIMENTAL

RESULTS Processing +

SUMMARY

Hardness =
Medium CB, N 774,

with additive

Moduli =/-
Compression set ¥

Aging =/+
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Summary Part 2 — Medium CB using
N 774 + Additive N ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Medium CB, N 774,

with additive

Surface treated fillers

Neuburg Siliceous Earth grades in comparison to Burgess KE

Aktifit VM Aktifit VM Aktisil VM 56
150 phr 175 phr 150 phr

Processing
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6 Medium CB Loading HCFFMANN
' Using N 774, no Additive TN ERIATE

!: ormulation Il SEEE surface treated
in phr treated
INTRODUCTION
EXPERIMENTAL Polyfil7 Silfit |[Burgess| Aktifit Aktifit | Aktisil
0) Z91 = VM VM VM 56
100 100 100 100

Medium CB, N 774,

no additive Butyl 268 100 100

RESULTS N 774 50 50 50 50 50 50
Polyfil 70 150 - - - : -

SUMMARY Silfit Z 91 : 150 : : . .
Burgess KE - - 150 - - -
Aktifit VM - - - 150 175 -
Aktisil VM 56 - - - - : 150
Phenodur EP-560 - - - - : -
Zinkoxyd aktiv 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2
Dispergator FL 2 2 2 2 2 2
Tackirol 201 18 18 18 18 18 18
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¢

Processing in General [MINIER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

Problems regarding processing on the lab mill occurred with both
Polyfil 70 and Burgess KE:

x distinct stickiness on the mill

By using Neuburg Siliceous Earth, stickiness was reduced:

v less stickiness with Neuburg Siliceous Earth
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Mooney Viscosity [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN 53 523 Part 3, ML 1+4, 120 °C

80 non-surface treated surface treated
70
60 -
50 -
)
=40 -
30 -
20 -
10 -
O n T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56
175 phr
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TN ER/A

Mooney Scorch Time

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN 53 523 Part 4, ML 1+4, 120 °C

non-surface treated surface treated

35

25 -
<20 -
S
15
5 I
O_ | |

Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z91 KE VM VM VM 56
175 phr

=
o
|
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¢

Hardness MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN 53 505-A, piled-up S2 dumbbells; post-cured

- non-surface treated surface treated
80
70 -
60 -
< 1
o 50
2 40 -
7))
30 -
20 -
10 -
O n T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56
175 phr
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¢

Moduli

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN 53 504, S2; post-cured
HHE Mod. 50 %

non-surface treated surface treated

Mod. 100 %

6
; \
: \ .
S 3 %&
\
2 _ |
1 _ L
0 . .
Polyfil Silfit | Burgess  Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56

175 phr
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Compression Set
72 h IMIINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN ISO 815-1 B, cooling method A, 25 % defl.; post-cured
HE 105°C 125°C OO 135°C

- non-surface treated surface treated
30
25 —

L 20 — -
15 1 N . N |
. NI N[ N @

N |
5 4 - |
O n T T T
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56
175 phr
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Hot Air Aging, 72 h

TN ER/A

Change of Elongation at B.

INTRODUCTION

EXPERIMENTAL

RESULTS

Medium CB, N 774,

no additive

SUMMARY

DIN 53 508; post-cured
HE 105°C 125°C OO 135°C

0 non-surface treated surface treated
N B N Y | N | N
-10 - \ | § ||
s N[ \ \
_ \ - |
S § =i \ N |
5\ T\ i
“_30 & § ||
-35
-40
-45
-50
Polyfil Silfit Burgess Aktifit Aktifit Aktisil
70 Z 91 KE VM VM VM 56

175 phr
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5 Summary Part 3 — Medium CB using
' N 774, no Additive MINTERAL

Non-surface treated fillers

INTRODUCTION Silfit Z 91 in comparison to Polyfil 70
EXPERIMENTAL

RESULTS .
Processing +

SUMMARY

Medium CB, N 774, Hardness =

no additive

Moduli -

Compression set +

Aging +
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Summary Part 3 — Medium CB using
N 774, no Additive N ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Medium CB, N 774,

no additive

Surface treated fillers

Neuburg Siliceous Earth grades in comparison to Burgess KE

Aktifit VM Aktifit VM Aktisil VM 56
150 phr 175 phr 150 phr

Processing
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C_onclusmn | HOFEMANN
High CB Loading, N 990 MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Replacing calcined clay by any evaluated Neuburg Siliceous Earth
v’ improved processing behavior

non-surface treated
Polyfil 70 — Silfit Z 91

« comparable property
profile

+ slightly better heat
resistance

+ improved compression
set

surface treated
Burgess KE — Aktisil VM 56 or Aktifit VM

« comparable property profile

— Aktisil VM 56: lower moduli

+ Aktifit VM: comparable moduli
improved compression set
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Conclusion
Medium CB Loading, N 774

HOFFVMIANN
TN ER/AS

INTRODUCTION
EXPERIMENTAL
RESULTS

SUMMARY

Replacing calcined clay by any evaluated Neuburg Siliceous Earth
v’ improved processing behavior

non-surface treated surface treated

Polyfil 70 — Silfit Z 91 Burgess KE — Aktisil VM 56 or Aktifit VM
« comparable property « comparable property profile

profile « Aktisil VM 56
+ slightly better heat + slightly better heat resistance

resistance _ _ _

_ _ + slightly improved compression set
+ improved compression _

o — lower moduli

« Aktifit VM

+ better heat resistance

+ improved compression set

— slightly lower moduli

= improved by increased loading
+ higher hardness
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Conclusion MINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

v Silfit Z 91 outperforms Polyfil 80 concerning compression set
along with comparable mechanical properties.

v Aktifit VM outperforms Burgess KE in the formulation with
medium carbon black loading using N 774 in compression set
and aging; modulus equals at higher loading along with higher
hardness and even further improved compression set.

Calcined Neuburg Siliceous Earth:

Material for good ideas
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TN ER/A

We supply material for good ideas!

HOFFMANN MINERAL GmbH Phone: +49 8431 53-0
Muenchener Stral3e 75 Internet: www.hoffmann-mineral.de
DE-86633 Neuburg (Donau) E-mail: info@hoffmann-mineral.com

Our applications engineering advice and the information contained in this memorandum are based on experience and are made to the best of our
knowledge and belief, they must be regarded however as non-binding advice without guarantee. Working and employment conditions over which we
have no control exclude any damage claim arising from the use of our data and recommendations. Furthermore we cannot assume any responsibility for
patent infringements, which might result from the use of our information.
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