Gas optical properties are vital
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fluorocarbons have been ideal
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LHCD: a two RICH (2 radiator) detector

RICH 1: C,F,, radiator RICH 2: CF, (+CO,) radiator:
n =1.00145 (4 m3): n = 1.00049 (100 m3):
lowers+momentum PID higher momentum PID

COMBINED RICH PEFORMANCE & PARTICLE SPECIES IDENTIFCATION RANGE
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“‘Green” fluorocarbons for Cherenkov radiators?

Saturated fluorocarbons (PFCs, SFCs: C F,,,,) chosen for optical
properties as Cherenkov radiators: C,F,, & CF, in COMPASS & LHCb RICH1&2.

Non-conductivity, non-flammability, non-toxicity & radiation resistance
=» ideal coolants
- CF,, (liquid) used in all LHC experiments,
- C;F; evaporatively cools ATLAS silicon tracker, TOTEM;

These fluids however have high GWPs (GWP,, > 5000*CO,);

Fluoro-ketones (C F,.0), while not industrialised over a wide C,F,,0 range,

can offer similar performance at very low, or 0 GWP;
Radiation tolerance & thermal performance of 3M NOVEC 649° (lin-C.F,,0)

sufficiently promising to be considered by CERN to replace CF,, for cooling,
but acid production (in humidity) and materials compatibility issues to resolve.
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Molecular shapes, GWP & toxicity

Cherenkov Cherenkov Si cooling Cherenkov Cherenkov Cherenkov
Radiator Radiator (Evap.) Radiator Radiator Radiator
(hist.) (hist.) (hist.) + Cooling (Liq.)

CF4 CZFS C3F8 C.‘AFIO CSFIZ C6F14
(GWP,,= 4880) (GWP.,=8210) (GWP,,=6640) (GWP,,=6870) (GWP,=6350) (GWP,,=5890)
Ih.T. H335 Ih.T. H335 Ih.T. H335 Ih.T. H335( [IhA"H335 Ih.T. H335
CF,0 C,F,0 CsFs0 C,Fs0 NOVEC 5110 CsF 40 NOVEC 649 CgF,,0
(GWPy,=?) (GWP,,=?) (GWPy,=7?) (GWPy=?) (GWPy==<1)
CF;C(O)F CF;C(O)CF; CF,CF,C (O)CF; \ CFsC(O)CF(CF,), CF5CF,C(O)CF(CE4,
Vencive | | 'reactve | | remcive | | CAS#337202 |[Cask 756127 | | cASH 756138
Ih.T. H335 Ih.T. H335 Ih.T. H335

Upper: molecular shapes of SFCs, including common gaseous Cherenkov radiators.
Lower: shapes of some non-cyclic C F,,0 analogues (20-year GWPs & GHS inhalation toxicities (source www.synquest.com
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Molecular shape is important for GWP and toxicity!!
Cyclic, non-cyclic & non-cyclic double c-bonded C,F.O isomers

CAS# 337-20-2
Octafluoro-2-butanone

\(GVXPZ,: ?) [H335]

Optical performance similar

GWP P F a to C,F,,: (BTeV & ALICE VHMPID)
F .
- ; High GWP!!
F F
F CAS# 67641-44-5
CAS# 335-42-2 Octafloro-1-methoxyprop-1-ene
Heptafluorobutyryl fluoride (GWP,,=?) [H332, 335, 336]

F

F
F

O F
5 GWP ? )\f&

F
F——</ d g F CASH#
F FxF Cyclic

B CAS# 10493-43-3 Perfluorotetrahydrofuran,

Perkafyoroethyltrifluorovinyl £ther
F CAS# 677-84-9 (SWP,,=?) [H332,

Heptafluoroisobutyryl fluoride
(GWP,,="7?) [H335]

Octofluorotetrahydrofuran
o] (GWP,, = 8975) [ref EPJP]
[H335]

C,FgO Linear with Oxygen atom as
C,FgO Linear & iso, with internal link and double carbon
Oxygen atom on external spur bonded link
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EMISSIONS

https://doi.orq/10.25325/CERN-Environment-2023-003

CERN reports on all emissions over which it hes operetional
control. CERMNE greenhouse ges emissiona are estimated in
eccordence with the internationally recognised methodology
of the Greenhouse Gas Protocol, which categorsss such
emissions into three “scopss®. Scope 1 refers to the direct
emiasions resulting from an organisation’s teciities end vehickes,
while scope 2 refers to indrect emissions related to the
generation of electricity, steam, heating or coolng purchased
for an orgenisation’s own use. Scope 3 refers to el other
incirect emissions ocouming upstream end downstream of an
orpanisation's actwities. such &3 busness travel, personnel
commutes, catering and procurement.

With the gradual restart of the accelerator comples in 2021
ready for the launch of Run 3 of the LHC in mid-2022, the
ftotal amount of scope 1 greenhouse gas emissions was
higher than in the period 2018-2020, when the accelerators
were not running, namely 123 174 and 184 173 tonnes

of CO, equivalent fCO,2) In 2021 and 2052 respertively.
CERM continuously improves its management, traceability
and maonitoring of F-gases. notably thanks to the awanreness
ratsed among stakeholders by the Working Group on
F-Gases. which complatad ita work in 2021. In the reporting
peeriod, the lange expenments have improved their approach
and to minimize emissions, as reported below. Test faclities
and other, smaller experiments have atao improved thesr
abllity to trace emisslons and are therefore now also
Included in the calculations for 2021 and 2022 to provide

a complete view of scope 1 emissions.

DIRECT EMISSIONS - SCOPE 1

CERM's direct greenhouse gas emiasions (scope 1) arlse
from the Laboratory’s industrial infrastructure and on-site
activities. Approximately 90% of CERM's scope 1 emissions
come from its experiments. These use 8 wide range of

pas mitures for particle detection and detector cooling,
inchueding fluorinated gases (F-gases) which have a high
global warming potential (GWP) and therefore account for
about 78% of the Organization's direct emissions. The lamge
experiments represent the main focus of CERN's efforts

to mitigate its gresnhowse gas emissions. The main gases
usad are HFCs, PFCs and 5F, for particle detection, PFFCs
and HFCs for detector cooling and HFOs/HFCs for standard
air conditioning systems. SF, Is also used for electrical
insulation in power supply systems.
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CERN SCOPE 1 EMISSIONS FOR 2017-2022 BY CATEGORY
“Other” inclurles. air condiioning, electrical insulstion, smergency
peneraion and fhe fusl consumption of the CERMN vehice flest.

A STRATEGY TO REDUCE SCOPE 1 EMISSIONS

As for all ather objectives that were set in the first
envinonment report and whose onginal tanget date was
2024, the tanget has shifted concomitantly with the shift in
the accelerator schedule. CERMN's objective ks therefore to
reduce (ts scope 1 emissions by 26% by the end of Run 3
(baseling: 2018).

The current strategy to optimise the use of gases in the
expariments rests on the following plllars: gas recirculation,
gas recovery and the search for more envirenmentally
friendly altemnatives to the gases currently used. During
Fun 2 of the Large Hedron Collider (LHC), CERM tested a
prototypss plant for the recupsration of HFC-134a gas using
a real detecton. The results show a recovery efficlency of
close to B0%. An updated prototype has been finalised and

ba n = ch

A new CF, recovery plant was deslgned. built and
successfully implemented for the RICH2 detector in the
LHCh experiment.

