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Abstract 

Strippable gels are an attractive option for decontamination of surfaces particularly when 

materials are to be reused after decontamination. The process in general results in good 

decontamination performance with minimal secondary waste generation. This paper reports on 

development of strippable gel formulation using polyvinyl alcohol as the gel former. Peeling 

behavior of the gel film improved when glycerol was used as plasticizer. Incorporation of 

decontaminating agents is essential for the gel to be effective, so a number of decontaminating 

agents were screened based on their miscibility with the gel, smooth peeling, and good 

decontamination performance. Based on this study, a strippable gel, ‘INDIGEL’ was formulated 

as a potential candidate for surface decontamination applications. Extensive trials on evaluation 

of decontamination performance of Indigel were done on simulated surfaces like stainless steel 

tray, stainless steel fume hood, PVC floor, granite and ceramic table tops.  Results show that 

Indigel is highly effective for decontamination of surfaces contaminated with all types of 

radionuclides. Simplicity of its use coupled with good decontamination ability will find 

application in nuclear and other chemical industries.  
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Introduction 

In nuclear industry, radionuclide contamination on structural surfaces is due to handling/ 

processing of nuclear materials. The contamination could be due to one or more radionuclides 

which are naturally occurring or man-made and include the large numbers of fission products, 

activation products and actinides produced in nuclear reactor operations. According to chemical 

nature, the commonly occurring radionuclides are categorized as monovalent (e.g. Cs), divalent 

(e.g. Sr, Co) Trivalent Lanthanides (e.g. Ce), tetravalent (Pu) and hexavalent (e.g. U).  The 

contaminants, in general, are classified as loose or fixed. Fixed contamination is mostly the 

reaction products of radionuclides on the surface. Migration of radionuclides into the structural 

materials through grain boundaries/corrosion layers can lead to their being found even a few 

micron beneath the surface. Today various multi-facetted techniques such as radiation dose 

measurements, gamma and alpha analysis of swipe samples, help us identify these radionuclide 

contaminant/s. However, in most cases it is practically impossible to quantify the nature of 

contaminants because deposition of radionuclides on surfaces takes place over a period of time 

and under different environmental conditions. Irrespective of the nature and extent of 

contamination, periodic decontamination of surfaces is necessary to reduce the spread of 

contamination and total man rem expenditure. From decontamination point of view, the surfaces 

could be categorized as porous and non porous (metallic, non metallic, ceramics, plastics, 

concrete, etc.). Commonly encountered radionuclide contamination include gamma emitters like 
137Cs, 134Cs, 60Co, beta emitters like 90Sr and 99Tc and alpha emitters mainly Pu and 241Am. This 

diversity in nature of surfaces as well as contaminants thus demands case specific techniques for 

efficient decontamination with generation of minimum volume of secondary waste.  

Techniques known for decontamination include sweeping, brushing, wiping, vibration, 

vacuuming, sandblasting, scorching, removal of upper layers, water jetting, metal degreasing by 

solvents, chemical cleaning, paint removal, light ablation etc. [1-11]. Sweeping with chemical 

decontaminating agents or with the use of surfactant solution is the method generally practiced. 

However, manual wiping and cleaning increases exposure of personnel and has potential for 

cross contamination. Use of strippable gel is an attractive option particularly when materials like 

fume hoods, glove boxes, transport casks, spent fuel storage racks and transport containers are to 

be reused after decontamination [4-5].  
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A review of literature shows that vinyl and acryl based strippable gels like Decon gel, 

Alara 1146 and stripcoat have been deployed for surface decontamination applications [12-15]. 

These gels were applied on the surfaces in wet form using a sprayer or by brushing and peeled 

off as a dry sheet. Since these gels are so simple to handle, they are widely used by industries. 

As most gel formulations are proprietary in nature, efforts were made to develop an 

indigenous product. In this study, polyvinyl alcohol was used as gel former owing to its 

characteristics like superior film forming ability, easy availability, non-toxicity and 

biocompatibility [16-20]. A large number of decontaminating agents, singly and in combinations, 

have been screened to get a gel possessing good decontamination ability with respect to 

commonly encountered radionuclides [21-22]. All tests were performed on surfaces 

contaminated with representative radiotracers like Cs(I), Co(II), Ce(III) and Eu(III) and Pu(IV). 

