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LHC gaseous detectors

Gaseous detectors are installed in all of the four
main LHC Experiments and in many not-LHC
facilities

Among gaseous detectors, there are:

Muon systems (located in the outermost region,
covering large surface areas)

Trackers (located closer to the interaction point,
usually operated in high-rate environments)
Particle identification systems (used to identify
charged particle momenta)

They are used for:

Triggering (e.g., Resistive Plate Chambers,
Cathode Strip Chambers, Drift Tubes)
Tracking (e.g., CSC, DT)

Particle identification (e.g., RICH)
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LHC gas mixtures

Depending on the purpose and the geometry of the detectors, different gas mixtures are
required
Some detectors work with a single pure gas:

C4F10

« RICH1

Other detectors need mixtures with 2 up to 4 components
CO,/Ar-CO,/Ar/ CF,- CO,/ CF,

« CSC

- MWPC

 RICH2

- GEM

- DT Some of these gases are GREENHOUSE GASES (GHG)
C,H,F,/iC,H,,/SF,
- RPC

. MID
. TOF
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Greenhouse Gases (also known as GHGs) are gases Global warming potential (GWP)is an index to measure of

in the earth’s atmosphere that trap heat.

[ sen
s

Solar ATMOSPHERE
Radiation

Radiated

Carbon dioxide & other A
Greenhouse gases
Reflected
Heat

Re-radiated
Heat

Increasing greenhouse gases
absorb & Re-radiate heat

?

how much infrared thermal radiation a GHG would absorb
over a given time. It is expressed as a multiple of the
radiation that would be absorbed by the same mass of
added carbon dioxide, which is taken as a reference gas.

Atmospheric

Gas lifetime GWP100 years

CO; 50-200 years 1
R-134a 14 years 1430
CF4 50,000 years 7390
CaF10 2600 years 9200
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GHGs consumption and cost at CERN

CERN scope 1 emissions for 2017-2022
https://doi.org/10.25325/CERN-Environment-2023-003

RUN 2 Ls2 RUN 3
200000

« The use of gas mixtures containing fluorinated compounds account for e — I

about 78% of the Organization’s direct emissions
« CERN's objective is to reduce its GHGs emissions by 28% by the end of &=

Run 3 (baseline 2018) 2 oo

80000

60000

Thanks to the strategies adopted for reducing the emissions, the intense campaign
performed during LS2 to repair leaks, especially in CMS and ATLAS, R&D activity
(Gas recirculation, Gas recuperation and new more eco friendly mixtures), for the

40000

20000

2017 2018 2019 2020 2021

first months of Run 3 the emissions due to particle detectors decreased respect to @ LiC wperia Daamine sached.
Run 2  Hoating (2 + )
% GHG consumption reduction respect ) . . Average R134a price variation in EU
to 2009-2019 consumption (EU ETS) Since 2014 new EU legislation - (from 2014)

%o n + Since 2021 the GHG consumption allowed e
= ol is 45% respect to the average 2009-2012 g AW s
g o | — consumption AN o
Bl | | = - F- gases banned if more eco friendly i
o \z_1 alternatives are available / o L R
- - T * New strategies for controlling and wl /

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 preventing emissions - Feing pric)

Year
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CERN strategies for reducing
emissions of GHGs

CERN Strategies to reduce GHG emissions
in particle detection

Optlmlzatlon of Gas Recuperation Alternative Gases Gas Disposal
current technologies

— Gas Recirculation — Pressure swing — To CoHaF4 — GHG destruction
Particular attention Membrane l

— , — : — To SFe
to operation separation Discarded
Improved control Cryogenic/cold

— Y — . —To CF4
and monitoring separation

In collaboration with Experiments and the CERN Environmental Protection Steering board
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CERN strategies for reducing
emissions of GHGs

[CERN Strategies to reduce GHG emissionsJ

l I

Optimization of
current technologies

— (Gas Recirculation

Particular attention

to operation

___Improved control
and monitoring
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Gas Recirculation

* Reduction of gas consumption

« CONS

C
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» Lot of parameters need to be

controlled, as flow, pressure, etc.

