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Thermal Grease Sample Irradiation Results

Possibility of using thermal grease for assembly of CMS Forward Pixel Detector in high radiation environment of the experiment is assessed. 4 types of thermal grease were looked at:

   AOS-52-22KD by AOS Thermal Compounds Co.

   OMEGATHERM 201 by OMEGA Engineering Inc.

   WAKEFIELD 120 by Wakefield Engineering Co.

   TIC-7500 by The Bergquist Co.

Some properties of these compounds are listed in the Table 1 below with sample description.

An irradiation test sample was made of two 1” x 1” pieces of aluminum of 0.03” thickness sandwiched with a layer of tested grease. Amount of grease used is listed in the Table 1. For each of grease type three samples were prepared, total 12 samples. 

The samples were irradiated at the Indiana Synchrotron Facility with a proton beam of energy of 200 MeV .  Total dose of irradiation was made for 4 samples (one of each of available four types) equal to 5 .1014 protons/cm2 (equivalent to 30 Mrad). Remaining 8 samples were irradiated to a dose of 8.5 .1014 protons/cm2 (equivalent to 50 Mrad).

After irradiation (on Mar 19-20 2004) the samples were stored for about 4.5 months to cool off. In the middle of August the samples were sent to the Fermilab for evaluation.

The samples were removed from paper envelopes were they have been irradiated. They have been inspected and to have a low radioactivity on level of the Class 1 material allowing safely handle them. 

Every sample was attempted to open up into two pieces of aluminum to inspect the grease conditions between. In every case the pieces were solidly attached and it required significant effort to split the sample with a razor blade. The grease on the edge of the sample was solid and as the pieces were split it appears to either dry or semi-dry. In all cases the grease lost it ability to be spread out.  For sample with moderate irradiation (5 .1014 protons/cm2) it was possible to split all four samples. The samples with OMEGA and Wakefield grease was open with great difficulty and appear completely dry inside. AOS and TIC samples were open easier and found to be semi-dry. 

Only samples of AOS and TIC grease were open up but with great difficulty for samples with high dose (8.5 .1014 protons/cm2). The grease was almost completely dry for these samples. There was no possibility to open up samples with OMEGA and Wakefield grease. Results of inspection are summarized in Table 1.

Since these doses represent possible levels of radiation to be received during the experiment we conclude that none of these materials can be used between the panels and cooling channel: after irradiation it will be impossible to remove panels without damage to the detector structure due to strong adhesion of the irradiated grease.   

Below shown the samples during evaluation (Fig. 1,2) and stored in the plastic bags placed in the Lab A freezer for further study (Fig. 3) if requested. 

Table 1. Samples and effect of irradiation.

[image: image1.jpg]



[image: image2.wmf]MK 030404

Thermal grease samples for irradiation and results of inspection after irradiation 

Gease is between two Al plates of size 1"x 1" x 0.03" (25 x25 x 0.75 mm =

6.4516

,cm^2)

There are four types of Thermal grease to test:

##

Product

Density,g/cc

Code*

Volume, cc

Thickness,mkm

Amount,g

Dose,10^14

Comment after irradiation

1

AOS-52022KD

2.7

XI - XIII-I

0.09

144

0.25

8.5

semi-dry, hard to split

2

AOS-52022KD

2.7

XI - XIII-II

0.09

144

0.25

8.5

semi-dry, hard to split

3

AOS-52022KD

2.7

XI - XIII-III

0.09

144

0.25

5

semi-dry, can split

4

OMEGATHERM-201

2.53

XXI - XXIII-I

0.09

147

0.24

8.5

can not split

5

OMEGATHERM-201

2.53

XXI - XXIII-II

0.10

153

0.25

8.5

can not split

6

OMEGATHERM-201

2.53

XXI - XXIII-III

0.10

153

0.25

5

dry, hard to split

7

Wakefield-120-8

2.2

XXXI - XXXIII

0.10

155

0.22

8.5

can not split

8

Wakefield-120-8

2.2

XXXI - XXXIII

0.09

141

0.2

8.5

can not split

9

Wakefield-120-8

2.2

XXXI - XXXIII

0.10

155

0.22

5

dry, hard to split

10

TIC-7500

4

XXXXI - XXXXIII

0.06

93

0.24

8.5

semi-dry, hard to split

11

TIC-7500

4

XXXXI - XXXXIII

0.06

97

0.25

8.5

semi-dry, hard to split

12

TIC-7500

4

XXXXI - XXXXIII

2.1

97

0.25

5

semi-dry, can split

*NOTE. Code is engraved on the each sample.