Product evaluation was done on the basis of gel characteristics like (i) decontamination 

capability (ii) peelability (iii) elongation break strength (to ensure smooth peeling) and (iv) 

solubility of spent gel in aqueous medium. Based on this study, a strippable gel, ‘INDIGEL’ was 

evaluated as a potential candidate for surface decontamination applications. Extensive trials on 

evaluation of decontamination performance of Indigel was done on simulated surfaces like 

stainless steel tray, stainless steel fume hood, PVC floor, granite and ceramic table tops. 

Highlights of the results are presented in this report. 

 

Experimental  

Materials and Methods 

Polyvinyl alcohol, AR grade, molecular weight 82,000-124,000, procured from S.D.fine 

chemicals, India is used as such. For preparation of mother gel, requisite quantity of PVA was 

added pinch by pinch in hot distilled water (80oC) under continuous stirring and left standing 

overnight. The final clear solution, hereinafter designated as PVA, was stored in polypropylene 

bottle and used in experiments.  

Four plasticizers, viz., (i) glycerol (ii) diethylene glycol (iii) polyethylene glycol and (iv) 

polypropylene glycol, AR grade, have been used without any purification. The stock solutions of 
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all the decontaminating agents (Table 1) were prepared by dissolving AR grade chemicals in 

distilled water.  

Preparation of gel solutions 

For the preparation of gel formulation, requisite amounts of PVA, water, plasticizer and 

decontaminating agent (s) was weighed in polypropylene bottle, mixed thoroughly and used after 

overnight standing.   

Characterization 

• Viscosity measurement  

Viscosity measurement was performed for some shortlisted formulations using a 

Brookfield Viscometer (Model No. RVTD) coupled with a rotating spindle of diameter 3.5 cm. 

The meter was pre-calibrated with standard solutions having viscosity of 975 and 11960 cP. 

Bubble free solutions were ensured for measurement of viscosity and rotation speed was 

increased from 0.5 rpm to 100 rpm. Data for each rotation was recorded and average of three 

independent measurements was taken.  

• Peelability test 

Prepared gel was brushed on surfaces like SS 304, granite, PVC and peeled after 

overnight curing. Peel strength was compared and judged by touch and visual observation.  

• Measurement of dry film thickness 

A digital Vernier Calliper (Aerospace), with measurement accuracy of 0.01 mm was used 

to calculate the thickness of the dry film. The average value of three independent measurements 

was taken as dry film thickness and represented as µm.  

• Solubility of spent gel 

Pieces of dried gel (3 cm2) were weighed (˜12 g) and after measuring their thickness (0.5-

0.75 mm), each gel sample was immersed in 100 ml of distilled water. The sample was removed 

after every 24 hours, dried on tissue paper and weighed after 5 mins. The gel initially swelled 

and then dissolved. 

Evaluation of decontamination performance 

Test coupons for decontamination experiments were prepared by conventional 

planchetting technique.  A known volume of radiotracer solution was put on flat stainless steel 
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planchette and dried under IR lamp. The radiotracer solutions used for planchette preparation 

include 137Cs, 60Co, 141Ce, 152Eu and alpha. The amount of activity planchetted was measured 

by counting using G-M counter for βγ and ZnS (Ag) scintillation counter for α-emitting 

radionuclides respectively. A drop of gel solution was put on the contaminated planchette and 

gel film formed was removed after about 24 hrs. The planchette was then counted under the 

same geometry and the count values before and after gel application was used to calculate the 

decontamination performance in terms of % removal or DF. 

Decontamination trials 

Trials on decontamination performance evaluation of INDIGEL have been done by 

simulating contamination on surfaces like stainless steel tray, stainless steel fume hood, PVC 

floor, granite and ceramic table tops.  The gel was brushed on surfaces, allowed to dry under 

ambient conditions and peeled after about 24 hours. 

