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1 Introduction

Material characterization encompasses the comprehensive material characterization of
materials that were presented in WP 1 on the basis of the product requirements of the
partner companies Gorenje gospodinjski aparati d.o.o. and Intra lighting d.o.0. have been
selected. The research partner Faculty of Polymer Technology (FTPO) manufactured the
test specimens from these materials (compounding and injection moulding) and Gagtﬁer
with project partner Montanuniversitaet Leoben (MUL) and Polymer Comp({@;(?enter
Leoben GmbH (PCCL) comprehensively examined tk@\ samples
thermal/mechanical/physical/haptic/wear properties. The final po (s surfaces were
analysed with new developed cool touch test method by all @je grtners. The aim of
these activities was to find the most suitable material (pm&) for optimization and
manufacture of the protypes with a demonstrator too},)&“e:%port is divided into three
content parts. In the first part the material compositior.is described. In the second part
the cool touch test method generation with r Al\s presented. In the third part the
measured properties are presented. The Oqfiu ion includes further measures required
for the optimization and production o p(’sYte with high thermal conductivity. Finally,

the publications resulting from W listed in the last point.

o
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2 Materials for characterization

In Table 1, the samples with their composition are presented. For greater transparency,

the following abbreviations were used in the table:

>

VvV V. V V V V VY

\<
Sampl

)vvvvvvvvvvvv

PE-HD - polyethylene high density; DOW HDPE 25055 E NATURAL

PP — polypropylene; Ineos 100-GA02 DTA 1105 \A
PA — polyamide; Akulon K222-D Natural

ABS — acryl-nitrile-butadiene-styrene; Elix ABS P2H-AT/0101083 u\sozo‘z

PS — polystyrene; Edistir SR550 257869 ‘ U

PC - Sabic Lexan 243 R )

Al — aluminium dust from the company Talum, Slovenia,

C — compatibilizer; for PE-HD: Exxelor PE 104 @> Exxelor PO 1020; C-
SEBS: Graftbond SEBS-GMA ; C-TPU: U TU-%%VU

BN — boron nitride; 3M Powder BN CF Plat(eleQ‘G‘YZP

WP — waste paper from Papirnica Vevc":e
T- talc; Plustalc H15

GF — glass fibres; 3B Flberg<?@*128 10N

W — Wollastonite; As.pecg-n
CaCO03-S — CaCOs wit all partlcle size; Calplex Extra
CaCO03-B - CaCO3z w g particle size; Calplex 40

L — lubricant ER

MB1 — Mast &Ch\metallic silver - Maxithen HP7BA5567 Metallic silber

MB2 - M%' Batch metallic blue - Maxithen HP5BB4417 Metallic blau

MBQS dster Batch metallic grey - Maxithen HP9BA8837 Metallic grau

ML‘A_, Master Batch metallic violet - Maxithen HP5BB4397 Metallic violett

MB5 — Master Batch metallic brown - Unimax UNS8BA5427 Metallic braun

es from 822 2019 _0103_06 to 822 _2019_0103_09 are commercially available

-

high thermal conductive composites and were used as reference samples. For all other

samples the project partners confirm composition and all of them were compounded at

FTPO on twin screw extruder and injection moulded to get samples for further laboratory

characterization.
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Table 1: Materials used for the characterization — overview with the composition for the
composites compounded within the project. Commercially available samples are written

in red.

Sample Nr. Composition
822_2019_0103_00 PE-HD
822_2019_0103_01 PE-HD 5Al 10C
822_2019_0103_02 PE-HD 5AI 30C

822 2019 _0103_03

PE-HD 20Al 10C

822 2019_0103_04

PE-HD 20Al 30C

822_2019_0103_05

PE-HD 12.5A1 20C

822_2019_0103_06

N2003-M

822_2019_0103_07

Makrolon TC8030

822 2019 0103 08 Konduit PX11313
822 2019 _0103_09 Konduit PX13012 ()
822 2019 0103_10-1 TPU Al foil 20 v
822 2019 _0103_10-2 TPU Al foil 30 \NY

