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O A HCFFMANN

P 4 Status Quo NN ERIAE
INTRODUCTION * In recent years, the topic of lightweight construction has steadily
EXPERIMENTAL increased in importance, especially in the area of traffic and

transport.
RESULTS

 Thermoplasti I n important role here, includin I '
SUMMARY ermoplastics play an important role here, including polyamide

and polypropylene. These already have relatively low densities
and thus component weights.

« Various options are available for further weight optimization, and
hollow glass microspheres play a particularly important role here.

« SM™ Glass Bubbles are used for this purpose due to their
positive properties.

« Surface functionalization by means of covalent bonding of
organofunctional silane is a suitable method for optimizing
mechanical properties.

VM-0/0322/03.2022 3



A
o,

Objective [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

To show positive effects of surface functionalization in

» Polyamide PA6 and
» Polypropylene Copolymer

of GLOXIL iM16k A compared to 3M™ Glass Bubbles iM16k on the

mechanical property profile
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O A HCFFMANN

P4 Surface Functionalization TN ER/AS

A special process creates the GLOXIL iM16k A based on the micro

NTRODUCTION hollow glass sphere 3M™ Glass Bubble iM16k

EXPERIMENTAL

RESULTS

SUMMARY

N

Amino silane

3M™ Glass Bubbles
iIM16k GLOXIL iM16k A

VM-0/0322/03.2022 5



A
o,

Characteristics GLOXIL iM16k A

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Density [g/cm3]
Particle size D, [um]
Particle size Dy [um]
Specific surface area BET [m2/g]
élrljzeg anreenlng (%]
Flotation rate [%]
pH

Color L* (CIELAB)

Functionalization

Typical properties, no specification

0.46
22

45

2

0.2

96

10

98

Amino
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Selection

HOFFVMIANN
TN ER/AS

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

Polyamide PAG6

Ultramid® B3K

>

Hollow glass bubbles only

Combination

>

Glass fibers + hollow glass
bubbles

PP Copolymer
Bormod™ BF970MO

>

Hollow glass bubbles only

Combination

>

Talc / hollow glass bubbles

to Overall Summary | ’

VM-0/0322/03.2022
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PAG | HOFFMANN
Compound Formulations [AIINIE[R/ANE

INTRODUCTION

EXPERIMENTAL

PAG

RESULTS

SUMMARY

Obijective:
Density / weight reduction and still good mechanical properties

PA Compound Ultramid® B3K

BASF
Melt volume rate MVR 160 cm?/10 min (275 °C, 5 kg)

3M™ Glass Bubbles

0) _—
iM16k 0 to 14 % (m/m)

0 to 29 % (v/v)

_ 0to 14 % (m/m)
GLOXIL iM16k A 0 to 29 % (V/V)

All results were determined in the freshly molded (dry) state

Data determined by 3M Advanced Materials Division, Special Additives Laboratory

VM-0/0322/03.2022 8



A
o,

INTRODUCTION

EXPERIMENTAL

RESULTS

PAG

SUMMARY

| | | HOFFMANN
Density and Weight Reduction IMIINER/A
measured
g/cm3 ¢ 3M™ Glass Bubbles iM16k  «l»GLOXIL iM16k A
1.4
1.2 114
1.07 L 09
' 0.97
1.0
0.8
Weight Savings
0.6 5.7 % 10.5 % 14.5 %
0.4
0.2 . :
0 5 10 15

% m/m
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O A HOFFMANN

P 4 Tensile Modulus NN ERIAE
INTRODUCTION MPa «=3\|™ Glass Bubbles iM16k  «m»sGLOXIL iM16k A
EXPERIMENTAL 5000
RESULTS
PAG 4000
SUMMARY

3000
2719
2000
1000
0 . !
0 5 10 15

% m/m
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O A HOFFMANN

P 4 Flexural Modulus NN ERIAE
INTRODUCTION MPa =3\ ™ Glass Bubbles iM16k  «E»GLOXIL iM16k A
EXPERIMENTAL 5000
RESULTS
oG 4000

3200
SUMMARY 2950 3110
3000 2810 -
2810 2930 3060
2000
1000
0 . .
0 5 10 15
% m/m
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A
o,

INTRODUCTION

EXPERIMENTAL

RESULTS

PAG

SUMMARY

_ HOFFMVIANN
Yield Stress [MAINT =[R/A\E
MPa «$=3\|™ Glass Bubbles iM16k «l»sGLOXIL iM16k A
100

82 84 82 84
80 W
60 71 >
0] 6) 62
40
20

0 . .