P — entity possible
alternatives to the greenhouse gases currently used in
particle detection. Mew gases with a lower GWF, as well as
the partial replacement of HFC-134a with CO,_ are currently
being tested for the future.

The migin contributors to CERN's F-gas emissions are small
leaks in the detectors causad by their lght construction,
which ks dictated by the need to ensure that they fit inaids
the compact apaces that house them. As leaks oocur
regularly, systematic leak-repair ane d

INDIRECT EMISSIONS — SCOPE 2

The total amount of scope 2 greenhouse gas emissions

due to CERMN's electricity consumption was 56 382 and

63 161 tCO,2 In 2021 and 2022 respectively. EDF, CERN's
principal edectricity supplier, generates low-carbon electricity,
mainly of nuckear origin, which contributes to keeping
enengy-related emissions retatively kow. In this report, CERN
reviewed the CO, emission factors that it applies in order

to ensure that the figures quoted remain as accurate as
sible. For CERN's intemnal purposas, both the market-
based and the location-based methodalogles of the
Greenhouse Gas (GHG) Protocol are followed. Market-based
emizsion factors take into account the actual sources of
purchased energy. The location-based methodology uses
emission factors that provide an average of the emissions
from all power sources within a specific geographic region
over 8 given period of time. The results of the location-based
methodology are provided in this repert, with calculations
based on average yearly emission factors taken from
ADEME Base Empreinte. All years in the peniod 2017-2022
have besn recalculated, &z shown in the graph.

hos

to ensure that they are contained and minimised. The
leak-repair campalgn lsunched by the ATLAS and CMS
expariments during the second long shutdown (LSZ)
progressed well in the reporting period. It will continue in a
later shutdown, when access will be poasible again. Both
experiments continued to invest in RED to reduce detector

leaks and prepare for a transition from PFCs to GO, cooling.
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But no mention at all of the ATLAS ultrasonic fluorocarbon leak monitor system !
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https://doi.org/10.25325/CERN-Environment-2023-003

Ultrasonic detection of fluorocabon gas leaks:

ATLAS silicon tragker: SFC leak monitoring
e
degassingsonar ., https://www.mdpi.com/2410-390X/5/1/6

L vy Zur. Phys. J. Plus (2023) 138:1141 Page 19 0of 21 1141
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This latest CERN environmental report

https://doi.ora/10.25325/CERN-Environment-2023-003

tCO,e 2021

tCO,e 2022

Perfluorocarbons CF,, C F C F 3
(PFCs) ch .Ck " [ 68 959
= —
HFC-23 (CHF)
HFC-32 (CH,F )
HFC-134a (C,H.F )
FYGIOCOTIONOCAIbONS' | 1irC-404a 36 557 86 211

Collectlve Ioss of SFCs only around 10 tonnes (whole of LHC + expts)

(compare that to yearly mass-loss at a ‘grande surface’ supermarket!)

SF¢ GWP = 23000
| NF; GWP = 17000

COVIror eIt
Report
2021-2022

&

I Other F-gases SF,, NF, 16 838 18 355
Hydrofluoroolefins R-449 86 199
(HFOVHFCs &NGVEC 649
R449: (CFH blend) GWP=1397
R1234 (HFO): GWP =7
NOVEC 649 (C4F;,0): GWP=0 | 00 13.771 | 10419
Total Scope 1 123 174 184 173
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https://doi.org/10.25325/CERN-Environment-2023-003

Some perspective (2): Auchan Aubagne (13) “Grande Surface” near Marseille
(Hectaires of A/C, tonnes of loss per year: R134a? (GWP=1430) =»

i —

43817:37.64 8N
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Refractive index & GWP ’'load’ in a Cherenkov Gas Radiator

A Cherenkov radiator vessel of volume V(m?3) filled with

a blend of gases of densities p, (kgm),

fractional concentrations w; and individual GWP; (tonnes CO, eq.)
has a GWP environmental “load” (& release potential) L given by:

L= Tli)ozi (wi.p;.GWPi ) (tonnes CO,eq.) [Eq. (1)]

LHCDb detector

éF 1 1 1 1 1 | 1 1 1 1 1 | Il 1
0 s 10 hY 2 [xd] 20
LHCb RICH 1 LHCb RICH 2 COMPASS RICH
(4m° C,F10: GWPy, = 4880 || (100 m3: CF, GWP,, = 6870 (100 m3 C,F,,. GWP,, = 4880)
GWP eqv. CO,: 274 tonnes +55% CO,) GWP eqv. CO,: 6849 tonnes
GWP eqv. CO,: 1737 tonnes
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Ideally... replace SFCs with
same-order GWP, FKs

with good UV transparency, refractivity...

LHCD detector

Bending Plane Ivlucm Detector
ECAL HCAL e

RICH1 II
\|
i e

5 10 2z [m]
LHCb RICH 1 LHCb RICH 2 COMPASS RICH
(4m?3 1in-C,F50) (100 m3: CF,0+ ?) (100 m3lin- C,Fg0O)
GWP eqv. CO,: O tonnes CF,0 Toxicity ® GWP eqv. CO,: O tonnes
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But if direct 1 for 1 substitution is not possible...

10002 (wi.p, . GWPI ) (tonnes CO, eq.)

The corresponding radiator gas mixture refractivity for a gas blend is given by :

(n_‘l)rad — Zi (Wl (n_‘l)i [Eq. (2)]

For just two gases we can blend small conc. @, of (heavier) SFC or Fluoro-Ketone
vapour of high refractivity (n-1), with o, of light transparent gas, refractivity (n-1),
to replicate refractivity (n-1), of a lighter SFC at high conc. — for a lower GWP load.

(n—1)z(target) —(n-1),

= T D) (n-1) ; [EQ. (3)]
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Targeting the refractivity of CF, & C,F,, (100 m3: examples) at 1 bar,,

with gases of

differing molecular weight in varying fractional concentrations with N,
(conc. > 100% indicate need for overpressure): includes hypothetical light fluoro-ketones
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CERN F- gas policy document on EDMS (July 2024)

(O https://edms.cemn.ch/ui/file/3120169/1/CERN_F-gas_policy_docx_cpdf.pdf

el v 1 of4 — |+ 80% ~

LG\)"
J EDMS 3120169
26.07.2024

https://edms.cern.ch/ui/file/3120169/1/
CERN F_qas DO“CV dOCX CDdf.Ddf CERN Fluorinated Gases (F-Gas) Policy

CERN, an intergovernmental organization for fundamental research in particle physics, defines and
implements a fluorinated gases policy (hereafter “F-Gas Palicy”). This policy covers all installations
{including equipment) and activities on the CERN site containing or using fluorinated gases, i.e., human-
made greenhouse gases that contain fluorine (F-Gases). The policy is periodically reviewed.

1. Objectives

In line with the CERN Safety Policy, the F-Gas Palicy is designed to minimize the impact on the environment
of the Organization’s installations and activities containing or using F-Gases.

