
LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATORY  

 
LIGO Laboratory / LIGO Scientific Collaboration 

 
 

LIGO-T040032-00-D Advanced LIGO 2 March 2004 

 

Polyimide Hydrocarbon Outgas Rate 
and Temperature Limits for the Isolation System Actuator 

 

Dennis Coyne 

 
Distribution of this document: 
LIGO Science Collaboration 

 
This is an internal working note 

of the LIGO Project. 
 

California Institute of Technology 
LIGO Project – MS 18-34 
1200 E. California Blvd. 

Pasadena, CA 91125 
Phone (626) 395-2129 
Fax (626) 304-9834 

E-mail: info@ligo.caltech.edu 

Massachusetts Institute of Technology 
LIGO Project – NW17-161 

175 Albany St 
Cambridge, MA 02139 
Phone (617) 253-4824 
Fax (617) 253-7014 

E-mail: info@ligo.mit.edu 
 

LIGO Hanford Observatory 
P.O. Box 1970 

Mail Stop S9-02 
Richland WA 99352 
Phone 509-372-8106 

Fax 509-372-8137 

 
LIGO Livingston Observatory 

P.O. Box 940 
Livingston, LA  70754 

Phone 225-686-3100 
Fax 225-686-7189 

http://www.ligo.caltech.edu/ 



Advanced LIGO LIGO-T040032-00-D 

 2

1 Introduction 

The hydrocarbon outgas rate for polyimide materials is derived from existing mass spectrum test 
data. The outgas rate is then used to set a maximum temperature limit on the voice coil actuator for 
the advanced LIGO Seismic Isolation System (SEI). 

2 Polyimide Outgas Rate 

In order to set a maximum in-vacuum operating temperature for the voice coil, we would ideally 
have measurements of the outgas spectrum and rate, including temperature dependence, for the 
intended SEI voice coil actuator (or at least it's materials). The voice coil actuators used to date 
(BEI/Kimco LA50-62-004Z and LA18-32-006Z) have not been developed for UHV use. It is likely 
that the epoxies, wire insulation and potting compound outgas at too high of a rate (though this has 
not been confirmed by measurement). A version of the smaller actuator (LA18-32-006Z) with 
kapton insulated wire potted with Cycom 3001 (a high temperature polyimide adhesive1) has been 
produced. The mass spectrum of this unit, after cleaning and vacuum baking at 200C for 48 hours 
has been measured. The hydrocarbon (HC) outgassing rate derived from this residual gas assay 
(RGA) is suspect due to lack of repeatability of measurements on this chamber. The HC rate (sum 
of AMUs 41, 43, 53, 55 and 57) is 3.8E-10 torr-liter/sec (very likely limited by the background 
outgassing rate of the chamber). In addition to being suspect, this measurement was only made a 
room temperature. In order to establish a maximum in-vacuum operating temperature, we must 
know the doubling temperature (or some other measure of the outgas rate dependence with 
temperature). A repeat vacuum bake and mass spectrum measurement of the voice coil is planned 
in March, 2004 in the LHO vacuum bake oven with measurements at ~70C, ~45C and room 
temperature (~20 C). 

In the interim we might use the outgas rate from other measurements of Polyimide materials to set 
approximate limits on the temperature of the voice coil. The mass spectrum of a number of 
polyimide materials have been measured. In particular, the Virgo measurements include the mass 
spectrum at multiple elevated temperatures (a practice that LIGO should adopt). Unfortunately it 
seems the Virgo group has not performed mass spectrum measurements of Cycom 3001 
(confirmation has been requested). Five polyimide measurements were examined: 

1) Coils with Polyamide-Polyimide Insulation and Polyimide Resin "varnish". The 
"varnish" is BASG 48816 polyimide/carbon pigment resin from Ball Aerospace.2 

2) Coils with Polyamide-Polyimide Insulation (without the varnish)3 

3) Cabling with Pyre-ML Insulation. Pyre-ML is a Dupont aromatic polyimide.4 

4) Kapton ribbon cables (Kapton is a Dupont trademark polyimide). Virgo cables were 
provide by Axon.5 

                                                 
1 A datasheet for Cycom 3002 (similar to Cycom 3001) has been included in the appendix of this memo. 
2 Virgo document VIR-TRE-PIS-3400-114, "Outgassing Test of Coils with Polyamide-polyimide Insulation and 
Varnishing". 
3 Virgo document VIR-TRE-PIS-3400-113, "Outgassing Test of Coils with Polyamide-polyimide Insulation". 
4 Virgo document VIR-TRE-PIS-3400-115, "Outgassing Test of Cabling with Pyre-ML Insulation". 
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5) Kapton Ribbon cables with PEEK weave and PEEK connectors from MDC Vacuum 
Products Inc.6 

The Virgo report gives the total outgassing rate and the mass spectrum (in uncalibrated units) at 
multiple temperatures. The sequence was to dwell at each temperature and then take a mass 
spectrum measurement before increasing the temperature. The dwell time at temperature was not 
always long enough to reach a steady-state outgassing rate. The temperatures were typically 33 C, 
50 C, 100 C, 150 C and then back to 40 C to 33 C. The mass spectrum plots were digitized and 
integrated to get a scale factor to calibrate the mass spectrum. This scale factor was then used with 
the HC flag AMU sum to get the HC outgassing rate. 