822 2019 _0103_10-3 TPU Al foil 50 |

822 2019 _0103_10-4

822 2019 _0103_10-5

TPU Al foil 100 _
TPU Al foil 200\,

822 2019 _0103_10-6

822_2020_0056_01

TPU w&o‘
PE-H

822_2020_0056_02

P&—lD 10T

822_2020_0056_03

822_2020_0056_04

gﬁb 20T
HD 30T

822_2020_0056_05 PE-HD 10T 2C
822_2020_0056_06 PE-HD 20T 4C
822_2020_0056 PE-HD 30T 6C

822_2020

PE-HD 10CaCO3-S

PE-HD 20CaCO3-S

822 2 bécvm -2

822"2020 0127 _01-3

PE-HD 30CaCO3-S

2020_0127_01-4

PE-HD 10CaCO3-S 2C

822 2020 _0127_01-5

PE-HD 10CaCO3-S 4C

822 2020 _0127_01-6

PE-HD 10CaCO3-S 6C

822 2020 0127_02-1

PE-HD 10CaCO3-B

822_2020_0127_02-2

PE-HD 20CaCO3-B

822 2020 0127_02-3

PE-HD 30CaCO3-B

822_2020_0127_02-4

PE-HD 10CaCO3-B 2C
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822 2020 0127_02-6

PE-HD 10CaCO3-B 6C

822 2020 0164 01

PP 50BN 2L 3C

822 2020 _0164_02

PP 50BN 2L 4C

822 2020_0164_03

PP 50BN 2L 5C

822 2020_0164_04

PP 50BN 2L 6C

822 2020 0164 05

PP 50BN 2L 7C

822_2020_0164_06

PP 40BN 10WP 2L 5C

822 2020 0164 07

PP 30BN 20WP 2L 5C

822_2020_0164_08

PP 25BN 25WP 2L 5C

822_2020_0164_09

PP 60BN 2L 5C-SEBS

822 2020 0164 _10

PP 70BN 2L 5C-SEBS

822 2020 0164 11

PP 80BN 2L 5C-SEBS

822 2020 _0190_00 PC

822 2020 _0190_01 PC 50BN

822 2020_0190_02 PC 50BN 5C-TPU  {

822 2020 _0190_03 PC 50BN 5C2-PE N\

822 2020 _0190_04

PC 50BN 5C1-SEBS

822 2020 0218 01

822 2020 0218 02

822_2020_0218_03

PP 60BN 2L 50,
PP 5% 5C

PP 5 OGF 2L 5C

822 2020 0218 04

PRA45BN"5GF 2L 5C

822 2020 0218 05

822_2020_0218_06

Cff N 20GF 2L 5C
35BN 25GF 2L 5C

822 2020 0218_07

PP 30BN 30GF 2L 5C

822 2020 0218_08{

» ¢|PP 25BN 35GF 2L 5C

822 2020 0218 (09”3 *

PP 20BN 40GF 2L 5C

822_2021_@

PA6 30BN 30W 2L

PAG6 30BN 30GF 2L

822_202 @Nﬂ 6
822420210015_17

PA6 30BN 30T 2L

PAG 30BN 30CaCO3B 2L

%02 0015_18
8222021 _0015_19

PAG 30BN 30CaCO3S 2L

822 2021 _0015_20

PA6 30BN 30W 2L 5C

822 2021 0015_21

PA6 30BN 30GF 2L 5C

822 2021 0015_22

PAG6 30BN 30T 2L 5C

822 2021_0015_23

PAG 30BN 30CaCO3B 2L 5C

822 2021 _0015_24

PAG6 30BN 30CaCO3S 2L 5C
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822_2021_0015_DoEnew PAG6 20BN 28CaCO3B 2GF 2L 4C

822_2021_0015_DoEnewMB | PA6 20BN 28CaCO3B 2GF 2L 4C 3MB

822_2021_0015_MB

PAG6 15BN 5CaCO3B 30GF 2L 4C 3MB

822 2021_0109_00

PAG 60BN 4C

822 2021_0109_01

PAG6 60BN 4C 5MB1

822 2021 _0109_02

PA6 60BN 4C 5MB2

822_2021_0109_03

PA6 60BN 4C 5MB3

822 2021 0109 _04

PA6 60BN 4C 5MB4

822 2021_0109_05

PA6 60BN 4C 5MB5

822 2021_0110_00

PP 60BN 4C

822_2021_0110_01

PP 60BN 4C 5MB1

822 2021 _0110_02

PP 60BN 4C 5MB2

822 2021 _0110_03 PP 60BN 4C 5MB3 Fo \
822 2021 _0110_04 PP 60BN 4C 5MB4 \
822 2021_0110_05 PP 60BN 4C 5MB5  { ‘

822 2021_0111_00 PC 60BN 4C N\

822 2021_0111_01 PC 60BN 4C 5MB 1

822 2021 _0111_02 PC 60BN 4C gﬂ?z

822 2021 0111 03 PC 60B 5MB3

822 2021 _0111_04 PC 6&%&84

822 2021_0112_00 A&GOBN 4C

822 2021 0112_01 BOBN 4C 5MB1

822_2021_0112_02

60BN 4C 5MB2

822 2021 _0112_03

ABS 60BN 4C 5MB3

822 2021 0112_04{

» ¢| ABS 60BN 4C 5MB4

822 2021 01120573 *

ABS 60BN 4C 5MB5

822_2021_0@

PS 60BN 4C

PS 60BN 4C 5MB1

822_202“_3 01

PS 60BN 4C 5MB2

PS 60BN 4C 5MB3

82222021-0713_02
%02 0113_03
822"