 Accumulation of impurities such as
fluorides (if fluorinated compounds are
present in the gas mixture), oxygen and
nitrogen

« Additional modules to the gas system
in order to purify the gas mixture

C
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CERN strategies for reducing
emissions of GHGs

[CERN Strategies to reduce GHG emissions]

[Gas Recuperation}

— Pressure swing

Membrane
separation

| Cryogenic/cold
separation
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Gas Recuperation

Some detectors cannot work with a 100% recirculated

flow, usually for air accumulation in the gas mixture

Most of the systems work with a recirculation

fraction of 90% (detector requirements) > 10% sent | |
to the atmosphere | |
In some cases, this gas is sent to recovery plants
where the GHG is separated from the other =N
components, stored and then re-injected in the mixer W
through a dedicated line N

* Further reduction of gas consumption

CONS
* Higher complexity
« R&D activities to design custom made systems, maintain and improve the efficiency
* Gas analysis to monitor the quality of recuperated gas



Gas separation techniques

MEMBRANE SEPARATION

CMS CSC CF,
. LHCb RICH2 CF,

DISTILLATION

CMS RPC R134a

CMS RPC SF,

Old LHCb RICH1 C,F,,
New LHCb RICH1 C,F,,

EP-DT SEMINAR, 28-02-2024
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PRESSURE & THERMAL SWING
ADSORPTION (PSA & TSA)

CMS CSC CF,
LHCb RICH2 CF,
Old LHCb RICH1 C,F,,
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Membrane separation

» Separation process is driven by 2>

: °
AB

S ) N °

AB =7 "N
Feed mixture

Hollow fibers

Transport of gas is described by the solution-
diffusion mechanism - difference in
thermodynamic activities existing across the
membrane and interacting forces working
between membrane material and permeating
molecules

Partial pressure gradient
Nature of membrane (chemical structure)

Permeability (P) > capability of a membrane to
permeate gas molecules

Solubility (S) > thermodynamic parameter given the
amount of penetrant absorbed by membrane

Diffusivity (D) > dependent on geometry of penetrant: if
molecular size increases the coefficient decreases

P = Dif fusivity (D) x Solubility (S)

P '\ Permeability A
selectivity f = —
PB Permeability B

Ability of a membrane to separate two molecules

EP-DT SEMINAR, 28-02-2024 14
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boiling point boiling point
Purification method to separate 2 or more compounds based on differences rtor
in boiling points or volatility vapour composiion pure A

The composition of vapor phase depend on the initial one of the liquid phase -2 et composiion

lighter (lower-boiling) component tend to concentrate in vapor phase /

heavier (higher-boiling) component tend toward the liquid phase o

Simple distillation > Can be used when the components have 108 % e °'55

widely different boiling points (>100°C) Typical liquid-vapor plot

Fractional distillation &> Subsequent vaporization-condensation event
(called a "theoretical plate"), and each event enriches the distillate in the
lower boiling component. Specific packed columns are used for this
purpose

Schematic view of a distillation column

EP-DT SEMINAR, 28-02-2024 15
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Gas separation techniques
Thermal Swing Adsorption & Pressure Swing Adsorption

MS 3A MS 4A

4

| PR
£

Crystalline metal aluminosilicates having a three-dimensional interconnecting
network of silica and alumina tetrahedra

Structure model of 44 molecular sieve

THERMAL SWING ADSORPTION (TSA) > After the contaminants have been
absorbed, the sieve bed is heated, usually using a clean hot stream of pure
gas, to regenerate the MS for reuse. Then it is cooled down to restart the
process. Temperature regeneration is the most effective one.

]
I
|
I

PRESSURE SWING ADSORPTION (PSA) - gas feed stream fed to the sieve beds
at high pressure and then the sieve bed pressure is reduced to regenerate
the MS and remove adsorbent contaminants. Vacuum regeneration has
the advantage of not overheating the material, avoiding break down

Schematic view of an absorber module of processes.
gas system

ZO-4T9I0 0V ® >
Z0-—-Tv>200mvwmMmO

{
|
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Monitoring of gas quality

Gas recirculation and gas recuperation systems imply the need to monitor both the
quality of the recuperated gas and the gas circulating in the loop

l

uGC analysis IR analysis Detector based analysis

co,

EP-DT SEMINAR, 28-02-2024 17
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CF, recovery plant
Overview