Two steel trays, each of 82 x 41 cm, were contaminated with about 1 µCi of 60Co as Co(NO3)2 

solution. For uniform contamination, the radiotracer was diluted in about 250 mL of 1 M HNO3 

and poured on the tray and left for about 2 days for drying under ambient conditions. The gel 

was then applied by brushing and allowed to dry at room temperature. A contamination monitor 

was used to map distribution of the contamination both before and after application of gel. 

 

Results and discussion 

 Selection of gel former  

Polyvinyl alcohol was selected as the gel former based on its good film-forming ability 

under ambient conditions along with its abundance, non toxicity and biocompatibility.  The gel 

solution of PVA can be easily prepared by dissolving the solid in warm water and has a long 

shelf life. It was observed that a gel solution containing 10-15% (w/w) of PVA can be applied on 

surfaces by brushing and can be removed as a strippable film after curing. Curing of gel occurred 

by natural evaporation leaving behind a dry film. On application of PVA gel, both 10% and 15%, 

on polished metal surfaces, it was observed that the film strongly adhered to the surface which 

made it very hard to peel. This showed the necessity for addition of a plasticizer to reduce its 

adhesive strength and impart elasticity leading to smooth peeling of the film.  
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 Selection of plasticizer 

In the formation of strippable film for decontamination applications, selection of 

optimum concentration of plasticizer is important as it imparts elasticity leading to increase of 

elongation break strength. However, the use of higher concentration of plasticizers is likely to be 

detrimental to both gel formation and decontamination. In the present study, effect of plasticizer 

on PVA film was investigated by employing glycerol, polyethylene glycol (PEG), polypropylene 

(PPG) and diethylene glycol (EG).  

The evaluation of plasticizers was done based on visual observation of peeling behavior 

and effectiveness in radionuclide removal from metal surfaces. All the polyols used in this study 

effectively improve peeling behavior of the gel. Among the different plasticizers used, PPG and 

PEG both made the film extremely elastic. Experiments showed that a polyol concentration of 5-

10% is adequate for smooth peeling of the gel containing about 15% of PVA. Decontamination 

performance of the PVA gel with different plasticizers was tested on SS planchettes 

contaminated with 60Co. About 0.1 M oxalic acid was used as decontaminating agent. Results are 

shown in Fig.1. It is seen that gel containing glycerol and EG showed good radionuclide removal 

performance while PEG and PPG are less effective.  Further, with increase of plasticizer 

concentration a reduction of decontamination performance was observed, possibly due to 

reduction of physical adhesion. As EG is not eco friendly, glycerol was selected as the plasticizer 

for the formulation. 
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Fig.1: Influence of nature and concentration of plasticizers on 60Co removal  

by PVA gel containing oxalic acid as decontaminating agent 

 

 Selection of decontaminating agents 

Gels, in general, have no decontamination ability and are basically used as carriers for 

decontaminating agents.  Selection of decontaminating agent/s, therefore, plays a major role in 

the performance of the gel. It is essential that the complexing ability of the reagent should not be 

compromised within the gel, which is simply a viscous polymeric solution. Further, it should 

form a homogeneous solution with the gel and should not show any significant change in peeling 

characteristics.  

In this screening study, a series of gel solutions were prepared by mixing a single 

decontaminating agent with the Raw gel (PVA + Glycerol) and applied on test coupons 

contaminated (loose contamination) with individual radionuclides - Cs(I), Co(II) and Eu (III). 