021_0113_04

PS 60BN 4C 5MB4

822 2021 0113 05

PS 60BN 4C 5MB5

822 2021 0164 _01

PC 60BN 4C 5MB1

822 2021 0166_01

ABS 60BN 4C 5MB1

822 2021 0180_01

PBT 40BN 20GF 4C 5MB4
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3 Cool touch testing of selected materials

For the evaluation of cool touch, the thermal conductivity measurements are not always
feasible due to the shape and dimensions of the tested object. Therefore, the project
partners decided to develop a new test method to evaluate cold touch to be able to
perform evaluation also on the uneven surfaces directly on the devices where thoségparts
are installed. For the evaluation, the produced test parts from two selected techr@les:
IML (in mould labelling) and compounded high thermally conductive ¢ ites were
used, namely all samples with production number 822 2019 0103. im of this
evaluation was cool-touch feeling, tests independently of each Q ual and the test

procedure must be quick without limitation regarding shape of tested object. To

produce test specimens the tool with the dimensions 60 m mm X 4 mm was used.

N

In Figure 1 the produced parts are presented.

Figure 1 :@ed samples for the cool touch method evaluation (822_2019_0103).

FQe was developing the cool-touch method at each project partner. The limitations
during test performance were evaluated as well as results. In the second step the
common method was developed and the samples selection for the next generation of
cool-toch test method. Test were performed again at all project partners together with
evaluation of the results. For this step the samples 822 2019 0103 06,
822_2019 0103 _08, 822_2019_0103_09, 822_2019_0103_10-4,822_2019_0103_10-5
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and 822 2019 0103 _10-6 were chosen. After the evaluation of all results the test method

was defined:

» tempering of samples for at least 24 hours at 23 °C,

» before touching each sample, metal plate is touched for 5 seconds with palm,

» test samples are touched with the same palm and waited for 3 seconds,

» the evaluation of feeling is made (lower number for cooler feeling, higher nu%f'or

warmer feeling),

Y

.
each sample must have different number of evaluations, \@

» maximum number of samples is 6. K

In Figure 2, the collected results from the selected samples ixf resgwted.

P |

Touch test evaluation of results

[or]

42 ® Thermal conductivity
RN 8_ 7 B FTPO
X
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Figure 2: Collected evaluation from the developed Cool-touch test method with the
thermal conductivity measurements (green bulks) and contact temperature calculations
(brown bulks).
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4 Thermal/mechanical/physical properties of the

materials

Not only cool touch, but also thermal, mechanical, and physical properties of the materials
are crucial for the composites with high thermal conductivity. The characterization of the
produced samples was mainly conducted at FTPO, PCCL, and MUL. To achiev se',of
goal of the project — closer cooperation between institutions — the Round ests

<&
were conducted for the DSC method and Hot Disk method. \w—)

The Round Robin test for DSC was done at FTPO and PCCL a‘dcipe results are
presented in the Figure 3. It is obvious that the results are V\{)omparable which

indicates a high level of scientific expertise in carrying out t?% asufements.

00000000000000000000

0000000000000000000000000000000000000000

Figure 3: Roﬂ%m DSC test results for the samples from 822_2019_0103_00 to

822_201?“05 (melting temperature top left, crystallization temperature top right,
ntﬂélpy bottom left, crystallization enthalpy bottom right).

\<

Round Robin tests were performed also for the thermal conductivity at FTPO, PCCL, 3M
and C3. The results are presented in Figure 4. The values obtained at FTPO and PCCL

match closely, a lager and unexplainable difference is found at C3.
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[
A (W/mK) — | A (W/mK) = | A (W/mK) —
o FTPO c3 3M
%"’“ - Sample Nr. 2mm 2mm 2mm
822_2020_0164_11 4,41 8,73 4,17
. 822_2020_0190_02 1,79 4,84 1,07
822_2020_0218_07 0,83 3,01 0,77

Figure 4: Round Robin Hot Disk test results for the samples from 822 2019 01 é&@:
to 822 2019 0103 _05 (FTPO-PCCL) on the left and samples 822_2020_‘01% ’
822 2020 0190 02 and 822 2020 0218 07 (FTPO-C3-3M) on the rigﬁ;’