First plant for CF, warm adsorption,
non-standard gas system
Gas mixture to separate
Ar/CO,/CF, : 40/55/5 or 40/50/10
Full software control on plant parameters
Modules:
* Inputto plant
« Membrane separation module
« CO, adsorption module 1
« CF,adsorption module
« CF, compression module
« CF, injection module
* |Infrared analysis module

° SWPC mon ito ri N g mo d u I e Membrane ~ CO, Absorber Buffer CF4 Absorber

AL A A A _

Buffer CF;4 Storage 19

N
U N

* Plant operational since 2012,
a lot of tuning and upgrades realized U

EP-DT SEMINAR, 28-02-2024
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CF, recovery plant
Recuperation process

1. Phase 0 > CSC gas mixture is injected in the
Phase 0: Permeate first module of the recovery system from the

CO,. Ar, trace of

from the extoust A cERoN Exhaust module
Ay e . 2. Phase 1 - the gas passes through the
e - ’ membrane module optimized for the CO,

e o e Phasel: o separation; CF, is recovered at the retentate
5 — Mol Sieve 44 side with 15% of Ar, 0.4% of CO, and 2% of N,
Phases u 3. Phase 2 > All the remained CO, is absorbed in
ottt g Mol Sieve 13X_ |- (I the MS 4A

4. Phase 3 > CF, is absorbed in the MS 13X, N,
——&—{ Mol Sieve 13X and Ar are vented and the CF, is then
Traps CF4 0 recovered through pressure swing adsorption
- CF, is extracted and stored in
© the battery, ready to be reinjected in the mixer

EP-DT SEMINAR, 28-02-2024 20
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CF, recovery plant
R&D Membrane module

Model Working flow Specifications
Membrane 1 CO-C10 Up to 300 I/h High thickness and
density gradient
Membrane 2 CO-C10A Up to 300 I/h High thickness and
density gradient
Membrane 3 CO-C10A Up to 300 I/h High thickness and
density gradient
Membrane 4 CO-410A More than 600 I/h High thickness and
density gradient
Memb. Highly CO-CO7FS Up to 300 I/h Reduced thickness and
sensitive density gradient
® ¢
Permeable wall ® [ ’ ’ X
CO, ©
2 " Feed ¢ )4
Ar ¢ =) O Y = Retentate
x (positive pressure) q)CF4 rentate sid
CF4 x e= (Dre entate side
CF, feed

l

Permeate (negative pressure)

EP-DT SEMINAR, 28-02-2024 21
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R&D Membrane module - Results

Recuperation efficiency

108

%

106 L4 *

0.30

Increasing the feed flow, the recuperation
efficiency increases for all the membranes tested

—
=
B

025

0.20

—
=
[

CF4 Fraction at retentate

—
=
=

g

—— M1

098 Mz
—a— M3

-8~ MCO7F5

180 200 220 240

Feed {I/h)

100 120 140 160

015

Ar fraction in retentate

010

005

Recuperation efficiency of the module VS feed flow

Ar fration in retentate stream

—— M1

M2 Ar fraction in retentate stream is
—er M3 a contamination of our
- MCOTFS

recuperate gas = CO7FS not
good for our purpose

T

180 200 220 240

Feed {I/h)

100 120 140 160

0875 —a— CF4 Fraction
0.850
0.825
0.800

0.775

0.750

CF4 fraction in retentate

0725

0.700

The general efficiency of membrane module increase with the
feed flow = smoothing and stabilization of CSC exhaust flow

400 450

500

&00 550 700 750

Flow [Ifh]

550

EP-DT SEMINAR, 28-02-2024
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R&D CF4 13X Absorber Module

« Last separation module of CF, recovery

EP-DT SEMINAR, 28-02-2024

system

 Molecular sieve 13X

 Working principle: Pressure swing
adsorption

» 4 steps at 4 different pressure values:
1.

