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Outgassing measurement — throughput method

Sample & background
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Outgassing measurement - throughput method

1.E-02
Kapton HN e 0.0125 mm
1.E-03 e 0,025 mm
Polyimide - Melting temperature: none ——0.05mm
Expected water content: 0.96% - 0 075
= e s mim
. E 1E05 ——0.125mm
Samples: square sheets side 100 mm ¢ B Rt
. erence
Thicknesses: 0.0125-0.125 mm g LEOS
&
LEO7 Kapton HN
. 2
LE.08 Surface area: 200 cm
1.E-09
0.01 0.1 1 10 100 1000

Time [hours]

April 2022 Physics Beyond Colliders workshop - Ivo Wevers



Outgassing measurement - throughput method
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Outgassing: Coupled-method measurements

All system components are baked to temperatures
ranging from 200°C to 350°C

Sample and Variable leak valve are heated to
RGA requested temperature and duration

Prior to cooldown all instrumentation is degassed

Variable leak valve body has been vacuum fired to

Orifice plate minimize contribution

24 hours at room temperature before the start of
the first measurement

Variable leak valve

Sample 7

RGA has been calibrated to an in-house calibrated hot ionization gauge
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Outgassing: Coupled-method measurements

April 2022
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Outgassing: Coupled-method measurements
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IRGA [A]

At,: duration of the accumulation [s]

1.E-11

Irc4: current recorded for the gas of interest [A]

S.: conductance of the orifice for the gas of interest [l/s]

arca: Calibration factor for the gas of interest [A/mbar]
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Outgassing: Coupled-method measurements

Sc X fAT Irga X Qrga dt

At,

Q [mbarl/s]| =

At,: duration of the accumulation [s]

Irc4: current recorded for the gas of interest [A]

S.: conductance of the orifice for the gas of interest [l/s]
arca: Calibration factor for the gas of interest [A/mbar]

At: duration of the RGA recording [S]
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Outgassing: Coupled-method measurements

For a description of the method, see p. 11 of https://arxiv.org/ftp/arxiv/papers/2006/2006.07124.pdf
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https://arxiv.org/ftp/arxiv/papers/2006/2006.07124.pdf

Outgassing: Coupled-method measurements
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Outgassing: Coupled-method measurements
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Outgassing: Coupled-method measurements
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Outgassing: Coupled-method measurements

1.E-07

—12

1.E-08 14
16
e 40
1.E-09 —28
—
LE10 //_\

1.E-11

Irea [Al

Time [s]
Mass 12, 16 & 28 do not show a similar behavior not CO
Mass 14 & 28 show a similar behavior N,

Mass 40 (Argon) also in line with N, AIR
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Thermal desorption spectroscopy

Heating rate: 5K/min | oadlock

Dimensions of sample: 10mm x 10mm x 1mm
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Thermal desorption spectroscopy

Mass 2

Residual Gas Analyser
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Dimensions of sample: 10mm x 10mm x 1mm
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Thermal desorption spectroscopy

Residual Gas Analyser Mass 2
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TDS measurement
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TDS measurement
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TDS measurement
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TDS measurement
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Total Mass LosSsS

Cooling plate at room temperature « Polymer specimen is conditionned in a 50%

/ RH environment for 24 hours
Collector « Weight of specimen and collector plate is
g/plate Specimen measured
= Compartment « Under vacuum the specimen is heated up to
/ 125°C for 24 hours
_ Cover plate « Weight of specimen and collector plate is

N %/ measured

TML[%)] = 2m2rinal y 100

init

Copper heater bar

CVCM[%] = “mt=Crinal 100

Separator plate Sinit

ASTM E595-93 : Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment
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Total Mass LosSsS

Cooling plate at room temperature « Polymer specimen is conditionned in a 50%

/ RH environment for 24 hours
Collector « Weight of specimen and collector plate is
g/plate Specimen measured
= Compartment « Under vacuum the specimen is heated up to
/ 125°C for 24 hours
_ Cover plate « Weight of specimen and collector plate is