\

All the samples produced at FTPO with injection moulding t&qhngogy were tested and
characterized at FTPO (thermal, mechanical, and phy, ic@ro erties), some of them
were also tested at PCCL (DSC, thermal conductiyi)%aaptic, and wear) and MUL
(material data required for a filling simulation, egp,én',and pvT). Close to project end

also the tribological properties were charact at PCCL. The findings will be

\‘\
N
Nevertheless, the decisive prope fa Q’samples was thermal conductivity. With the

addition of different fillers, the

described in section 5.

ermal conductivity was enhanced from 0,48 W/mK to
0,61 W/mK (PE 20Al), 0,72 \/Q;(\(PE 30T), 0,56 W/mK (PE CaCO3-S) and 0,57 W/mK
(PE CaCO3-B). With the :ddi of BN the thermal conductivity was more enhanced, but

with bigger amount Of ‘i BN. For the composites with PP matrix the influence of the

BN amount in t%&npbsite on the thermal conductivity is presented (Figure 5). As
evident from \‘igtjre 5, the thermal conductivity enhancement is linear to app. 40 %
addition (if‘%\\{vith the higher amount of BN in the PP matrix the thermal conductivity
incmaSé is"exponential. At the samples 822 2020 0164 the amount of compatibilizer
w arigd and the highest thermal conductivity was achieved with 5 % compatibilizer.
Composites without compatibilizer had lower thermal conductivity compared to the
composites with compatibilizer. Addition of the GF instead of BN lowered thermal
conductivity. In the composites with the PA6 matrix and 30 % BN and 30 % inorganic
fillers (samples from 822 2021 0015 05 to 822 2021 _0015_19) the highest thermal

conductivity had composites with GF. After the addition of the compatibilizer (samples

page 10 of 23
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from 822 2021 0015 20 to 822 2021 _0015_24) the thermal conductivity raised to
higher values and the highest thermal conductivity showed addition of GF. Also, after
addition of metallic Master Baches the thermal conductivity was enhanced. The results
are presented in the Table 2.

%
5
“ y=0,0004x° - 0,0027x* + 0,007x* + 0,0125x2 + 0,0274x + 0,5571
4 R? = 0,9997
§ )
g e
g S i
e
0,5 - ................ . ............. .
0 .
| | | BN content (%) 7
A 4

Figure 5: Thermal conductivity @s a fumction of added BN in the PP matrix.

O

Table 2: Thermal co ity of the composites with the addition of 60 wt.% of BN.

Matrix PA 6 PP PC ABS PS

Number @ 109 110 111 112 113
Master B Q A A A A A

(W/mK) | (W/mK) | (W/mK) | (W/mK) | (W/mK)

2,74 1,95 1,97 2,41 2,01

en HP7BA5567 Metallic silver 3,48 2,26 2,63 2,16

Maxithen HP5BB4417 Metallic blue 2,93 24 2,68 2,03

Maxithen HPOBA8837 Metallic grey 3,05 2,22 2,84 2,42

Maxithen HP5BB4397 Metallic violet 3,81 2,31 2,54 2,67

Unimax UNS8BA5427 Metallic braun 2,92 2,36 2,8 2,15
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Mechanical properties are influenced on the amount of BN addition. Till 50 % BN the
stiffness and strength are enhanced if the composite is properly compatibilized. With
higher amount of BN, stiffness, and strength dropped. The toughness decreased with the
increasing addition of BN. At the addition of WP the stiffness remained on the same level,
the strength was enhanced and also toughness. With the addition of Al the strength and
stiffness are enhanced, and the toughness remained at the same level due toy @od
compatibilization of the composites. Addition of talc and small CaCO3s enhanced G.re"@‘:[h
and stiffness and lowers toughness, with the compatibilizer even better. ‘N@h‘&iition
of bigger CaCOs the strength and stiffness were enhanced in the @e‘ce of the
compatibilizer, and the toughness remained at the same level. T Sd‘d‘i’ti'on of GF into
the PP based BN composites, the stiffness reached max. value at{;/o GF, the strength
reached max. value at 15 % GF. Addition of wollastonite enb@csd stiffness and strength
less than talc and talc less than GF. Addition of CaCO?}hlaﬁced stiffness and strength

@

less than wollastonite. ) O

N
Huge influence on thermal properties has additi&o N for HDT. It was increased for all
samples. Additionally, the HDT is enhanc&l&‘vi% the addition of GF, talc and CaCO3-S
and CaCQO3-B. HDT is enhanced al ﬁeraddition of WP till 20 %.

