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[571 ABSTRACT 
The present invention relates to a decontamination 
method in which an object to be decontaminated is 
immersed in a liquid, bubbles are produced by blowing 
vapor in the liquid, and these bubbles are caused to 
burst on a solid surface which constitutes the object to 
be decontaminated which is brought into contact with 
the liquid, whereby substances adhered to the solid 
surface are separated and removed by the impulsive 
force produced when the bubbles burst. Also provided 
is a method of decontaminating solid surfaces which 
exhibits a high degree of efficiency and a high level of 
safety. 

8 Claims, 2 Drawing Sheets 
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DECONTAMINATING SOLID SURFACES (1) Effect of decontamination 

The present invention is similar to the abovede- 
BACKGROUND OF THE INVENTION scribed ultrasonic washing method in that both involve 

The present invention relates to a method of decon- the production of bubbles in a liquid and deal with 
taminating solid surfaces, and particularly to a method decontamination by utilizing the impulsive force pro- 
of decontamination which is suitable for the purpose of duced when the bubbles burst. In the present invention, 
decontaminating solid surfaces as a measure designed to however, it is possible to produce bubbles having a 
reduce the potential danger of personnel being exposed larger diameter than those of the ultrasonic washing 
to radioactive substances in nuclear installations. method by directly injecting vapor in the liquid and the 

DESCRIPTION OF THE PRIOR ART impulsive force produced is proportional to the third 

A method of decontaminating solid surfaces in which 
power of the initial diameter of the bubbles, whereby an 

bubbles are produced in a liquid and the impulsive impulsive force which is greater than that obtainable by 
forces produced when the bubbles burst are employed 15 the ultrasonic washing method can be achieved. There- 

for separating and removing substances adhered to the fore~ that are adhered to the surface 
solid surfaces has certain advantages in that it is also in the outer layer thereof but also hard clads in the 
suitable for the decontamination of articles having com- depths can be removed. 
plicated forms, produces only a small amount of second- 20 
ary waste solution, and does not necessitate any use of (2) Soundness after decontamination 

chemicals, and it has thus recently attracted attention. Since the present invention uses no decontaminating 
This method includes ultrasonic washing methods such agent or abrasive, no agent remains after decontamina- 
as the one disclosed in Japanese Unexamined Patent tion and no adverse effect upon the soundness of piping 
Publication No. 104799/1980. This method utilizes 25 or instruments is suffered. 
pressure vibrations in a liquid caused by ultrasonic 
waves wherebv bubbles are re~eatedlv generated and (3) Reduction of the amount of waste solution . . 
allowed to burit in the liquid. &is meihgd is thus able In the method of decontaminating surfaces in 
to remove so-called soft clads such as substances that accordance with the present invention, the amount of have adhered to the outer layer of a solid surface but has 30 
not been able to remove so-called hard clads such as waste produced the de- 
oxide films in the depths of the to be decontami- contamination work is equal to the amount of vapor 

nated. ln addition, sbce the ultrasonic decontamination injected as the source of generation of bubbles, but the 
apparatus used in practice comprises an ultrasonic gen- volume of the vapor is reduced to about 1/1500 when 
erator, a piezoelectric transducer, and a cleaning bath 35 condensed and the amount of waste solution to be dealt 
and since it utilizes a method in which an object to be with is thus kept to a small amount. 
decontaminated is decontaminated while being im- 
mersed in a liquid in the cleaning bath, it has been im- (4) Workability 

possible to decontaminate piping or instruments in the The present invention uses only vapor and thus ex- 
state in which they are installed. 40 hibits a very high level of safety in comparison with 

SUMMARY OF THE INVENTION conventional methods of decontamination that use spe- 
cific chemicals and high-pressure water. In addition, the 

It is an object of the present invention to provide a invention generates no dust during the decontamination 
method of decontamination which overcomes the dis- work and thus allows a working environment to be kept advantages of the above-described conventional 45 
method of decontaminating solid surfaces by means of under sanitary conditions' 

ultrasonic waves and which is capable of kffectively (5) Applicable field 
removing hard clads and other substances even in the 
state wherein piping and instruments are fixed in posi- S i c e  the present invention employs the impulsive 
tion. So force produced when bubbles burst, it is possible to 

