" Pol yphenyl sul phone-pol ytetrafl uoroet hyl ene conpositions and use ther eof
Field of the invention S The invention relates to a m xture made of .
pol ypheny! "% $0bhe00E8HS) and pol yt et rat! uor oet hyl enECTPEPRD 10410 33 I&Ruci ng
friction-reducing tapes which are used as friction-reducing interlay for
flexible fluid pipelines, 10 exanples being oil-conveying pipelines
(anti-wear tapes). Prior art GB 2 441 066 (Technip France) describes a

flexible tube of 15 multilayer structure for transporting hydrocarbons.
Bet wveen t he FefyPhenyl,sulghone-palvhatasfdugnaetheiene compomithonser at

| east to sone extent, the arrange t S Lgtion-reducing plastics
strip, and the said plastics stri%ﬁgsuggn%ggéébgf an anor phous polyner with

a gl ass

Field of the invention

The invention relates to a mixture made of polyphenyl
sulphone (PPSU) and polytetrafluoroethylene (PTFE) for
producing friction-reducing tapes which are used as
friction-reducing interlay for flexible fluid pipelines,

10 examples being oil-conveying pipelines (anti-wear tapes).
Prior art

GB 2 441 066 (Technip France) describes a flexible tube of

15 multilayer structure for transporting hydrocarbons. Between
the metal strips, which are movable with respect to one
another at least to some extent, the arrangement has a
friction-reducing plastics strip, and the said plastics
strip is composed of an amorphous polymer with a glass

20 transition temperature of from 175 degrees C to 255 degrees
C. The strip is composed of polyphenyl sulphone (PPSU) and
of a perfluorinated polymer and of a polyether ether ketone
(PEEK) . In one specific embodiment of the invention, a
mixture made of 85% of polyphenyl sulphone (PPSU) is mixed

25 with 15% of polytetrafluoroethylene (PTFE) and extruded to
give strips of thickness 1.5 mm and width about 1 m.
Nothing is said about the molecular weights of the plastics

used.

30 US 2005/0229991 describes an arrangement similar to that in
GB '066, but in this case the material of the intermediate
layer is an elastomeric thermoplastic polymer, for example

a styrene-butadiene-styrene rubber (SBS), a styrene-



"20 transition tenperature of from 175 degrees C to 255 degrees C. The strip

is conposed of &oly&heng sul phone (PPSL% and of a perfluorinated pol yner
and of a pd¥9ettlt/@PH2P6ket one (PEEK).21n one speci PFE/ERBOIOAORTIHS t he
i nvention, a mxture made of 85% of pol yphenyl sul phone (PPSU) is m xed 25
W th 15@6of pol ytetrafl uoroet hyl ene (PTFE) and extruded to give strips of
thickness 1.5 mmand width about 1 m Nothing is said about the nol ecul ar
wei'ghts of the flastlcs used. 30 US 2005/0229991 descri bes an arrangenent
simlar to ¢Halepecpitadbengustynenti sopasymehe (FEBE) I ak ah ERBM

i nt er nedi at t stic_po ner, for exanple a
styrene- butgdﬁg%fgn ;?§ﬁ%§$§%% %@%é)ggggegmgehegr e&¥

et hyl ene- blp@wmmeaaigm@neacpabyyﬂepréﬁ&%}c arpanyEPM ene-butylene

(et hyl ene-pr | ene-di ene) copolyner, or else a pol ybutadi ene, a
pon|sopreﬁ?éB,¥P?%iyethylene butyl ene 'copolyner. 5 Object In the |ight
of the grior art discussed, it was therefore an object to find a materi al
and/or a mxture of materials 10 which can be used for the
friction-rethidery tapes in oil-conveying pipelines and whi ch has/have
better suitability than the materials of the prior art for the conditions
prevailing in that situation (tenperatures of about 130 degrees Cel sius,

pressures ofn e Bh¢ A} i ok Safehaeyenssbyof 1ebws§t thBecgRiect
according to the invention is achi eved by the prOV|S|on of a honpbgeneous

m xture madd ctPiegol yphelyd a material and/or a mixture of materials
10 which can be used for the friction-reducing tapes in oil-

conveying pipelines and which has/have better suitability
than the materials of the prior art for the conditions
prevailing in that situation (temperatures of about 130
degrees Celsius, pressures of from 300 to 400 bar).

15

Achievement of object

The object according to the invention is achieved by the
provision of a homogeneous mixture made of a polyphenyl

20 sulphone (PPSU) and of a polytetrafluoroethylene (PTFE)
with a particularly high molecular weight and small grain
size and small grain size distribution. The PTFE used has a
particularly high molecular weight. However, it is
particularly suitable for incorporation into engineering

25 plastics, where these are processed at very high melt

temperatures.