In particular, the F-Gas Policy aims at a reduction of the use of F-Gases and of related emissions.
2. Means

The Organization makes the necessary means available needed to meet the F-Gas Policy objectives.
In particular, the Organization commits to:

minimize the use of F-Gases at CERN, in particular through:
o the promotion of research and development into F-Gas alternatives,
o the replacement, to the extent possible, of F-Gases already used in its installations and
activities with gases with no - or less impact on the environment, and
o the minimization, to the extent possible, of the use of F-Gases in new installations and
activities.
limit its emissions of F-Gases, in particular through:
o the prohibition of intentional releases,
o the detection and reduction of leaks,
o appropriate training of personnel concerned.
monitor and manage the use and emissions of F-Gases within the Organization,
establish and update appropriate internal procedures and regulations and monitor compliance
with them,
communicate proactively,
collaborate with the Host States.

Page 1 of 4

In the possible absence of suitable F-K alternatives (compatibility issues),
some options for better husbandry of heritage SFCs/PFCs follow:
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LEGISLATION

O B https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas

CONSULTATIONS SEARCH FOR CHEMICALS

B &7

SUPPORT

ECHA > News » Hot topics

Hot topics

Preventing cancer

Highlights from March RAC and SEAC meetings
ECHA/NR/25/09

The Committees for Risk Assessment (RAC) and for Socio-Economic Analysis (SEAC) progressed their
evaluation of the proposed restriction on PFAS. Additionally, RAC adopted 13 opinions on harmonised
classification and labelling, including those for silver nitrate and synthetic amorphous silica.

Helsinki, 19 March 2025 - In their first meetings of 2025, RAC and SEAC continued evaluating the EU-wide proposal to
restrict per- and polyfluoroalkyl substances (PFAS). Both committees reached provisional conclusions for applications of
fluorinated gases. Additionally, RAC reached provisional conclusions for transport and energy applications, while SEAC will
continue discussing these areas in its June meeting.

The committees also announced the sectors they will evaluate in their upcoming meetings. For June, the tentative plan
includes:

= Medical devices (RAC and SEAC)
= Lubricants (RAC and SEAC)

® Transport (SEAC cont.)

= Energy (SEAC cont.)

® Electronics and semiconducters (introductory discussion in RAC)
After June, the committees will focus on:

® Electronics and semiconductors; and
= Remaining applications.

Harmonised classification and labelling
RAC adopted 13 opinions on harmonised classification and labelling. These opinions include those for:

= Silver nitrate: RAC recommends adding or modifying classifications in nine hazard classes, including a new classification
for reproductive toxicity (in Cat. 1B for effects on both fertility and development) and for carcinogenicity (Cat. 2).

Synthetic amorphous silica: RAC recommends introducing a harmonised classification as a substance causing damage to
the respiratory tract through prolonged or repeated exposure by inhalation (STOT RE 1).

Applications for authorisation

RAC agreed on 17 and SEAC on six draft opinions on applications for authorisation. Additionally, RAC and SEAC adopted four
opinions on applications for authorisation and three opinions on review reports.

More details about these opinions can be found in the annex. Listen also to our Safer Chemicals Podcast with the RAC Chair
Roberto Scazzola and the Chair of SEAC, Maria Ottati.

Safer Chemicals Podcast n

° ated gases
00:00/ 26:40 - ¥ 1,684

PFAS restriction update: energy, tr:

PODCAST

Per- and polyfluoroalkyl substances (PFAS)

Per- and polyfluoroalkyl substances
(PFAS)

Per- and polyfluoroalkyl substances (PFAS) are a large class of thousands of
synthetic chemicals that are used throughout society. However, they are
increasingly detected as environmental pollutants and some are linked to negative
effects on human health.

They all contain carbon-fluerine bonds, which are one of the strongest chemical
bonds in organic chemistry. This means that they resist degradation when used
and also in the environment. Most PFAS are also easily transported in the
environment cowvering long distances away from the source of their release.

FFAS have been frequently observed to contaminate groundwater, surface water
and soil. Cleaning up polluted sites is technically difficult and costly. If releases
continue, they will continue to accumulate in the environment, drinking water and
food.

Latest updates
Universal PFAS restriction proposal:

Highlights frem March RAC and SEAC meetings, 19 March 2025

Highlights from Movember RAC and SEAC meetings, 5 December 2024

= ECHA and five European countries issue progress update on PFAS restriction,
20 Mowv 2024

= Higlights from September RAC and SEAC meetings, 26 Sept 2024

Status of the scientific evaluation of proposal to restrict PFAS
(regularly updated) [pOF] [EN]

Highlights frem June RAC and SEAC meetings - upcoming sectors announced,
13 June

= Dossier Submitter’s ongoing role in the PFAS restriction proposal -
news from German BAuA, 15 April 2024

Other:

= Commission restricts use of a sub-group of PFAS chemicals to protect human
health and the environment, 19 September 2024

RAC recommends classifying PFHxA and related substances for reproductive
toxicity (Repr. 1B; H3600), 14 March 2024

Perflucrocheptancic acid (PFHpA) and its salts added to Candidate List of
substances of wvery high concern, 17 January 2023

What are PFAS and what are they used for?

What are the concerns?

FURTHER INFORMATION

ECHA

Persistent Organic Pollutants (POPs)
Substances restricted under REACH

Candidate List of substances of very
high concern for Authorisation

Authorisation List
Cemmunity Relling Acticn Plan

Harmonised classification and
labelling

Addressing substances of concern

European Commission and EU

institutions

EFSA: Per- and polyfluoroalkoyl
substances (PFAS)

European Green Deal: Commission
proposes rules for cleaner air and
water, 26 Oct 2022

Council formally adopts further
restrictions to “forever chemicals’ in
waste, 24 Oct 2022

Chemicals Strategy for
Sustainability

Commission staff working
decument: Poly- and perflucroalkyl
substances (PFAS)

EFSA's PFAS draft opinion explained
Commission welcomes provisional
agreement to improve the guality of
drinking water and the access to it
Chemical pollutants — restrictions
on perflucrooctanoic acid (PFOA)
EEA: Emerging chemical risks in
Europe — 'PFAS’

Other links

European Environmental
Bureau's PFAS page

MNew study shows: One-year-old
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16
(1 of 2): Perspective from a recent e-mail exchange [Apr. 2025] with

a chemical company producing Saturated Fluoro-Carbons (SFCs),
a.k.a Per-Fluoro-Carbons (PFCs)

“CsF,,0 et seq.: “NOVEC” Fluoro-ketones are undeniably good fluids: for the majority of applications:
they work well as a substitute for fully fluorinated alkanes but have compatibility issues to overcome.

“About 10 years ago | discovered a 3M report posted on the internet that detailed across 27 pages

the per es between NOVECs and fully fluorinated alkanes:
VEC’s unpredictable lack of compatibility with the many and varied materials of constructions
\b%major reported issue along with poorer thermal stability and dielectric strength.