The most interesting was the Qﬂuenge of the compatibilizer type on the thermal and
mechanical properties of the based composites with 50 % BN (Table 3 and 4 as well
Cuess reached between 3,8 GPa and 9,8 GPa (from 7,5

,0:GPa neat PC) and the strength between 39 MPa and 64 MPa
5 BN and 101 MPa neat PC). The glass transition temperature

as in Figure 6 and 7). The s
GPa for PC 50BN a

(from 49 MPa fo

@

dropped to WQS °C (from 130 °C for PC 50BN and 143 °C neat PC). Detailed
informati?rr‘lj‘]ft that topic could be found in the publication of Bolka et al. [1].

T{am&f Eléj(ural tests collected results for the samples 822 2020 0190.

Sample Flexural Flexural strength | Flexural strain at flexural
modulus (GPa) (MPa) strength (%)

822_2020_0190_00 1,97 101,4 8,12

822 2020_0190_01 7,53 49,5 0,78

822 2020_0190_02 9,77 64,2 0,77

822 2020_0190_03 3,77 38,8 1,43

822_2020_0190_04 7,1 63 1,38
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23.04.2021 07:06:00

2.segrevanje
Sample: DSC 822_2021_0190_00, 30,8710 mg

Midpoint ASTM, IEC 143,01 °C
Delta cp ASTM, IEC 0,120 Jg~-1K~-1

Midpoint ASTM, IEC 130,23 °C =

Sample: 822_2020_0190_02, 54,6200 mg Delta cp ASTM, IEC  74,316e-03 Jg~-1K~-1

0.2 Integral -14,75 mJ X
Wgn-1 normalized -0,50 Jg~-1 Seg:: 6
peak 228,90 °C
Midpoint ASTM, IEC 96,59 C $
Sample: 822_2020_0190_03, 56,7560 mg DeftacpASTM, [EC  3,219e-03 Jg*-1K"-1 Integral “332,60mJ
nomalized -6,09 Jg*-1 Se.: 6 1 4
Peak 21943 C
MidpointASTM, [EC 11943C [\""—-—‘—\_ —_———
................. DettacpASTM, IEC  54,932-03 Jg*-1K~-1 A o — e
Memod DSC25300C T Heeee.., S <~ Integral -122,85mJ -
e, normalized -2,16 Jg*-1 Seq.: 6
1]25 o wc 1,00 min, N2 20,0 mVmin B L Peak 22391 C
[2]25,0.300,0 °C, 10,00 K/min N2 20,0 mYmin T
[3]300,0 <C, 1,00 min, N2 20,0 mI/min TN p—— e
4]300,0..25,0 °C, 10,00 K/min,N2 20,0 m¥min Midpoint ASTM, [EC 127,66 C
5]25,0 °C, 5,00 min, N2 20,0 mmin Deltacp ASTM, IEC 66,1556-03 Jgr-1K"-1 Seq.: 6
6] 25,0..300,0 °C, 10,00 K/min,N2 20,0 mVmin Integral -93, AJ
7]300,0 <C, 1,00 min, N2 20,0 mlmin normalized -1 87 Jgt-1
8]300,0..25,0 °C, 10,00 K/min,N2 20,0 m¥min Peak 22515C
Synchronization enabled
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 °C
Faculty of polymer technalogy - Sioven) Gradec: METTLER STAR" SW 15.00

Figure 6: DSC thermograms for the samples 822_2020 O%e
heating.
7.

N

valuations of second

Aax0 TGA 822 2020_0190 22.04.2021 10:50:31
»
Sample: TGA 822_2020_0190_00, 18,3806 mg Step -75,0222 % Step -24,4687 % Step -99,4908 %
-13,7895 mg -4,4975 mg -18,2870 mg
1 Residue 0,5096 % I\ \
93,6621e-03 mg \\ \
Sample: TGA 822_2020_0190_01, 26,3219 mg Step -39,8549%  Step L
-1 N\
sample: TGA 822_2020_0190_02, 37,9278 mg Step -42,3525%  Step -9,0301 % Step 51,3826 % ~
o -16,0634 mg -3,4249 mg -19,4883 mg
% Residue 48,6172 % "
18,4394 mg i
Sample: TGA 822_2020_0190_03, 25,9035 mq Step -42,11519%  Step -9,2800 % Step  -51,3952% \
7109093 mg 2,038 mg -13,3131 mg \
Residue 48,6046 %
12,5903 mg
Sample: TGA 822_2020_0190_04, 27,9816 mg Step -42,3800%  Step -10,2612 % Step  -52,6412%
-11,8586 mg -2,8713mg -14,7299 mg
- Residue 47,3586 % *
13,2517 mg
Method: TGA 40-550°C N2 + 550°C 10 min 02 Al-u loncek
dt1,00s
[1] 40,0..550,0 °C, 10,00 K/min, N2 20,0 mi/min
2] 550,0 °C, 10,00 min, 02 20,0 mi/min
Synchronization enabled .
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 550 C
K + + + + + + + + + + + + + + + + + + + + + + + + + T T y T T
0 2 4 5 3 10 2 1 16 B 2 2 . » El IS B “# % @ 0 % 54 $ 58 6omin
Faculty of polymer technalogy - Sloveny Gradec: METTLER STAR SW 15.00

A 4

Figure 7:

ermograms for the samples 822 _2020_0190.

