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I Introduction

*Gaseous detectors are installed in the four main LHC

Experiments and in many not-LHC facilities

*Depending on the purpose and the geometry of the
detectors, different gas mixtures are required — Some of
them are GREENHOUSE GASES (GHQ).

*Detectors were designed more than 20 years ago, when the
effect of these gases was unknown — gas replacement is

now challenging
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I Use of fluorinated gases at the CERN LHC

/ Gas used Reason to use Detector
R410a (GWP 1430)
R404a (GWP 22800)
R23 (GWP 12400) Cool down to prevent
self-heating and Silicon detector
C,Fg (GWP 8830) annealing behaviour
CeF1, (GWP 9300)
\\ R134a (GWP 1430)
34 43 Containment of
charge Resistive Plate Chamber : : \
/ SFs (GWP 22800) Rate sapability Particle detection
] - ;
o ) Cathode Strip Chamber "
Mitigation of ageing
effects Multi Wire Proportional
Chamber

CF, (GWP 7390)

Micro Pattern Gaseous

Time resolution Detector

Cherenkov radiator Cherenkov detector
K C,F. (GWP 8860)
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I GHGs emissions at CERN o
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* Fluorinated compounds represent the 78% of total
Organization's emissions which will be reduced by 28% by the .
end of RUN 3 -

@ LHC experiments - Particle detection
@ LHC experiments - Detector cooling
® Other experiments

Goalagreed _Decommendedgoal Goal agreed * EU legislation of 2014 is strongly limiting the use of
_31%l these gases through different approaches:
Crcnhause g -35% - Promoting the use of more eco friendly alternatives
o aben - Controlling and preventing emissions
1990 2020 - 2040 * These strategies are causing gas shortages and

increase of prices
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I Strategies to reduce GHGs emissions at CERN

[ Strategies J
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Optimization of Gas 1 . .
P as Svstem l recuperation I Alternative Disposal and
gas syster I P I gases abatement
technologies | systems
I
! |
. . I
——Gas recirculation | |—Pressure swing I 7o C,H,F,
|
|
| Particular attention toj :
operation I l
| —Membrane separatioll [—To SF
|
| Improved control and | I
monitoring | I
l —Distillation !l —ToCF,
\ ’
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I Gas recovery systems for fluorinated gases

® Due to air accumulation in the gas
mixture, some detectors cannot work o bnderground
with a 100% recirculated flow I i Experimental
e Usual recirculation fraction of 90% G Senply * < j
(detector requirements) — 10% sent to v
the atmosphere -l
® |n some cases, this gas is sent to o
recovery plants where the GHG is Distribution
separated from
the other components, stored and then ndergrond
re-injected in the mixer through a Servics Cavern

dedicated line

Distribution Detector

Analysis

SIS[E[EISS

L1y

I
Compressor
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I Separation techniques - overview

Feed

AB =Y

Feed mixture

Hollow fibers
MEMBRANE SEPARATION PROCESS is driven by > THERMAL/PRESSURE SWING ADSORPTION DISTILLATION -> Purification method to separate 2 or
» Permeability > capability of a membrane to (TSA/PSA) = Contaminated feed streamisfedto ~ more compounds based on differences in boiling
permeate gas molecules the sieve beds and then the sieve bed pressure is  points or volatility: lighter (lower-boiling) component
* Solubility >thermodynamic parameter given the reduced to regenerate the MS. Vacuum tend to concentrate in vapor phase, heavier (higher-
amount of penetrant absorbed by membrane regeneration has the advantage of not boiling) component tend toward the liquid phase.
« Diffusivity > dependent on geometry of penetrant.  overheating the material, avoiding break down The two distillation techniques used in our recovery
increasing the molecular size, the coefficient processes. plants are simple and fractional distillation.

decreases




I Separation techniques

MEMBRANE SEPARATION
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Pressure & Thermal
swing adsorption
(PSA & TSA)
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I CMS CSC recovery system for CF4

Permeate
Phase 0:
. CO,, At, trace of
CSC gas mixture CF. 00N
from the exhaust 4
””””” 0% |
%(;14’5’ % 10% ‘ """""
MAIN CONTAMINANTS O, |
AND N, !