While the first HFEs were being commercianzed, sM engineers performed

exhaustive compatibility testing using standard materials and arrived at
what we thought was a well-researched table like the one described above.
As complaints from the field started coming in, it quickly became apparent
that not all materials of a given class are similar. For example, we might
test ten EPDM compounds and find that eight of them perform very well.
The other two may perform miserably. There is simply too much variability
in the formulations of various materials. This situation is compounded by
the fact that construction materials may be completely untraceable. For

“We tell our customers that if fluid performance is absolutely critical to an application (e.g. aerospace)
prioritizing reducing leaks and / or capture and recycling is worth the effort ahead of a fluid swap.
Unfortunately it’s not a very glamorous or exciting solution.”
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(2 of 2): Perspective from a recent e-mail exchange [Apr 2025] with
a chemical company producing Saturated Fluoro-Carbons (SFCs),
a.k.a Per-Fluoro-Carbons (PFCs)

“[...] So far we have not seen any serious diminishing of business due to
PFAS or F-gas restrictions.

“[...] F-gas and PFAS are a constant topic of conversation with customers,
but the same co :

Simply there is no alternative that works as well, and compromising safety
or efficacy is not in anyone’s interest, in particular space and military are not
inclined to change for inferior performance.

t we are working with customers on new projects that use our PFC’

“Basically there was a initial wobble, but it doesn’t seem to have spooked
everyone - there are still brave souls out there.”
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Improved leak capture: Surrounding a FC RICH radiator
with a thin (for example: N,) - purged leak sniffing plenum
equipped with ultrasonic monitoring of FC molar mass

Internal placement of ultrasonic transducers?

Aspiration to analyser: membrane pumps & tubes?
- Aspiration from the bottom best: hydrostatics of heavier FC
- Care with volume calculation if jacket walls are flexible:
(Hydrostatic bowing with heavy FCs)

SensComp

(Uelx-PoIar.md) 50dkHz Cold trap to

- tra?onlc transducer liquify &
ttps://senscomp.com recapture

Aspiration fluorocarbon
Sonar —{1— r
- Continuous real-time monitoring;https:/iwww.mdpi.com/2410-390x/5/1/6 PUMP |
- Sensitivity better than 10> FC molar conc w;

- Alarm raising;

- Cumulative loss calculation (compliments tankage mass loss measurements)

ti 4
= Loss(tonnes C0,eq.) = |, tizzlee: % * (Wgc. ppe- GWPF )

Can also condense the FC leaking into the sampling volume to reduce losses!
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Improved ‘Optigeneric’ FC blend RICH radiator gas recirculator
suppression of moving parts like gas blowers & compressors
(often major points of failure & leaks)

Cooling fluid
Light carrier to coils. Atmospheric
Gas escape (p;?:r?]biﬁbolll/&?ff reference pressure
(g Np) 1 R 1 safety bubbler
| Liquid FC
Condenser pgh > I:)evap
Fluorocarbon Coil evap sufficient
Condenser v to drive
-80 °C Lig FC 1 circulation
Keep cold coilll Radiator

vessel

h
o ! Fluorocarbon }
FC I|qU|_d.phase Evaporator

purifier /

(02, H20 = / Gas mixture
removal etc.)

y I:)evap "Ia T o

Low mass flow ) »” IN

FC liquid < | Mdnitor & control

7’
pump N,in ——| *| Mass Flow Controller
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Example of such a thermosiphon recirculator: SLD CRID CsF,,/N, gas radiator:

SLAC-PUB-5988
October 1992
M

THE FLUID SYSTEMS

FOR THE SLD CHERENKOV RING IMAGING DETECTOR* C RI D Ra d i at O r G a S

K. Abe,” P. Antilogus,** D. Aston,® K. Baird,* A. Bean,’ R. Ben-David,* T. Bienz,**

F. Bird,*¥ D. 0. Caldwell,* M. Cavalli-Sforza,’ J. Coller,? P. Coyle,/* D. Coyne,’ 1 1
S. Dasu,** S. Dolinsky,** A. d'Oliveira,* J. Duboscq,*"* W. Dunwoodie,® P. Gagnon,’ I rC u at I o n ystel I l
G. Hallewell * K. Hasegawa,® Y. Hasegawa,® J. Huber,* Y. [wasaki,® P. Jacques® .
- R.A. Juhnm,‘"-M.-Kdelka:,‘ H. Kawahara 'Y, Kwon,> D. W. G. S. Leith,* X, Liu,” A. Lu? )
S. Manly,* J. Martinez,* L. Mathys,®* M. McCulloch,® S. McHugh,? D. McShurley,* G. Miller,*
D. Muller, T. Nagamine,! M. Nussbaum,* T. J. Pavel,* H. Peterson,* R. Plano,® B. Ratcliff,’
R. Reif, P. Rensing,® A. K. S. Santha,® M, Schoeider,” D. Schultz,! J. T. Shank,? S. Shapiro,*

Sep. 25, 1992

H. Shaw,} C. Simopoulos,’ J. Snyder,® M. D. Sokoloff,* E. Solodov,#% P. Stamer,* I. Stockdale, CRID
F. Suekane,® N. Tc:vrge."""' J. Turk,® ;‘l Va'vra, R. Watt, T. Weber,* J. 5. Whitaker,?
D. A. Williams,” S. H. Williams," R. J. Wilson,# G. Word,® §. Yellin,’ H. Yuta* | | ____________________
! Vessel
13,000 liters

G5F12
Liquid

Storage
Tank

Cooling N2
< Conditioner

Buffer Tank

Evaporator

% : control valve
& : shut-off valve; : flow meter;

D><] : manual valve; Sonar| : sonar mixture gauge;

—r—
[XP%) : pressure transducer;

e . primary path;

—— : secondary path;
weess : liquid path;
®

: thermo couple;

.
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So where are we (May 2025)..?

(Interim conclusion: as you have seen, PFAS are a moving target)

Despite high GWP SFCs/PFCs (form C.F(2n+2)) currently indispensable as benign
Cherenkov radiators (refractivity, good UV & near-UV transparency) ;
C,F,, & CF, in COMPASS & LHCb RICH 1 & 2, possibly soon C,F, (again).

3M Corp leaving PFAS market place by end of 2025: affects 3M SFC/PFC & NOVEC®
Fluoro-Ketone PFAS fluids, but other manufacturers collectively filling gaps.
Examples: France: Dehon Co. (subsidiary Climalife): https://climalife.com

UK: F2 Chemicals: https://f2chemicals.com

USA: Synquest (FL): https://synquestlabs.com
China: Sanming Hexafluo Chemicals Co. : http://www.hexafluo.com

So how threatened will future PFAS availability really be?
(needs of electronics, semiconductor industry)..?

While not industrialised over a wide C_F, O range fluoro-ketones might offer
similar optical performance at very low, or 0 GWP Studies starting in DRD4;
Material compatibility issues, low order C F,, O reactivity & toxicity an issue?
Lin (or iso?) -C,F;O could replace C,F,, while C,F;,0 or C.F,,0 blended with N,
& controlled in real time by sound velocity gas analysis - could replace CF,
Better usage of existing stocks of SFCs the best way to go?: ‘compressor-less’
(thermosiphon) circulation & leak capture plenums round large SFC volumes..?
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Previous related presentations
& references
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This is a follow-on from previous presentations in this vein:
(too much for here): for more information see:

“Green radiators”: Controlling refractive index & reducing Cherenkov gas radiator GWP: a
challenge in an era of diminishing fluorocarbon availability
Related paper: https:/link.springer.com/article/10.1140/epjp/s13360-023-04703-w.