Column filling (from -0.9 barg to -0.050
barg)

2. Separation phase
3.

Venting of components not absorbed
by MS (from-0,050 barg to -0.450barg)
Emptying of column (from -0.45barg

to -0.9 barg)

23
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R&D CF, 13X absorber module - Results

Ar low limit pressure vs Recuperation efficiency

o o
0 © -

CF, fraction in recuperated gas
o
~N

o [ J
0.6
05 iy
04 ¢
é/1/2021 2/9/2021 2/17/2021 2/25/2021 3/5/2021 3/13/2021
Time
ANALYSIS CF, ABSORBER

Before optimization After optimization

Ar 17.14% Ar 1.78%

CF, 80.95% CF,97.16%

O, 460 ppm O, 173 ppm

N, 37625 ppm N, 2646 ppm

100%

Many tests performed to find out the

90% best pressure value to start the CF,
% 3
- recovery
° 'S e -0.7bar
60% L e -06bar
50% 2 e -055bar
40% :1’:;_ ® -0.5bar
30% 5 .
I Tradeoff between quality of
o e recuperated CF, and total
0% recuperation efficiency

3/21/2021

CF, RECUPERATION EFFICIENCY

After optimization
66%

Before optimization
45%

EP-DT SEMINAR, 28-02-2024 24



CF, recovery plant
Recuperation batteries

Recovery batteries analysis

k\ 130
r12.5
",/ 1.0
8 F10.5
Problem with-pump 100
module
2023-2024 average
composition of the battery
Ar 11%
CF, 88%
4
N, 1.9%
0, 0.2%
2
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Recovery batteries analysis

45000
10000
Problem with pump | 10000
module
W]
5000
— EB000 1000 —
E E
g g
o o
© 25000 <
4000
20000
2000
15000
10000
2023-02 2023-03 2023-04 2023-05 2023-08 202307 2023-08 2023-09 2023-10 2023-11

Date

« The N, concentration is reduced by a factor 10 in
the recuperation system

« Considering that CF, (10% in the CSC mixture) is
injected 50/50 fresh/recuperated, the N, reinjected

in the mixer is 700 of the initial concentration

EP-DT SEMINAR, 28-02-2024 25
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CF4Recovery modules 09:13:40 AM02/05/2024 CSC Mixer overview 09:14:25 AM02/05/2024

CF4 Recovery Batteries YC1105 XMFC1106

Gas system CF4Membrane Battery is use

r—————————— <
- RuriTime LiTotalVolume
Number of cylinders Yo1108 Shicoiioe L1Flow
Soft FE calculation (temporarily) 241 Soft FE calculation (temporarily) = S

weekl e
RunRime L1CompRatio
Storage pressure  Compressor Recuperated vol | Storage pressure  Compressor  Recuperated vol

YC1205 XMFC1206

corrected for temp  duty cvcle per comp cvcle | corrected for temp  dutv cycle per comp cvcle ——)4e—x— 1<
CO2Absorber CF4Absorber AR o
YC1208

RunTime TotalVolume

WT over 24h  Arrival Flow Pump WT over 24h  Arrival Flow
XMFC1209

e %T

. Recup flow trig at 23:59
Recup flow trig at 23:59 CF4 recup P 9

Input flow over 24h Input flow over week
YC1308 XMFC1306

v <@ T
CF4 Absorber CF4 Absorber ) g p & LaTotalolume
' - 5 RunTime YC1004
MCF4Pump M Analysis 1
YC1308

—k
over 24h

L3Flow
opening time ON counter opening time XMFC1309
Mo PCV1007
YC1006
vent YV2127 over 24h vent YV2127 over week

opening time  ON countet opening time ON countet

L3CompRatio
o

YC1405 XMFC1406
recup YV2128 over 24h recup YV2128 over week

O roaFowas
opening time  ON counter opening time  ON countet 7S 51 P RunTime ' e Taskibhine
Column B Column B 4
o L4Flow
on  YV2203 over 24h over week 0 XMFC1409
opening time  ON counter opening time  ON counter : 4

e = ; L4CompRatio
vent Yv2227 over24h | vent YV2227 over week RurTime

opening time  ON countel opening time  ON counter

recup YV2228 over 24h recup YV2228 over week
opening time ON countel ening ON counter
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CF, recovery plant
Recuperation summary

« Efficiency mean value: 70% in

o | o et the period January-November
N 2023, (higher than 2021 and
70 2022, 65% and 51%
. respectively)
.7+ In 2023, out of 358 m?* of CF,
¢ injected into the mixer, 242 m3
o N were recovered CF, (70%)
© .« 2023 > 300m3 and 60kCHF
2 saved
o o 2012 2 42m3

2014 2016 2018 2020 2022 2024
Date

The CF, recuperation system is also important to overcome
possible CF, shortage = in 2023 no fresh CF,, without CSC no
CMS data taking!

