T
Material compatibility of ORC working fluids with polymers

Sebastian Eyerer, Peter Eyerer, Markus Eicheldinger,
Sebastian Sax, Christoph Wieland, Hartmut Spliethoff

= o l.;,_\,1“;_?,-_-’Ht:mt:ywellE CIgy

Kafaa an;ft”Ee;my acml;luﬁtena %:!1.. WZZ depth R AT e o~

Technical University of Munich =€ an_ges/ i—'@g = T Y K é"%h ardness= "Z__"
Faculty of Mechanical Engineering g;m{,,_)f{sf}%g TTZ @“ffl g@r%%%s?g?’
Institute for Energy Systems Stud ,,f; LN m{ﬁ"e:}‘m‘;;} '

. EN= @RC&MTIL)‘*ISOY

Milano, 13. September 2017 e, ?Sh.ﬁe i ‘&R245§%” i
: Welghty 1 T

“ﬁg*l&fw E

GI{Z‘?&"/ f.w m—l_f;'v?;%\;i;’f_

—me;zsf:dp(z) = RO at'ibihf"y%f ]

S=ififormation’" ‘-'*unsaturatedd eviafion~o

Institute for Energy Systems | 4th International Seminar on ORC Power Systems: ORC 2017 | Sebastian Eyerer



Agenda

1) Motivation

2) Investigated fluids and polymers

3) Relevant theoretical mechanisms for fluid-polymer interaction

4) Experimental procedure

5) Results

6) Conclusion and Outlook

Institute for Energy Systems | 4th International Seminar on ORC Power Systems

: ORC 2017 | Sebastian Eyerer

~ workitg= HOTieywell Enéiey” significant wiﬂa

sred —Toll6V cr1ter1a

lower

2 Elastomers miieubricafit GFmaly  ,rmmpyy e - Relative {,% dept-!lnﬂdulbl: R1234yfaﬂce P e
sehagess== & —  JkeEhardiessss

hiE

!mhﬁgyflng‘°s‘mg S BTTC ge«rantsmw ~

%:' NS %},’% l‘“»\expose \”!‘ﬁm < Prope }_Eﬂ,sg;
—iidifferent _black p ym@ ample.
=8 % o e f @RC‘;‘EMT b7y ‘"‘ISO 'ﬁRZ 4 5 f yzed
T i ;{S‘IEIOI'G AR S s
e o Wﬁm—mh g w2
—_M}llresul?s - R\A LY 1= : :;: =
£aQdEh: ﬁg?*%§ N
s Hlds 0 —
SERSV %ﬁ%ﬁf 4 L
= LR ac
Tibber u SReace
zEyérer It =
<typical
A

_mep?igredP@ S cond1t10n C@Hlpﬁtlg hfnyfﬁ;_

= information® I ==yunsaturated deviation~of



Motivation

Modern working fluids with low GWP

and no ODP are available ] Established baseline quantity

93

100%

90%
Application of these Fluids is politically enforced

(i.e. F-Gas Regulation, MAC Directive)

Gradual reduction of established baseline quantity,

20%
/ though not to 'zero' (phase-down)

70%
60% 63 l
50%
45
40%
W

Modern fluids have similar thermophysical properties
compared to State-of-the-Art fluid
- From a thermodynamic perspective:

Quantitycalculatedint COz2 equivalents

Possible application of these fluids 30% |
20% B
21
But: Thermal stability and material compatibility is 10%
often not fully investigated 0%
2015 2020 2025 2030 source: UBA, 2017

F-Gas Regulation: Reduction of CO,-equivalents of refrigerants
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Investigated fluids and polymers

HFC HFO Lubricant
Refrigerants and Oil R245fa R1233zd-E R1234yf POE
1,1,3,3,3- Trans-1-Chlor- _ polyolester oil:
Chemical identifier Pentafluor- 3,3,3- 21%:1,3;3;262‘;— Reniso Triton
propan Trifluorpropen prop SE170
Half structural CF;CH,CHF, CHCI=CHCF;  CH,=CFCF; ]
formula
Vapor pressure p at . . , .
25°C / 75°C 1,5/7,0bar 1,3 /5,8 bar 6,8/ 22,7 bar -
Boiling point at 1 bar 14,8 °C 17,9°C -29.8°C -
jg;‘;‘;jtefiq;;d c 13385/ 1262.8 / 10919/ ]
Y p At = 1187,6 X2 11299 ke 8488 ke
75°C m m m
Moleclulall‘ mass M,, 134,0 £ 130,5 £ 114,0 £ 1150 =
Electric dipole 49.107°Cm 38-10°Cm  83-10°Cm ;
moment y
Dielectric constant ¢, , _
16 20°C 6,7 n.a 8 4.3
Global Warming 1030 [ 4 i