N %/ measured

TML[%)] = 2m2rinal y 100
Copper heater bar /
CVCM[%] = “mt=Crinal 100

init
Separator plate Initial concentration Sinit

ASTM E595-93 : Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment
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Total Mass LosSsS

Cooling plate at room temperature « Polymer specimen is conditionned in a 50%

/ RH environment for 24 hours
Collector « Weight of specimen and collector plate is
g/plate Specimen measured
= Compartment « Under vacuum the specimen is heated up to
/ 125°C for 24 hours
_ Cover plate « Weight of specimen and collector plate is

N %/ measured

TML[%)] = 2m2rinal y 100

init

Copper heater bar

Possible source CVCM[%] = Snie=Crimal 40
Separator plate : " Sinit
of contamination

ASTM E595-93 : Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment
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Total Mass LosSsS

/

Cooling plate at room temperature

Collector

late Specimen
/p Compartment
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Electron Stimulated Desorption

April 2022 Physics Beyond Colliders workshop - Ivo Wevers




Electron Stimulated Desorption
ESD of H, for different materials at 295 K
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e dose [g/cm?]

molecules of desorbed gas

Desorption yield =
p Y incident electrons

Dependent on: Energy — material — gas - dose
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Pumping speed: Fischer-Mommsen dome
|

NS
2R %ﬂ::j; ]F"* = Specific dimensions and gauge

= locations must be respected

= QOrifice with conductance C separating
2 chambers

1 = e (i)
S Y N S

__i_zﬁ...
\_/‘i’\_)

Pump Monte Carlo computations on molecular flow in pumping speed test domes E. Fischer, H Mommsen - Vacuum June 1967 p 309-315
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Pumping speed: Fischer-Mommsen dome
|

| Hydrogen saturation for PAX experiment
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Monte Carlo computations on molecular flow in pumping speed test domes E. Fischer, H Mommsen - Vacuum June 1967 p 309-315
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Permeation

= Permeation is a combination of
dissolution and diffusion

Capacitance Penning Capacitance
gauge gauge gauge ¢ Dissolution — Henry’s Law

- n
. High Low —
Gas injection 9 o C SP
pressure pressure
system . )
side side

N/
£\

Permeation

TMP Pumping -
group m

¢ Diffusion — Fick’s first Law

0 b dc

dx

TMP Pumping
group

= Dynamic mode
= Static mode
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Permeation

*‘:‘?"'"ﬁ‘ ‘5 "\
Low pressure S|de

Capacitance Penning

Capacitance

gauge gauge gauge
Gas injection o =
system pressure pressure
side J t side

Permeation

TMP Pumping -
group m

TMP Pumping
group

-
=
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Permeation

Polymer glued in between 2 copper gaskets

Kapton copper coated Kapton
DN16CF gaskets DN40CF ga
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Permeation = Dynamic mode

Capacitance Penning Capacitance

gauge gauge gauge 2.0E-09 l
Gas injection High 7 ( Low 1.6E-09
[ S sjtem pressure pressure Y
y side J t side
1.2E-09
X . - ®
Permeation =
Cell E
TMP Pumping 8.0E-10 ®
group m
. 4.0E-10 ®
TMP Pumping
group ®
Se A IRGA l 0.0E+00
Permeation = i 0 100 200 300 400 500 600
CZRGA A Pinj Injection Pressure [mbar]
With: Sefr PUMping speed - Alg;, RGA signal for the injected gas - [ sample thickness

arca Calibration factor — A sample area - P;,,; injection pressure
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Permeation » Static mode

Capacitance Penning Capacitance 1.0E-01
gauge gauge gauge '

[ Gas injection High ( Low 7.5E-02

ressure ressure
system o e J e Close valve
X . £
Permeation o 5.0E-02
Cell -
TMP Pumping E T, = _D
Saa\Y) 6
2.5E-02
TMP Pumping time |ag
group /
0.0E+00
3 . AP le l *
Permeatlon e . M 0.E+00 5.E+03 1.E+04 2.E+04
At A Pinj Time [s]
With: AP/ At slope at steady state - V;,, Volume low pressure side - [ sample thickness

A sample area - P, injection pressure
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Thank you for your attention