Tim “DMA collected results for the samples 822 2020 0190.

Sample

E‘ at 30 °C (GPa)

HDT (°C)

Ty at tan 8 (°C)

Peak at tan & (-)

822_2020_0190_00

1,98

147,4

158/197

1,715/0,814

822_2020_0190_01

5,41

145,5

149/174

1,218/0,903

822_2020_0190_02

7,8

129,6

134/157

1,234/0,939

822_2020_0190_03

3,84

140

146/174

1,375/0,902

822 2020 _0190_04

5,19

147.,4

151/182

1,274/1,057
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5 Haptic/wear properties of selected materials

PCCL and MUL supported the WP-Leader FTPO with different measurements to
strengthen the cross-border cooperation on the one hand and to achieve the required
project goals on the other hand. The main focus of PCCL was set on: (i) several bilateral
meetings with FTPO and MUL to define the material formulations (see Table &?d
discuss the obtained results, (ii) determination of the haptic properties of CI9:ed
materials in terms of roughness measurements, and (iii) investigatioh wear
properties of samples with production number 822 _2020_0190 (PCSO \3 different

compatibilizer).

5.1 Determination of the haptic properties of sele \laterials in terms of
roughness measurements

Preliminary investigations showed that the ro of the molded part varies
significantly depending on the material use utilizing an injection mold with a
standard insert (R, = 0,26 pum, Flgure8 edetalls see Kerschbaumer et al. [2].

PE-HD Q AI 10C  PE-HD 20AI 30C
‘: ; oe;_ﬁ__ )._

Gorenje

Makrolon
TC8030 N2003-M

Konduit PX13012 .

Figure 8: Ranking of the preliminary investigations on the impression quality of

commercially available thermoplastics by means of a confocal microscope and employing

a standard insert with a line roughness of R, = 0,26 um.

page 14 of 23



O~a@ P TSI
®00 FTP0 -5 nterreg E
Faculty of (o) y €Tal | L .> siovena-avstria
Polymer Technology 6  SLOWENIEN - OSTERREICH

Evropska unija | Evropski sklad za regionalni razvoj
Europaische Union | Europaischer Fonds fiir regionale Entwicklung

Consequently, this hypothesis was formulated: The shape, the amount and the size of
the fillers used are decisive for how the surface of the mold will be formed. The whole
consortium decided to investigate this hypothesis in a scientific way, as the microstructure
of molded parts has a decisive influence on the touch-feel sensation. For this purpose,
three inserts with significantly different roughness values were provided by the partner
Richard Hiebler GmbH. The applied equipment for the production of injection lded
parts is shown in Figure 9 and the used materials were based on PE-HD c@nng
different filler content, filler size, and compatibilizer (production number 8 0056
and 822 2020 0127 in Table 1). (O

Runner

Area of interest

6 Film gate

O

(b)

ess values. (a) Mold with interchangeable inserts. (b) Injection molded part with a

F@?&Applied equipment for the production of injection molded parts with specified
rou

dimension of 60 mm x 60 mm x 4 mm applying an insert without a specified roughness.
(c—e) Provided mold inserts from Richard Hiebler GmbH., Stainz, Austria, with target line
roughness values R, of 0,2 um, 0,8 um, and 3,2 um to produce rectangular shaped parts

with a dimension of 60 mm x 60 mm x 2,5 mm [3].
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As a result, and illustrated in Figure 10, a distinction must be made between two cases,
whether it is possible for the unfilled matrix polymer to flow to the bottom of the valleys or
not. If the flow front of filled thermoplastics does not solidify before reaching the bottom
of the valleys, an increase of the filler diameter and of the filler content causes an increase
of AR,, i.e., the molded part becomes rougher compared to the selected insert roughness.
Another influencing factor is related to the size of the filler, i.e., whether it fits into the
valleys or not. However, if this is not the case, e.g., when using inserts with R@ues
lower than 0,8 ym and the filler CalPlex 40 with a D50-value of 16 —@Jm, the
geometry of the filler is primarily molded. Once the flow front solidifieéx reaching
the valleys, e.g., as observed for insert roughness of 3,2 ym, thi &nerally leads to
significantly smoother specimens. Any addition of filler as welhiasQnge in the quantity

of filler or compatibilizer reveals no significant effect on the

® 2

sion quality.