Potential (GWPyg)

Thesis:

R245fa
F
1 |
CI\C/ \C/ /
VA N
FF F F

R1233zd-E R1234yf

For comparison:
acetone: very polar solvent y =9,6 « 1030 C m
n-hexane: non-polar solvent p =0+ 10230 Cm

Double bound within the molecule changes the chemical behavior of the fluid and may cause different compatibility properties
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Investigated fluids and polymers

Polymers, especially elastomers tend to swell and change their mechanical properties when exposed to refrigerants

Application of polymers within the ORC
static and dynamic seals (i.e. O-rings, radial shaft seals , valve seals)
other parts in components (i.e. diaphragm in diaphragm pumps, stator in eccentric screw pumps)

Practical question: T —— O
Which polymers are resistant against the modern refrigerants? A;?(‘ a7y 3
. _—&——
_ X \\\\,T\ e
Investigation of four different Polymers: 7/,\,\3;(\\\/:\\;3;
« Two compositions of ethylene-propylene-diene rubber (EPDM): — e
EPDM 1 with more black carbon and less plasticizer than EPDM 2 elastomers amorphous,
« fluoric rubber (FKM) cross-linked
» Polytetrafluoroethylene (PTFE) } thermoplastic
amorphous, cryétalline,
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TUTI

Relevant theoretical mechanisms for the fluid-polymer interaction

Physical interaction:

Diffusion of refrigerants molecules within the polymer matrix

Chemical interaction:

Plasticizer and other low-molecular additives dissolves in the refrigerant
Increase of the degree of cross-linking (for elastomers)

Degradation of cross-linking points (for elastomers)

Decrease of the degree of crystallization (for thermoplastics)

Decrease of the degree of polymerization (for thermoplastics)
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Experimental procedure

TUTI

pressure vessel

Test conditions N =
. Majurin et al. [8] Han et al. [4] Honeywell [5] EN ISO 175 present study - B
according to ref. rw ‘ A
Conditioning Cleaning with acetone _ Stora 93 °C and Storage at 23 °C and ey

itioni ioni : Nothing reported ge at an 0 idi : :

before exposure O conditioning and deionized water; grep 50 % rel. humidity 50 % rel. humidity, no ; l" w

Drying at 125°C further cleaning 1) :

Exposure period 21-28d 14 d 24 h 233h;(7: gro;ol?c"" 28d § f

and temperature 85°C - 127 °C 60 °C - ) 23°C : .

or depending on appl. g :

Drying period 24 no dryin no dryin 50°C 23 °C ar?dvi\;o % rel :

and temperature 85 °C _ 127 °C ying rying or depending on appl. Ak, o rel. :

Exposition of the polymer samples in liquid fluid (saturated state)

Drying / Desorption: conditioned air

Evaluation of change in volume, weight, Shore hardness and small-load hardness
directly after exposition and after subsequent drying period
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Results

Fluoric rubber (FKM)

Significant swelling of FKM for all
refrigerants (similar chemical structure)

R245fa causes largest swelling
(only saturated refrigerants)

Decrease of Shore hardness is in
good agreement with theory

No change in properties with POE

Almost no remaining change in
volume and weight after drying

Relative change of properties [%]

0 T
703
50 1
30 §
10 3
-10
30 3
50 1

70 L

directly after exposure

137

o™
N~
N (2]
™ (9p]
— = 3
-
BR1233zd-E
BR245fa o
BR1234yf g
OPOE b
Volume Weight Shore A
hardness

Relative change of properties [%]

90 T

30 +
-50

-70

after drying period

70

- Mainly physical polymer-fluid interaction with absorption and desorption of the refrigerant

Remaining increase in hardness at the surface for all refrigerants - Damages due to desorption

} FKM not compatible with all investigated fluids due to large swelling
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1| mR1233zd-E
| BR245fa
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Results

Ethylene-propylene-diene rubber (EPDM)

EPDM 1 has more black carbon and less
plasticizer than EPDM 2

Significant swelling of both EPDM
samples exposed to R1233zd-E

Volume, weight and hardness change are
in good agreement with each other

Remaining weight and volume loss after

drying for EPDM 1 with all fluids

—> Dissolution of plasticizer or other low-
molecular additives

EPDM 1 not compatible with all fluids
due to dissolution of plasticizer

Special attention should be paid for
the application of R1233zd-E

Relative change of properties [%]