Also DRD4 meeting, May 2023 https://indico.cern.ch/event/1263731/contributions/5398511

ATLAS sustainability forum CERN, Jan 26 2024
https://indico.cern.ch/event/1371158/contributions/5773321/attachments/2788215/4861759/G Hallewell

ATLAS sustainability forum Jan 26 2024 v2.pptx

Sustainable - HEP 2024 https://indico.global/event/4744/contributions/39611/

ICHEP2024 (July 2024): https://indico.cern.ch/event/1291157/contributions/5900402

DRD4 meeting Oct. 2024: https://indico.cern.ch/event/1456663/sessions/566400/#20241024

DRD4 meeting April 2025: https://indico.cern.ch/event/1473071/contributions/6430251/

- -

23
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LEGISLATION

O B https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas

CONSULTATIONS SEARCH FOR CHEMICALS

B &7

SUPPORT

ECHA > News » Hot topics

Hot topics

Preventing cancer

Highlights from March RAC and SEAC meetings
ECHA/NR/25/09

The Committees for Risk Assessment (RAC) and for Socio-Economic Analysis (SEAC) progressed their
evaluation of the proposed restriction on PFAS. Additionally, RAC adopted 13 opinions on harmonised
classification and labelling, including those for silver nitrate and synthetic amorphous silica.

Helsinki, 19 March 2025 - In their first meetings of 2025, RAC and SEAC continued evaluating the EU-wide proposal to
restrict per- and polyfluoroalkyl substances (PFAS). Both committees reached provisional conclusions for applications of
fluorinated gases. Additionally, RAC reached provisional conclusions for transport and energy applications, while SEAC will
continue discussing these areas in its June meeting.

The committees also announced the sectors they will evaluate in their upcoming meetings. For June, the tentative plan
includes:

= Medical devices (RAC and SEAC)
= Lubricants (RAC and SEAC)

® Transport (SEAC cont.)

= Energy (SEAC cont.)

® Electronics and semiconducters (introductory discussion in RAC)
After June, the committees will focus on:

® Electronics and semiconductors; and
= Remaining applications.

Harmonised classification and labelling
RAC adopted 13 opinions on harmonised classification and labelling. These opinions include those for:

= Silver nitrate: RAC recommends adding or modifying classifications in nine hazard classes, including a new classification
for reproductive toxicity (in Cat. 1B for effects on both fertility and development) and for carcinogenicity (Cat. 2).

Synthetic amorphous silica: RAC recommends introducing a harmonised classification as a substance causing damage to
the respiratory tract through prolonged or repeated exposure by inhalation (STOT RE 1).

Applications for authorisation

RAC agreed on 17 and SEAC on six draft opinions on applications for authorisation. Additionally, RAC and SEAC adopted four
opinions on applications for authorisation and three opinions on review reports.

More details about these opinions can be found in the annex. Listen also to our Safer Chemicals Podcast with the RAC Chair
Roberto Scazzola and the Chair of SEAC, Maria Ottati.

Safer Chemicals Podcast n

° ated gases
00:00/ 26:40 - ¥ 1,684

PFAS restriction update: energy, tr:

PODCAST

Per- and polyfluoroalkyl substances (PFAS)

Per- and polyfluoroalkyl substances
(PFAS)

Per- and polyfluoroalkyl substances (PFAS) are a large class of thousands of
synthetic chemicals that are used throughout society. However, they are
increasingly detected as environmental pollutants and some are linked to negative
effects on human health.

They all contain carbon-fluerine bonds, which are one of the strongest chemical
bonds in organic chemistry. This means that they resist degradation when used
and also in the environment. Most PFAS are also easily transported in the
environment cowvering long distances away from the source of their release.

FFAS have been frequently observed to contaminate groundwater, surface water
and soil. Cleaning up polluted sites is technically difficult and costly. If releases
continue, they will continue to accumulate in the environment, drinking water and
food.

Latest updates
Universal PFAS restriction proposal:

Highlights frem March RAC and SEAC meetings, 19 March 2025

Highlights from Movember RAC and SEAC meetings, 5 December 2024

= ECHA and five European countries issue progress update on PFAS restriction,
20 Mowv 2024

= Higlights from September RAC and SEAC meetings, 26 Sept 2024

Status of the scientific evaluation of proposal to restrict PFAS
(regularly updated) [pOF] [EN]

Highlights frem June RAC and SEAC meetings - upcoming sectors announced,
13 June

= Dossier Submitter’s ongoing role in the PFAS restriction proposal -
news from German BAuA, 15 April 2024

Other:

= Commission restricts use of a sub-group of PFAS chemicals to protect human
health and the environment, 19 September 2024

RAC recommends classifying PFHxA and related substances for reproductive
toxicity (Repr. 1B; H3600), 14 March 2024

Perflucrocheptancic acid (PFHpA) and its salts added to Candidate List of
substances of wvery high concern, 17 January 2023

What are PFAS and what are they used for?

What are the concerns?

FURTHER INFORMATION

ECHA

Persistent Organic Pollutants (POPs)
Substances restricted under REACH

Candidate List of substances of very
high concern for Authorisation

Authorisation List
Cemmunity Relling Acticn Plan

Harmonised classification and
labelling

Addressing substances of concern

European Commission and EU

institutions

EFSA: Per- and polyfluoroalkoyl
substances (PFAS)

European Green Deal: Commission
proposes rules for cleaner air and
water, 26 Oct 2022

Council formally adopts further
restrictions to “forever chemicals’ in
waste, 24 Oct 2022

Chemicals Strategy for
Sustainability

Commission staff working
decument: Poly- and perflucroalkyl
substances (PFAS)

EFSA's PFAS draft opinion explained
Commission welcomes provisional
agreement to improve the guality of
drinking water and the access to it
Chemical pollutants — restrictions
on perflucrooctanoic acid (PFOA)
EEA: Emerging chemical risks in
Europe — 'PFAS’

Other links

European Environmental
Bureau's PFAS page

MNew study shows: One-year-old
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‘GHS Classification Criteria for Inhalation & skin Toxicity

Global Harmonized System of Classification and Labelling of Chemicals (GHS). 10t revision, United Nations (2023}
About the GHS | UNECE https://unece.org/about-ghs

H330 | Fatal if inhaled

ay cause respiratory irritation

ay cause drowsiness or dizziness

ay cause allergy or asthma symptoms or breathing difficulties if inhaled

Acute Toxicity cn:gory cnozgocy c.uagory c.u‘gory Category 5
Oral (mg/kg) <5 >5 >50 >300 Criteria
<50 <300 <2000 | * Anticipated oral LDy between
Dermal (mg/kg) <50 >50 >200 >1000 2000 and 5000 mg/kg;
<200 <1000 <2000 | * Indication of significant effect in
Gases <100 >100 >500 >2500 humans;*
(ppm) <500 <2500 <5000 | * Any mortality at class 4;*
Vapors <05 >0.5 >2.0 >10 * Significant clinical signs at class
(mg/) 2.0 <10 <20 4"
Dusts & Mists <0.05 >0.05 >0.5 >1.0 * Indications from other studies;*
(mg/) <0.5 <1.0 <5 *if assignment to a more hazardous
class in not warranted.
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CERN and the Environment (what?)Town Hall meeting 8 November 2024

Watch this (CEPS) space

CERN and the E N - and GET SB MEMBERSHIP
and the Environment sl ;

Town Hall meeting 'TTTH) to represent the

e e Chere.nkov dgtector

CEPS community and its needs!