EP-DT SEMINAR, 28-02-2024 27
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LHCb CF, recovery plant
Overview

Detector Technologies

Mixer I »- »-

RICH2

Exhaust A

* Recovery system used when the detector is filled or

. + Mix
emptied | | pout
« LS2 - detector filled with 100% CO,

* Run 3> 92/8 CF4/C02 Storage Purifier Membrane
* 4 volumes of gas needed to have the correct gas mixture in
the RICH2, lot of GHG exhausted

* Full software control on plant parameters Plant Input — ] /+ o puifierStorage
A 4
y' N
- Modules: 1
* Input to plant > ’ Pump 1
« Membranes T . )

Membrane
« Compressor module ‘—1,_2.‘

« Storage battery g

e |

m
x

=
@
(@]

Pump 2

The recovery system is not projected to work in continous
since a control of paramaters is needed ExhaC



LHCb CF, recovery plant
Software

RI2 Membrane 03:44:17 PM02/23/2024 T<] RI2 Compressor overview

XMFC5002
Ycas28 From
> Recuperation Exhaust AR

C L]

FIT3507

X = - TE4833

X PCV3506 PT3650(2) From
- Purifier e H20

Pump4832 YV48302

NV3505 XANA-4833

¥ HV3602 From
Membr.

5 = j—ﬂ HV-4836
ol plf e i

PUMP3852 PCV-4835 FIV-4835 Y0 Hv-4837

FIT3804

- HV3601 )(HV3519

EP-DT SEMINAR, 28-02-2024

Pump
running time

CERN EP-DT
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03:44:54 PM 02/23/2024

H20 i T
running time computation

: Hv-4808 [
h
YV4804 Pump4803
NV-4807

PT4814

Analy:

{ {2} >
HV-4814  HV-4838 HV-4839 PCV4812

(i)
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LHCb CF, recovery plant
Recuperation setup

Single membrane

Plant Input
LU

Eff = CF4Vol(Out)/CF4Vol(In)

Double membrane

Input Retented
CF4/C02 X/(1-X) ~ Plant Input To Purifier/Storage
CF4Vol = InFlow*X CF4Vol = Eff*CFVol(In) Exh GC

Permeate
~C02

ExhGC

Membrane Performance

Ex GC
0.24 ;_.__ cdz Flow in RetémedWRTlnﬁutFlow = = = = "
N0 AN | S Double membrane with reinjection Pump

0.2 Plant Input
e

To Purifier/Storage

0.18

N ExhGC

0.16

Exh GC

!HII\II%III‘II\III\II\III\II\III\II}III‘[I

PR P M

|
650

CO,/CF, Flow in Retented/Permeate WRT Input Flow [%]

700
Input Flow [I/h]
ExhGC
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Recuperation e Emptyin
Recuperation started with a composition of 60/40 CF,/CO,
Recuperated CF, volume CF, Membrane Efficiency
< F = 100g i i i ; 710%
'§' E --@--- Membrane Output ““___4..-—-"'"‘. % 95 i_ ........................ ............................ ........................... - - CF, Efficiency —390 é
§ * E— --A-- Storage Battery e . Y i % 90 __‘f.q ....................... ............................ ........................... - 4 Input CF4 Concentration _; 80 %
N - o & « : 5 - 2
© 251 e S 85 —7o0 8
= AT - W
- 80 —e0
20 [~ o - §
- Za 75F —s0 £
15 n 70 —540 (C_’)Lg
WF 65 : —230 E
- Significant drop in the recuperation efficiency due : . —20
sk g’" to CF, concentration at the input lower than 20% | 5 = .
‘f” | | | | | | | | | | | | | | | | | | | | E. 1 1 1 1 i 1 1 1 1 !: 1 1 1 1 : 1 1 1 1 i 1 1 1 1 i E
% 100 200 300 400 500 0 100 200 300 400 500
#Hours of Recovery Plant Operation #Hours of Recovery Plant Operation

« 28.5m3 of recuperated CF, at the end of operation
» Recuperation efficiency of 65% (lot of CF, when gas system turned off before the LS2

due to changing in atmospheric pressure)
EP-DT SEMINAR, 28-02-2024 32
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PHASE 1

