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This is a continuing effort to understand the material damage observed in the aging test 
module I.  In the earlier writ-up we sent out a few days ago, one of the observations was 
the dark deposits on HV and tension plates. The deposits are spread out over the surface 
and it is worst on the surface of the conducting epoxy (see figure 1).  Some of the 
deposits could be easily scraped off. We also pointed out that we saw more black deposits 
upstream than downstream which we could not understand. 
 

 
Figure 1. The dark deposits on the surface of conducting epoxy. It seems that the deposit 
is attracted to the electric potential. The conducting epoxy was covered with AY-103 
epoxy during the construction. 
 



It was suggested that the reason for more deposits on the upstream surface than the 
downstream surface could be due to lead wire blowing (this module was re-strung after 
each run). The loose dust particles could be blown off from downstream to upstream. It is 
confirmed that we blew air from downstream to upstream. (The upstream is where 
ionization gas is coming in.) 
 
In order to investigate this problem further, we took a straw from the aging test module 
and blew air through the straw for about ~1 min while there was a filter at the other end 
to trap any dust particles. We found that there was a fair amount of straw material (fine 
dust) blown out. We did the same test with fresh straws and the amount of material blown 
out was far less. Two images are shown below from the test. 
 

Figure 2. A picture of the filter material surface attached to one end of a straw while air 
was blown from the other end. There are some specks of black dust. Some could be from 
the environment. This is from an unused straw. 



Figure 3. The same as the previous picture, but the straw is from the aging test module I. 
 
From the pictures, it is clear that there are loose carbon dust particles inside straws which 
were used in the aging test module. This also explains why we saw more dust particles 
upstream than downstream. The dust had been blown upstream during re-stringing. 
 
The next question is how the heavy deposits on the conductive glue surface were 
made.  
 
We have little doubt that the black deposit material is from the straw inner surface. What 
is not clear is the depositing process on the surface of the conductive glue. We can think 
of a couple of processes. One is that the dust particles were only inside straws, and the 
wire re-stringing process dislodged them. They get blown to the endplates and later 
deposited on the surface due to the electric field attraction. Another is that the loose 
carbon atoms (or molecules) were carried by ionization gas and get deposited on the 
surface layer by layer. Both processes could be at work 
 
The next question is why the carbon surface was flaking off. 
 
First of all, the flaking was NOT due to the wire stringing process. When a lead wire is 
blown in, it rattles inside straws. The lead wire could scrape carbon off the surface. 
However, this was ruled out by blowing in a lead wire many times using a fresh straw 
with filter attached at the other end of the straw. We observed very little dust on the filter. 
 



The same was tried with a straw from the aging test module. First, the straw was cleaned 
by blowing air through for a while to remove any flakes. Then a lead wire was blown in 
as we observe the filter. We observed very fine dust accumulated on the filter although 
they are somewhat hard to see with naked eyes. We could conclude that carbon in this 
straw is not bonded as well as in the fresh straws. 
 
This test leads us to believe that the flaking is due to the aging test and to more questions. 
  
Is the flaking behavior seen in any previous tests? The straws have gone through many 
tests including radiation and aging test.  
If the flaking is due to the aging test, what is the process? 
Does the flaking only happen if the gas mixture contains CF4? 
Does the gain paly a role? The gain for our aging test is ~100,000 abut 3-4 time of the 
nominal gain. 
Are the radicals responsible for other material damage softening the carbon bonding as 
well? 
Is this flaking behavior related to the dark deposits on wires we saw in our earlier tests? 
We reported dark deposits on the wire surface with baseline gas (with CF4), but not with 
Xe-CO2.  
 
In conclusion, the black deposits observed on the tension and HV plate is very likely 
from the straw inside surface. The bonding of the carbon material to the straw surface is 
clearly weakened. At this moment, we do not know if the damage is due to CF4 since 
both gas mixtures (with and without CF4) were used in this aging test module. 
 
 


