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Abstract
The article presents the results of work aimed at improving of chemical decontamination methods. A brief description 
of existing chemical decontamination technologies used to remove radioactive contamination (RC) from walls, floors 
and external surfaces of equipment without dismantling, i.e., in situ, is given. A vector of research aimed at improving 
the efficiency of fixed RC’s removal is also determined. The first aim of this work is to improve the decontaminating 
properties of removable polymer coatings used in practice. The following domestic products were chosen as study ob-
jects: compositions presented under trademarks VA, VL; and also special formulation ZPS-1M. Modifications of these 
compounds performed in SPSIT in some cases made it possible to significantly increase the decontamination factors 
(DF). The best results were obtained for VL compositions: it was found that due to certain additives it is possible to 
increase the DF for metal surfaces by a factor of 5–35 over the base product. Along with film-forming decontaminating 
compositions, an alternative patented technique has been developed in SPSIT. The main feature of this technique is 
usage of sorbent-based composite covering material previously saturated by decontaminating solution. New technique 
allows to achieve far higher decontamination factors (150–500) when fixed RC is removed from metal surfaces. In 
addition, it can be applied to polymer and other non-metal materials. One of the main advantages of given technique 
is a drastic (11–16 times) reduction of time required for carrying out decontamination operations. The obtained results 
may be useful for further research in this area. Thus, research performed allows to come up with general conclusion: 
there are possibilities to efficiently remove fixed RC from surfaces using rather simple chemical means. That, in its turn, 
could be a rational alternative to high-priced robotic decontaminating systems.
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Introduction
By now, many radiation-hazardous facilities (nuclear 
power units, radiochemical production facilities, rese-
arch sites, etc.) have had their service life expired and 
require decommissioning. Decommissioning of a major 

facility normally suggests a huge amount of decontami-
nation activities.

Decontamination in the process of decommissioning 
has the purpose to release for unrestricted reuse as many 
materials as possible to reduce the risk of dangerous ex-
posure for personnel involved in decontamination, as well 
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as to avoid the RC spreading (specifically, with radioac-
tive dust) into other rooms and over the site.

During decontamination, both decontamination me-
thods used to process dismantled (fragmented) equipment 
in special areas (for instance, decontamination of scrap 
metal in baths) and procedures used for the RC removal 
from walls, floors and lining of chambers and boxes, as 
well as from the outer surfaces of equipment without di-
sassembly (in situ) are of importance.

Among latter one can distinguish liquid decontamination 
methods, e.g., jet treatment of the contaminated surface with 
water or a chemical reagent solution. These methods have 
been used earlier on rather a broad scale but there has been 
a later trend towards reducing the amounts of RW resulting 
from decontamination. By now, therefore, there are a num-
ber of the so-called dry and low-waste technologies as an 
alternative to liquid decontamination methods leading to the 
maximum amount of secondary radioactive waste (Vasilen-
ko et al. 2010).

Some of the criteria should be taken into account to 
select the decontamination method:

•	 high efficiency of RC removal;
•	 no RC spreading;
•	 smallest possible amount of secondary RW;
•	 cost effectiveness;
•	 explosion and fire safety, etc. (Koryakovskiy et al. 

2010).

The above requirements are valid also for in-situ local 
decontamination technologies. Besides, methods in this 
group are expected to ensure, where possible, that the 
personnel involved in the process of cleaning stay in the 
hazardous area (characterized by an increased dose rate 
and/or a high aerosol activity) for as short time as possi-
ble. The implementation of this term makes it possible to 
minimize the personnel exposure.

The following technologies can be identified among 
the chemical methods fit for in-situ decontamination:

•	 wiping with rags wetted with a decontamination 
solution;

•	 wet vacuum treatment (when the vacuum cleaner is 
charged with a decontamination solution);

•	 electrochemical decontamination with use of exter-
nal electrode;

•	 foam decontamination;
•	 decontamination by etching pastes and gels;
•	 decontamination by removable polymer coatings;
•	 decontamination by sorbents.

