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TRIBOLOGICAL INVESTIGATION OF NEW SYNTHETIC
METAL SULFIDES IN PEEK, PPA AND PPS-COMPOUNDS
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 Scope of the work BT 78 N & P lngib

« Tribotecc at a glance £ E} a4}
* Solid lubricants in polymers 5&-&4 5 FH [ 4431 1 71

« Mechanisms of metal sulfides 4:J& A KINLIRE 14
« Synthetic metal sulfides for polymers E& YN 2 & 4 @i

e Examples / Setup / Results Z41|/Hc & /45 3

« PEEK — Bruker UMT-2
« PPA—-OFT 2000
« PPS — Tabor tester

e Conclusion and Outlook &t
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SCOPE OF THE WORK W5 N %

* Effect of metal sulfides as solid lubricants in high engineered polymers
B A VDA e I BE SO E AR SERE S FH o ) A v A

* Tribological investigation in 3 different polymer compounds: PEEK, PPA, PPS

I =F RS T BB 5T PEEK, PPA, PPS

* Principle of test set ups sz 1 & 1 )51

Fin /Wheel

tay _Diss S (b)— &

Bruker UMT-2 OFT 2000 Tabortester

* Preselection of metal sulfides due to modelling testing
TR L2 i e 7 < ) i 1Y) 3
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TRIBOTECC AT AGLANCE 4 EHE />
THE EXPERT ON METAL SULFIDES 4 Biitt 4L 5

Global Market and Technology leader of high performance speciality metalsulfides 4= ER4T%% 1) =P B8 4 BB AL A 7= T
« Largest production capacity worldwide of synthetic metal sulfides ~25.000mt & {4 )& it 407= & 25,0000/

« Close and long lasting R&D cooperation in core businesses £ £ & # N FH F4% 0ol 5%

* Member of Treibacher Group ~800 employees, global sales: 500 Mio EUR; Tribotecc ~ 80Mio EUR (2017)

O HL IR 2980044 5T, SIZITER 5 HEMEL ~8000JTIER B (2017)

g

| &1
blue: Buildings of Tribotecc GmbH
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TRIBOTECC AT AGLANCE {8/ :
RESEARCH AND DEVELOPMENT —FRICTION #ff & — JEE 4

Testing and manufacturing equipment
SIS AN A PR A

* Mixers, presses and curing units for
manufacturing disk brake pads

3G L A as iR & 4, LA
[t E

* Inertia Brake Dynamometers
5 i1 2 T L
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TRIBOTECC AT AGLANCE $5f#EEl £
R&D — LUBRICANTS AND POLYMERS Witk — i K& T FE 58K

Testing and manufacturing equipment
SIS A AR P R 4%
e Three-Roll-Mill =4&#.¥1
* Oscillating Tribometer SRV IV #& % EE# AL SRV IV
«  Four-Ball-Tester Pkl
e Oscillating Friction Tribometer OFT 2000
k7 BE¥T OFT 2000
* Rotational Rheometer MCR 301
fie# A MCR301
«  Brugger Lubricant Tester 7 &-k& i 1 MR HL

* External: Bruker UMT-2 (PCCL, AT)

HNE: A& UMT-2 (PCCL, A
e External: Tabor tester (DJK institute, JP)
AR ZRAAIANL (DIKEFFEAT, HAD
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TRIBOTECC AT AGLANCE &R} &4
MAIN APPLICATIONS OF METAL SULFIDES FROMTRIBOTECC F )W H

Friction

RV

Lubricants
T

Polymers

TR

B Powder

Abrasives
Metallurgy HF %

MR E
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SOLID LUBRICANTS IN POLYMERS

T RE IR i [ AA i v 77
Use N

* In high engineered polymers such as PI, PEEK,
PPA, PPS, PAI, PPA, PTFE, POM and many more
e TRESRL, aiP1, PEEK, PPA, PPS, PAI, PPA,
PTFE, POM, J At

Effect {£H

* Reduce wear Jif/> 4

* Reduce friction coefficient [# I BE#E 2%

« Increase conductivity i HL 5%

« Increase life time of high stressed parts ZEK: /& M /7344
Vi

Application &%/ fin

* Bearings, gears, valves, bushings, fuel pump parts,
turbo chargers... fli7k, %5, ®I1], 8, PRMZEEMS,
AL LS JRTE 8
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SOLID LUBRICANTS IN POLYMERS T 28] o iy [ A4y 51
MECHANISMS OF METAL SULFIDES 4 Bt b e 1

