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Overview
Topic 26f: Rotary Vacuum and Water Seals in Heavy-Ion Accelerators
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Phase IIA Timeline:
• Project Start Date: 

5/21/2020
• Project End Date: 

9/20/2022

Needed for NP Experiments:
• Ultra-high vacuum and water-cooled seals 
• Constant rotation 600 rpm, 5,000 hr, ~1 year
• Extremely high annual radiation dose (~15 MGy)
• Need to change seal as infrequently as possible

Partners:
• Giles County Government
• BNL – NSRL and BLIP
• CSU
• MSU, FRIB
• Garlock



DOE Topic 26f – Technology for High Radiation Environments
Grant # DE-SC0017107

OBJECTIVE:
• Develop new rotary vacuum and water seals for rotating targets and beam dumps for 

rare isotope beam production and beam strippers in high-power heavy-ion 
accelerators

• Durable performance for 0.5 – 1.5 MGy/month, 1 year (5,000 hours), at 600 rpm over 
32 °C to 66 °C, water side:  60 gpm (25 psi), vacuum side: 1e-5 Torr L/s 

Need the mechanical performance of Teflon with enhanced Radiation & Less Abrasive
Investigating new material for newly chosen design



NanoSonic Team
& Our Commercial Partners/Investors

Dr. William Harrison, Gasket Production Lead
Ph.D. Chemistry, Virginia Tech
• >20 years of laboratory safety and production expertise
• Leads NanoSonic scale-up and product certification
• Commercializing Zero Humidity Fuel Cell Membranes with LANL

Dr. Jennifer Lalli, Chief Development Officer
Ph.D. Chemistry, Virginia Tech
• > 20 years of adhesive/sealant and gasket/seal development
• Implemented ExoStar Distribution of Products to Defense Primes
• 2 R&D 100 Awards for HybridSil®  & Metal RubberTM (issued patent)
• Commercialized 15 SBIR products sold at www.nanosonic.com

Facility for Rare Isotope Beams
at Michigan State University

Dr. Jian Gao, Target and Beam Dump Systems Group Leader
Drs. Philip Morrison, Michael Larmann, and Nicholas Reha
Dr. Frederique Pellemoine, MSU FRIB Seal Integrator
• Staff Physicist, Target and Beam Dump Systems Group Leader (FRIB)
• International Nuclear Target Development Society (INTDS)

Dr. Jie Wei, Accelerator Systems Division Director - Michigan State University, Facility for Rare Isotope Beams
• Design, fabrication, installation, commissioning, and operations of all aspects of FRIB accelerator systems
• 27 years of research, management, and teaching experience on particle accelerators, major science 

projects, and major user facilities. design, research and development, construction, and commissioning 
of the Relativistic Heavy Ion Collider (RHIC), the interaction-region design of the Large Hadron Collider 
(LHC), the design, research and development, and construction of the Spallation Neutrino Source (SNS) 
ring, and the leadership of the China Spallation Neutron Source (CSNS) project.

http://www.nanosonic.com/
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Pembroke, VA
15 miles west of Virginia Tech

Scaling Nano

250-gal, 55-gal, 1-10 L in hood, two 20L, and one 100 L reactor Au from 100 -L
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NanoSonic Production Capabilities:
Extrusion and 3D Printing of Radiation Tolerant Polymers, Metals, & Ceramics

3D
print



Our Commercial Products
www.nanosonic.com

Polyimide	Concentrate	
Precipitation	into	High	

Shear	200-Gallon	Reactor	

Polyimide	Slurry	Pump	Transfer	
from	200-Gallon	Reactor

into	55-Gallon	Storage	Drums

http://www.nanosonic.com/


Goal:
Develop New Materials and Seal Designs for FRIB Beam Dump

GOALS:
• Develop new PTFE like polymers with radiation resistance
• Extrude compounded films not commercially available
• Implement new seal design – Flood-Gard®️ bearing isolator 

Water side Vacuum side

Water seal

Reproduced 4.5” SS Shaft for Abrasion Testing of New Seal Materials
to Mimic Beam Dump Water Seal
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1 RELEASED XX-YYY-ZZZZ A. BCDE
NOTES:

(102) APPLICABLE STANDARDS AND SPECIFICATIONS:1.

      ASME Y14.5-1994, DIMENSIONING AND TOLERANCING

      ASME Y1.1, ABBREVIATIONS

      ASME Y14.36, SURFACE TEXTURE SYMBOLS

      ANSI/ AWS A2.4-1993, STANDARD SYMBOLS FOR WELDING
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                   PREVENT DAMAGE DURING HANDLING AND SHIPMENT TO THE SITE SPECIFIED 
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FRIB PURCHASE ORDER NUMBER•

SHIPPING ADDRESS AS SPECIFIED ON THE PURCHASE ORDER, •
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“FRIB CONTACT” AS SPECIFIED ON THE PURCHASE ORDER•
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SELLER’S NAME•

“TOP SIDE UP,” IF REQUIRED•

“FRAGILE,” IF REQUIRED•

“DO NOT OPEN” LABEL. MINIMUM OF ONE LABEL •

PER SIDE PER SHIPPING CONTAINER.

(915) THE SELLER SHALL PROVIDE MATERIAL CERTIFICATION(S) WITH PART SHIPMENT.7.