o Does it fit into the microstructure of theiinjection mold?
%
g
S
D
50
3 YES o Not always
=
5
g -
E
w0
o
g
E
5 v V¥
S
= smooth mold rough mold
; 9-‘)
'§ Surface of interest ‘
% . Impression quality
& > i \ £(D50,R,,S, A, HTC)
=
&
o :

Figure 10: Impact on the impression quality for a general case [3].
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In summary, the impression quality is a function of the filler size, the dimension of the
valley of the microstructure represented by Rz and S, the thermal conductivity of the filler
as well as of the matrix polymer, and the heat transfer coefficient. Detailed information

about that topic could be found in the publication of Kerschbaumer et al. [3].

In order to improve the impression quality, the occurring melt temperature and the wall
shear rate during the filling process was calculated on the basis of a filling simulati kige

Figure 11). The required material data were determined at MUL as well as the.si tion

*\¢)
R\
(OO

was conducted at MUL.

25 T 2.5 —— .
E 2 At =0ms g 2
(IJ\ ------ At = 8m: (I; At = 0ms
8 1.5 At = 16m: g 1.5 At = 16ms
§ At =24n _‘i At =32ms
9 1 At =32m 9 1 At = 46ms
‘f, ...... At =461 '5:-3 At =238ms
t: At = 238 ms -t.f
0.5 G

& S\N

0 o 0

0 100 200 300 400 500 600 700 60 90 120 150 180 210 240
Simulated shear rate 7, s~ 1 Simulated melt temperature T;,, °C

(@) ) (b)

g
Figure 11: Simulated (a) sheargté' gnd (b) temperature distributions 297 ms after the
start of the filling phase (PE—)Q enter of the molded part). The time steps represent the

decrease due to solidification‘processes at the cavity wall [3].

Subsequently, visco%&) surements at MUL were carried out applying the simulated
parameters (y =/500 ~1 T =215°C) with the objective of correlating the impression
quality with Wrial viscosity. On the basis of these investigations (Figure 12), the
assumpti'ﬁ"‘m&,an equal viscosity at given process conditions leads to an identical
impres 'gn‘ﬁuality could not be confirmed. Compare impression quality for green and red
marked values in Table 5. Formulations exhibiting the same viscosity at given process

conditions revealed a factor of up to 3 in impression quality.

page 17 of 23



O-a®
®00 FTPO - nterreg @
Faculty of o y e a ‘f‘.i"”ﬁo SLOVENIJA - AVSTRIIA
Polymer Technology Y8  SLOWENIEN - OSTERREICH

Evropska unija | Evropski sklad za regionalni razvoj
Europaische Union | Europdischer Fonds fiir regionale Entwicklung

Table 5: Correlations of viscosity values n and impression quality AR, of the insert with
low roughness for selected formulations. Viscosities were determined in the linear
viscoelastic range (strain of 10 %) at a test temperature of 215 °C and a shear rate of
500 s'. Compatibilizer is marked as C and the filler as F [3].

Formulation CaCO03-S T CaCO03-B
PE-HD n, Pas AR,,ym n,Pas AR,,pm n,Pas AR,, pm
+10 wt.% F
+ 2 W% C 18818 0,17 186+1 0,51 183+11 0 &
+20 wt.% F 193+15 0,47 186+1 0,48 192+11 0 )
+30 wt.% F 4
+6WL% C 304+6 0,53 303+1 1,14 255£16 &, 3,51

n: mean value of three measurements

"\t

However, as already described in section 4, differences in the{cbp’atibilizer have a
significant effect on the thermal and mechanical properties PCtbased composites

with 50 % BN (production number 822 _2020_0190). AW\in Figure 12, a variation
in compatibilizer do not influence the roughness ofﬂb@ﬁced part.