Structural Lubrication 45118 K iE18
MoS,, WS,, SnS, have a layer lattice structure —#ifb4H, —mifbsy, —HRILEEEAZE B2 0

Atomic layers are easily movable against each other (Van der Waals forces) & T /218 2 % M B 5
(YufE bR Er 1)

Soft material, good metal adhesion ZZH IR, R IF1) 48 Mt & 7
Formation of stable tribofilms/interfaces, high load capacity & ikt i€ HiE IR A, = nEiae )

high thermal resistancy >400°C & #/z € £>400°C

Iiod3, struchare ‘

Sﬁf

Lo

)
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SOLID LUBRICANTS IN POLYMERS T F2 58 &} vh fity & 44 7 18 7]
SYNTHETIC METAL SULFIDES FOR POLYMERS 4 T8 Rl F {114 4 @ iiiv ¥

Product description =R .

¢ MOS XF, natural molybdenum disulfide grade, d50 ~8um ( Reference ) K4R —#ifbiH%52%, d50 Z18um

WS 2 & WS 5, pure synthetic tungsten disulfide grades, d50 ~2um & 12pm 464 % L4549, d50 £72pum & 12um

¢ WS 31 & WS 31F, new synthetic multiphase-sulfide based on Mo and W, d50 ~6um & 2um & 21045 i3 T & il Z AR AL, d50 Z16um & 2um

« WS 44S, new synthetic multiphase-sulfide based on Mo, W and Mn, d50 ~6pm J&T4H, 49A04% 3 8 & 2 ALY,  d50 Z6um

e SNS2 Grade A, pure synthetic tin disulfide grade, d50 ~3um 2 & &k —Hifb %% %, d50 £)3um
e SLS 22 & SLS 22F, new synthetic lubricant system based on Tinsulfides, d50 ~8um & 2pm J& T AL FH B4 g 248,  d504)8um & 2um
. BIS 84, synthetic bismuth sulfide grade, d50 ~2um & b2k, d50252um

¢ CB 500, synthetic copper sulfide (CuS), d50 ~25um & i, d50%)25um

Different particle sizes were chosen to investigate the influence of the grain sizes.

RIS, SR AN [ AL BE SR TR E ) 520

10




° Tribotecc

...more than performance

SOLID LUBRICANTS IN POLYMERS T F& %8 41 v fg [ 42 i v 551
SYNTHETIC METAL SULFIDES FOR POLYMERS X1 TR 8RR 4 4 @i

BIS 84

CB 500

SNS2 Grade A

‘@ 11
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EXAMPLES — GENERAL PROCEDURE
Zh - — A2

12



EXAMPLE NO. 1: PEEK — BRUKER UMT-2 o @ Tribotecc

COMPOUNDING AND SAMPLE PREPARATION
%1 No. 1: PEEK — BRUKER UMT-2

PRI i 1] 8
Compounding of 10 materials with 10% w/w solid lubricant 3% 10%H] b B ic & 105444 6

The compounding was made at APC Advanced Polymer Compounds (AT), materials used:
FCRHEAPCO G BE R SWIBCR A m) e il CBMAD RS A /2 -
« PEEK (VESTAKEEP 4000G)

« Solid lubricant [E4A&7[E 1557
Tribotecc® - MOS XF WS 2, WS 5, WS 31, WS 31F SLS 22, SLS 22F SNS2 Grade A,

CB 500 and BIS 84 L

Injection moulding 3 £%

Injection moulding was made at TCKT in Wels (AT)
TEPRAETCKT 2] 58 Al (B HA)D e | &
Sample preparation #£ ] %% — A mE. .y \ / T/ ‘
at PCCL (AT) —

13



EXAMPLE NO. 1: PEEK — BRUKER UMT-2 Z4 No. 1
TRIBOTEST ACCORDING TO ASTM G99 RIS K JEASTM G99

UMT-2, Bruker Nano

Sliding counterpart: 34CrNiMo6, Ra: 0,4um
YE B R 34CrNiMo6, Ra: 0.4um

‘.

