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Investigation of the Bond Strength of Polyimide Adhesive: Part-II
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In the Part-I of the technical report (TD-98-004), the effect of temperature, curing time and surface finish on the bond strength of the polyimide adhesive was investigated. The bond strength was found to increase with curing temperature while the curing time had little or no effect. Based on these results the curing temperature was increased from 170 to 190 oC for coils made for the second R&D magnet, HGQ-02. However the structural integrity of the coils made were barely acceptable. In an effort to further increase the bond strength, the effect of surface finish was revisited.

Figure 1: Effect of surface finish on bond strength with only end-parts
Part-I also revealed that when the ULTEM end-parts were sand-blasted with 40 grit paper and bonded together with polyimide adhesive, the bond strength increased by a factor of 5. However when tested with the cables in-between the sand-blasted ULTEM end-parts, there was no apparent change in the bond strength.  This behavior can be explained as follows: when the sand-blasted end-parts are bonded together, the surface finish on either side of the adhesive film has been changed. However with the cables in-between the end-parts, the surface finish on one side of the adhesive film (Kapton side) is same. Hence the bond strength remains the same (eventhough the end-parts have been sand-blasted) as the overall strength is controlled by the weaker of the both sides on the adhesive film. This hypothesis can be tested by bonding a bare ULTEM end-part with sand-blasted end-part i.e., the surface finish was altered only on one side of the adhesive film similar to that observed with cables in-between the ULTEM end-parts. Fig. 1 shows the results of the lap-shear tests. Note that the bond strength decreases drastically when only one of the two ULTEM end-parts was sand blasted. 

The goal now is to achieve better adhesion between the Kapton on the cable and the adhesive film, as it seems to control the overall bond strength. A 1 mil thick QIX sheet adhesive is placed between the cable and end-parts while preparing the sample. The end-parts were wiped with a solvent (isopropyl alcohol) before painting QIX to improve wettability and adhesion. Note that wiping with a solvent is much easier than sand-blasting the end-parts and both achieve the same results. Two samples were made, one at 180 oC for 10 min. and the other at 190 oC for 10 min. Fig. 2 shows the results for the shear tests with these samples. Also shown in the figure are the bond strength data for samples without the QIX sheet adhesive. It is clear from the figure that there is an increase in the bond strength due to addition of the QIX sheet adhesive by almost a factor of 1.5. 
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Figure 2:  Bond strength with QIX sheet adhesive between the cable and the end-parts

Finally the end-parts made out of ULTEM 6200 were tested to check if the adhesion to ULTEM 6200 is better than that of ULTEM 2300. Also BNL uses ULTEM 6200 with a different adhesive for their RHIC magnets. The results are also shown in Fig. 2. It look like the bond strength with ULTEM 6200 is infact lower than that of with ULTEM 2300. It is not clear at this time why there are this difference in the bond strength.

Two R&D coils (one inner and one outer ) were made with QIX sheet adhesive between the end-parts and the cable and cured at 190 oC for 20 min.  The end-part adhesion was very good for both the coils. However for the inner coils, there was a debonding between the 1st turn and 2nd turn once the coil was taken out of the mandrel. A complete description on the R&D coils will a subject of the next technical report
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