0 5 10 15
% m/m
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Yield Strain MINER/A

O} HOFFMANN

INTRODUCTION % «==3M™ Glass Bubbles iM16k  =E»GLOXIL iM16k A
EXPERIMENTAL 8

RESULTS

PAG

SUMMARY

% m/m
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O A HOFFMANN

P 4 Flexural Strength NN ERIAE
INTRODUCTION MPa =3\ ™ Glass Bubbles iM16k  «E»GLOXIL iM16k A
EXPERIMENTAL 160
RESULTS 140

118 122 121 124
PAG 120

SUMMARY 100 118
109 103

80

84
60
40
20

0 . :
0 5 10 15
% m/m
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A
o,

Flexural strain

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

PAG

SUMMARY

at flexural strength

% «==3\|™ Glass Bubbles iM16k «=l»sGLOXIL iM16k A

10

SO r N W H» 01 O N 00 ©

5 10

% m/m

15
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O A HOFFMANN

/ Impact Strength Charpy [INTER/AL

INTRODUCTION kJ/m2 ~ =s=3M™ Glass Bubbles iM16k ~ =@eGLOXIL iM16k A

EXPERIMENTAL 140

RESULTS 120

PAG
100

SUMMARY

80

60

40

20

% m/m
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O} HOFFMANN

Notched Impact Strength Charpy N ER/A

INTRODUCTION KJme ~ =s=3M™ Glass Bubbles iM16k ~ =EeGLOXIL iM16k A
EXPERIMENTAL 4.0
RESULTS 3.5
PA6 3.0
SUMMARY

2.5

1.2

1.5

1.0

0.5

0.0 ' '

0 5 10 15

% m/m
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Summar
O A y HCFFMANN
/ PAG6 TN ER/ATE
GLOXIL iM16k A shows in comparison to the untreated hollow glass
spheres:

INTRODUCTION

EXPERIMENTAL

RESULTS

PAG

SUMMARY

Same density and thus weight saving potential

Comparable increase in stiffness (tensile modulus and flexural
modulus)

Significantly higher yield stress, largely independent of the filler
content at the level of the unfilled PAG6

Significantly higher yield strain, largely independent of the filler
content at the level of unfilled PAG

Significantly higher flexural strength, with increasing filler content
even higher than the unfilled PA6

+ Slightly higher impact strength

+

Slightly higher notched impact strength

- Obijective achieved:

+

density / weight reduction and good mechanical properties

Expectation: improved scratch resistance 0

VM-0/0322/03.2022 ‘ 18
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o,

More Results PA6 HCEFMANN
Glass Fibers + Glass Bubbles MINER/AS

INTRODUCTION

EXPERIMENTAL

PA6 GF15
+ Glass Bubbles

RESULTS

SUMMARY

Obijective:
Increase of filler content/stiffness without increase of density/weight
and still good mechanical properties

PA Compound Ultramid® B3K

BASF
Melt volume rate MVR 160 cm?/10 min (275 °C, 5 kg)

: 15 % (m/m) 17 % (m/m) 17 % (m/m)
Glass fibers 8 % (vIv) 8 % (V/V) 8 % (V/V)
3M™ Glass Bubbles 4 % (m/m) »
IM16k 10 % (v/v)
_ 4 % (m/m)
GLOXIL iM16k A 10 % (V/V)

Data determined by 3M Advanced Materials Division, Special Additives Laboratory

VM-0/0322/03.2022 ‘ ‘ 19



no
hollow glass spheres

3M™ Glass Bubbles GLOXIL iM16k A

IM16k

4 % m/m =10 % v/v

O A | HOFFMANN
P 4 Density NN ERAL
measured
INTRODUCTION glem?
EXPERIMENTAL 1.4
RESULTS 1.2
PA6 GF15
+ Glass Bubbles 1.0
SUMMARY
0.8
0.6
0.4
0.2

VM-0/0322/03.2022
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O A HOFFMANN