PHASE 2

o

L H C I C F I t ~7 Detector Technologies
| | ]
Recuperation process - Filling
PROCESS STARTED IN OPEN MODE  -._ RICH2 CF4 Filling
> Gas Loop DR T a5 ] ‘ i : ? : ? 3 Foo =
CF4 Recup. »- | .S, - E [ |-® - CF4 Concentration = Q
— CF4 ~. ~. % 4 } - & - Output Pressure : : : i ig 80 z
RI2 \'\.\ g - T DI{?,",'QU,I}I CF4,i;niEct,iD§'J,,,,,,,i, 570 E
Storage  Exhaust from the top part 2> coz RN Z % | closed loop, mixing ] 3, ¢
almost only CO, exhausted I R S clased logp, E I
I H . S g 3 Lldowble i i sy &
pout | |cF4 Injection on the bottom™~-_ g ginbr. E e
part of the detector "~ s —J40
Exhaust < co2 - 5 éso
2 3
- —20
1.5 —210
CF4 Gas Loop 20063 27103 03}040253;84
Mixer > T > 1 - 110 ‘
CF, from retentate side sent back to the loo 5 :
Permeate stream g 4 P € 100
eXhausted ‘ CF4 5 i &7 ;
Exhaust ~ Mix Pout éq % ; : ; ; : :
~500I/h & ' ' ' o
/ e Increase of CF, concentration at the
_ input of the membrane module >
Membrane 60 . .
: Increase of recuperation efficiency
* Phase 2 started with 37% of CF, in the loop SO
- . . . . : - ® - Emptying
+ Single membrane configuration until 70% of CF, present in the PR SR 1+ - rung
loop, then double membrane configuration to recover the huge i ; i . i : :
0 10

20 30 40 50 60 70 80 90 100
CF, Concentration [%]

volume of CF, in the permeate stream
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C,Fq recovery plant
Overview

Recovery system used for detector filling, emptying or cleaning
Old recuperation system used for DELPHI

- New recuperation system installation by end of 2024
LS2/EYETS - detector filled with 100% CO,

Run - 100% C,F,,

2 volumes of gas needed to have the correct gas in the RICH1, lot
of GHG exhausted

Some parameters can be controlled by software but lot of
manual control needed - operator must be there during

operation
Recuperation is critical due to
C,F,, shortage
Modules:
* Inputto plant
* Cold box

» Bottle for recovery and injection

EP-DT SEMINAR, 28-02-2024
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C,F,, recovery plant
Software

RI1 Liquifier C4F10

EP-DT SEMINAR, 28-02-2024 36



C,F,, recovery plant
Recuperation setup

From RICH1
Exhaust

Cold box

©

/NNVVNVNVN

“equilibrium chart at 4

bar_a

Liquid Tank

Gas output Exhaust

Liquid/vapor mole fraction, CO2

EP-DT
Detector Technologies
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Recuperation started with 30% of C,F,, at the
Exhaust

Gas mixture sent to liquifier (-15°C) - C,F,,
liquified, air and CO, exhausted to air

Pressure in liquifier set by pressure in the bottle 2
it must be higher to let the liquid go inside

Due to high pressure (3-5 barg) some CO, is
solubilized in C,F,, and then recoverd in the bottle
- contamination

Different composition of gas and liquid phase in the

bottle
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LHCb C,F,, recovery plant
Recuperation summary

RICH1 Filling trend

Since Run 3, recuperation procedure done T Carit ves . B
5 times = 80% of efficiency 081
Pressure before pump - Emptying 06
5 [
-10 IE E
20 0.4 -
. o :
E—m E L]
g L
§ -0 02 -
o ]
£ < .
) 60 0.0 1 J
10 |E:' 2;3 *':IJI:l El;:] B;Zl :ll:;{l lll‘ﬂ 1-'-{'3
#Fhours

o 10 20 30 40 50
#hours

The nagative value is due to the fact that the pump Some C,F,, lost to the exhaust of liquifier due to
is located in the surface gas room while the detector a lack of software control on the recovery system

is 100m underground.
The pressure changes based on the ratio between

the two gases
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C,F,, recovery plant
New recovery systems