Relative change of properties [%]

directly after exposure

EPDM 1 m R1233zd-E
T o B R245fa
1~ — = R1234yf

O POE
i g
Volume Weight Shore A
hardness
m R1233zd-E
(o N B R245fa
L B R1234yf
O POE
| oo

EPDM 2 -16
Volume Weight Shore A
hardness
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Relative change of properties [%]

Relative change of properties [%0]

30
25
20
15
10

-10
-15
-20

after drying period TI-ITI

mR1233zd-E EPDM 1
T| mR245fa
1| mR1234yf
oPOE S
. ({o)
o
i —t
] iy e
W U T -.L_J T J_ l T
4 °? Tt i = i
Volume Weight Shore A Small-load
hardness hardness
B R1233zd-E
B E R245fa
L B R1234yf
O POE

| P
L 4
EPDM 2 '
Volume Weight Shore A Small-load
hardness hardness
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Results

Polytetrafluoroethylene (PTFE)

Only slight swelling of PTFE directly

after exposure to all investigated fluids

Almost no remaining change in volume,
weight and Shore hardness after drying

Significant softening at the samples
surface after being exposed to HFO
and POE

- PTFE typically have an amorphous
structure at the outer layer due to the

Relative change of properties [%]

70

60

50
40
30
20
10

-10
-20

directly after exposure

mR1233zdE
. m R245fa

m R1234yf

o POE

Shore D
hardness

Volume Weight

production process and a crystalline structure in the bulk
—> higher interaction with amorphous structure than with crystalline structure

Relative change of properties [%]

70
60

40
30
20
10

10 +
-20

after drying period

1| mR1233zd-E a7
-| @ R245fa
T| mR1234yf

%0 T opoE

33

28

Volume

Small-load
hardness

Shore D
hardness

Weight

} PTFE is compatible with all refrigerants and POE. However, special attention should be payed to surface effects.
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Conclusion

Four investigated fluids: R245fa, R1233zd-E, R1234yf and POE
Four investigated Elastomers: FKM, two types of EPDM, PTFE

FKM not compatible with all investigated fluids due to large swelling
Special attention should be paid for the application of R1233zd-E, especially in comparison to R245fa

Polymer composition plays an important role for material compatibility

VTV

PTFE is compatible with all refrigerants and POE. However, special attention should be payed to surface effects

Outlook

Investigation of other refrigerants (R134A, R1234ze-E, R450A, R513A) and polymers (chlorobutadiene rubber, nitrile butadiene
rubber, polypropylene)

Analysis of possible temperature dependency and experiments with supercritical fluid states.

Analysis of the polymers samples with pyrolysis and thermogravimetric analysis to account for the influence of the composition
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Thank you for your attention!

Questions and discussion! ke
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Backup

EPDM FKM PTFE
Polymers
Ethylene-
.Chen.nca] Propy]ene- Fluororubber Polytetra-
identifier Diene fluoroethylene
Rubber

Selected trade
name

Application
temperature
Density p

Tensile

strength R,
Dielectric
constant €,

at 50Hz and 25°C

microstructural
condition

average molecular
weight My

Keltan, Buna
EP, Vistalon

-40 to 140°C

11-12%
’ = m?

13-15-2
mm-

0.1

amorphous to
semi-crystallin,
slightly
cross-linked
02-2-10° -2

mol

Viton, Fluorel,
Dyneon

2010210°C
20-23 %
m-

12-16-X

mm?

4.5

amorphous,
slightly
cross-linked

2-7-104 2

mol

Teflon, Xylan,
Polyflon

crystallin not
cross-linked

04-9-10°-E

mol
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F F F
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c F / ¢
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(c) R1233zd-E
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Hz
o] CH Q
NI
/7 N
R4 R3 \O
(f) Polyolester oil

O

Figure 1 — Structural formulas of the investigated
pure fluids

Y H % n
A c H
HzC_C\
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(b) FKM n
(c) PP
Cl F F
|1
. C C. il il el Ol el
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Ha H F F
n n
(@) CR (e) PTFE
_ Hp H: H
.- ‘C—ﬁ—ﬁ—c C—C-------f--
H, x | y “n
C=—N
(f) NBR

Figure 2 — Structural formulas of the investigated
polymers
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