N\

0.6 1

0.5 A

o
»
—
——

Roughness (um)
o
w

o
N}

" 01 J
X

M Insert setpoint

Olnsert line

arc

OPC+50w.-% BN

OPC+50w.-% BN +5 w.-% C-TPU
OPC+50w.-% BN + 5 w.-% C-PE
B PC+50w.-% BN + 5 w.-% C-SEBS

0.0

Figure 12: Impact of different compatibilizer on the roughness of the produced part.
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5.2 Wear properties of selected formulations based on tribological investigations

Shortly before the end of the project, the tribological properties of PC-based composites
(production number 822_2020_0190) were characterized at PCCL in order to correlate
the results with the material behavior determined so far by FTPO. First, preliminary tests
were carried out to define suitable test conditions. As shown in Figure 13, the test
conditions were set to Fn=1 N, v=0.1 ms™, and t=1 h. CJ\'

Tribological data Failure analysis e
&
s
0.35 . r T r T T T
Configuration: Ball on Disc (BoD) ;

Sample: PC 50BN 5C (TPU)
0.30 |Counterpart: 100Cr6 Steelball @6 mm
Fy=1N;v=0.1m/s;t=1h

Stable sliding conditions

-t

Coefficient of friction, p, -

Running-in phase Results
'1
|
1 T T T T

0 500 1000 1500 2000 2500 3000 3500

Figure 13: Preliminary tribological tests (Ball @(BOD) method) to define suitable
test conditions. \

Thereafter, the reproducibility was It could be shown that the reproducibility is
given for all 3 tested samples per formulation. An example for formulation PC 50 BN 5 C-

TPU is given in Figure 14 an

mparison COF PC 50BN5C (TPU) (1 N; 0.1 mis; 1 h)

4
)
2

&
Q i
\O -

Coefficient of friction,

s/ agal
Ao

—_— Fox L)
Results &y | il v
H=0.210+0.018 {"/

Am = 0.28 mg

T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
Time, t, s

Figure 14: Reproducibility of BoD-method is given for all 3 tested samples per
formulation (PC 50 BN 5 C-TPU).
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After Test Il After Test | Before

After Test III

Figure 15: Optical investigation of n Disc (BoD)-tested samples PC 50 BN 5 C-TPU.

Adding the filler boron nitride to the neat PC significantly reduces the coefficient of
friction (COF). Note, that th oduction of different compatibilizer into the PC 50 BN
formulation has no e the COF, at least after a test period of t=1h (Figure 16).

S
OQ X

Q\

o
Y

o
w

Coefficient of friction, y,

o
N

o
-

0.0

PC{neat) PCS0BN PC50BNSC (TPU) PCSOBNSC (PE) PC50BNSC {SEBS}

Figure 16: The introduction of different compatibilizer into the PC 50 BN formulation has
no effect on the COF at a test time of 1h.
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Accordingly, final BoD-tests were performed with a test duration of only 20 s. After that
short test time, a trend could be observed (Figure 17). The influence of different
compatibilizers is now clearly visible. PC with 50%BN and compatibilizer TPU exhibit the
lowest COF, the highest could be obtained with compatibilizer SEBS.

Comparison COF (1 N; 0.1 m/s; 20 s)
0,35 T T

' 0,30

H,

0,25

0,20

0,15

Coefficient of friction,

—— PC 50BN; Test |
—— PC 50BN5C-TPU; Test |

—— PC 50BN5C-Etilen; Test |
0,05 — PC 50BN5C-SEBS; Test |7
—PC; Test |

T
20 25
Time, t,

Figure 17: CoF of formulations based on PC % after a test time of 20s.

Finally, comparing the results (Bendi@ﬂ , DSC, and thermal properties), the
following correlation could be foun@jo oF is the result when the material exhibits a
we

higher thermal conductivity, a eat deflection temperature, and a lower glass

transition temperature.

)
%,
S

Q’K
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6 Conclusions

The project was conducted with 103 different material formulations, 91 compounding
cycles, 103 injection moulding cycles, 108 thermal conductive measurements and 345

other laboratory measurements.

Due to the cooperation between all project partners and also other institutions and ﬁg_’s
new test method for the cool-touch was developed. The selection of the materi gns
also new research field (influence of the particle size and shape on the ro@s of the
injection moulded parts) very interesting also for the industry pa rs, %e further
development in this area will be done with the characterizati # the tribological
properties with the emphasis on the used compatibilizer. The\ompa ilizer influence on
the mechanical and thermal properties at the composi mn C matrix opened new
field of the research and new possibilities to crea'l,%@‘s‘t’ume wished composite’s
properties. The composites with high thermal con My were compounded, injection
moulded and characterized. With the use of t&&)er compatibilizer and lubricant the
wished properties were achieved and protche ere made at Intra lighting and Gorenje.
Injection moulding of the composi [ h thermal conductivity is proper technology
for the project partners Intra li g?d Gorenje. The wished thermal conductivity was
achieved with the addition of 6 mBN into the thermoplastic matrix, the wished look was
achieved with the addition o ‘} vmetalllc Master Batch. For further optimization of the
properties and espet% e price of the composites, the mixture of BN with GF and talc

or CaCO3 must be

(\v
ON

in‘the future.

<
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