The present invention is characterized by comprising decontaminate a surface having a complicated form. In 
the steps of immersing an object to be decontaminated addition, since the method of decontamination utilizes 
in a liquid, producing bubbles in the liquid by blowing only the injection of vapor, it is possible to decontami- 
vapor therein, and causing the bubbles to burst on a nate the inside of piping or an instrument while installed 
solid surface which is brought into contact with the 55 in ,itu. 
liquid and which constitutes the object to be decontami- 
nated so that substances adhered to the solid surface are (6) Prevention of the spread of contamination 
separated and removed therefrom by the impu1sive In the present invention, since all the operations of 
force produced when the bubbles burst. decontamination are conducted in a liquid and the pres- 

The present invention can produce bubbles which are 60 sure of the vapor to be injected may be low, there is no 
extremely large in comparison with those formed by an 
ultrasonic method, and the method of the in- possibility of the contamination being spread due to 

vention employs vapor and thus is capable of obtaining %)lashed water. 
a greater impulsive force, whereby an excellent decon- 
tamination effect can be obtained. 65 

BRIEF DESCRIPTION OF THE DRAWINGS 

The function and effect of the decontamination FIGS. la, lb, 2, and 3 are schematic sectional views 
method of the present invention is described in detail showing the apparatus for decontamination used in 
below. embodiments of the present invention. 



DESCRIPTION OF THE PREFERRED 
thermore, the decontaminating work could be con- 

EMBODIMENTS 
ducted extremely simply and efficiently. 

Embodiment 1 Embodiment 3 

embodiment of the present invention is first de- 5 A further embodiment of the present invention is 

scribed with reference to FIGS. la and lb. this em- shown in FIG. 3. This embodiment concerns decontam- 
bodiment, a copper tube 1 to be decontaminated was ination of the inside of a bath 1 which is an object to be 
placed in a water bath 2 and steam blown out from decontaminated by vapor nozzles 5 provided in the bath 
vapor nozzles 5 having an inner diameter of 2OA was The had an arrangement and a strut- 
condensed on the surface of the copper tube 1 so = to lo ture both of which correspond to the shape of the inside 
decontaminate it. ne water bath 2 was filled with of the bath 1 to be decontaminated so as to supply steam 
water of 60" C. in temperature and the steam of 100" C. to the inside of the bath 1 with an appropriate distribu- 
in temperature blown out from the vapor nozzles 5 was tion pattern. The steam having the same conditions as 
condensed by being cooled with the water. The steam the Embodiment 1 was supplied to the vapor nozzles 5 
was supplied with a pressure of 10 kgf/cm2 to the vapor l5 from a vapor supplier 3 via vapor supply piping 4 and 
nozzles 5 from a vapor supplier 3 via vapor supply was blown out therefrom. Since the steam condensed 
piping 4. Since the temperature of the copper tube in the 0" the inside of the bath 1 became condensed water 
water bath 2 rose when the steam blown out was ap- which increased the level of the water in the bath 1, 
plied, a cooling liquid was introduced in the copper 20 surplus water was expelled through an ~verflow pipe 7. 
tube 1 through pipings ( M )  connected thereto. The In addition, since the temperature of the water in the 
steam was jetted from the nozzle 5 with a constant rate bath 1 rose when the steam blown out was condensed, 
of 130 kg/h. In FIG. la, "L" indicates a level gauge, Part of the surplus water was guided to a cooling aPPa- 
'" being a thermometer, "P" being a pressure gauge, ratus 6, was cooled, and was then returned to the bath 
and "F" being a flow meter. FIG. l b  shows a state of 25 1, whereby the temperature of the water in the bath 1 
steam (S) applied onto the tube 1 to be decontaminated. was controlled to be a temperature not more than the 
In addition, since the steam condensed on the surface of saturation temperature. In this embodiment, in order to 
the object 1 to be decontaminated becme condensed control the vibrations of the vapor nozzles 5, the vapor 
water which raised the level of the liquid in the water nozzles 5 were preferally fixed to the bath 1 by a sup- 
bath 2, an amount of liquid corresponding to this rise in 30 porting means 10. 
level was expelled through an overflow pipe 7. In the embodiment of the present invention shown in 

As a result of the decontaminating, it was confirmed FIG. 1, it is possible to recover the washing water re- 
that the removal of the surface layer of 38 mg was maining after condensation and to recycle it. In other 
achieved by the jetting of the steam applied for seven words, if the washing water is reused after being re- 
days. 35 turned to the vapor supplier 3 by recovery piping 7 