Each of the above methods has drawbacks of its own, 
e.g. vacuum cleaners, sorbents, commercially available 
foam compounds and film-forming compositions turn out 
to be not so efficient in most cases when it comes to remo-
val of fixed radioactive contamination. Fixed RC means 
contamination that has a strong bond with the oxide film 
on the metal surface or has penetrated into the metal , or, 

in the event of polymer materials, RC that has diffused 
into the depth of the polymer (e.g. paint coatings).

Wiping with rags soaked with a formulation based on 
strong mineral acids, application of etching pastes and 
gels (Ampelogova et al. 1982, RF Patent No. 2259422, 
RF Patent No. 2017244, Pat. of WIPO WO2013092633), 
or off-bath electrochemical decontamination (with an ex-
ternal electrode in the form of a brush having holes for the 
forced supply and extraction of the electrolyte (Ampelog-
ova et al. 1982, Kritskiy 2010)) can be recommended for 
the removal of fixed RC from metal surfaces. However, 
these methods have a low operation rate which is a draw-
back. Thus, wiping, and application of pastes and gels to 
the surface, and, especially, the removal of these gels re-
quire quite a time. For example, the spreading of an even 
paste layer over the contaminated metal surface requires 
about 20 to 30 seconds per m2; their removal requires fu-
rther 45 to 90 s, and, quite often, still more is taken to 
wash the agent residues off the metal. Still less productive 
is an electric brush with which the treatment rate is about 8 
to 10 min/m2 (for current density about 250 to 700 A/dm2 
and the electrode area 1 dm2 (Ampelogova et al. 1982)). 
And the increase of the work time in the contaminated 
area increases the risk of the personnel overexposure.

The above factors lead to the understanding of need for 
such methods and means for external in-situ decontami-
nation which would make it possible to remove fixed RC 
in an efficient manner with the shortest possible personnel 
exposure time.

Of interest from this point of view are removable poly-
mer coatings. For the first time in domestic practice these 
decontamination means were tested on radioactively ha-
zardous facilities of the Navy (coastal maintenance ba-
ses and nuclear submarines); in particular, formulations 
based on polyvinyl alcohol were used on a broad scale. 
Since such compositions have a short storage period, they 
had to be prepared right in site directly prior to the use 
(Koryakovskiy et al. 2014a).

In the 1980s, polymer compositions were used for 
decontamination during the Chernobyl NPP post-accident 
recovery activities; predominantly, NIKIMT-developed 
compositions were used (Koryakovskiy et al. 2014a).

The ZPS-1M agent based on a polyvinyl emulsion was 
adopted in the early 2000s for application in the Navy; 
the formulation has the decontaminating action due to the 
addition of orthophosphoric acid. The separation of the 
composition into three components (polyvinylacetate dis-
persion, pigment finish and concentrated orthophosphoric 
acid) made it possible to provide a five-year shelf life (TU 
2316-219-56271024-2007).

Film-forming decontamination compositions, including 
VA-501, VA-502, VA-503, VA-504, and VLЛ-501, VL-502, 
VL-503, and VL-504 can be assigned to separate category. 
The VA grade formulations are based on aqueous solutions 
of polyvinyl alcohol, and the VL grade formulations are ba-
sed on water-alcohol solutions of polyvinylbutyral and its 
modifications. The decontaminating components in these 
products are mineral acids (nitric, orthophosphoric), orga-
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nic acids (citric, acetic), complexing agents (EDTA, OED-
FA, etc.), and surface-active substances (OP-7, OP-10).

The VA and VL grade compositions are manufactured 
by Dreko Co. Ltd. (Khimmed Co. Ltd.) and Dial Co. Ltd.; 
according to data from Dreko Co. Ltd., the declared sto-
rage period is one year. It should be specifically noted that 
the VA and VL products are the only commercially availa-
ble decontamination film-forming agents recommended 
for use at NPPs (OST 95 10562-2001).

