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Preview of CEPC vacuum system (CEr
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Vacuum requirements and configuration
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30 GeV Stainless steel, copper ®20~30
1.1 GeV Extruded aluminum 6061 d30/Al 6061

30to 180 GeV  Extruded aluminum 6061 d56/thickness of 2mm

Extruded copper, NEG film

45.5~180 GeV SEV<17 d56/thickness of 2mm
45 £~180 GeV Copper/tung.sten alloy, NEG 020
film
30 GeV Stainless steel Dd56
6 GeV Stainless steel O56
1.1 GeV Stainless steel ®30
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EDR goal, scope and plan

1. Vacuum chambers massive NEG coating and heating spraying production line development

The conventional NEG coating method is not suitable for the CEPC project, as there is a need to coat a total length of
190km of vacuum chambers within a 5-year timeframe. Implementing a production line can enhance stability, ensure
timely production, and reduce labor costs. Therefore, a production line incorporating NEG coating and heating spraying
will be developed to explore a new method for constructing vacuum chambers for the CEPC.

The construction of the vacuum chambers for the collider rings will be completed in 5 years with the use of 2 production
lines, each equipped with 1 welding oven, 7 and 2 NEG coating and spraying setups.

2024: The whole production line design and biding. key components and processing like flanges sealing automatically,
heating spraying will be developed.

2025: the production line construction and debugging. Composition of 2025 CEPC proposal.



CEPC vacuum chamber production line

B Requirement

» Due to the difference in length, two production lines will be used to complete the production of vacuum chambers
for the CEPC collider. The quantity of NEG coating and spraying facilities for the two lines varies to match the

production speed.
» With two production lines, the all vacuum chambers of collider will be finished in 5 years.

B Advantages
More stable process, less manpower, less NEG coating facility, more adaptive capacity in production, etc.

€ Important nodes and progress

v" Technical scheme review 2024.10
Dimension . L 11400-d56-D62

Weight - 50~100kg

Thickness: 200nm +30%
SEY<1.1
S. Q. life-times

NEG
coating

Spraying *  Thickness<0.5mm
heating «  Heating temperature <300°C
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Production line composition

Classificatior

Electron-beam
welder

Brazing

Heating film spraying
facility

NEG coating tower

Measurement and
testing

Cleaning

Production line
auxiliary equipment

Electron-beam gun
Power supply
Vacuum chamber

Mechanical holder
Power supply

Electron-beam gun
Power supply
Controller
Mechanical Structure

Pumping system
Vacuum measurement
Power supply

Vacuum chambers
Discharge Gas
Cathode. controller

Dimension measurement
Leakage testing

rinsing

Moving band
robot arm system
controller

Meets the Length of 11.4m vacuum chamber
6 working position

350°C
11.4m long

Meets the Length of 11.4m vacuum chamber
Multilayer Spray
Ceramic and conductivity layer

Meets the Length of 11.4m vacuum chamber
6 working position

Background vacuum <5e-7Pa

Baking temperature 200°C

Dimension measurement 11.5m/0.1mm
Leakage testing 1e-10 mbar-L/s

deionized water rinsing

Meets the Length of 11.4m vacuum chamber

Design and manufacturing

Low temperature brazing in air by
conductivity heating, expecting stead
by double hole copper tube

R&D

Developing to be more fitted the
production line

Design and manufacturing

Design and manufacturing

Design and manufacturing



Procedure of NEG coating, spraying

Spraying i T

Sandblasting Transition-layer MCrAlY alloy 50~100
Spraying_Isolation_layer Isolation-layer Al203 cermic ~150
Spra}’?ng_Cond.UCtiVitY'layer Conductivity-layer  NiCr alloy ~100~200
Spraying_Isolation-layer N — ADO3 _ 150
Spraying_Contactor-layer >otation-iayer cermic

- Contactor-layer Copper ~50
Cleaning Y i
Outside
Inside
NEG coating

vacuum chambers, cathodes assembling by mechanical arms (flanges sealing).

Leakage testing.
Deliver the assembles to vacuum oven/ baking/ NEG coating;

Disassembly the vacuum chambers




NEG coating mechanism & method

O HEPS, LHC, MAX IV, SIRIUS, APS_U etc.

::I To gas feed, vacuum gauge
Spring supported bellow

— Ceramic tubing

Solenoid

Copper tube

Cathode wire

——— Ceramic tubing

Spring supported bellow

To vacuum gauge, vacuum pumps

To DC power supply

Outside magnet (solenoid)

Cathode wire
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Massive production of NEG coating for CEPC——Upgrade plan

Due to the diameter of CEPC is D56, we plan to replace the cathode wire with a magnetron sputtering cathode
Permanent magnet instead of the solenoid which supplies magnetic field for DCMS;

By combining the low vacuum chamber outside of the vacuum chambers to be coated with NEG, the high
vacuum process is simplified;
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layout & composition of NEG coating facili
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Prototype of vacuum chambers assembly
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Prototype of cathode for NEG coating

dynamic sealing for water pipe
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VC baking & Why spray heating film

The baking is the most crucial procedure in achieving ultra-high vacuum

O Necessity:

v In order to meet the ultra-high vacuum requirement of

achieving a dynamic vacuum level of 3.0E-10 mbar.

v" NEG coating reactivation

For metals:
* If not baked (not heated) in-situ water
is the dominant gas specie.
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If baked (heated above ~120°C) in-
situ hydrogen H, is the dominant gas
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Outgassing rates g [

‘ at 20°C:

Austenitic stainless steel not baked,
after 10 h pumping

3x10 °(main gas: H,0)

Austenitic stainless steel baked in-
situ for 24 h at 150°C

2x10°12 (main gas: H,)

OFS copper baked in-situ for 24 h at
200°C

~10-%4 (main gas: H,)

N
H,

O2
Heat

ﬁ
High
vacuum
or
inert gas
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Spray for heating film

€ Multilayer heating film will be coated outside of the vacuum chamber which composited by ceramic and conductivity layer

€ The heating temperature could reach 250°C

Heating layer Ceramic layer /

Thickness: 0.5mm Convection Radiation

Conductivity layer I

solution

>

Conduction

Ceramic layer
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Multiple-layers spraying

B Plasma spraying B Electric arc spraying

Gun power: 22 KW
Efficiency: 0.98
Current: max. 400 A
Voltage: max. 10-70V

» Gun power: <55KW
» Process gases: Ar/N2. Ar/H2. N2/H2. Ar/He
» Current: 200A-800A

YV V V VY



Prototype of Spraying heating film and tests

Reheating test more than 12 times

300 )

200 A

100 4

Temperature (C)

Adhesion test in ultrasonic resining

Dimension: L400*D24 Substrate: copper

Transition-layer MCrAlY alloy 50~100
Isolation-layer Al203 cermic ~150
Conductivity-layer  NiCr alloy ~100~200
Isolation-layer Al203 cermic ~150
Contactor-layer Copper ~50

Reheating cycles

Temperature vs Heating Power
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Conclusion

Production line of vacuum chambers NEG coating and spraying heating will be R&D in 2 years;
NEG coating by magnetron sputtering cathode method R&D will be carried out to adapt the production line;
Prototype of Spraying heating film and tests have been carried out, which shows a good results;

NEG coating optimization for low impedance film, Spraying for heating film plan to be carried out ;
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