Double Stage Equilibrium Distillation Columns
(conservative approach since ~equal to present (better performance expected, but more
system) difficult to tune)
. 25 °C . .
W FEED ~ _TIEF'.:L—.IFJ.L HepEX -
A 'S ' 30% CO2 “eao
1% AIR SUFFER)
CONDENSER
RECYCLE
[+
EX I;..JST ~=— PROBUCT
99,9% CO2 - DEPENDS OF THE
0.1% AIR GAS BOSTER ANk ]
(45 -C) _ V100 ) PRODUC
- | ol ! | o 88.8% C4F10 COLLMN
. 1.2% CO2 T
f - =
I:DL:l \.;'I.'\.:’DRIZER | O_ _ _f:TF; cal A I'-'F-:;'El:rl.l.:l:l':T
BUFFER BUFFER rEEr .'a..:ié:;!:.;.\ SOMCIFI  capg oTTLE
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CERN

RPC R134a RECUPERATION -
Plant Overview

New system installed in April 2023

and commissioning in May 2023

* Goal: to recover the R134a from the
mixture R134a/SF/iC,H,, 95.2/0.3/4.5

* Problem: R134a forms an azeotrope
with iC,H,,

« 2 racks for the separation columns, 4
columns

 The system was designed to work
both in series and in parallel

 The plant was designed following the 7

tests done with prototype between ELECTRICAL

2020 and 2022 RACK

S
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Software

Freon Gas Recuperation Overview

Exhaust

PT10034

{ YV10011

XMFC10080
J I YV10010

R Jump to next column
CNS5005/2

YV10110 YV10210

Enabled Enabled

o}
TE10073

YV10111 - 10211

Effective Gas Loss Rate
(RPC Loss Rate - Inj Flow)

h

Total Injected Volume

Daily Efficiency

h
fresh volume (MFC1106) pajly

Daily volume (MFC10080)

310

Enabled

YV10311

Detection head in the rack

SGDGA-01406

Compressor Run Time

Weekly Efficiency

05:40:20 PM02/05/2024

Flammable TE10075
exhaust

B ————————————

PT10033

h
ted volume (MFC1109)

hCompres:

d Air YV10012

PID enabled CN10001

YV10410

Enabled

YV10411

HV1003:

PT10031

Refill

WS100:

TE10070

C1108

XMFC11068

RunTime

XMFC1109

{7¥ L

RunRime

RunTime

XMFC1209

o TionTime

PT10032

)

YC1308

YC1405

YC1408
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2 —R—{:I:

RunTime

AR

XMFC1406

P RunTime

XMFC1409

RunTime

CERN

L1TotalVolume

L2TotalVolume

L3TotalVolume
YC1004

ok

L3Flow

/1007
YCioos  PCV1007

L4Flow

L4CompRatio
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05:41:06 PM02/05/2024

HEDE

TotalFlowAS
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Separation process

T-xy @ 1 bar Azeotrope - mixture that exhibits the same
5 concentration in the vapor phase and the liquid phase.
" T _boil;,,= —12.5°C Azeotrope This contrasts with ideal solutions with one component
65/35 typically more volatile than the other
15 T_bOilaZ - _323 Time=0 s Surface: Volume fraction of fluid 1 (1} Centour: Volume fraction of fluid 1 (1) o

60
50
40
30

N
o

0.9

N
o1

Temperature [C]

20 0.8

10

w
o

0.7

&
o

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 -10 0.6

-20
-30
-40

0.5

Liquid/vapor fraction R134a

Bubble curve —e—Dew curve

0.3

0.2

Slow heating of liquified azeotrope (blue curve) o
allows to enrich the liquid of R134a and the vapor 100
phase of iC,H,, 0 s0 100 -

Thermodynamic simulation done by M. Bruno (PoliTO)

0.1
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RPC R134a RECUPERATION &

Plant Overview

- 2 L= = ..« Optimal conditions:
e FLAMMABLE
"""" . A A E)(‘I:IAUST o
Filling rate - 200 |/h up to 600 I/h
Heat | = ]
exchangers| | o s | Chiller Temp. > -36.2°C
Top oo | el s | o Top buffer P > 10 mbar (C1&C2),
Buffers 6 | | e [° |7 &8/
Bottom [ (= & [ e &1 8
Buffers b T T Bottom buffer T > 20°C
Emptying rate - 600 I/h (air)
Compressor 80% of Recuperation Efficiency
module
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RPC R134a RECUPERATION