Decontaminating properties of the ZPS-1M, 
VA(501–504), and VL(501–504) compositions deserve 
special consideration. On the one hand, these composi-
tions have undergone the required testing. As shown by 
the test results, the decontamination factor for the sur-
faces contaminated with beta nuclides is not less than 
100, and for those contaminated with alpha nuclides is 
not less than 1000. It should be however noted that the 
test procedures described in the respective regulatory 
document (GOST R 50773-95) does not suggest a test to 
check the removal efficiency for fixed RC. This fact has 
been noted more than once (Koryakovskiy et al. 2012, 
2012a, 2014, 2016).

Tests of the VA and VL grade compositions performed 
on stainless steel samples at St. Petersburg State Institute 
of Technology (Technical University) showed a very low 
efficiency of the fixed RC removal: the decontamination 
factors (DF) for cobalt-60, strontium-90, and cesium-137 
did not exceed 5 to 6.

Despite the fact that the commercially available 
film-forming compositions are not good in removing 
fixed contamination, the actual potential of this techno-
logy is much greater. In particular, this has been proved 
by a positive experience of using polymer compositions 
in the Chernobyl accident response activities (Table 1).

As follows from the table, the efficiency of dry decon-
tamination (i.e. using different removable coatings) tur-
ned out to be the highest for the overwhelming majority 
of contaminated materials {Stepanov et al. 2006). Besi-
des, additional tests of the VA and VL compositions have 
shown that modifying them by various additives make it 
possible, in a number of cases, to increase DF greatly as 
compared with the base product.

Taken together, the above facts have provided the suffi-
cient basis for continuing research work with the VL and 
VA compositions.

Metal samples, to which fixed contamination was ap-
plied, were tested. The following was studied in the pro-
cess of research:

•	 techniques of the RC application to samples;
•	 RC fixation strengthening methods;
•	 methods to inject modifying additions;
•	 techniques for removing polymer compositions;
•	 stability of modified compositions, etc.

The best results were obtained with the VL grade com-
positions. Fig. 1 presents decontamination factors for steel 
samples (with fixed RC) decontaminated with a modified 
VL-501 composition. The numbers on the horisontal axis 
indicate the additives for which an enhanced decontami-
nating action was recorded.

Much better decontamination properties of compositi-
ons were also shown on carbon steel samples for the VL 
compositions modified with oxyethylidenediphosphonic 
acid and aluminum chloride. In particular, the addition of 
aluminum chloride made it possible to increase greatly 
the efficiency of decontamination for samples with a layer 
of corrosion products: DF increased by a factor of 28 to 
35 as compared with the initial composition.

However, despite the positive results, there are certain 
issues remaining regarding the removable coatings. Thus, 
bringing modified compositions into manufacture requi-
res additional testing to identify the effects the additives 
have on the storage period and other characteristics of 
compositions. The problem of the composition viscosity 
control also needs to be resolved: the batches of products 
used for testing had a very low viscosity: that’s why they 
could be used only on smooth horizontal surfaces since 
even a minor angle (of about 2 to 3°) led to the liquid 
compositions flowing down by gravity.

Besides, there was a strong adhesion of the formed film 
observed in some cases during the application of polymer 
compositions to rough surfaces and to rusty metals which 
prevented the removal of the dried coating. As a rule, the 
reinforcement of films (using gauze and other materials) 
made it possible to solve the problem but it was found that 
this technique often led to a reduced DF.

Further efforts to find alternative ways for the fixed 
contamination removal have led to the development of a 
new technology protected by a Russian Federation patent 
(RF Patent No. 2586967).

In the proposed method, a composite material is used 
for the RC removal. Its base component is a sorbent 
saturated in advance with the decontamination soluti-
on. The sorbent is retained between two layers, a lower 
one, moisture-permeable, that contacts the contamina-
ted surface and the upper one which is moisture-proof 
(Fig. 2).

This method developed by SPSIT(TU) combines the 
advantages of film decontamination and decontamination 

Table 1. Decontamination efficiency for external surfaces of 
building materials in the city of Pripyat based on different meth-
ods (Stepanov et al. 2006).