Adsorption of CO,

—{ Mol Sieve 4A CF, bulk separation

Filter remaining CO,

Phase 2:

Adsorption of remaining o T , Phase 3a:
CcO, Moi Sle;;i 13X CF, absorption
Taps

-——#—| Mol Sieve 13X

Traps CF4

Phase 3b:
CF, extraction

® First plant for CF, warm adsorption, non-standard gas system

® (CSC gas mixture — Ar/CO,/CF, in aratio 40/50/10 or 40/55/5

® Systemis fully controlled by software
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I CMS CSC recovery system for CF4

—- recuperali;‘:\v:;:::jiency | a0
. * Efficiency mean value: 70% in

1000 the period January-November
. - 2024
¢ 800 g
g *: ¢ In2024, out of 495 m3 of CF,
g o o injected into the mixer, 290 m3

" were recovered CF, (60%)

* 2024 2> 8600 tCO2e and 47
e = kCHF saved

T T T T T T T
2012 2014 2016 2018 2020 2022 2024
Date
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I CMS RPC recovery system for C2H2F4 (R134a)

® Recovery plant based on distillation process
® CMS RPC gas mixture — R134a/SF6/iC4H10 95.2/0.3/4.5
® Problem: R134a forms a minimum boiling point azeotrope with iC4H10

T-xy @ 1 bar

e |

TEmperature [C]
| | 1

0o 02 04 P ——1 & 10

Liquid/vapor fraction R134a

Slow heating of liquified azeotrope (red
curve) allows to enrich the liquid of R134a ' :
and the vapor phase of azeotrope ELECTRICAL R 2 CHILLER

RACK
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m;me=u S Surface: Volume fraction of fluid 1 (1) Contour: Volume fraction of fluid 1 (1) a Heat
:Zi 1 exchangers
aor 0.9 o -
301 -
201 0.8
of Y Refill | &
3 ’ efi
'12’ 0.6 Top Volume
20/ . Buffers
o . WS=10040
o 0.4
S0k
60F 0.3
o 02 Bottom
8ol
0 01 Buffers Storage Tank
-100}
0
0 50 100
Thermodynamic simulation done by M. Bruno (PoliTO)

Compressor
module

>80% of Recuperation Efficiency, almost
the theorical limit for this separation
tecnique and 99.5% of gas purity
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I CMS RPC recovery system for C2H2F4 (R134a)

Recovery efficiency » 80% with
5000 ppm iC4H10 in the
recuperated R134a

In 2024, the 40% of the total
R134a used in the RPC gas
system was recuperated R134a
More than 17000 tCO2e and 100

kCHF saved per year

recuperation efficiency [%]
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I LHCb RI1 CF,, recovery system

Depending on the LHC schedule, the Rl1 can be filled with
pure C4F10 (RUN) or CO2 (LS or YETS) > C4F10 recuperation

c‘gg:r Gas Loop
Mixer
4
Fractio;w of gas
Exhaust recirculated

Gas enriched

in CO,,N,, O,
@ Q New recovery plant installed at the
oy Torecoverthe | beginning of 2025 and currently used

4" 10 . .
Storage Liquifier CFro Purifier in the recuperation process
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I LHCb RI1 CF,, recovery system

300 kg of C4F10 saved in the last 3 years!

C4F10/CO2
GAS MIXTURE separation path <—T

A

S
Equalizing ] -

tank

~

LIQUID C4F10
GAS PHASE ENRICHED

IN C4F10TO BE
~— FURTHER PURIFIED

A

The separation process is based on distillation >
thanks to the equalizing tank we can keep constant
the concentration CO,/C F,, to improve the separation

A 4

A

v PURE LIQUID C4F10
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I Conclusions

e Fluorinated gases are responsible for more than 80% of CERN GHG emissions

e Thanks to our recovery systems, these emissions are already reduced by
20%!

e 4 operational recovery systems (2 CMS and 2 LHCb) and studies for a new
recovery system ongoing

e Use of recuperation system implies more control on gas quality - daily gas
chromatograph analyses and online monitoring systems (e.g., SWPC and IR)

e Recovery systems allow to overcome critical situations when the new/fresh

gas is not available
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I CMS CSC recovery system for CF4 - Membranes
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I CMS CSC recovery system for CF4 - 13X zeolite

o o e Based on Vacuum Swing Adsorption (VSA)
/ e Temperature and ambient pressure — no
ﬁ degradation of zeolite

e Last module of the recovery plant used to reduce Ar

SORPTION

and N2 concentration in the final product, thanks to

ADSORPT I

the affinity of CF4 for 13X zeolite

o

e Thanks to the studies performed, the system is now

working at 70% of recovery efficiency and 90% of

& CF4 purity
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I CMS RPC recovery system for C2H2F4 (R134a)

o], Effect of extraction flowrate on the quality Vol
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Parameter

Filling rate 200-500 I/h
Tatop -38.5°C
Top buffer pressure 10 mbar (C1&C2) and 35 mbar (C3&C4)
Tabot 20°C
Emptying rate 220 1/h
Distillation time 0 min
Average isobutane 4700 ppm
Recuperation efficiency 83%