P 4 Tensile Modulus NN ERIAE

INTRODUCTION

e 4%
EXPERIMENTAL
RESULTS 5500
PA6 GF15 5000
+ Glass Bubbles

4500
SUMMARY

4000

3500

3000

2500

2000 | .

no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v

VM-0/0322/03.2022 21



O A HOFFMANN

P 4 Flexural Modulus NN ERIAE

INTRODUCTION MPa
EXPERIMENTAL 6000 +129% |
RESULTS 5500
PA6 GF15 5000
+ Glass Bubbles

4500
SUMMARY

4000

3500

3000

2500

2000 | .

no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v

VM-0/0322/03.2022 22



O A HOFFMANN

P 4 Tensile Strength TN ER/AS

INTRODUCTION
MPa
120 /%
EXPERIMENTAL
RESULTS 100
PA6 GF15
+ Glass Bubbles
80
SUMMARY
60
40
20
0 . .
no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v

VM-0/0322/03.2022 23



A
o,

Tensile Strain at Break MIINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

PA6 GF15
+ Glass Bubbles

SUMMARY

%

i

3M™ Glass Bubbles GLOXIL iM16k A

hollow glass spheres IM16k
4% m/m =10 % viv
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O A HOFFMANN

P 4 Flexural Strength TN ER/AS

INTRODUCTION MPa :
+
EXPERIMENTAL 160 10 %
RESULTS 140
PA6 GF15
+ Glass Bubbles
120
SUMMARY
100
80
60
40 I I
no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v
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O A HOFFMANN

/ Impact Strength Charpy [INTER/AL

INTRODUCTION KJ/m?
EXPERIMENTAL 35
RESULTS B
30 14 %
PA6 GF15
+ Glass Bubbles 25
SUMMARY 20
15
10
5
0 . .
no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v
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O} HOFFMANN

Notched Impact Strength Charpy N ER/A

INTRODUCTION KJ/m?
EXPERIMENTAL S +30 %
RESULTS

4
PA6 GF15
+ Glass Bubbles
SUMMARY 3

2

1

0 : .

no 3M™ Glass Bubbles GLOXIL iM16k A
hollow glass spheres IM16k

4 % m/m =10 % v/v
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O A | Summary HOFFMANN

P 4 PA6 GF15 + Glass Bubbles [MAINIERV/AT
GLOXIL iM16k A as an additive to PA6 GF 15 shows in
INTRODUCTION comparison to PA6 GF15 without hollow glass spheres:
EXPERIMENTAL » Slightly lower impact strength
RESULTS » Slightly reduced density and thus weight saving potential
PA6 GF15

+ Glass Bubbles Increase in stiffness (tensile modulus and flexural modulus)

Increase in tensile strength with unchanged tensile strain at break
Increase in flexural strength
Increase in notched impact strength

+
SUMMARY +
+
+

- Obijective achieved: higher stiffness without increase in
density/weight and good mechanical properties
+ Expectation: improved scratch resistance

VM-0/0322/03.2022 ‘ 28



A
o,

PP Copolymer HCEFMANN
Compound Formulations [AIINIE[R/ANE

INTRODUCTION

EXPERIMENTAL

PP-Copolymer

RESULTS

SUMMARY

Obijective:
Density / weight reduction and still good mechanical properties

PP Compound Copolymer Bormod™ BF970MO

Borealis
MFR 20 g/10 min (230 °C, 2.16 kg)

_ 0 to 25 % (m/m)
™ o
3M™ Glass Bubbles iM16k 0 to 40 % (V/v)

Scona TPPP 2112 GA

—_— 0
PP-g-MAH, approx. 1 % MAH, Byk > % (m/m)

0 to 25 % (m/m)
0 to 40 % (v/v)

Data determined by 3M Advanced Materials Division, Special Additives Laboratory

GLOXIL iM16k A —ee
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A
o,

Density and Weight Reduction

TN ER/A

INTRODUCTION
EXPERIMENTAL

RESULTS

PP-Copolymer

SUMMARY

measured; % m/m hollow glass spheres

g/cm3

1.2

1.0

0.6

0.4

0.2

¢ 3M™ Glass Bubbles iM16k  «l»sGLOXIL iM16k A

0.91

Weight Savings [ |
8.6 % 156 %  18.8 %
) 10 15 20 25

% m/m

30

VM-0/0322/03.2022
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O A HOFFMANN