8 November 2024

Conclusions (from Guida talk)

F-gas policy

is in line with “F-gas regulations” which aim to limit the GHG usage
Decreasing the consumption makes detector operation less subject to crisis affecting price and availability

Detector cooling
C0; is a natural refrigerant with outstanding properties down to -50 °C
Studies ongoing for lower temperatures (< -60 "C) with Krypton
Particle detection
Mitigation strategies are based on gas recirculation, gas recuperation and mixture dilution with inert gases
Massive campalgns should address the leak problem in the ATLAS and CMS RPC during the upcoming (E)YETS/LSs
Challenging to have a “full” replacement of currently used GHGs still during the HL-LHC operational period
Detector design

It is fundamental to look not only at detector performance but also at the infrastructure
More leak-tight vessel/detectors would allow using hydrocarbons or expensive ecofriendly gases

Horizon 2025: -28% by the end of Run 3

¥ Almost achieved considering the move to CO, cooling and the improvements in particle detection systems

Horizon 2030: -50%

d Requires continuous developments and improvements in particle detection (and a constant leak rate)
Development of new gas recirculation and recuperation plants ongoing for GIF++, ALICE, ATLAS, CMS

CERN and the Envirgnment Town Hall
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Cherenkov radiator and related general references (1 of 2) from
https://link.springer.com/article/10.1140/epjp/s13360-023-04703-w

[1] CERN Environment Report 2017—2018 https://doi.org/10.25325/CERN-Environment-2020-001
[2] B. Mandelli; Eco-gas mixtures and mitigation procedures for Green-house Gases (GHGS);

ECFA Detector R&D Road-map Symposium: T.F. 1 Gaseous Detectors, 29/4/2021
https://indico.cern.ch/event/999799/contributions/4204191/attachments/2236047/3789965/BMandelli ECFA.pdf,
[3] B. Mandelli; R&D for the optimization of the use of greenhouse gases in particle detector systems;

Mini workshop on gas transport parameters for present and future generation of experiments: CERN April 22, 2021

https://indico.cern.ch/event/1022051/contributions/4325947/
[4] G. Rigoletti; Studies to reduce greenhouse gas emissions from detectors at the LHC; EP-DT Seminar May 4, 2022.pdf (cern.ch)
[5] S. Dalla Torre et al; Long term experience with C,F,, in COMPASS RICH-1; Presentation 11™ Intl. Workshop on Ring Imaging Cherenkov
detectors, Edinburgh, Scotland, Sept 12-16 2022.
https://indico.cern.ch/event/1094055/contributions/4932286/attachments/2508724/4311387/RICH2022_CA4F10_dallatorre.pdf
[6] 3M PFG-3480: c-octofluorotetrahydrofuran (C,FgO). Note: fluid out of production : product reference now used for a non-fluidic product.
For historic product data sheet mentioning its high GWP see (for example):
http://static6.arrow.com/aropdfconversion/a7116f41dfdd5b79d2eb7b40afd687f8af23d8ef/mediawebserver(563).pdf
[7] M. Artuso et al; Nucl. Instr & Meth. A Volume 558, (2006), 373-387
[8] Product #2H07-2-08 Synonyms: 2,2,3,3,4,4,5,5-octafluorotetrahydrofuran, Perfluorotetrahydrofuran; CAS No: 773-14-8, MDL No.
MFCD00465561: SynQuest Labs Inc., 13201 Rachael Boulevard, Alachua, FL 32615, USA
https://www.synquestlabs.com/Home/ProductDetail?SearchText=Octafluorotetrahydrofuran
[9] T. Acconcia et al ; Nucl. Instr & Meth A 767 (2014) 50-60
[10] M. Vollmer et al; Abundances, emissions, and loss processes of the long-lived and potent greenhouse gas octafluorooxolane
(octafluorotetrahydrofuran, c-C4F80) in the atmosphere; Atmos. Chem. Phys., 19, 3481-3492, 2019
[11] 3M Novec® range of fluorinated fluids; https://www.3m.com/3M/en_US/p/c/b/novec/?Ntt=novec
[12] 3M Novec 649/1230 fluid (C4F,,0); https://multimedia.3m.com/mws/media/5698650/3m-novec-engineered-fluid-649.pdf,
https://multimedia.3m.com/mws/media/1246880/3m-novec-1230-fire-protection-fluid. pdf]
[13] 3M Novec 5110 fluid (C5F,40); https://multimedia.3m.com/mws/media/11321230/3m-novec-5110-insulating-gas.pdf
[14] CERN report EN-CV 22/12/2017, EDMS 1751219 2017-334 rev 1.0: Technical Note NOVEC Fluids Qualification Report: Report on the
study executed for the qualification of the NOVEC Fluid for Detector Cooling applications.
[15] J. Owens, Understanding the stability and environmental characteristics of a sustainable Halon alternative.

3M Performance Materials 3M Center, St. Paul, MN 55144
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https://doi.org/10.25325/CERN-Environment-2020-001
https://doi.org/10.25325/CERN-Environment-2020-001
https://indico.cern.ch/event/999799/contributions/4204191/attachments/2236047/3789965/BMandelli_ECFA.pdf
https://indico.cern.ch/event/1022051/contributions/4325947/
https://indico.cern.ch/event/1155238/attachments/2436920/4173752/EP-DT%20Seminar%20May%202022.pdf
https://indico.cern.ch/event/1094055/contributions/4932286/attachments/2508724/4311387/RICH2022_C4F10_dallatorre.pdf
http://static6.arrow.com/aropdfconversion/a7116f41dfdd5b79d2eb7b40afd687f8af23d8ef/mediawebserver(563).pdf
https://doi.org/10.1016/j.nima.2005.11.221
https://www.synquestlabs.com/Home/ProductDetail?SearchText=Octafluorotetrahydrofuran
https://doi.org/10.1016/j.nima.2014.08.005
https://doi.org/10.5194/acp-19-3481-2019
https://www.3m.com/3M/en_US/p/c/b/novec/?Ntt=novec
https://multimedia.3m.com/mws/media/569865O/3m-novec-engineered-fluid-649.pdf
https://multimedia.3m.com/mws/media/124688O/3m-novec-1230-fire-protection-fluid.pdf
https://multimedia.3m.com/mws/media/1132123O/3m-novec-5110-insulating-gas.pdf
https://www.nist.gov/system/files/documents/el/fire_research/R0301570.pdf

Cherenkov radiator and related general references (2 of 2) from
https://link.springer.com/article/10.1140/epjp/s13360-023-04703-w

[16] CERN Mini-workshop on gas transport parameters for present and future generation of experiments 20/04/2021;
S. Easo; LHCb-RICH detectors and their gas radiators
https://indico.cern.ch/event/1022051/contributions/4333562/attachments/2231064/3780374/LHCb-RICH-Current-GasRadiators-April-
2021.pdf,

Options for alternate radiators in LHCb-RICH system (including calculations by O. Ullaland); S. Easo,
https://indico.cern.ch/event/1022051/contributions/4319538/attachments/2231436/3781060/LHCDb-RICH-Future-Radiators.pdf
[17] S.Easo; Nucl.Inst.& Meth. A 876 (2017) 168-173

[18] E. Lemmon, M. Huber, & M. McLinden; REFPROP Standard reference database 23, version 9.0 (2010)

U.S. National Institute of Standards & Technology.