A decisive factor for the entire development of the
solution according to the invention is that it is only very

30 uniform dispersion of very fine-particle PTFE across the
entire cross section within the PPSU matrix that provides
the desired effect over the usage period in which the

thickness of the tape decreases, and that provides



*20 sul phone (PPSU) and of a polytetrafluoroethylene (PTFE) with a
particularly high nolecular weight and small grain size and small grain

si ze distriW@t?&hl/qﬂé7@¢FE used has a particul arly hPGR/BBREIAVA5AIZSgNt .
However, it is particularly suitable for incorporation into engineering 25
pl astics, where these are processed at very high nelt tenperatures. A

deci sive factor for the entire devel opnent of the solution according to the
invention is that it is only very 30 uniformdispersion of very

fine-parti darPFElactyskaldmcedtnechandsal spropent et hhott belPPSH imater i x

that provides the desired effect_over the usage period in which the

t hi ckness 6$ﬁ?%ép?5%%n%%%?§%§§%,t%ngh?h frﬁ?Bg?Heg£ fpFrusion.

2011/ 0067063PCT/ EP2010/ 057125 particul arly bal anced nmechani cal properties
not only in but also peLpendicularly to the direction of extrusion. The
pol yphenyl Thg ¢¢¥i58¥inh@n$¢EEP%§bd conpri ses a pol yphenyl sul phone
which ig marketed by Sol vay Advanced Polymers with trade mark RADEL(r) R
10 The repeating unit of the polyner has the following forrmula: 15 The
materi al i ritod VERSTes®ed scampr Baspad end 1 apklety Uhspephonaanbechl asti ¢ which
has extrenel hjgg stress-cracking resi stance and, extrenely hi gh notched

i npact resi™@HHEE B AYRY ARG Relvanss exteh| Bhedehearkal s

resi stance.galhiie SRADEL R 5000 nt used is a non-flame- 20 retardant PPSU

whi ch does not fulfil all aviation requirenents.

10 The repeating unit of the polymer has the following

formula:

15 The material involved here is a transparent and high-
performance plastic which has extremely high stress-
cracking resistance and extremely high notched impact
resistance, even after heat-ageing, and excellent chemicals
resistance. The RADEL R 5000 nt used is a non-flame-

20 retardant PPSU which does not fulfil all aviation

reguirements.

It is used for producing components in medical technology,
in the chemical industry and in plumbing. The density of
25 the polymer is 1.29 g/cm® measured to ISO 1183, vield
stress is 70 MPa measured to ISO 527, tensile strain at
break is 60% measured to ISO 527, tensile modulus of
elasticity is 2340 MPa measured to ISO 527, Izod notched

impact resistance at 23 degrees Celsius is 49.4 kJ/m?



It i's used for producing conponents in nedical technology, in the chencal
i ndustry and in plunbin The density of 25 the polyner is 1.29

g/ cn2measur@ 2 G@@l@@ yield stress 4s 70 MPa meaBOF6EP2010 5059225
tensile strain at break is 60% neasured to | SO 527, tensile nodul us of
elasticity is 2340 MPa neasured to |1 SO 527, 1zod not ched I npact resistance
at 23 degrees Celsius is 49.4 kJ/n2 neasured to |ISO 180/ 1A, and Char py
notched i npact resistance at 23 degrees Celsius is 58.3 kJ/n2 neasured to
| SO 179/ leMmedyperedttd cI3IONEIANtAatand Ehaisy 3ndtakeduimdaco | EC 60250,

dielectric onst an t_ 1 is 3.5 sured.to and dielectric
| 0SS factorf%1 tbarlg—ﬁgl%t Gé\g_‘zd%g%%% S{’%SIE% %%Eg é‘el%ﬁ%‘?’%e oE?:
factor at 1lrddiz1is/7én] e-4 neasured to | EC 60250, and dielectric strength

is 15 kV/mm 10 nmeasured to | EC 60243-1, neasured to ASTM Thickness for
dielectric strength is 3.2 mm and specific volune resistivity to | EC 60093

is 9el550hm S | ongt p y 5
directi on of r%][ oW IS g(géq%éarge(p%]n%ggﬁge Qt% %é%&%%@%%&%& %ﬁggggﬁét’ or
glass tr ansiiebectmmemmwaqmm adit oig SO. 9 liédsused 160 degeees26el, si us,