P 4 Tensile Modulus NN ERIAE
INTRODUCTION MPa «=3\|™ Glass Bubbles iM16k  «m»sGLOXIL iM16k A
EXPERIMENTAL 2500
RESULTS 1992
PP-Copolymer 2000
SUMMARY

1500
1387 1477
1000
500
0 | | | | |
0 5 10 15 20 25 30

% m/m
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O A HOFFMANN

P 4 Flexural Modulus NN ERIAE
INTRODUCTION MPa =3\ ™ Glass Bubbles iM16k  «E»GLOXIL iM16k A
EXPERIMENTAL 2500
RESULTS 2040
PP-Copolymer 2000
SUMMARY

1500
1353
1000
500
0 I I I I I
0 5 10 15 20 25 30

% m/m
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O} HOFFMANN

Tensile Strength [INTER/AL
INTRODUCTION MPa «=3\|™ Glass Bubbles iM16k  «m»sGLOXIL iM16k A
EXPERIMENTAL 35
RESULTS 30
PP-Copolymer 24.3 24.7 24.6 24.9
25
SUMMARY
20 23.7
15
15.9
10 10.8
' 9.9
5
O | | | | |
0 5 10 15 20 25 30
% m/m
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O A HOFFMANN

P 4 Flexural Strength TN ER/AS
INTRODUCTION MPa =3\ ™ Glass Bubbles iM16k «E=sGLOXIL iM16k A
EXPERIMENTAL >0
RESILTS . 40.4 42.0
PP-Copolymer
SUMMARY

21.3

19.3

10

0 5 10 15 20 25 30
% m/m
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O A HOFFMANN

P 4 Impact Strength Charpy MINERAR
INTRODUCTION kJj/m2  “#=3M™ Glass Bubbles iM16k  «EsGLOXIL iM16k A
EXPERIMENTAL 140

123
RESULTS 120 BR123
PP-Copolymer
100
SUMMARY
80
65
60 - 52
40
39
20 33 33
0 I I I I I
0 5 10 15 20 25 30

% m/m
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A
o,

Notched Impact Strength Charpy

TN ER/A

INTRODUCTION
EXPERIMENTAL

RESULTS

PP-Copolymer

SUMMARY

kJ/m2 «=3|™ Glass Bubbles iM16k «@»sGLOXIL iIM16k A

10

©

SO F N W » O O N

5 10 15 20 25

% m/m

30
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A
o,

summary HOFFMANN
PP Copolymer [INTER/AL

INTRODUCTION
EXPERIMENTAL

RESULTS

PP-Copolymer

SUMMARY

GLOXIL iM16k A shows in comparison to the untreated hollow glass
spheres:

« Same density and thus weight saving potential
« Comparable increase in stiffness (tensile and flexural modulus)
+ Significantly higher tensile strength, largely independent of the

filler content at the level of the unfilled PP copolymer

+ Significantly higher flexural strength, with increasing filler content
even higher than the unfilled PP copolymer

+ Higher impact strength
+ Higher notched impact strength

- Obijective achieved:
density / weight reduction and good mechanical properties

+ EXxpectation: improved scratch resistance and reduced visibility of
scratch marks

Note on efficient dosing of PP-g-MAH:
Concentration should be in the range of 10 to 15 % (m/m), based on the

GLOXIL iM16k A dosage (applies to MAH content in PP-g-MAH of approx. 1 %, o
for other contents the concentration should be adjusted accordingly)

VM-0/0322/03.2022 ‘ 37
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More Results PP HCEFMANN
Talc / Glass Bubbles MIINER/A

INTRODUCTION

EXPERIMENTAL

PP-Copolymer
Talc / Glass Bubbles

RESULTS

SUMMARY

Obijective:
Density / weight reduction and still good mechanical properties

PP Compound Copolymer Bormod™ BF970MO

Borealis
MFR 20 g/10 min (230 °C, 2.16 kg)

20 % (m/m) 10 % (m/m) 10 % (m/m) 10 % (m/m)

[ 7% () 3%(N) 3% (N) 3% (Vi)

Fusabond® i 613 6% (mm) 6% (M/m) 6% (mim) 5 % (m/m)
-g- -

0.51t0 1 % MAH, Dow 6% (Iv) 6% (V) 6%(V) 4% (V)