Measuring box & &
Suspension system & 24
Medium chamber =
Engine &zl

Sample holder (Pin holder)
e CEFEE)

Disc holder #% A %2

7. Temperature sensor i £ it

abkowbhpE

o

F -

2 MPa 5 E
6
=
1m/s |V -
W -
Parameters
ZH

Tribotecc
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EXAMPLE NO. 1: PEEK — BRUKER UMT-2 Z&#i No.1 S
RESULTS: COEFFICIENT OF FRICTION
éﬁu&%: @T@%i& B PEEK ref
B MoSxF
— [ ws2
JUILIE B \vs5 L
[ Jwsa1 |
-W831F A .
IN injection direction g;ﬁ;g‘: CROSS injection direction %2 X j1:¥4
I eEPE [ S\SGradeA | 0,7
] [ CB500 .
0,6 - I Bis84 06-

0,57 0,5

0,47 0,4

0,37 0,3 1

0,21 0,2

0,17 0,14

Material

Coefficient of friction it u, -

Material #1 %}

Coefficient of friction t u, -

0,0

0,0

=
c

15
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EXAMPLE NO. 1: PEEK — BRUKER UMT-2 £/ No. 1 .

RESULTS: WEAR RATE —
+ 01 25 B VosxF
élil %I Eé%ﬂ% :]woszx
I \vs5
[Cwss1
I Ws31F
—— [_IsLs22
IN injection direction SLELEE — P CROSS injection direction
JAEE 28 , vy AR
> 351 aninn
' 3,0 30 -
) )
—
X 25 X i
% *:E 2,5
= <
£ 204 K -
5 g 2,0
X X
o 15- o 15-
- -+
© ©
g § 1,0 ©  10-
v
= =
0,5 0,5
0,0 + 0,0
Ve Material Ve Material

Pl

ch Significant Improvement of wear rate for SLS 22 up rcﬁh) 90%  SLS22P) s FH 3T 35 Hu FRAIK 1 90% 1) EE 4

N 16
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EXAMPLE NO. 1: PEEK — BRUKER UMT-2 Z# No.1
RESULTS: DETAILS & 5. #H44

PEEK SLS22 2MPa, 4h, 1m/s, in Spritzrichtung PEEK SLS22 2MPa, 4h, 1m/s, quer zur Spritzrichtung
50 - - 0 460 50 0 q80
—z1 —zl —z —2zl| z
1 | —,l ] — . i i
45 =T Y —F = 45, ——p, 1 ——p, 1 54
40 08 a8’ so]—T.I—TII N dlms
— ] = — [
£ 35 /;,”” 1—42‘__ g a5 — —— 14
- 3
N 30 ! w:; . J36 2 N 30 it o 1w 3
. -/ MM d ) R o F @ k]
S 25 N3 g D 25- o R E
z @ S e et E o
2 20 ¢S 4 5 2 20 04 2 24 5
% ! - E — / @ £
€ Jis E 215 S 418 €
E 15 2 i g 2. = k]
5] = D =
> 10 282 412 8 > 10 2@ 42 2
@ 5 S
05 8 05 46
00 EESEEEe = 00 o 00 100 ~0
0 3600 7200 10800 14400 0 3600 7200 10800 14400
Prufdauer, t,  sec Prufdauer, t, sec

A/l

IN injection direction = " CROSS injection direction B

PEEK Mo$xF 2MPa, 4h, 1m/s, in Spritzrichtung PEEK MoSxF 2MPa, 4h, 1m/s, quer zur Spritzrichtung
50 10 480 50 10 460
—_—z, l—2z Il z,1 z,1

45, ——p 1 —pll 18 Bl —— 1
4,0 T T 08 | 48’ 4,0 Tl T 08 Has &
£ a5 42 = £ ‘ =

33 —_ 35 — Ha
// s = ﬁ = -
N 30 HE 138 8 g 30 — 06 . 46%
. - © @ = g
% 25+ s potadong g a0 2 o 2.5 2 H0 8
3 g g < Fe—— S 5
2 20 042 H24 5 & 20 04 9 H2a £
@ 72 IS @ ) g

