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Preliminary note on initial measurements of RTV DOW3145

Introduction

Dow3145 RTV is the adhesive that has been used to bond VPTs to the PbWO4 crystals for the current 5 x 5 test of end-cap calorimeter components.

Tests were made with different thicknesses of this adhesive sandwiched between quartz plates. (Quartz plates 12 mm x 12 mm x 1.2 mm were selected as a support medium for the adhesive since they have good transmission in the UV and are resistant to radiation.) For the thinnest sample, the thickness of the adhesive was defined by the residual layer that remained after the plates were pushed firmly together. This depended on the area of the plates, the pressure applied, the time for which the pressure was applied, and the viscosity of the adhesive. The thicker samples were made by introducing a spacer in the adhesive bond. The thickness was measured by measuring the quartz plates prior to assembly and then measuring the quartz/ adhesive/ quartz cell after assembly.

Each quartz plate was cleaned and its transmission measured prior to assembly.

The cleaning schedule was:

1. Ethyl Alcohol

2. Water

3. Detergent solution

4. Water

5. Water

(The detergent used was a 2.5% solution in water of Decon 90)

Assembly of cells

The cells were assembled by placing one of the quartz plates on a PTFE sheet, putting a small quantity of adhesive on to the plate and pushing a second plate down firmly with a flat faced plastic block for about 10 seconds, whilst restraining the plates between 2 guide blocks. 
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Figure. 2 Test cell assembly procedure

For the thicker adhesive samples, control of thickness was achieved by using thin fibreglass spacers app. 20 mm x 5 mm x. 1.55 ± 0.01 mm.

No bubbles have been observed in thin samples, but bubbles are a serious problem in 1 mm samples, the bubbles forming as the adhesive is drying.

The samples were measured in a dual beam Lambda 20 spectrophotometer. To achieve precise sample positioning and accurate reproducibility, LEGO( components were used. The spectrophotometer was modified to hold a LEGO base plate to act as a cheap optical bench, and each sample was mounted on its own LEGO brick using quick setting adhesive. The apertures of both beams in the spectrophotometer were restricted to 4.6 mm, to aid in selecting bubble-free areas of samples, where necessary, to be measured see Fig.3.
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Fig. 3 LEGO base and sample 

For irradiation, the samples were placed close to a 1.7 Ci 60Co source at Brunel University. Fig. 4 shows the samples as placed for the test.

[image: image3.wmf]
Fig.4. Photograph showing samples as placed for a test

Sample
Distance from source cm
Dose Gray / hour
Dose after 24 hours
Dose kGy after 8 days

Rate measured by B.Camanzi at 4 cm 
4
6.0
144.0
1.2

T53, 0.066 mm adhesive in quartz
2.8
12.2
293.9
2.4

T56, 1.155 mm adhesive in quartz
2.5
15.4
368.6
2.9

T57, 1.2 mm quartz plate
2.5
15.4
368.6
2.9

T11, 0.9 mm glass MS slide
2.75
12.7
304.7
2.4

Table 1 Dose rates as a function of sample distance

The dose rates were calculated as a function of distance (Table 1) from measurements of dose rate made by B. Camanzi at approximately 4 cm from the source. Two types of measurement, (with an ionisation chamber (air) and two RadFETs (Si)), gave consistent dose rates of approximately 10 rad/min (6 Gray / hour).

For these tests, four samples were irradiated for 8 days. Their transmission was measured within 2 hours of irradiation and then measured again approximately 3 hours later to check for annealing. No annealing was observed.

The samples were assembled and allowed to cure at ambient temperature for 5 days before irradiation was started. 

After irradiation, the samples were stored at ambient temperature in the dark, the only exposure to short wavelength light being the spectrophotometer beam. When handling was necessary, it was carried out under red light to reduce any likelihood of optical annealing.

The glass microscope slide was measured to give some idea as to the behaviour of a sample that was expected to show radiation damage.

Results

Figures 1 and 2 show the effect of the radiation on T53, (0.066 mm of DOW 3145 RTV adhesive between 1.2 mm quartz plates). The small differences between the curves are predominantly caused by a drift in the base line of the spectrophotometer.
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Fig.1.
Sample T53 (0.0664 mm of Dow 3145 between Quartz plates), before and after irradiation (2.4 kGy)

[image: image5.wmf]0

10

20

30

40

50

60

70

80

90

100

200

250

300

350

400

450

500

550

600

T53 Before irradiation

T53 After irradiation

Wavelength (nm)

External Transmission (%)


Fig.2 Detail of Fig. 1. (Wavelength scale expanded)

Figures 3 and 4 show the effect of the radiation on T56 (1.1546 mm of DOW 3145 RTV adhesive between 1.2 mm quartz plates). There is an indication of increased absorption between 300 nm and 400 nm.
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Fig.3.
Sample T56 (1.1546 mm of Dow 3145 between Quartz plates), before and after irradiation (2.9 kGy).
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Fig. 4.
Detail of Fig. 3. (Wavelength scale expanded). 

Figures 5 and 6 compare the transmission curves measured before and after irradiation for T11, (0.958 mm thick Chance glass microscope slide). The transmission is reduced by the effect of radiation over the wavelength interval from 300 nm to 850 nm.
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Fig.5.
Sample T11, (0.9576 mm of Chance microscope slide glass), before and after irradiation (2.9 kGy).
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Fig. 6. Detail of Fig. 5 (wavelength scale expanded).

Figures 7 and 8 show the effect of the radiation on T30, (1.2743 mm thick Quartz glass plate). No significant change in absorption can be seen.
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Fig.7.
Sample T30, 1.2743 mm of Quartz, before and after irradiation (2.4 kGy).
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Fig. 8 Detail of Fig. 7 (wavelength scale expanded).

Conclusion

1. The thin glue layer, which is representative of the final system shows no discernible damage at doses of 2.4 to 2.9 kGy.

2. The thick glue sample shows slight radiation damage in the 300 nm to 400 nm region.

3. The glass plate shows significant radiation damage as expected.

4. The quartz plate shows no signs of radiation damage as expected.

Further work

A higher intensity source will be used to allow greater doses to be investigated using a series of short exposure times.

Consideration should be given to the effect of adhesive drying time on radiation damage susceptibility and refractive index. RTV adhesives can take a long time to dry. Tests will be conducted into the effects of ageing

These initial results at doses of 2.4 to 2.9 kGy are encouraging. However, since some increase in absorption has been discovered in the thicker samples, it will be necessary to make measurements at doses fully representative of the expected 10 year endcap exposure before a final conclusion can be made.

P.S.Flower 29 June 1999
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