[19] E. Nappi and J. Seguinot Rivista del Nuovo Cimento Vol. 28, N. 8-9 2005 DOI 10.1393/ncr/i2006-10004-6

[20] K. Abe et al. ; IEEE Trans. Nucl. Sci. 45 (1998) 648 SLAC-PUB-7705 DOI: 10.1109/23.6826

[21] G. Hallewell et al; Nucl. Instr. & Meth A264 (1988) 219-234

[22] G. Hallewell; Nucl. Instr & Meth A 876, (2017) 50-53

[23] G. Hallewell et al; MDPI Instruments (2021) 5(1), 6;

[24] P. Stassi et al; Ultrasonic Gas mixture analysis system in the Forward RICH of DELPHI,

DELPHI Internal Note 95-124 RICH73, 25 July 1995

[25] M.Sannino; Nucl. Instr. and Methods in Physics Research A 595 (2008) 208-211

[26] C. D'Ambrosio et al; Monitoring, Alignment and Control of the RICH Detectors;

LHCb-Memo0-2000-80 RICH 6 September 2000.

[27] P. Fauland, PhD thesis; (COMPASS experiment) University of Bielefeld March 2004.

[28] Now marketed as SensComp model 600 transducer, http://www.senscomp.com/ultrasonic-sensors/

[29] T. Blake et al; Nucl. Instr. Meth A791 (2015) 27-31

[30] A. Papanestis; Nucl. Instr. Meth. A766 (2014) 14-18

[31] R. Calabrese et al; 2022 JINST 17 P07013

[32] J. Vavra (SLAC National Laboratory); private communication.
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https://indico.cern.ch/event/1022051/contributions/4319538/attachments/2231436/3781060/LHCb-RICH-Future-Radiators.pdf
https://doi.org/10.1016/j.nima.2017.02.061
https://link.springer.com/article/10.1393/ncr/i2006-10004-6
https://doi.org/10.1016/0168-9002(88)90912-6
https://doi.org/10.1016/j.nima.2017.01.014
https://doi.org/10.3390/instruments5010006
https://doi.org/10.1016/j.nima.2008.07.077
http://cds.cern.ch/record/1204565/files/CERN-THESIS-2009-071.pdf
http://www.senscomp.com/ultrasonic-sensors/
https://doi.org/10.1016/j.nima.2015.04.020
http://dx.doi.org/10.1016/j.nima.2014.07.005
https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07013/pdf

Silicon tracker cooling and related general references FROM
https://link.springer.com/article/10.1140/epjp/s13360-023-04703-w

[33] P. Tropea; The CMS tracker fluorocarbon cooling system,
Engineering Forum: experiences from cooling systems for LHC detectors Oct 30 2008
[34] G. Aglieri Rinella et al, 2019 JINST 14 P07010
[35] G. Anelli etal ; 2008 JINST 3 S08007
[36] D. Attree et al, 2008 JINST 3 P07003
[37] W. Adam et al ; 2021JINST16P02027 CMS Technical Design Report; Pixel Detector Upgrade CMS-TDR-011, CERN-LHCC-2012-016 07/09/2012
[38] ATLAS Insertable B-Layer Technical Design Report; CERN-LHCC-2010-013 ATLAS TDR 19 15/09/2010
[39] O. de Aguiar Francisco et al; Nucl. Instr. Meth A. 1039 (2022) 166874
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What gives NOVEC 649/1230 (lin C,F,,0: FK-5-1-12) its

low GWP?

FgF s
\_/
F N NCACL _C-F {
/\I C'-.,ﬁ ¥
FF < 0F  "Eew
F F CFgCF,c[(g)]CF(CFg),

A: Structure!: a double-bonded oxygen
a peripheral spurof the molecul

atom on
@

This fluoro-ketone configuration is:

CF;CF,C(O)CF(CF;),
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What gives NOVEC 649/1230 (lin C,F,,0: FK-5-1-12) its low GWP?

https://www.nist.gov/system/files/documents/el/fire_research/R0301570.pdf [15]

FF
Voo re X9
F /(:%lf‘ _CHC;C_F /Cin C‘*, E / F
FE </ CF FF /oo
I F % / A
. " FF " C-F
1 F F F

Scission by UV photons of A ~*300 nm in upper atmosphere (low P,
high UV): fragments do not re-associate* into C F,,,, SFCs
*The Environmental Impact of CFC Replacements HFCs and HCFCs

T. WALLINGTON et al Environ.Sci. Techno/1994(28)7 320A

https://doi.org/10.1021/es00056a714
32
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Q: What gives NOVEC 649/1230 its low GWP?

Absorbance or Emission

https://www.nist.gov/system/files/documents/el/fire_research/R0301570.pdf [15]

Figure 3. UV Absorption of FK-5-1-12 Compared to Light Sources
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*The Environmental Impact of CFC Replacements HFCs and HCFCs

T. WALLINGTON et al Environ.Sci.Technol.1994(28)7 320A

https://doi.org/10.1021/es00056a714
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reassociate* into saturated fluorocarbons of the type C F,,., (Which
would have high GWP)



https://pubs.acs.org/action/doSearch?field1=Contrib&text1=TIMOTHY+J.++WALLINGTON
https://doi.org/10.1021/es00056a714

Refractive index & GWP ’load’ in a Cherenkov Gas Radiator

3 large RICH detectors currently in operation at CERN: S

using saturated fluorocarbon gas volumes:
C,F,, (COMPASS: 100m3, LHCb RICH 1: 4m3): GWP,, = 488

CF, (LHCb RICH 2: 100m?3): GWP,, = 6870 f |

A Cherenkov radiator vessel of volume V(m?3) filled with ~-\NaX
a blend of gases of densities p, (kgm3),

fractional concentrations w; and individual GWP, (tonnes CO eq )\&
has a GWP environmental ”Ioad" (& release potentlal) L given by:

L= mz (wi.p,.GWPi ) (tonnes CO,eq.) [Eqg. (1)]

With j contaminant gases of known molar concentrations w; present we can still
add a small concentration @, of (heavier) SFC or Lin-FK vapour of high refractivity
(n-1), with @, of light transparent gas to substitute the refractivity (n-1 )z(target)
of a lighter SFC at high concentration — to achieve a lower overall GWP load.
(n _ 1)z(target)= Wx[(n - 1)x _(n - 1)y] + (n _ 1)y + Z§T=n1ax Wj[(n _ 1)]-—(11 - 1)y]
[Eq. (2) =>Eq. (2b)]
_ (n=1),— (-1 + I wyl(n-1)y - (n-1))]
B (n-1), — (n-1),

[Eq. (3) = Eq. (3b)]
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EU strategy to reduce Fluronated (PFAS) compound production and use
(includes also fluorinated plastics not shown here: see back-up material)

Projected Usage

B F-gasregulations

EU regulation on F- gases
Aim at limiting and preventing F- gases use
F- gas consumptions should be reduced:

- Environment

- Price
- Availability
EU F-gas 2015
EU-2023 revision
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Dynamic price hiking :
like Trimposing demand-dependent tariffs...?