The outgassing rate, k, is assumed to follow an Arrhenius rate equation: 

( )T
E

Aek
−

=  

where in general the pre-expenential factor, A, and the activation energy, E, are temperature 
dependent; Here these coefficients are assumed to be temperature independent. The temperature 
change required to double the outgassing rate is: 

E
T

T
)2ln(2−

=∆  

Of course a single rate equation may not apply. In addition measurements at significantly higher 
temperatures than the operating temperature range may bring different kinetics into play. However 
the required hydrocarbon outgas rate is too low to measure at room temperature. 

2.1 Polyimide Resin 

For the Polyimide Resin, the outgassing rate (torr-liter/sec/cm2) versus temperature is given in 
Figure 1. The same data is plotted versus 1/T in Figure 2. The outgassing rate at the two low 
temperatures (33 C pre-bake and 40 C post-bake) is limited by the mass spectrometer noise floor 
(or at least by the plot scale in the Virgo report). Also shown is a fit to an Arrhenius equation. 

                                                                                                                                                                 
5 Virgo document VIR-TRE-PIS-3400-137, "Outgassing Test of an Axon Kapton Ribbon". 
6 Vacuum Bake Traveler for Kapton Ribbon Cable, LIGO-E980274-00. This vacuum bake load appears to have the 
lowest outgassing rate measured at Caltech for initial LIGO kapton cables. Vacuum bake load travelers from LHO 
should be checked as well. 
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Figure 1: Polyimide Resin Outgas Rate vs Temperature 
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Figure 2: Polyimide Resin Outgas Rate vs Temperature 

A least squares fit to the outgas rate at the three temperatures high enough to measure the outgas 
rate not limited by the noise floor of the spectrometer (or the lower limit of the plot in the Virgo 
report), yields: 

A = 3.09e-7 torr-liter/sec/cm2 

E = 268 C 

∆T = 1.03 C 
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2.2 Polyimide Insulation 
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Figure 3: Polyimide Insulation Outgas Rate vs Temperature 

A = 1.03e-8 torr-liter/sec/cm2 

E = 286 C 

∆T = 0.97 C 

 

2.3 Pyre-ML Insulation 

The Pyre-ML data is limited by the noise floor (limit of the plot in the Virgo report). 
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Figure 4: Pyre-ML Insulation Outgas Rate vs Temperature 

A = 5.46e-10 torr-liter/sec/cm2 

E = 245 C 

∆T = 1.13 C 

 

2.4 Axon Kapton Cabling 

The Virgo report on Kapton cabling from Axon is still to be further analyzed. Using the 80 C and 
150 C data (post-bake), one gets the following Arrhenius constants: 

A = 1.35e-9 torr-liter/sec/cm2 

E = 753 C 

∆T = 0.37 C 

With the admittedly uncertain fit, the room temperature (20 C) HC outgas rate is 6e-26 torr-
liter/sec/cm2. If the activation energy from the previous fits is used (E ~ 280 C), then the room 
temperature HC outgas rate is 1e-15 torr-liter/sec/cm2, which is consistent with the measured MDC 
kapton cable outgas rate. 

2.5 MDC Kapton Cabling 

The HC outgas rate reported in E980274-00 is 2.80e-15 torr-liter/sec/cm2 (each cable has 6080 cm2 
of area). This value does not have the oven or RGA background subtracted. Since empty chamber 
measurements were extremely infrequent in the Caltech vacuum bake ovens used for initial LIGO 
bake loads, we do not have a background to subtract. In addition, the RGA was not capable of 
being valved off from the chamber, so an RGA background can not be subtracted either. Looking at 
clean load scans (metal) in the same chamber around the same time frame as the E980274-00 load, 
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it seems that the oven HC background is about at ½ the measured level, so a reasonable estimate of 
the kapton outgas rate is 1.4e-15 torr-liter/sec/cm2. 

3 Voice Coil Maximum Temperature 

The exposed surface area of the larger voice coil is estimated to be 143 cm2. With the MDC Kapton 
outgas level reported above, this means at room temperature (20C), the expected HC outgas rate is 
2e-13 torr-liter/sec/coil.  

The allowed7 outgas rate for the SEI voice coil is 3.8e-12 torr-liter/sec/coil. Using an activation 
energy of 245 (the lowest reported above), the allowable temperature is only 26 C, or 6 C above 
ambient. 

 

4 Appendix: Cycom 3002 Datasheet 

                                                 
7 D. Coyne, Vacuum Hydrocarbon Outgassing Requirements", T040001-00. 
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