This embodiment was also capable of decontaminat- which extends from the overflow pipe 7 and is again 
ing a body having complicated surfaces by use of a vaporized, the amount of secondary waste solution 
simple apparatus and of decontaminating hard clads produced following the decontamination can be re- 
which could not be effectively removed by means of the duced. Of course, the washing water remaining after 
conventional ultrasonic washing method. 40 condensation can be returned to the vapor supplier 3 

from the vent pipe 9 shown in FIG. 2 or from the over- 
Embodiment 2 flow pipe 7 shown in FIG. 3 by way of recovery piping 

Another embodiment of the present invention is 7a 
shown in FIG. 2. In this embodiment, a movable vapor In the present invention, an organic solvent may, for 
nozzle 5 was moved in piping 8 in order to decontami- 45 example, be used as the liquid in which the object to be 
nate the inside of the piping 8. The vapor nozzle 5 was decontaminated is placed. 
supported in the piping 8 by supporting means 10 so that In addition, the above-described liqid becomes more 
the position of the vapor nozzle 5 was suitably main- effective if it is kept at a lower temperature. It is particu- 
tained and can be moved in the piping 8. The steam larly preferable to cool the liquid to its saturation tem- 
having the same conditions as in Embodiment 1 was 50 perature or less because the vapor will then easily con- 
supplied to the vapor nozzle 5 from a vapor supplier 3 dense on a solid surface. 
via vapor supply piping 4 which made use of a flexible 
tube in order to ensure that the steam is properly sup- EFFECT OF THE INVENTION 

plied if the piping 8 is bent along its length. Since the In accordance with the present invention, the follow- 
steam condensed on the inside of the piping 8 became 55 ing effects are obtained: 
condensed water which increased the amount of water (1) Hard clads in the depths of an object to be decon- 
in the piping 8, surplus water was expelled through a taminated can be removed. In particular, in a nuclear 
vent pipe 9. In addition, since the temperature of the installation, since the greater part of a radiation source 
liquid in the piping 8 rose when the s t e m  blown out is contained in these hard clads, their removal can 
was condensed, the outside of the piping 8 was cooled 60 greatly reduce the amount of exposure to which person- 
by a cooling apparatus 6 or the rise in the temperature nel are subjected during work tasks. 
of the water in the piping 8 was controlled to be a tem- (2) The soundness of piping and instruments is not 
perature not more than saturation temperature by con- impaired after decontamination. 
tinuously supplying cooling water from a drain pipe Ill. (39 The amount of secondary waste solution pro- 
In addition, since the vapor nozzle 5 was simply in- 65 duced following the decontamination work is very 
serted in the piping 8, the piping did not need to be small and it can be reduced to an extremely small 
detached contrary to the case of the ultrasonic washing amount, depending upon the manner of the operation of 
method, and could thus be decontaminated in situ. Fur- the method employed. 
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(4) The safety level during decontamination work is 2. A method of decontaminating solid surfaces ac- 
high and a sanitary working environment can be main- cording to claim 1, wherein said vapor is the vapor of a 
tained. substance which is the same as said liquid. 

( 5 )  A body having a complicated surface form can be 3. A method of decontaminating solid surfaces ac- 
decontaminated and the inside of piping and instru- 5 cording to claim 1, wherein said solid surface is a cop- 
ments can be decontaminated in situ. per tube. 
(6) It is possible to suppress the spread of radioactive A method of decontaminating solid surfaces 

contamination following the decontamination work. cording to claim I, wherein said solid surface is an 

What is claimed is: inside surface of piping. 
10 5. A method of decontaminating solid surfaces ac- 1. A method of decontaminating solid surfaces which cording to claim wherein said solid surface is an 

are contaminated by substances including radioactive inside surface of a bath, 
materials, comprising the steps of immersing an object 6. A method of decontaminating solid surfaces ac- 
to be decontaminated in a liquid, maintaining said liquid cording t~ claim wherein said are soft and 
at its saturation temperature or less, producing bubbles 15 hard clads. 
in said liquid by blowing vapor therein, and causing said 7. A method of decontaminating solid surfaces accod- 
bubbles to burst on a solid surface which is brought into ing to claim 1, wherein said hard clads are oxide films. 
contact with said liquid and which constitutes said ob- 8. A method of decontaminating solid surfaces ac- 
ject to be decontaminated so that substances adhered to cording to claim 1, wherein said solid surface remains in 
said solid surface are separated and removed by means 20 an installed condition during decontamination. 
of an impulsive force produced when said bubbles burst. r ~ 1 9 8 d r r ~ 1  