3M™ Glass 5 % (m/m)

Bubbles iM16k 10 % (V/V)

5% (m/m) 5% (m/m) 10 % (m/m)

GLOXIL iM16k A 10% (viv) 10 9% (viv) 18 % (VIv)

Infuse™ 9000 10 % (m/m)
Olefin Block Copolymer 10 % (v/v)

Data determined by 3M Advanced Materials Division, Special Additives Laboratory
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INTRODUCTION

EXPERIMENTAL

RESULTS

PP-Copolymer
Talc / Glass Bubbles

SUMMARY

| | | HOFFMANN
Density and Weight Reduction [INTER/AL
measured
g/cm3
14
Lo Weight Savings
' 11.4 % 11.4 % 13.3 % 21.0% |
1.0
0.8
0.6
0.4
0.2
Talc -Talc +3M™ -Talc -Talc GLOXIL
Glass +GLOXIL +GLOXIL IM16k A
Bubbles iM16k A iM16k A
IM16k +Infuse
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O A HOFFMANN

P 4 Tensile Modulus NN ERIAE
INTRODUCTION MPa
2500
EXPERIMENTAL
RESULTS 2000
PP-Copolymer
Talc / Glass Bubbles 1500
SUMMARY
1000
500
0
Talc -Talc +3M™ -Talc -Talc GLOXIL
Glass +GLOXIL +GLOXIL iIM16k A
Bubbles IM16k A IM16k A
IM16k +Infuse
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INTRODUCTION

EXPERIMENTAL

RESULTS

PP-Copolymer
Talc / Glass Bubbles

SUMMARY

_ HCFFVANN
Yield Stress MIINER/A
MPa

28

26

24
22
20
18
16
14
12
10

$

=
-
-
-
-
-

Talc -Talc +3M™ -Talc -Talc GLOXIL
Glass +GLOXIL +GLOXIL IM16k A

Bubbles IM16k A IM16k A

IM16k +Infuse
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INTRODUCTION

EXPERIMENTAL

RESULTS

PP-Copolymer
Talc / Glass Bubbles

SUMMARY

HOFFMANN
Impact Strength Charpy [INTER/AL
kJd/m?2
120
+59 %
100
80
60
40
20
0
Talc -Talc +3M™ -Talc -Talc GLOXIL
Glass +GLOXIL +GLOXIL IM16k A
Bubbles IM16k A IM16k A
IM16k +Infuse
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Notched Impact Strength Charpy N ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

PP-Copolymer
Talc / Glass Bubbles

SUMMARY

k 2
J/7m +110 %
6
5
4
3
2
1
0
Talc -Talc +3M™ -Talc -Talc GLOXIL
Glass +GLOXIL +GLOXIL iIM16k A
Bubbles IM16k A IM16k A
IM16k +Infuse
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Summary PP Copolymer
Talc / Glass Bubbles [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

PP-Copolymer
Talc / Glass Bubbles

SUMMARY

GLOXIL iM16k A shows as partial and full replacement of talc
compared to PP Copo T20 without hollow glass spheres:

» Full replacement: slightly lower stiffness
« Partial replacement: comparable stiffness

+ Reduced density / weight saving potential up to 21 %

+ Increase in yield stress (and thus potential for introduction of
impact modifier)

+ Hardly any loss of yield stress despite impact modifier

+ Comparable yield stress at full replacement

+ Increase in impact strength, especially with addition of impact
modifier

+ Increase in notched impact strength, especially with addition of
Impact modifier
+ Comparable notched impact strength at full replacement

- Objective achieved:
density / weight reduction and good mechanical properties

+ EXpectation: improved scratch resistance ()]
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Summary Overall [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

GLOXIL iM16k A shows in comparison to the untreated hollow glass
spheres:

+

Same density and thus weight saving potential
Comparable increase in stiffness (tensile and flexural modulus)

Significantly higher yield stress or tensile strength, largely
independent of the filler content at the level of the unfilled polymer

Significantly higher flexural strength, with increasing filler content
In some cases even higher than the unfilled polymer

Higher impact strength

+ Higher notched impact strength

Various possibilities for compound modification with e.g. impact
modifiers without loss of other properties

Expectation: improved scratch resistance
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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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