Results of screening tests for selection of decontaminating agents are shown in Table 1. Apart 

from good decontamination performance, peeling characteristics and water solubility of the spent 

gel were used as major criteria, in the selection of suitable decontaminating agents.   
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Table 1: Removal of contamination from metal surface using PVA gel containing different 
decontaminating agents - about 0.5 g gel was put on surface (4 cm2) and peeled after 24 hrs of curing 

Sl. No. Name of decontaminating agents DF with radionuclides  Water solubility 
of spent gel 

Cs Co Eu 

1 Raw gel* 40 30 5  

2 HNO3 (0.1 M) 110 680 760  

3 HCl (0.1 M) 65 30 170  

4 Oxalic acid (0.1 M) 515 360 45  

5 Ascorbic acid (0.1 M) 200 5 50  

6 Citric acid (0.1 M) 170 250 170  

7 Na2CO3 (0.1 M) 50 460 4  

8 Na-oxalate (0.1 M) 140 360 90  

9 Na-citrate (0.1 M) 40 120 110  

10 EDTA (0.1 M) 160 135 110  

11 Na-DTPA (1%) 310 65 95  

12 Na-NTA (1%) 110 80 90  

13 Iminodiacetic acid (1%) 60 95 70  

14 K2Fe(CN)6  330 15 6  

15 Tetra phenyl boron (1%) 560 40 10  

16 Tetra phenyl boron (1%) +0.5 M 
HNO3 

575 790 550  

17 TTA (1%) 30 610 90  

18 Isopropyl alcohol (1%) 40 50 6  

19 TBP (1%) 65 40 5  

*Raw gel is water solution of 15% PVA + 10% Glycerol  
 - dissolved in 24 hrs.             - dissolved in 48 hrs.                    - dissolved in 72 hrs. 
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It can be seen from Table 1 that only a few decontaminating agent - gel combinations can 

be considered suitable for decontamination applications, as they satisfy the criterion of being 

water soluble.  Among the group of acids tested, all the organic acids were found to be 

compatible and showed good decontamination performance. It is known that HNO3 can react 

with the gel constituents, PVA and Glycerol, and form corresponding nitro-derivatives. But no 

visible reaction with or change in peeling characteristics of gel was observed, possibly due to its 

low concentration in gel. Beneficial effect of nitric acid is seen, particularly for removal of Cs, 

and therefore experiments have been carried out (discussed later in the report) to determine its 

maximum concentration that can be used in the gel. It was observed that tetraphenyl boron in 

presence of 0.5 M HNO3 is highly effective for removal of Cs from metal surfaces. However, the 

spent gel obtained in this case is not easily soluble in water and was therefore not selected.  

A large number of reagents were found to be effective for removal of the divalent metal 

ion - 60Co. Among others, oxalic acid and EDTA can be considered as promising constituents in 

gel formulation. Na salt of NTA emerged as the most effective reagent for decontamination of 

almost all the metal ions. DTPA was another reagent found to be effective for simultaneous 

removal of actinides and lanthanides, particularly when used in conjunction with oxalic acid, 

which reduces gel pH to about 2 rendering conditions effective for complexation of the reagent. 

The decontamination performance reported by Jung et. al. using a similar gel is lower than that in 

the present study, possibly the use  of oxalic acid along with DTPA in the gel, which emerges as 

a better combination [22]. 

 Optimization of HNO3 concentration 

As observed above HNO3 is an effective reagent for decontamination of metal surfaces. 

This is mainly because HNO3 reacts with almost all metal ions and forms water soluble nitrate 

salts. However, use of higher concentration of nitric acid forms nitro derivative of PVA thereby 

hindering gel formation. Also, reaction of HNO3 with glycerol can form the well known 

explosive product trinitroglycerol. Nitric acid is therefore to be used with caution. HNO3 was 

added to the basic gel (PVA + Glycerol) at different concentrations and peelability of the gel was 

examined by applying on metal surface, results shown in Fig. 2. It was seen that peelability of 

the gel decreases with increase of HNO3 concentration and the gel formation is drastically 
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affected beyond a concentration of 1.5 M. Based on the study, it was concluded that HNO3 

concentration of 0.6 M can be used in the gel.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effect of HNO3 concentration on gel strength. 

 

 Optimization of oxalic acid concentration 

Oxalic acid was found to be the only reagent playing a versatile role in the gel 

formulation. As a decontaminating agent, it can form complexes with divalent, trivalent as well 

as tetravalent metal ions. Most of the metal surfaces are corroded to some extent due to 

prolonged exposure to atmospheric conditions. It is well known that oxalic acid is effective in 

removing such corroded layers by formation of Fe-oxalate complexes. Besides, oxalic acid can 

participate in crosslinking reaction with the gel through intra molecular hydrogen bonding [23]. 