Thickness of samples and energy loss estimate for protons

Al samples thickness 

12

samples:

Total Al thickness

2.7

0.15

4.86

g/cm^2

Average proton energy losses are 

1.8

Mev/g/cm^2

8.7

MeV
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Thermal grease samples for irradiation and results of inspection after irradiation 

Gease is between two Al plates of size 1"x 1" x 0.03" (25 x25 x 0.75 mm =

6.4516

,cm^2)

There are four types of Thermal grease to test:

##

Product

Density,g/cc

Code*

Volume, cc

Thickness,mkm

Amount,g

Dose,10^14

Comment after irradiation

1

AOS-52022KD

2.7

XI - XIII-I

0.09

144

0.25

8.5

semi-dry, hard to split

2

AOS-52022KD

2.7

XI - XIII-II

0.09

144

0.25

8.5

semi-dry, hard to split

3

AOS-52022KD

2.7

XI - XIII-III

0.09

144

0.25

5

semi-dry, can split

4

OMEGATHERM-201

2.53

XXI - XXIII-I

0.09

147

0.24

8.5

can not split

5

OMEGATHERM-201

2.53

XXI - XXIII-II

0.10

153

0.25

8.5

can not split

6

OMEGATHERM-201

2.53

XXI - XXIII-III

0.10

153

0.25

5

dry, hard to split

7

Wakefield-120-8

2.2

XXXI - XXXIII

0.10

155

0.22

8.5

can not split

8

Wakefield-120-8

2.2

XXXI - XXXIII

0.09

141

0.2

8.5

can not split

9

Wakefield-120-8

2.2

XXXI - XXXIII

0.10

155

0.22

5

dry, hard to split

10

TIC-7500

4

XXXXI - XXXXIII

0.06

93

0.24

8.5

semi-dry, hard to split

11

TIC-7500

4

XXXXI - XXXXIII

0.06

97

0.25

8.5

semi-dry, hard to split

12

TIC-7500

4

XXXXI - XXXXIII

2.1

97

0.25

5

semi-dry, can split

*NOTE. Code is engraved on the each sample.

Thickness of samples and energy loss estimate for protons

Al samples thickness 

12

samples:

Total Al thickness

2.7

0.15

4.86
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Average proton energy losses are 
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Fig.1. Samples with dose of  8.5 .1014 protons/cm2
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Fig.2. Samples with dose of 5 .1014 protons/cm2
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Fig. 3 Samples stored for further evaluation.
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		MK 030404				Thermal grease samples for irradiation and results of inspection after irradiation

						Gease is between two Al plates of size 1"x 1" x 0.03" (25 x25 x 0.75 mm =								6.4516		,cm^2)

		There are four types of Thermal grease to test:

		##		Product		Density,g/cc		Code*		Volume, cc		Thickness,mkm		Amount,g		Dose,10^14		Comment after irradiation

		1		AOS-52022KD		2.7		XI - XIII-I		0.09		144		0.25		8.5		semi-dry, hard to split

		2		AOS-52022KD		2.7		XI - XIII-II		0.09		144		0.25		8.5		semi-dry, hard to split

		3		AOS-52022KD		2.7		XI - XIII-III		0.09		144		0.25		5		semi-dry, can split

		4		OMEGATHERM-201		2.53		XXI - XXIII-I		0.09		147		0.24		8.5		can not split

		5		OMEGATHERM-201		2.53		XXI - XXIII-II		0.10		153		0.25		8.5		can not split

		6		OMEGATHERM-201		2.53		XXI - XXIII-III		0.10		153		0.25		5		dry, hard to split

		7		Wakefield-120-8		2.2		XXXI - XXXIII		0.10		155		0.22		8.5		can not split

		8		Wakefield-120-8		2.2		XXXI - XXXIII		0.09		141		0.2		8.5		can not split

		9		Wakefield-120-8		2.2		XXXI - XXXIII		0.10		155		0.22		5		dry, hard to split

		10		TIC-7500		4		XXXXI - XXXXIII		0.06		93		0.24		8.5		semi-dry, hard to split

		11		TIC-7500		4		XXXXI - XXXXIII		0.06		97		0.25		8.5		semi-dry, hard to split

		12		TIC-7500		4		XXXXI - XXXXIII		2.1		97		0.25		5		semi-dry, can split

		*NOTE. Code is engraved on the each sample.

		Thickness of samples and energy loss estimate for protons

		Al samples thickness												12		samples:

		Total Al thickness				2.7						0.15		4.86		g/cm^2

		Average proton energy losses are						1.8		Mev/g/cm^2				8.7		MeV
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