Decontamination ma-
terial

Decontamination factor DF
Decontamination method

foam jet dry 
(film)

Glass 30 30 80 – 100
Concrete, not painted 10 20 10
Concrete, painted 15 18 20
Tiles, encaustic 20 25 60 – 80
Iron, painted 20 25 70 – 90
Iron, galvanized 20 25 70 – 90
Roofing, bitumen 2 5 70 – 90
Wood, painted 15 25 60 – 80
Asphalt 2 5 30 – 40
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with etching pastes (gels) with no drawbacks inherent to 
either of the technologies (see above).

After being saturated with the decontamination soluti-
on, the composite material is applied to the contaminated 
surface followed by a time delay. In the process of the 
solution-surface interaction, radionuclides transform to a 
liquid form and diffuse to the sorbent layer.

The lower layer, which is a woven or nonwoven 
moisture-permeable material, provides the contact of sur-
face with the decontamination solution and the further 
transport of dissolved radionuclide forms into the sor-
bent. Thanks to the upper moisture-proof layer, the solu-
tion evaporation rate decreases radically; that’s why the 
time of interaction between decontamination agent and 
contamination can be increased up to 10 to 15 days (for 
aqueous solutions).

Together, the lower layer and the upper layer ensure that 
the material is intact (so they prevent, if present, the crum-
bling of the sorbent and exclude the need for additional ope-

rations to collect it) and make it possible to apply and remo-
ve the composite material rapidly as integral sheets or rolls.

Dehydrating supersorbents, representing polymer ma-
terials based on acrylic (methacrylic) acid and/or their de-
rivatives and salts, as well as fluff pulp, were used as the 
sorbents in the experiments. But it is evident that any ma-
terial capable to absorb and retain aqueous solutions with a 
liquid modulus of 8 to 12 and more can be used as the sor-
bent (the liquid modulus is understood here as ratio of the 
decontamination solution mass to the dry sorbent mass).

Experiments were conducted with new composite mate-
rial using carbon steel, stainless steel and plastic samples.

The best decontamination results were achieved on 
metal surfaces.

The following acidic formulas of water solutions were 
used as the decontamination agents inorganic acids (HCl, 
HBF4, HNO3, H3PO4, H2SO4);

•	 organic acid (oxalic acid, citric acid, and others).

Figure 1. Decontamination factors (DF) for the VL-501 stainless steel samples contaminated with radioisotopes. Modifications of 
the VL-501 composition: 0 – no; 1 – oxalic acid; 2 – Trilonom-B; 3 – citric acid; 4 – nitric acid; 5 – hydrochloric acid; 6 – ammo-
nium chloride; 7 – aluminum chloride; 8 – oxyethylidenediphosphonic acid



Nuclear Energy and Technology 5(2): 155–161 159

•	 The concentration of the reagents changed in a broad 
range (from 2 to 20 wt. %). To reinforce the action, 
Н2О2, NaF and complexing agents (Trilon-B, dieth-
ylenetriaminepentaacetic acid, oxyethylidenediphos-
phonic acid, sodium hexamethaphosphate) were add-
ed to some of the formulas.

Acidic solutions were chosen for the metal deconta-
mination because of fact that the fixed RC of metals nor-
mally has a bond with the oxide film on their surface, and 
the depth of the penetration, if any, rarely exceeds 10 to 
20 µm. Accordingly, the prolonged action of an acidic 
formulation leads to the dissolution of corrosion products 
and the upper metal layer; and radionuclides go to a liquid 
phase and then diffuse into the sorbent layer.

It can be suggested that the driving force for the dif-
fusion in this case is the gradient of concentration; the 
final stage in the interaction is the uniform distribution of 
radionuclides across the sorbent volume. Regarding this, 
the decontamination process can be considered completed 
when the radionuclide transport from the surface into the 
sorbent layer stops.

Concentration of decontaminating reagents, the thick-
ness, density and chemical stability of the corrosion pro-
duct layer on the metal surface, and the sorbent layer 
thickness are some of the factors that affect the process. 
In the mentioned experiments, the equilibrium time was 
normally 4 to 7 days.