In the present study, the role of oxalic acid as decontaminating agent was investigated by making 

gels with addition of oxalic acid at varying concentrations and tested for removal of 

radionuclides from metal surfaces. Results of the study are shown in Fig. 3. It can be seen that 

decontamination performance of the gel increases steadily with increasing oxalic acid 

concentration in gel upto 0.25 M and decreases thereafter. It was observed that homogeneous gel 
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did not form when higher concentration (0.5 M and above) of oxalic acid was used. The trend 

reversal after 0.25 M oxalic acid concentration may be attributed to poor wetting of the surface 

by the highly viscous non-homogeneous gel.   
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Fig.3: Effect of oxalic acid on decontamination performance 

                               

 Evaluation of gel formulation    

In view of the several beneficial effects of oxalic acid as mentioned above, it was decided 

that about 0.25 M oxalic acid will be used as one of the basic constituents in gel formulation. The 

gel formulation is designated hereinafter as ‘basic gel’ whose optimum composition is 15% PVA 

+ 5 % Glycerol + 0.25 M Oxalic acid.  Table 2 shows results of decontamination study carried 

out with this basic gel containing several decontaminating agents. It can be seen that Co and Eu 

removal performance by the basic gel could be enhanced by using several decontaminating 

agents like, citric acid, sodium salt of DTPA and NTA. The Cs removal performance, on the 

other hand, was found to be reduced in presence of other decontaminating agents in the basic gel. 

As DTPA has higher affinity for Pu and NTA for trivalent actinides and lanthanides, these two 

decontaminating agents, each at 1% concentration in final gel, were shortlisted as ingredients in 

the gel for decontamination applications. This optimized gel in final form is coloured by addition 

of small amount of fluorescein dye, for ease of identification of the gel layer when applied on 
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surfaces and is designated as ‘INDIGEL’.  The basic characteristics of INDIGEL are given in 

Table 3. The salient feature of the gel is that it is acidic in nature and the spent gel is water 

soluble. These two properties make it unique among internationally known strippable gels [21].  

 

Table 2: Metal surface contamination removal using PVA gel containing different 
decontaminating agents: about 0.5 g gel was applied on surface (cm2) and peeled after 24 hrs of 
curing. 

Sl. No. Decontaminating agent DF 

Cs Co Eu 

1 Basic gel# 1600 990 460 

2 Ascorbic acid (0.1 M) 1150 700 40 

3 Citric acid (0.1 M) 960 1020 320 

4 Na2CO3 (0.1 M) 1210 450 65 

5 Na-citrate (0.1 M) 250 550 65 

6 EDTA (0.1 M) 140 10 65 

7 Na-DTPA (1%) 1070 1130 170 

8 Na-NTA (1%) 140 815 760 

#Basic gel is water solution of 15% PVA + 5% Glycerol + 0.25 M oxalic acid. 
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Table 3: Characteristics of gel 

Water content   >80%  

pH 2 

 Viscosity  4000-6000 cP  

Density  1.03 g/cm3  

Dry film thickness  100-200 µm  

 

 

Application of the gel  

Decontamination performance of Indigel was initially tested on SS coupons contaminated 

with various radionuclides in a manner similar to that discussed earlier. Results of the study are 

shown in Figure 3. It can be seen that a DF of more than 100 was obtained for removal of loose 

contamination of Pu4+, Eu+3 and Ce3+.  DF for Cs+ and Co2+ were found to be exceptionally good.  
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Fig. 4: Radionuclide decontamination from SS test coupons by INDIGEL. 
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Applicability of INDIGEL in decontamination was further evaluated by conducting 

several case studies as mentioned below. Each of the cases was formulated anticipating some 

events and accordingly the surface was contaminated using different salts. The gel was then 

applied by brushing and left for curing. After about 24 hrs, the cured gel was peeled off. A brief 

discussion of the results of case studies is given below. 