heat - defl ection_t erature Ais 207 degrees Ce|sius neasured to_|I SO 75
HDT/ A (1.8 )L CIed | g S o‘gﬁ‘f’é%eff“gt WHB 13 2142 BeRPBESACEPSi us

measur ed t orBSQ@ ¢'hs (OW o (& th51 MPBdas MBAELYM 4 €MDeyRL U & &éhQéuterﬂ) s

180 degrees Cel sius, maxi mumtenperature (long-term is 160 degrees Cel sius
(heat - agei nrgaatwmdm TET1§0NEthaam @ adli gl ectnpc , sdfe@Ehhis M nkWdmmusage

t enperapure is mAn 1 Cel si us he p et afl uor oet hyl ene

(PTFE) (’ﬁ}henh eérllecuPJgErcd\/\%?r%ﬁ‘{S ]pollgl?‘ﬁlfné?%u%? o‘%ﬁ%t g &d is

very fine- wﬂlmtﬁwﬁﬂﬁéﬂ&ﬂw PR VibRf r&nd specific volume
resistivity to IEC 60093 is 9el5 ohm m.

Longitudinal expansion along/perpendicularly to the

15 direction of flow is 55 10 ~° /K measured to ISO 11359,
melting point or glass transition temperature measured to
ISO 11357 is 215 degrees Celsius, heat-deflection
temperature A is 207 degrees Celsius measured to ISO 75
HDT/A (1.8 MPa), heat-deflection temperature B is 214

20 degrees Celsius measured to ISO 75 HDT/A (0.45 MPa),
maximum temperature (short-term) is 180 degrees Celsius,
maximum temperature (long-term) is 160 degrees Celsius
(heat-ageing to UL 746 (RTI) Mechanical W/0 Imp., 40 000

h). Minimum usage temperature is minus 100 degrees Celsius.



5 fluoro
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et hyl ene.

m xt ures. based on HT thei nopl asti cs.

exanpl es AR R UL/ QRGEO®f from 95% by
from 40% by wei ght to 5% by wei ght of PTFE was conpounded in the follow ng
The PPSU is nelted and devol atilized at 345C to 380C screw

manner :

tenperature and 250 rpmin a tw n-screw extruder
the PTFE is introduced by way of a | ateral

Er Pflei
by wt.)

10

15

20

derer

95 95

Z8K25 WLE
f eed apert (Fe PEMEFPTER

éK4)) ;

Exanpl es
wei ght to 60% BFTHEF]

10 Co

(producer

This PTFE has particular suitability as additive in
nﬁoundingg
L04P53R35 and

and. type:

The high-molecular-weight polytetrafluoroethylene (PTFE)

used is very fine-grained Zonyl® MP 1300 polytetra-

fluoroethylene. This PTFE has particular suitability as

additive in polymer mixtures based on HT thermoplastics.

‘Examples

Compounding examples

A mixture made of from 95% by weight to 60% by weight of

PPSU and from 40% by weight to 5% by weight of PTFE was

compounded in the following manner:

The PPSU is melted and devolatilized at 345°C to 380°C

screw temperature and 250 rpm in a twin-screw extruder

(producer and type: Werner & Pfleiderer ZSK25 WLE

(K4));

the PTFE is introduced by way of a lateral feed aperture.

Wer ner

LEEepiey e afBTBEB Exanpl e 4 Exanpl e 5 PPSU (%

Example | Example Example Example 4 | Example 5
1 2 3
PPSU (% by 95 95 80 60 60
wt.)
PTFE (% by 5 5 20 40 40
wt.)
Barrel 345 380 380 380 380
temperature
(degrees
Celsius)
Rotation 200 200 200 200 200
rate (rpm)
Vacuum (mbar | 600 600 600 600 600
abs.)




80 60 60 PTFE (% by wt.) 5 5 20 40 40 Barrel tenperature (degrees Cel sius)

345 380 380 380
WO 2011/006706 6 PCT/EP2010/057125

The compounded material obtained was pelletized.

The sheet according to the invention can be produced in a
manner known per se via extrusion of the pellets obtained

5 in the first step.

To this end, thermally plastified melt is produced by way
of one extruder in the case of the simple extrusion process
or by way of a plurality of extruders in the case of the

10 coextrusion process, and is fed into an extrusion die.
There can be additional apparatuses, e.g. a melt pump
and/or a melt filter, arranged in a manner known per se
between the extruder and extrusion die. The extruded webs
can then be introduced into a polishing stack or into a

15 calibrator.