By the time the equilibrium is achieved, radionuclides 
concentrate largely in the sorbent layer; a small share of 
the activity is retained in the thin film of the decontami-
nating agent that remains on the surface. The decontami-
nation factor right after the composite material removal is 
about several tens: DF depends on the decontaminating 
agent mass in the sorbent and on the quantity of the liquid 
phase remaining on the surface (this quantity depends on 
the degree of the adhesion of liquid to the surface).

The decontaminating agent residues are recommended 
to be removed using a suitable absorbent material (a vis-
cous fabric was used in the experiments); this auxiliary 
operation is performed rather quickly. When a floor is 
decontaminated, the residual liquid can be collected in 
a traditional way (using professional mops) and drained 
through the leakage collection system.

The removal of the decontamination solution residu-
es makes it possible to improve considerably the metal 

decontamination efficiency and to increase DF to the va-
lues of 150 to 500. Such high figures are achieved due 
to the fact that the RC remaining on the surface after the 
sorbent removal are in a movable and unfixed form and 
can be therefore easily removed. Accordingly, if the initial 
values of the beta emitting nuclide surface activity are 60 
to 200 Bq/m2, the metal can be cleaned by the proposed 
method to the level of contamination that permits the un-
restricted use of the metal (OSPORB-99/2010).

Therefore, the composite material saturated with a 
decontamination solution has a dual function: it collects 
most of the activity that is penetrated by a diffusion me-
chanism into the sorbent layer to be removed, and renders 
radionuclides movable which facilitates considerably the 
removal of residual RC.

It is possible to increase DF greatly with no additional 
wiping if sorbents capable to retain radionuclides in an 
ion form (through a chemical sorption mechanism) are 
added into the “main” sorbent. It should be however ta-
ken into account that practically all known sorbents are 
incapable to retain radionuclides in strongly acidic en-
vironments which required to provide the best kinetics of 
the oxide film dissolutions. Therefore, an increase of the 
efficiency by chemical binding of isotopes in the sorbent 
layer seems to be unlikely for the acidic envoronments.

After the decontamination is over, it is recommended that 
the surface should be wiped using, e.g., a 2 to 5 % caustic 
soda solution to prevent the contaminated metal corrosion.

Besides metals, polymer samples were also used to 
test the proposed composite material. A floor coating of 
a chloride-polyvinyl plastic compound of grade 57-40 
was taken as a polymer broadly used at radioactively ha-
zardous facilities. The following solutions were tried to 
decontaminate it by technique described above:

•	 aqueous inorganic acids (with or with no addition of 
auxiliary reagents);

•	 aqueous organic acids (with or with no addition of 
auxiliary reagents);

•	 based on alkali reagents with addition of complex 
formers.

The best results were obtained for the solution with the 
following composition:

5% HNO3 + 0.2% H2C2O4 + 0.2% NaF.

This formulation was used to decontaminate a labora-
tory room with a floor coating made of plastic compound 
contaminated by alpha emitting nuclides (predominantly 
plutonium-239).

The efficiency of decontamination turned out to be lo-
wer than for non-painted metals with fixed contamination. 
This was an expected result since plutonium, as known, 
tends to penetrate into the depth of polymers, while the 
aqueous formulation interacts just with surface of plastic 
substance. The decontamination factor changed in broad 
range, from a few up to tens, with the maximum DF va-

Figure 2. Structure of a three-layer composite material for de-
contamination: 1 – upper and lower layer connection (bonding 
or piercing); 2 – sorbent; 3 – upper moisture-proof layer; 4 – 
decontaminated material; 5 – lower moisture-permeable layer.
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lues of about 60-70. On the whole, however, the decon-
tamination activities made it possible to improve radiolo-
gical situation in the room considerably, and most of the 
area had the RC levels reduced to permissible values.

To be successfully implemented, a new decontamina-
tion technology evidently requires the flowchart descri-
bing how to handle the secondary waste generated. As to 
the method discussed above, radwaste represents sheets 
(rolls) of the composite material (containing the radioac-
tive decontamination solution) that have been removed 
from the surface.