= (=] -
S 15 S 418 E S 15 2 ] 18 E
12 = @ 12l i =] I
g 3 = b5} 2 <
0.2 m : [ :

o 28 Je g < 0 02§ 123

0,5 -6 05 -6

0,0 ¥ . T T 0.0 -0 0,0 4‘# 0,0 Jo

0 3600 7200 10800 14400 0 3600 7200 10800 14400
Prufdauer, t sec Priffdauer, t sec

1) Magnitude: 50x
2) Magnitude: 20x




@
° Tribotecc

...more than performance

EXAMPLE NO. 2: PPA — OFT 2000 Z#INo. 2 PPA
COMPOUNDING AND SAMPLE PREPARATION FEEIFIRE iy i) 4%

Compounding of 5 materials with 5% and 10% w/w solid lubricant ¥ 55 % N3 B8 5941 10%%) B3 Be sl
The compounding was made at APC Advanced Polymer Compounds (AT), materials used:
FCRHEAPCIEIE R SRR A~ m) 5e i CBHRD , RME B2 -
- PPA
«  Solid lubricant [# 44 ¥ 71 -

Tribotecc® - MOS XF, WS 2, WS 31, SLS 22, WS 44S
Injection moulding 3 E%8

Injection moulding was made at TCKT in Wels (AT)
FEIBAETCKT 2 ) 58 (B Hb A

Sample preparation £ ] &
Tensile specimen cut into pieces to fit into the OFT 2000 ¥ 7 f#iFE ) F LL&E & N OFT 2000

Reference made to tests from PPA-test series performed by PCCL (presented at the PolyTrib 2016, Hausberger A.) —

Bruker Nano UMT-2, according to ASTM G99, Pin-on-Ring, 2MPa, 1m/s, 4h

Z A B MIPCCLA vl #HT [ PPA £ 4112t (Hausberger £ PolyTrib 2016 £ /), Bruker Nano UMT-2, #2#5ASTM G99, Pin-on-Ring, 18
2MPa, 1m/s, 4h
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EXAMPLE NO. 2: PPA — OFT 2000 Z4 No. 2 PPA =
TRIBOTEST ON OFT 2000 7EOFT 2000 _I- 1) B ¥ it

«  Oscillating Friction Tribometer - Ball on Disc setup 25 BRI — [H#% EAERXR B

* Disc material: PPA compounds with Tribotecc® solid lubricants — tests along injection direction
A ARE: AR ERHE A T 77 K PPARG R — WV ES 7 A7 I
Ball material: 100Cr6
BRAEL 100Cr6

e Balldiameter BRE1%: 10,0 mm

Oscillating movement

«  Amplitude R 1E: 10,0 mm

* Frequency AR 1,0 Hz Air humidity

 Normal force £ /3: 100 N »
-
*  Duration #F£E [A]: 75 minutes L IR

Friction force =8
sensor

* Temperature i JE: 25°C/180°C

19



0,64

Coefficient of friction, p, -

OFT 2000

EXAMPLE NO. 2: PPA - OFT 2000
RESULTS: COEFFICIENT OF FRICTION

0,6+

Tribotecc

...more than performance

| 051 B FPA
= [ VOS XF, 5%
£ ol I VOS XF, 10%
£ B SLS 22, 5%
£ SLS 22, 10%
E B s.s 22, 10%
b} S 2, 5%
= WS 2, 10%
2 o021 Vs 31, 5%
< B Vs 31, 10%
8 N - -WSMS’ 10
B WS 44S, 10%
Bruker Nano UMT-2
Material ' Material
K, 25°C u, 180°C
0,12 0,16
0,14
01
0,12
0,08 - T
01
Z 0,06 - Z 0,08
= =
0,06
0,04 -
0,04 -
0,02 -
0,02 -
0 0
2 \o oo oo olo o ol o ol o ofe
N K & K s K s S S & s
@Kz& o‘jg Or"*' \';;{} %\7'1’ \‘\G”L W f-,o"\’ 4@’)’\ "v?"’ q&"’&%
& N 3 + <« &
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EXAMPLE NO. 2: PPA — OFT 2000 %filNo. 2 PPA S
RESULTS: WEAR RATE 4 5B %