 

Case study 1: Decontamination of 60Co from stainless steel surface 

60Co contaminated stainless steel surface can be considered as a true representative of a 

surface contaminated with divalent metal ions like 90Sr or 60Co. The radioisotope 90Sr is one of 

the most abundant fission products and is commonly encountered in acidic high level waste 

solution generated from reprocessing plants. The surfaces of reprocessing plants and vitrification 

plants, wherein high level waste are processed, are also likely to be contaminated with 90Sr. In 

order to simulate contamination with divalent metal ions, 60Co radiotracer was used.  Two SS 

trays (42 cm x 80 cm) contaminated with 60Co as 60Co(NO3)2 was used in this study. For uniform 

spread of contamination, about 1 µCi of the radiotracer was added in 250 mL of 1 M HNO3 and 

poured on the tray and the trays were then allowed to dry by natural evaporation. Though 

complete evaporation of the solution was observed within 72 hrs, the gel was applied after about 

a week. Before gel application, surface mapping was carried out by a contamination monitor 

equipped with a gas filled GM detector attached with a counter assembly. The dose rate was 

found to around 10-20 µSv/h.  A similar surface mapping was also carried out on the surface 

after peeling the gel. A file photograph of application of the gel on the contaminated steel tray is 

shown below (Fig. 5). It can be clearly seen that the gel was peeled as a single sheet.  A 

negligible dose was measured after peeling the gel, which confirmed that good decontamination 

was achieved by gel application.  
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Fig.7: Decontamination of SS Fumehood by INDIGEL 

 

Case study 3: Decontamination of CeO2 powder from granite surfaces  

In an attempt to explore the possibility of decontamination of granite surfaces by gel, the surface 

was contaminated with CeO2. In nuclear industry, CeO2 is generally considered as surrogate for 

PuO2. Though contamination of PuO2 powder is most common on metallic surfaces (glove 

boxes) wherein dry processing of oxide based fuels are carried out, it is quite unlikely on granite 

surfaces. Nevertheless, this type of scenario could arise under accidental conditions. To simulate 

such an event, dry CeO2 was applied on the surface and the surface was gently mopped with a 

wet cloth to minimize the dispersive nature of the powder. The gel was then applied on the 

surface. The decontamination performance on the surface is shown in Fig. 8.  It can be seen that 

all the powder has been removed by the gel. It is to be noted that the CeO2 powder is physically 

trapped in the peeled gel and did not leak even on rubbing the gel.  
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Fig.9: Removal of contamination from ceramic surface by INDIGEL 

 

Case study 5: Decontamination of PVC floor 

Contamination of floors of radioactive laboratories is very common though the degree of 

contamination is very low. As a safe practice, wet mopping with surfactant with (or) without 

addition of decontaminating agents is carried out routinely. Application of gel for routine 

cleaning of floors is impractical and not recommended. However, in case of a hot-spot on floor 

due to accidental spillage of activity, mopping will increase the possibility of spread of 

contamination. In that scenario, application of gel on the selected portion of floor is highly 

beneficial. Considering such an event, gel was applied on marked area with dust deposited on the 

floor over a long period of time representing contaminated material. The file photograph of the 

gel peeling presented in Fig.10 shows the decontamination ability of the gel. The floor looks new 

after gel application. It can therefore be concluded that the INDIGEL is an effective agent for 

decontamination of PVC floor also.      
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Fig.10: PVC floor cleaning by INDIGEL 

 

Conclusions 

A strippable gel ‘INDIGEL’, an organic polymeric hydrogel, has been developed for use in 

surface decontamination application which causes almost no damage to surfaces. It is 

conclusively established that the gel has excellent capability for decontamination of almost all 

the radionuclides [Cs(I), Co(II), Ce(III), Eu(III) Pu (IV)] from surfaces like stainless steel, glass, 

granite, PVC floor, etc. In the nuclear industry, use of such easy to apply strippable gels is 

attractive for removal of radionuclide(s) from solid surfaces as it offers good decontamination 

performance minimizing man-rem exposure and produces a low amount of secondary waste.  