It would be reasonable that the decontamination solution 
to be pressed (squeezed) out of the sorbent at first stage; it is 
proposed that then “drained” sorbent and liquid radioactive 
waste (LRW) should be treated separately. It should be taken 
into account that the liquid phase cannot be squeezed out 
fully, and the “drained” sorbent will contain residues of the 
decontamination solution. This requires that methods used 
to treat both the sorbent and LRW to be harmonized with the 
initial composition of the decontamination solution.

The LRW formed by pressing can be combined with 
other liquid waste, specifically with solutions drained 
from baths for submerged decontamination. Pressed out 
sorbents can be processed using either low- or high-tem-
perature technologies.

The following “cold” technologies can be identified:

•	 drying with subsequent containerization;
•	 grouting of preliminarily neutralized sorbents.

Low-temperature methods offer an advantage: they re-
quire rather simple equipment; specifically, the following 
“cold” processing flowchart with the final grouting can be 
proposed (Fig. 3).

1.	 Spent sorbent is fed for pressing out (squeezing).
2.	 After being squeezed, the sorbents containing resi-

dues of the acid decontamination solution are sub-
merged into the neutralizing solution and are then 
pressed again.

3.	 After the repeated squeezing, the sorbents are 
placed in drums, pre-compressed and grouted. The 
prior pre-compression (compaction) makes it possi-
ble to prevent the swelling of sorbent (as a result of 
interaction with water contained in the grout).

4.	 The spent acidic decontamination solution drained af-
ter the initial sorbent pressing is combined with other 
LRW arising in other decommissioning activities.

5.	 The combined stream is neutralized and processed 
using the technology which suits the LRW chem-
ical composition (e.g., evaporation for the volume 
reduction) and then is fed grouting.

An alternative to “cold” technologies is “hot” processing 
technologies (pyrolysis, incineration). They make it pos-
sible to reduce considerably the RW amounts but, on the 
other hand, they represent much more expensive conditio-
ning processes. Besides, high-temperature treatment requi-
res measures to be taken to handle hot off-gases containing 
volatile radionuclides and (quite likely) toxic compounds.

Along with high DF values, one of the key advantages 
offered by the proposed decontamination method is that 
the duration of the decontamination activities (performed 
by operator) is drastically reduced: the sorbent can be laid 
as part of the composite material and removed with a total 
of 6.0 to 7.5 seconds per m2 spent (for the option when the 
material is rolled out and rolled back). Therefore, using 
the considered technique makes it possible to reduce the 
time for the decontamination media to be applied and 
removed by a factor of 11 to 16 (as compared with the 
known decontamination technique by pastes or gels).

Besides, unlike polymer coatings that sometimes are 
hard to remove (Stepanov et al. 2006), the proposed tech-
nology ensures that the sorbent is removed from the surfa-
ce rapidly and as single piece in almost all situations (to the 
exception of cases when the lower surface-contacting layer 
dries). Such cases were, however, observed only with a 
very long hold time of interaction (about 10 days or more).

Conclusions
1.	 An analysis of the methods used for in-situ chemical 

decontamination has shown that some of the consid-
ered methods demonstrate, not infrequently, a very 
low efficiency in removal of fixed RC. When more 
efficient techniques are used, decontamination ac-
tivities normally require a longer time which entails 
enhancement of personnel exposure doses.

2.	 Modifying commercially available film-forming 
compositions of the VA and VL grades makes it 
possible in some cases to increase DF greatly (by 
a factor of 5 to 35), as compared to the initial com-

Figure 3. Option of the flowchart to process the composite mate-
rial removed from the decontaminated surface: 1 – spent sorbent 
saturated with radioactive solution; 2 – pressed out (squeezed) 
sorbent; 3 – acidic decontamination solution; a – return of neu-
tralizing solution for reuse; b – drain of neutralizing solution
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positions. Further studies are however required to 
determine the influence the additives have to the 
storage life and other performance characteristics of 
compositions.

3.	 Using a new composite cover material for decon-
tamination based on sorbents saturated with a de-

contamination solution makes it possible to achieve 
rather high decontamination factors for metals 
(from 150 to 500). This method can be also used for 
polymer and other nonmetal materials.
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