Revised regulations + PFAS
PFAS: New regulation that includes F- gases

- EU Chemical Agency proposing to ban most of them
Revised regulations:

- EUF-gases
- Montreal Protocol on HFC

Industrial conversion to
new low-GWP gases

. Increase due to

~ HFC/EU phase down Stricter phase down +
e supply chain issues
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Cherenkov threshold: lin-C;F,,0 (eg: 3M NOVEC 5110)/N,
& (heritage) CF,,/N, blend
and GWP load comparison with LHCb RICH2 (CF,: 100m?3)

N,-NOVEC5110 (CgF,,0) will be very similar (MW 266 vs. 288)

LHCb RICH 2: CF, thresholds
GWP load = (0.95 molar*4880*V.p)

~ 14% molar Novec 5110 | 80
gives a GWP load 70
reduction of 1737 tonnes

(everything in the 100m?3 o0
radiator vessel): 50
40

Even substituting CF, 30

with ~ 13% molar heritage
stock CsF;, SFC (1) 20
reduces GWP load by 10
~800 tonnes

0
80 130 180 23OG 255_ U ggg 3‘0520

Measured Sound Velocity (m/s)

C;F,, concentration (%)

Cherenkov Threshold (GeV/c)
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GWP load reduction through CF, index matching (LHCb RICH2)

Table 1: GWP and NOVEC 5110 blended with N, ((n-1) = 310.10) to match refractivity of CF, and C,F,,
assumed radiator volume: 100 m https://link.springer.com/article/10.1140/epjp/s13360-023-04703-w
Base fluid Base fluid Component (n-1) % Blend with N, to | GWP load % Blend with N, to GWP load
Base fluid density GWP (*106) match (n-1) CF, match (t.CO,)

(1bar,25°C) (20-yr) (@ nm)
kgm-3

CF, 3.56 [18] 4880 [16] 488 (180-310 nm) [19] 100 1737 not applicable n/a
LHCb RICH2
100m?®
C,Fs 5.63 [18] 8210 [16] 793 (180-310 nm) [19] 38.1 1762 not applicable n/a
Lin-C,F,O - - n/a n/a
C;Fg 7.75 [18] 6640 [16] 1180 (250 nm) [16] 21.4 1099 not applicable n/a
Lin-C;FgO - - n/a n/a
CaFio 9.97 [18] 6870 [16] 1450 (250 nm) [16] 16.3 1119 100 6849
LHCb RICH1
(4mB3):
COMPASS
100m?®
Lin-C,FgO 9.5 Probably 1380 @ 400nm 18.4 0.18 112.7* 1.07
(Non-cyclic (est.) <1 (based on 3M PFG-3480 c- (>100% would imply
C,FgO)* (NOVEC 5110 C,FgO [7]: linear C,FzO not necessity of operating
Analogy) yet measured but assumed C,FgO at slight
similar) overpressure)
11.63 [18] 6350 [16] 1750 (180-310nm)[19] - - 79.3 5857
(BP30°C (40 °C, undiluted)
at 1 bar)
NOVEC 5110 10.7 [13] (BP 27 <1 [13] Not yet measured: probably - - 85.2 0.91
CsF,,0 °C at 1 bar) around 1650 by analogy with

C,F,, and C,FgO ratio

Positions of presently unavailable-in-bulk C_F, O fluids are shown in italics. Refractivities to match (CF, and C,F,;) shown in bold.
GWP loads and refractivities calculated using egs. (1)-(3): assumed radiator volume: 100 m3

*Made in research quantities by Synquest Inc. as isomers Heptafluorobutyryl fluoride PN: 2116-2-07 CAS: 335-42-2
Octafluoro-2-butanone PN: 2117-2-10 CAS: 337-20-2 & Heptafluoroisobutyryl fluoride PN: 2116-2-0A CAS: 677-84-9
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Even bigger GWP load reduction through C.Fio index matching
(eg here: COMPASS RICH)

Table 1: GWP i nd NOVEC 5110 blended with N, ((n-1) = 310.10%) to match refractivity of CF, and C,F,,
assumed radiator volume: 100 m3

Base fluid Base fluid Component (n-1) % Blend with N, to | GWP load % Blend with N, to GWP load
Base fluid density GWP (*108) match (n-1) CF, (t.CO,) match (t.CO,)

(1bar,25°C) (20-yr) (@ nm) (n-1) C,Fyo
kgm-3

CF, 3.56 [18] 4880 [16] 488 (180-310 nm) [19] 100 1737 not applicable n/a
LHCb RICH2
100m?®
CF,0 - ~100 0 n/a n/a
C,Fs 5.63[18] 8210 [16] 793 (180-310 nm) [19] 38.1 1762 not applicable n/a
Lin-C,F,O - - n/a n/a
CsFg 7.75 [18] 6640 [16] 1180 (250 nm) [16] 21.4 1099 not applicable n/a
Lin-C;F;O - - n/a n/a
CaFro 9.97 [18] 6870 [16] 1450 (250 nm) [16] 16.3 1119 < 100 6849 >
LHCb RICH1
(4md):
COMPASS
100m?®
Lin-C,F;O 9.5 Probably 1380 @ 400nm 18.4 0.18 112.7* 1.07
(Non-cyclic (est.) <1 (based on 3M PFG-3480 c- (>100% would imply
C,F;0)* (NOVEC 5110 C,FgO [7]: linear C,FzO not necessity of operating
Analogy) yet measured but assumed C,FgO at slight
similar) overpressure)
11.63[18] 6350 [16] 1750 (180-310nm)[19] 13.0 957 79.3 5857
CsFy, (BP30°C (40 °C, undiluted)
at 1 bar)
NOYZSISEGI 10.7 [13] (BP 27 <1 [13] Not yet measured: probably 13.9 0.149
CsF,,O ‘C at1 bar) around 1650 by analogy with

C,Fi, and C,F40 ratio
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C,FE,,0O fluid selection search criteria

~ Emmm Bibliographic =" Materials tests =223 Optotests
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40 yv transparency, refractivity, cmhemical stability & compatibility studies needed
for different C F,,O molecular shapes.
RICH detector community very competent & equipped for detailed UVT & (n-1)

Figur& 1: Typlcal Spectral response TV Acconcia et al | Nuclear Instruments and Methods in Physics Research A 767 (2014) 50-60
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Some perspective (1): Val Thoiry (01) “Grande Surface” shopping centre near CERN:
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