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Annealing procedure

2

CRV counters are exposed to a large 
temperature gradient during the 
production
‣ This creates a large internal stresses that 

can be visualized
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Images distortion
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Another technique to visualize internal stress is visual distortion test
If looked through a 2’ long counter on distant objects:
‣ Left: Uncured counter distorts images

‣ Right: Annealed counter acts as a regular piece of glass

It’s hard to capture this effect on the phone camera
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“Kerosene” test
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Another technique to visualize internal stress is 
through a “kerosene” test
“Kerosene” test 1:
‣ Submerge a counter end into kerosene for 1 min

‣ “If the piece is free from cracks at the end of 30 
minutes after its removal from the kerosine the 
annealing is considered satisfactory.”

Kerosene test 2:
‣ Drill holes or cut a piece and repeat kerosene test. 

Use water as a coolant while drilling/cutting

‣ This method might be more sensitive to deeper 
internal stresses 
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“Kerosene” test in pictures
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Top: counter annealed for 24 hours at 170F in the oven
Bottom: a production CRV counter
Both counters were exposed to the “kerosene” test
Left: Few minutes after the exposure
Right: An hour after the exposure



10/18/21 Annealing studiesYuri Oksuzian

Yellowing due to aging
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We have recently received ‘fresh’ counters 
from Anna
‣ The counters were produced in May 2021

Left: annealed production CRV counter
Middle: uncured production CRV counter
Right: ‘fresh’ CRV counter
Production CRV counters were produced in 
the first half of 2018
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Annealing plan
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We have assembled multiple types of 2’ long di-counters:
‣ Fresh (old) CRV di-counters

‣ Annealed extrusions of fresh (old) CRV di-counters

‣ Annealed fully assembled fresh (old) CRV di-counters
Preliminary results suggest that annealing does not recover the light 
yield, but actually degrades (~5%) the performance
‣ Annealing at lower temperature and/or shorter time periods may reduce a short 

term ‘damage’ from annealing 
We installed the counters at the test stand and plan to measure the 
aging rate

Can’t estimate the aging rate based on a few days of data
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Items for annealing
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Items to purchase:
‣ Container (50$), 2 x precision cooker ($70/each), plastic bag

46.49”
Wrap extrusions

Heat water to a precision 
temperature value

Fill with water and warm 
up to 184F

https://www.lowes.com/pd/CRAFTSMAN-50-Gallon-200-Quart-Black-Tote-with-Latching-Lid/1000976084
https://www.amazon.com/Inkbird-Stainless-Immersion-Circulator-Temperature/dp/B07RNWJZNR/ref=sxin_15?asc_contentid=amzn1.osa.5813bff1-c06f-4d77-924c-802afa07c6ff.ATVPDKIKX0DER.en_US&asc_contenttype=article&ascsubtag=amzn1.osa.5813bff1-c06f-4d77-924c-802afa07c6ff.ATVPDKIKX0DER.en_US&creativeASIN=B07RNWJZNR&crid=ZCIP49RQQXKH&cv_ct_cx=sous+vide+cooker&cv_ct_id=amzn1.osa.5813bff1-c06f-4d77-924c-802afa07c6ff.ATVPDKIKX0DER.en_US&cv_ct_pg=search&cv_ct_we=asin&cv_ct_wn=osp-single-source-pecos-desktop&dchild=1&keywords=sous+vide+cooker&linkCode=oas&pd_rd_i=B07RNWJZNR&pd_rd_r=77b4d206-55dc-4564-a43b-7e06a71136e6&pd_rd_w=pjGEs&pd_rd_wg=T97In&pf_rd_p=05ad5af5-c700-4e1b-92d5-aeafaae3e0ed&pf_rd_r=JNV091RCE9R43NRKADPG&qid=1633369325&sprefix=sous+vide,aps,190&sr=1-1-c26ac7f6-b43f-4741-a772-17cad7536576&tag=lifesavvyonsite-20
https://www.lowes.com/pd/Contractor-s-Choice-Contractor-40-Pack-55-Gallon-Black-Plastic-Construction-Trash-Bag/4750799
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Annealing cycle
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Anneal at 184F for 4 hours
Decrease the setting by 2 degrees every hour until 170F
Decrease the setting by 5 degrees every hour until 160F
Decrease the setting to 150F and let it run for an hour
We’ve never used this procedure since it’s time consuming. 

Temp
p

184 184 184 184 182 180 178 176 174 172 170 165 160 150 Air
Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15



10/18/21 Annealing studiesYuri Oksuzian

CRV prototype for Mu2e-II
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Consists of 16 quad-counters
1 or 2 meter long
The prototype below will be able to directly measure 3/4 CRV efficiency
1 FEB is required to read-out the entire prototype below 
We can consider building individual layers and later stack them
‣ We can start with a single layer and later scale it up

This prototype can be used at MTest to measure the positional 
resolution 

32 cm
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CRV prototype for Mu2e-II
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Few quad-counters were glued without FGB
‣ There is currently no jig to properly glue counters

‣ Because of that fiber holes on counters and FGB don’t align well  

Only one quad-counter was assembled with fibers and FGB
It should be easy to scale the production up…


