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A Centrifage CO2.Pellet Cleaning System
C. A. Foster, P. W. Fisher, W, D. Nelson, and D. E. Scheciter

Ock Ridge National Laboranxy
Oak Ridge, Tennessee 37831-8071

1, INTRODUCTION ,
The cemrifuge CO2 clezning system is a method of cleaning surfaces, Useof COR is
mmn}lymdbmnitismdﬂyayﬂahbuaby-mmﬁm
 many industrial processes. The cleaning sction takes place when the high-speed
pellet of frozen CO7 impacts the surface and knocks looss any contananon
Depqudhgmmqume~pd1mmcchqﬁng:cﬁanhpadjn@dﬁma

wmm;:mmmdeﬁdmcy,wﬁchmmmfuggsmmpﬁom
more aggressive cleaning and erching tasks, For example, removing epoxy-based
pﬁmﬂomﬂkmﬁammmmmmmdmmcmm
soivents, may be economically feasible with high-speed CO2 pellets, Another
appﬁcaﬁonistheclmningofsu:fammmmbmedwhhmdioac&wwbm In

" benefit
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mmappﬁcaﬁonsmmkofamdaryconmhmmd,msﬁmispfgxw \

2. THEORY OF OPERATION
' The centrifuge accelerates cryogenic pellets with virmaily no cantact forees between

the peilet and the aceelerator. The accaimration process utilizes the commonly known

property that frozer CO? (dry ice) “floas” on a seif-gensrared gas bearing when
piaced on a smooth surface. Pellets injected into 2 high-speed roraring track are thus
acealerated with negligible friction loss. Figure 1 shows the typical geometry of a

track in a cenmifuge wheel, Pellets exiting the wheel have 2 speed v determined by
" the peripherat speed of the whesl vy, and the exit angle g betweza the rack and the
tangent of the whesi "
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VP = ZVW 608(612). | L (1)

e e B dor 184 at wheel has an exic petgheral gl oL on
iving a o times the tip velocaty. up to s
?5%3) and acceleration efficienciss of 80% (65% omlg?gcimcy) have besn
achieved. All pellets accelerated by the wheel have essentially the same velogity,
wﬁchmummmcmﬁmmmmbedeﬁwmdmmematmpmﬁmal
velocity for the particular application. This is in contrast to compressed air systems
which deliver peilets with 2 range of velocities.

The interaction of the hi wdpanﬂwhhammmbeuommmem
gl:ymasthennpam ahighspwdﬁniddmplctonasuﬁweuahnwninﬁg.l

this case the mm pmsnmmatedonthesuxfamis«givmbymc“wm
hammer” equation. Thi eqnaﬁonzdnmmehnpmmsmm:penuvelodtyvp,

pediet density py and compressive sound speed U2 .
o=p1Uvp - @
for impact with rigid surfaces and -
6= p1U1p2U2/(p1U1+p2U2) ¥p S ®

for impact with semirigid surfaces where pU3 are density and sound speed of the
target material. The compressive sound speed is one measure of the pellet’s
hardness. - Even though dry ice is relatively soft, at high speeds the pressurcs
developed dnﬁngimpactmnbemadelargermmﬂwyicldsmgmofmostmm:ial&
ding on the surface being impacted, there is a charactesistic threshold velocity
above which erosion takes place, - It is interesting to note that this physics model
nds to any abrasive media that is significantly softer than the surface being
impacted. Therefore, all of the soft abrasive 2nd liquid impact cleaning tachnologies
are basically the same; that is, one would expect 10 achisve comparable results with
high-pressure water, CO2, of plastic media abrasives for comparable surface impast
pressures as given by Egs. 2 and 3.

The differentiating featares of the soft abrasive echnologies depend on the speed and
efficiency of the acceleration technology, the cost of the equipment, the cost of the
abrasive material, and the cost of the recovery or cost of disposal of the abrasive
material, The principle advantage of the centrifuge CO2 system is that it can achieve
pellet speeds high enough to perform aggressive eiching, Furthermore. itis efficient
and the waste processing is done with a simple high-efficiency air filtering system.-
Another distinguishing feature of the CO2 system is that during impact the CO?2 is
converted from a solid to a high-pressure, supercritical fluid that undergoes a rapid
decompression and expansion that can be quite effective in dissolving hydrocarbons
and in sweeping away surface deposits. These effects are especially important in
cleaning porous surfaces. \

3. EQUIPMENT .

The hardware used to accelerate the CO2 pellets consists of a high-spesd electric
motor and a specially designed aluminum accelerator disk. The tests done to date at
ORNL have been performed on a modified research apparatus that was previously
used to accelerate frozen hydrogen peilets for fusion experiments. This apparatus

P.4.8

‘had limitad horsepower capability and was in a chamber that restricted the size of
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mpubdngmirmm_mmmmmmmﬁm‘whichm
designed specificaily for eryoblastng E5ts.

The first uit, Fig. 3, will use 2 30-HP high-speed induction motoe to drive an 12-in
(Qﬁm)mmﬁwmmmmwmofpnmpmpﬂmm
(mmls)wa;fpeuummhpmofomlmnlbpum._mmmu

Another apparains. Msduignedwbemmedm:mhnﬁcmfmming
motor with & 14-in (0.35-m) wheel The weight _&em:sbptbelw
7% 1b for compatibility with the robot. This it will accelerate CO2 pell=ts up to
1,200 fu's (400 m/s) at a tironghput of 400 Iivh (180 kg/h). A commercisi CO2
mpwmmwmuwmmmm Tess perfoxmed
mmmwmmqmmmmvnm 1to
2 12/min might be achisvable with the appsrams. This work is being sponsared by
th:U.S.AkaWmRnbinsAirLogimmCoﬂmmi B

4. TEST RESULTS

Tests performid with the sesearch device shawed ihat at high spees CO2 pellets
conld be uted to etch & variety of surfaces. ﬁmsm‘mmmm ‘

. argon pellets, At 1500 fs (450 mis) hard, black oxide coatings were temoved from
sieel samples. Amﬂmvﬁochyofss&ﬁlsawmls)wmqm_mdm@m
m-mqwmmmmmmpmmgmpm

vanized
from weathered construction steel, At speeds of 1600 fu's (500 nv/s), hard alomina
ceramic material was eroded. mmmmﬂymmwmmqofm

centrifuge systm shouldmakeitavmaﬂeandaumc&vedeviceforavmmof

tasks,

5. CONCLUSION

Centrifugal cryoblasters show good promise for meedng a varicty of industrial
cieaning, decontamination, and surface preparagon.
ofmamdalsﬁomdifﬁcmsnrfamhaxbm_demonsmd. The process has been
found to be highly efficient. Deveiopment of lightweight units is in progress which
an be usad in rourine industrial applications.
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needs. Cleaning of a wide range
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