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ABSTRACT 

An advanced centrifuge that accelerates frozen CO2 pellets to high speeds for 
surface cleaning and paint removal is being developed at the Oak Ridge 
National Laboratory. The centrifuge-based accelerator was designed, fabricated, 
and tested under a program sponsored by the Warner Robins Air Logistics 
Center, Robins Air Force Base, Georgia. In comparison to the more conventional 
co m pressed ai r "sandblast" pe I le t accel e rat o rs , the centrifugal accel e rat0 r system 
can achieve higher pellet speeds, has precise speed control, and is more than 
ten times as energy efficient. Furthermore, the use of frozen C02 pellets instead 
of conventional metal, plastic, sand, or other abrasive materials that remain solid 
at room temperature, minimizes the waste stream. This apparatus has been 
used to demonstrate cleaning of various surfaces, including removal of paint, 
oxide coatings, metal coatings, organic coatings, and oil and grease coatings 
from a variety of surfaces. The design and operation of the apparatus is 
discussed. 

INTRODUCTION 
Conventional means of removing surface contaminants often require the use of 
solvents or high speed abrasive materials that can adversely affect the 
environment and/or increase the amount of material in the waste stream. It has 
been shown that a stream of cryogenic pellets traveling at high speeds can be 
used to remove surface contamination. During this blasting process, the frozen 
pellet material strikes the surface, ablates the contaminant, and evaporates, 
separating it from the waste material. 

Several systems are commercially available which use sandblasting-type 
equipment to accelerate dry ice (C02) pellets through nozzles with compressed 
air. These systems have been shown to be useful for cleaning grease from 
surfaces, removing oxide layers from metals, and stripping paint. However, these 
pneumatically accelerated pellet systems have a speed that is limited by viscous 
drag from the air stream and are inherently inefficient in terms of converting 
compressor power into cleaning power delivered to the surface. The limited 
pellet speeds for these systems have been shown to be ineffective in 
aggressively removing contamination in even moderately strong coatings. 
Prospects for improving this type of delivery system are limited. 
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Tests at Oak Ridge National Laboratory (ORNL) have shown that centrifugal 
pellet-accelerator technology can perform many cleaning tasks including 
removal of adherent oxides from steel, paint, metal coatings, organic coatings, 
and oil and grease coatings from a variety of surfaces. The high speed 
centrifugal pellet accelerators used in these tests were pioneered in the Fusion 
Energy Division at ORNL to fuel fusion experiments with frozen hydrogen pellets 
at velocities approaching 1000 m/s. 

Concept Description 
In the centrifuge acceleration technique, pellets are loaded onto a spinning arbor 
(accelerator wheel) that accelerates them and then slings them off its outer edge 
at high speeds. The Centrifuge accelerator concept is illustrated in Figure 1. 
Because the acceleration process utilizes the commonly known property that 
frozen C02 "floats" on a self-generated gas bearing when placed on a smooth 
surface, the pellets are accelerated with virtually no contact forces between the 
pellet and the accelerator. The 0.35 m (14 inch) diameter arbor is spun using a 
brushless, 11 kW (15 HP) DC-motor. The motor and arbor are designed to be 
mounted on a robotic apparatus that can move the device over the desired 
surface region at a controlled scan rate. The weight of the accelerator (arbor and 
motor) was kept low for compatibility with the GMFanuc S-420F robot. 
The speed of the motor and hence the speed of the pellets can be precisely 
controlled to create a desired result such as stripping the contaminant while 
leaving the base material unaffected. The motor-driven centrifugal accelerator 
directs a stream of pellets with known size, weight, and velocity toward painted or 
contaminated material such as iron, steel, aluminum, or concrete. 