The pellets were remelted and extruded to give tapes with
the following dimensions: length 1 000 mm, width 150 mm and
thickness 1.5 mm. Melt temperature was about 385 degrees

20 Celsius.
Extrusion Examples

Example 6 relates to a tape with the constitution according
25 to Example 1; the pellets were extruded at a melt

temperature of 347 degrees Celsius to give a tape.

Example 7 relates to a tape with the constitution according
to Example 1; the pellets were extruded at a melt

30 temperature of 379 degrees Celsius to give a tape.



380 Rotation rate (rpn) 200 200 200 200 200 Vacuum (nbar abs.) 600 600 600

600 600
WO 2011/006706 7 PCT/EP2010/057125

Example 8 relates to a tape with the constitution according
to Example 1; the pellets were extruded at a melt

temperature of 380 degrees Celsius to give a tape.

5 Example 9 relates to a tape with the constitution according
to Example 2; the pellets were extruded at a melt

temperature of 347 degrees Celsius to give a tape.

Example 10 relates to a tape with the constitution
10 according to Example 2; the pellets were extruded at a melt

temperature of 358 degrees Celsius to give a tape.

Example 11 relates to a tape with the constitution
according to Example 1; the pellets were extruded at a melt

15 temperature of 350 degrees Celsius to give a tape.

Example 12 relates to a tape with the constitution
according to Example 4 or 5; the pellets were extruded at a
melt temperature of 352 degrees Celsius to give a tape.

20



The ‘conpounded material obtained was pelletized. The sheet according to
the invention can be produced in a nmanner known per se via extrusion of the
pellets obtained 5 in the first step. To this end, thernally plastified
nelt M9 g03d{09879 way of one extrgder in the caRCAER2@LGS GBI B2Bxt r usi on
process or by way of a plurality of extruders in the case of the 10
coextrusion process, and is fed into an extrusion die. There can be
addi ti onal apparatuses, e.g. a nmelt punp and/or a nelt filter, arranged in

a manner known per_se hetween the extruder and extrusion di The extruded
webs can then bej&ptroduced into a ppolishijng stack or jinto g 15 cal i brator.
The pellets were|Tenelted pnd extruded 4jo give tlapes with tHhe folllow ng
di mensions: lengt8l 1 000 mm width 150 #m@and thicknesgs 1.5 mm Ml t
temperature was p@out 385 dggrees 20 Cebisilys. Extrusi gn, Exanpl es Exanpl e
6 relates to a tpPewith the constitufi®r@agcordiong 23«0 Exanple |1; the
pellets were extraped at alwelt tenpetaijurjles of 347 degrees (ef sius| to give
a tape. Exanple felfates [0 a tape W th tjne constitutfion agcordimng to
Exanpl e 1; the pgl]ets werge extruded at |a jnelt 30 tenperaturle of 379
degrees Cel sius tg| give a fape. g
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Exanple 8 relates to a tape with the constitution according to Exanple 1;
the pellets were extruded at a nelt tenperature of 380 degrees Celsius to
give a tapeWO520%4APPE706recl ates to a taPe with the c®E/BAAGIOY GETRTI ng
to Exanple 2; the pellets were extruded at a nelt tenperature of 347
degrees Celsius to give a tape. Exanple 10 relates to a tape with the
constitution 10 according to Exanple 2; the pellets were extruded at a nelt
tenperature of 358 degrees Celsius to give a tape. Exanple 11 relates to
a tape wt Me®eodsnstitution according to Exanple 1; the pellets were
extruded at a nelt 15 tenperature of 350 degrees Celsius to give a tape.
Exanple 12 relates to a tape with the constitution according to Exanple 4
or 5; the peddelsswereetittidedyalad Gektbrienpar abunreoo’2352 /deqreess,
Celsius to give a tape. 20  Methods Mdulus of elasticity was determ ned
to | SO 527-PPaY o1 BPachatf BLERPREE Vas| seipraingd dot &5 AEd tld U0

179- 1/ 1eA, éh@nghéh@agaﬁgPeEeE@S%agaéaggiEhegu%ugc%%%gﬁggn%ot%S%ﬁTM

D5420, and the coefficients of friction were measured

according to ISO 8295.

The resultant mixture is suitable for producing anti-wear
10 tapes which are used for producing pipelines for fluids,

examples being flexible oil-conveying pipelines.