Tests results

EP-DT
Detector Technologies

CE/RW
\

N7

Lot of parameters tested for both single columns and entire system

Rec. efficiency VS input flow rate

?‘8 -
?'.Ir -
76 4
?‘5 -
74 4
B -
200 225 250 275 300 325 350 375 400
Flow [1/H]

Efficiency [%:]

76 1

b

p)
=

e

71 1

Rec. efficiency V5 chiller temperature

—36.3 —36.2 -36.1 —36.0

Chiller temperature

-36.5 —36.4

Increasing the feed, more gas is lost at the exhaust due to lower heat exchange
For the same reason, it increases decreasing chiller T

EP-DT SEMINAR, 28-02-2024

pprm iC4H10

ppm iC4H10 VS chiller Temperature

1400 4

1300 4

1200

1100 4

1000 4

-36.3 -36.2 —36.1 —36.0

Chiller temperature

-36.5 —36.4

Increasing chiller T, more azeotrope is
exhausted and the quality of R134a increases
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Tests results

- m of IC4H10 VS top buffer pressure
Rec. efficiency VS top buffer pressure PP P P

950 4
m 4
B5 1 900 4
— BU 7 . B5{| -
£ =
2 ™ 2 001
z E
= 70 HY. 10121@ &
L ?‘5{' -
55 4
700 4
" |
20 25 30 35 40 a5 50 20 25 30 35 40 a5 50
top buffer pressure [mbar] top buffer pressure [mbar]
When the pressure in the top buffer increases, The effect is having more iC,H,, in the
also the recuperation efficiency increases recuperated R134a - lower quality
because less gas is sent to the exhaust line and
more is recuperated Tradeoff between the two parameters
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RPC R134a RECUPERATION 7| Prieaeriednologies
Recuperated R134a Quality

0

ppm of O2 in recovery bottle

26/06/2023 12/07/2023 17/07/2023 18/07/2023 0L/08/2023 07/08/2023

Date

ppm of IC4H10 in recovery bottle

2750 A

2500

2250 1

ppm iC4H10
= Pad
]
=T

=
L
o]
(=]

1250 +

1000 A

26/06/2023 12/07/2023 17j07/2023 18/07/2023 OL/08/2023 07/08/2023

Date

ppm of N2 in recovery bottle

More than 70 tests 000
were performed to find 000
the best parameters for

the plant 2000

1000

o

26/06/2023 12/07/2023 17/07/2023 18/07/2023 01/08/2023 07/08/2023
Date

If we inject 50/50 R134a fresh/recuperated, with a flow
of 700 I/h, we will inject:
500 ppm iC4H,,
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New SF¢ recuperation plant

SF6: 0,126
iC4H10:0,22
R134a: 0,62

SF6: 0,013
iC4H10: 0,7934

SF6 : 0,591

o iC4H10: 1,27 E-10

R134A :0,00022
N2: 0,408

BOTTOM?2 ’—_< E S

R134A: 0,19
N2 :0,0036

-, R134a: 0,85

iC4H10: 0,148

N2: 8,32-09

SF6: 0,00189

SF6: 0,075
iC4H10: 0,240
R134a: 0,684
N2: 1,23 E-13

EP-DT
Detector Technologies

Studies on SF; solubility in R134a
ongoing

Two distillation columns for
reasonable reflux ratio (from 140 to
20/20)

output mixture composition:

59% SFg, 40% N,, 1% freon + residue
of isobutane

- Easier to separate in the second
stage with a membrane or a MS that
are more selective for SF; > test
ongoing
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Conclusions

Common effort for reduction emissions - Gas system Team, Experiments and the
CERN Environmental Protection Steering board

Fluorinated gases are responsible for more than 80% of CERN GHG emissions -
strategies for reducing them is fundamental

In 2023, 560m?3 of GHG were recuperated - 10000 tCO2 - -8% CERN emissions

4 operational recovery systems (2 CMS and 2 LHCb) and a new recovery systems by
the end of 2024

* New qualified operators for R&D and M&O of recovery systems—> engineers, chemists

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

* Intense R&D activity to design new custom made recovery systems, improve the
recuperation efficiency and the quality of recuperated gases

* Recovery systems allowed to overcome critical situations when the new/fresh gas was
not available
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