(917) THE SELLER SHALL PROVIDE INSPECTION REPORT(S) WITH PART SHIPMENT. 8.
THE SELLER SHALL INSPECT ALL FEATURES TO ESTABLISHED DATUMS.

(922) FRIB WILL CONSIDER ALTERNATIVE MATERIALS OR MATERIAL SPECIFICATIONS 9.
BUT THEY MUST BE APPROVED IN ADVANCE IN WRITING BY FRIB ENGINEERING.
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New Design and Materials:
Develop New Materials for Flood-Gard Design

Delivering Flood-Gard Commercial Seals and NanoSonic Modified Seals
o-rings, unitizing ring, and V internal seal



Technical Approach
Extrude New Compounded Materials for use in New Lip and Flood-Gard Seals

10
Extrude NanoSonic Modified Polymer for High Dose Exposure at BNL BLIP

and Integration with Garlock Housing



High Dose Exposure
Particle Energy Spectra for Beam Dump’s Rotating Water Seal  

E_low E_high Neutrons Protons Photons Deuterons Tritons

1.0E-09 1.0E-08 5.1E+06 0.0E+00 0.0E+00 0.0E+00 0.0E+00

1.0E-08 1.0E-07 1.9E+08 0.0E+00 0.0E+00 0.0E+00 0.0E+00

1.0E-07 1.0E-06 2.3E+08 0.0E+00 0.0E+00 0.0E+00 0.0E+00

1.0E-06 1.0E-05 4.9E+08 0.0E+00 0.0E+00 0.0E+00 0.0E+00

1.0E-05 1.0E-04 8.3E+08 0.0E+00 0.0E+00 0.0E+00 0.0E+00

1.0E-04 1.0E-03 9.7E+08 6.8E+01 0.0E+00 2.4E+00 5.0E-01

1.0E-03 1.0E-02 1.2E+09 1.8E+02 3.2E+05 8.3E+00 2.0E+00

1.0E-02 1.0E-01 2.3E+09 6.7E+02 6.7E+07 3.0E+01 7.9E+00

1.0E-01 1.0E+00 5.3E+09 8.2E+03 2.3E+09 2.3E+02 4.8E+01

1.0E+00 1.0E+01 9.5E+08 1.2E+05 1.2E+09 3.8E+03 8.1E+02

1.0E+01 1.0E+02 1.6E+08 2.3E+05 4.3E+05 2.0E+04 9.3E+03

1.0E+02 1.0E+03 1.5E+07 2.1E+04 7.3E+05 0.0E+00 0.0E+00

Energy, MeV Flux, particles/cm2/second

Will Conduct 0.2 kGy exposure at Steris and 0.2 - 20 MGy at BLIP

Will expose candidate seal materials to 
electron irradiation using 4 passes of 50 
kGy high dose medical sterilization 
techniques for 200 kGy at Steris



High Dose Exposure
at BNL BLIP

Run Scheduled upon Targetry Housing Construction

0.2 MGy ~ 2h
2 MGy ~ 21 h
20 MGy ~ 9 days

Three rotary feedthroughs were immersed in cold water and irradiated under static conditions 
at the Brookhaven Linac Isotope Producer (BLIP) at the Brookhaven National Laboratory (BNL). 
An 112 MeV proton beam was stopped in several thick solid isotope production targets made of 
rubidium chloride and gallium and provided the feedthrough radiation absorbed dose. The 
average absorbed dose rate was 2.24 MGy/day for different radiation doses: 0.2, 2 and 20 MGy. 
The radiation consisted primarily of fast neutrons (mean energy 8.5 MeV), protons (mean energy 
20 MeV), gamma rays and electrons. These radiation types, their intensity and energy are close 
to the ones expected under FRIB conditions in the target and beam dump systems area. 

Dr. Dmitri Medvedev
Dr. Cathy Cutler
Dr. Dohyun Kim



TGA for Tefzel and NanoSonic ETFE 5%
ETFE Extruded with BN – pre- and post- Fe and proton

NanoSonic-ETFE ~60 °C increase over Commercial ETFE
Increasing BN Provides Increasing Enhancements in Radiation Resistance 45 - 52 °C increase

403.03°C 5.000% Loss
455.22°C 5.000% Loss
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NanoSonic Vertical
Pre- and Post- Irradiation

Note Tensile Strength Variations or Stability Post Fe and Proton Exposure



Materials Development
Preliminary Exposure at NSRL to Fe for Down-Selection
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Mechanical Properties for All NanoSonic Films in Parallel and Perpendicular Directions
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High Dose Exposure at BNL BLIP
Extruded and Delivered Films – 3/22/2021

Run Scheduled for April 2021 upon Targetry Housing Construction



Radiation Shielding Run May 7, 2021



New Materials Development Testing
NSRL Testing in May 2021 Run

NanoSonic Composite #6 (1.0g/cm3) Exhibits >2x Dose Reduction over Solid BN #3 (2.6 g/cm3)

Standards: BN Block 

and polymers in Beam

NanoSonic Composite 

Panels in Beam
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Accomplishments in Abrasion 
On Taber Abrader per ASTM D-1003

Tefzel offers lower weight loss relative to Teflon as expected
Rockwell Hardness of 50 is Important as SS 304l is 30 vs. SS 304 of 70



Garlock Test and Production Plan
Deliver Final Material to Garlock for Introduction into Flood-Gard Housing
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Remaining Challenges and Barriers:
High Dose Testing and Final Seal Integration/Testing at MSU
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