The centrifugal pellet accelerator has many advantages over "sandblasting" type 
accelerators. For instance, the centrifugal accelerator is much more efficient, 
requiring 15 to 20 HP where the sandblaster type accelerator would require 150 
HP for less than comparable performance. Secondly, in the centrifugal 
accelerator, the pellets are accelerated mechanically and the waste stream 
consists of only the pellet and the removed material while in the sandblaster type, 
accelerating the pellets requires a large volume of compressed air which, in turn, 
requires a large compressor and a large exhaust gas handling system. The 
mechanically based centrifugal pellet accelerator can produce higher speed 
pellets, all with essentially the same velocity. Additionally, the pellet speed is 
easily controlled in terms of speed and delivery rate. In the sandblaster, the 
velocity is limited and disperse while independent control of speed and pellet 
delivery rate is difficult to achieve. 

Key Experimental Results 
Experimental results have shown that our unit will deliver C02 pellets at feed 
rates as high as 450 kg/h (1000 Ibs/h) with pellet velocities of 350 m/s (1 150 ft/s). 
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The pellets are distributed over a swath about 0.13 m (5 inch) wide as it is 
scanned across a surface. In our initial test, epoxy-based paint was removed 
from aluminum panels at a rate of about 6.7 m2/h (1.2 ft2/min) with the panels at 
room temperature. By raising the panel temperature to about 100°C, paint 
stripping rates greater than 22 m2/hr (4 fte/min) are possible. Stripping of other 
surface coatings or contaminants from various substrate materials have also 
been successfully demonstrated on our apparatus. Some of these experiments 
are listed below: 

Grease removed from gears and other machinery components 
Oxide removed from various metal surfaces 
Epoxy-based paint removed from aluminum 
Paint removed from concrete 
Plastic molds cleaned 
Burrs removed from edges of machined stainless steel 
Glues and other compounds removed from textiles 
Controlled deformation of aluminum sheets 

Economics and Market Potential 
With the ever increasing cost of waste disposal and liabilities associated with it, 
CO2 pellet blasting will become a more and more attractive surface cleaning 
approach. Detailed costs for commercial implementation of this technology are 
not available. However, a commercial system utilizing a centrifugal accelerator 
system is expected to have about one-half the capital cost of a compressed- 
airkandblast system that has the same C02 pellet throughput. Additionally, the 
centrifugal pellet accelerator is estimated to have more than an order of 
magnitude higher energy efficiency, thus leading to significantly reduced 
operating costs. 
Potential applications of the centrifugal C02 blasting process for providing 
surface decontamination and coatings removal exist in industries as noted 
below: 

Aerospace and Electronics- Depainting of aircraft and non-destructive 
super cleaning. 

Petrochemical - Explosion proof cleaning of ships, barges, and process 
equipment, removal of lead paint from storage tanks, and removal of 
gummy, tarry substances from surfaces without using solvents. 
Toxic and Hazardous Chemical Clean-up - Surface removal of PCB's, 
mercury, or biohazards, removal of contaminated coatings such as 
lead paint, and final cleaning after gross asbestos removal. 

Food Industries - Non-destructive surface cleaning and sterilization of 
all types of plant equipment and tools. 
Nuclear - Non-destructive cleaning of structural surfaces, equipment, 
and tools, particularly decontamination for reuse of high-value items. 
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Future Development Needs 
Using a system invented at Oak Ridge National Laboratory, we have successfully 
demonstrated on a laboratory scale that a centrifugal pellet accelerator can be 
used to strip paint and remove various forms of surface contaminants. Further 
development of pellet feed systems and improvements in mobilizing the 
equipment are the key items required to commercialize this technology. ORNL 
would like to work with industrial partners in tailoring these improvements to 
specific corn me rcial applications. 

For Further Information Contact: 
John R. Haines 
Oak Ridge National Laboratory 
P.O. Box 2009 
Oak Ridge, TN 37831-8071 
Phone: (61 5) 574-0966 Fax: (615) 576-7926 
e-rnail: hainesjr@ornl.gov 

DISCLAIMER 
This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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CENTRIFUGE PELLET ACCELERATOR 

Figure 1. Centrifuge accelerator used for surface cleaning and paint removal 
with frozen C02 pellets 
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