:'95 20 =;Fc?sx55% Slglnlflcant |mprovement INn wear
2. E'é”f’ssz’fslf/" for both testing models
5 SLS 22, 10% N yoy LHe -
] - PR TR () B R 23
g EWSSH‘?&, O
8 WS 448, 5%
= mmws4s 0% Bruker Nano UMT-2

o Material
wear rate, 25°C wear rate, 180°C

[y
'

ar rate [pm/min]

o
%o

we

wear rate [pm/min]

0,6 -

OFT2000 . &

21
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EXAMPLE NO. 3: PPS — TABOR TEST %/INo.3 PPS
COMPOUNDING Pl

e Tests performed at Japanese DJK institute

£ H ADIKHF ST FTHEAT Bl

« Polymer used PPSH| %5
- PPS type A503X05B (Toray), 30% GF

 Variations A2 1k:
* PPS reference (,none”) PPSZLHE  (F6)
* 10% addition of Tribotecc® - WS 2 ¥NIN10%45FHE} WS 2
« 10% addition of Tribotecc® - WS 31 ¥sI110% %5 # A} WS 31

22
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EXAMPLE NO. 3: PPS — TABOR TEST %&#No.3 PPS
FLEXURAL AND TENSILE STRENGTH 25 i flidv; {155 &

250.0

200.0

150.0

100.0

50.0

0.0

140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

None

WSs2

WS31

None

WS2

WS31

Test ik  Standard #7#E Conditions 551

JISK7171 Test speed # J&: 2mm/min
Flexural test ISO 178 Span % f&£: 65mm

5 X

Test i, Standard #r#E Conditions 2544
JISK7161 Test speed & & : 5Smm/min

Tensile test 1ISO 527

NP Span ¥ 115mm
B pan ¥/

23
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EXAMPLE NO. 3: PPS — TABOR TEST Z#|No. 3 PPS
RESULTS: COEFFICIENT OF FRICTION 4 5.: e 2%

Test M Standard #5#E  Conditions &4

Frictiontest (coefficient) JIS K7125 Load 4 fii: 200gF

R (BRI R ED 1508295 Speed ##JE¥: 100 mm/min

0,35

-]
o
w
o

’

coefficient of friction, pu [

None WS 2 WS 31
24




EXAMPLE NO. 3: PPS — TABOR TEST %#1No.3 PPS
RESULTS: WEAR (ABRASION) %5 %: B4 (BFEE)

Test M Standard FrE Conditions 14
Friction test (weight reduction) JIS K7204 Load fifif: 4.9N
- ISO 9352 Rotation Ji£#%: 1000 times
20.0
15.0 -
mg
10.0 -
50
0.0

None WS2 WS31

‘.

Tribotecc

...more than performance
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CONCLUSIONS AND OUTLOOK
e Mesd

*  The positive influence of novel metalsulfides on tribological properties can be shown in PEEK, PPA and PPS-
compounds in 3 different contactsituation.

W SEG E B AT PAE Y, AR R < Jm A S EPEEK,  PPARIPPS R HIL HI AR R BE 2 1 BE

Especially wear rate can be improved significantly by using SLS 22F, WS 2, WS 31 and MOS XF compared to blank.
ST, fHSLS 22F, WS 2, WS 31FIMOS XFr] L. 3 1) s B 5K

e Concentration level has an impact on COF whereas 5% seems to be a minimum level to see a beneficialimpact.

W FE KT X BE IR RACE T2, 5% LT 7 I 28 52 (1) S (AN N &

e Particle size has an impact on homogenous contribution -> transferlayer

RIAEXT I S A o -> Heig )=

*  Preselection by modeling possible but depends on tribo-contact;
I RS IR AT NPT e, (H T R A A 1 5

*  Big potential for metalsulfides in high engineered polymer compounds.

e R e R TR AR R (1 & IR AL BAT BRI )

e Interaction with other additives to be expected.

55 H ARG AT ELAE A L S5 s o U Y

Further joint investigations to be done! FeEEEELFEF KR! .
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THANK YOU FOR YOURATTENTION!



mailto:Clemens.kappl@tribotecc.at
mailto:Clemens.kappl@tribotecc.at
mailto:Clemens.kappl@tribotecc.at
mailto:Clemens.kappl@tribotecc.at
http://www.tribotecc.at/