D5420, and the coefficients of friction were neasured according to | SO
8295. The resultant m xture is suitable for producing anti-wear 10 tapes
which are HREIBI/Q9840€i ng pi pelines & fluids, exBEBEVER2030A§571R5 bl e
oi |l -conveying pipelines. Patent Clains 1. Mxture made of pol yphenyl

sul phone and 5pol ytetrafl uoroethyl ene for produci ng conponents,
characterized in that the PTFE content of the mxture is from 1% by wei ght
to 15% by wei ght and t hat the PPSU content of the mixture is
from99% by 10wei ght to 85% by weight. 2. Mxture according to Claim]1,

characteri z 0t : t he PTFE content of the m xture is from
2% by meigﬁ%gi 0 ﬁ%%%%@ wei ght and that the PPSU content of the m xture is
from 98% by weight to 90% by weight. 3. Mxture according to claiml1,
1. Mixture made of polyphenyl sulphone and
5 polytetrafluoroethylene for producing components,
characterized in that
the PTFE content of the mixture is from 1% by weight
to 15% by weight and that
the PPSU content of the mixture is from 99% by
10 weight to 85% by weight.

2. Mixture according to Claim 1,
characterized in that
the PTFE content of the mixture is from 2% by weight
15 to 10% by weight and that
the PPSU content of the mixture is from 98% by
weight'to 90% by weight.

3. Mixture according to claim 1,
20 characterized in that
the PTFE content of the mixture is from 5% by weight
to 10% by weight and that
the PPSU content of the mixture is from 95% by
weight to 90% by weight.

25
4. Process for producing plastics mouldings,
characterized in that
the two plastics PPSU and PTFE are mixed with one
another and extruded.
30

5. Process for producing plastics mouldings,

characterized in that



20characterized in that the PTFE content of the mxture is from 5% by
wei ght to 10% by wei ght and that the PPSU content of the mxture is from
95% by wei JfR 2 W)é:,ﬁpﬁ\ei ght. 25 4. Phécess for proBEE/EH2pLALOPPTI25
noul di ngs, characterized in that the two plastics PPSU and PTFE are m xed
wi th one another and extruded. 30 5. Process for producing plastics
nmoul di ngs, characterized in that the two plastics PPSU and PTFE are m xed
wi t'h one another at a tenperature of from 340 degrees Celsius to 385
degrees Cel sius irFhh tava mildstiahBEE ANGMTED po miisdedraweth apnes
elletized, and t ts Sare extruded at.from degrees | sius to
290 degrees Cel si %?‘ds%?lréer\?vatsterﬁpetreﬂ%uerrealﬁ% Qe %ﬁ%ﬁ%% %‘?%S@efsws
6. Process for pratu@sty qdfsdds ol Ngs, ard Oshareddef | zes +resthabnthe
two plastics PPSU and PTFE are m xed with one another at a tenperature of
from 345 degrees CAMRUNGSS JgFYeifrleds @akiefisl 7ef armrskt Fhrierel 1 aks

resul tagt conpoundgd mBLEM Rl & REldetHdZPhe SLL e P LS, 390

degrees Celsius screw temperature to give plastics

mouldings.

6. Process for producing plastics mouldings,
10 characterized in that
the two plastics PPSU and PTFE are mixed with one
another at a temperature of from 345 degrees Celsius
to 385 degrees Celsius in an extruder, the resultant
compounded material is pelletized, and the pellets
15 are extruded at from 375 degrees Celsius to 390
degrees Celsius screw temperature to give plastics

mouldings.

7. Process for producing plastics mouldings,
20 characterized in that
the two plastics PPSU and PTFE are mixed with one
another at a temperature of from 345 degrees Celsius
to 385 degrees Celsius in an extruder, the resultant
compounded material is pelletized, and the pellets
25 are extruded at from 375 degrees Celsius to 390
degrees Celsius screw temperature to give plastics

mouldings.

8. Use of the mixture according to any of the preceding

30 claims for producing anti-wear tapes.



“15are.extruded at from 375 degrees Celsius to 390 degrees Cel sius screw
tenperature to give plastics nouldings. 7. Process for producin | astics
nmoul di ngs, %&&Jﬁ&?%d in that the 4o plastics F?@E/E?laomgﬁgai@m xed
wi th one another at a tenperature of from 345 degrees Celsius to 385
degrees Celsius in an extruder, the resultant conpounded material is
pelletized, and the pellets 25are extruded at from 375 degrees Celsius to

390 degrees Celsius screw tenperature to give plastics noul dings.
8. Use of the9m xtAnE a@sst dianp tdpriynagile ey peelcee’ e 30E| & hextere

produci ng anti-wear 9 d - r e obtainable by extrusion of a
S P G b

m xt ure accordi ng peline for a fluid,
S5characterized in that it is equipped with at |east one anti-wear tape
according to Claim?9. . .
10. Pipeline for a fluid,
5 characterized in that
it is equipped with at least one anti-wear tape

according to Claim 9.