Acknowledgements 

Authors thank Shri P.K. Wattal, former Director NRG and R.S Soni, Head, PSDD for their keen 

interest and constant encouragement during the course of the work. The support received from 

Dr. J.G Shah, Head, MDS/PSDD, pertaining to characterization of the gel sample and discussion 

during experimental work is gratefully acknowledged. 

 

 



  21   
 

References 

1. “State of the art technology for decontamination and dismantling of nuclear facilities”, Technical 

Report Series No. 395, International Atomic Energy Agency, Vienna, 1999. 

2. “Remediation of sites with dispersed radioactive contamination” Technical Report Series No. 

424, International Atomic Energy Agency, 2004.  

3. Poluektov P. P, Sukhanov L. P, Chernikov M. A, Chizov A. A and Felitsyn M. A. 

“Decontamination and decommissioning of radioactively contaminated rooms and equipment at 

the Bochvar all-Russia research institute of standardization in machine engineering”  Atomic 

Energy, 105 (2008): 60- 64. 

4. “Innovative waste treatment and conditioning technologies at nuclear power plants” IAEA-TEC-

DOC-1504, May 2006. IAEA, VIENNA, 2006.  

5. Hamby D.M. “Site remediation techniques supporting environmental restoration activities: a 

review” The Science of the Total Environment 191(1996): 203-224.  

6. Heiser, J. and Sullivan, T. “Decontamination Technologies Task 3 Urban Remediation and 

Response Project” Prepared for New York City Department of Health and Mental Hygiene June 

30, 2009. Brookhaven National Laboratory, BNL-82389-2009. www.bnl.gov 

7. Drake, J. “Side-by -side performence comparison of chemical -based decontamination products 

for dirty bomb cleanup” WM 2011 Conference, Feb. 27 – Mar. 3, Phoenix, AZ, 2011. 

8. Kameo Y,  Nakashima M. and Hirabayashi T. “New laser decontamination technique for 

radioactively contaminated metal surfaces using acid-bearing sodium silicate gel” Journal of 

Nuclear Science and Technology 41 (2004 ): 919-924. 

9. Ludwig A. F. G, Goettmann F, Frances F, Legoff C, Tanchou V and Charvolin M.S, 

“Vacuumable gels for NRBC surface decontamination: an application to post-event remediation” 

www.agence-nationale-recherche.fr/Colloques/.../AAP10_GIFT-RBC.pdf 

10. Dhami P. S, Janardanan C, Jagasia P, Pahan S, Tripathi S. C, Shah J. G, Gandhi P. M and 

Watttal P. K, “Decontamination of alpha contaminated actual metallic samples using cerium 

redox process” Proceedings of the DAE-BRNS symposium on nuclear and radiochemistry 

NUCAR 2013, pages 235-236,  DAE-BRNS symposium on nuclear and radiochemistry; Jabalpur 

(India); 19-23 Feb 2013. 



  22   
 

11. Sutton M, Fischer R. P, Thoet M. M, O'Neill M, Edgington G. “Plutonium decontamination 

using CBI Decon gel 1101 in highly contaminated and unique areas at LLNL”. LLNL-TR-

404723. (2008). 

12. “U.S. Company’s unique decontamination technology used in Japan to remediate Fukushima 

school campus” melissa@paulapagepr.com CBI Polymer Inc. 2011. 

13. Lagos L, Shoffner P, Velez L., Maggio S. “Technology Demonstration of Decontamination Gel 

and Strippable Coatings Applied via Remote Sprayer Platform – 11300”  WM 2011 Conference, 

Feb. 27 – Mar. 3, Phoenix, AZ, 2011. 

14. U.S. EPA “ Barlett Services Inc. Stripcoat TLC Free Radiological Decontamination Strippable 

Coating - Technology Evaluation Report” EPA/600/R-08/099 Sept. 2008. www.epa.gov/ord.   

15. Gebben B., van den Berg H. W. A, Bargeman D. and Smolders   C. A, “Intramolecular 

crosslinking of poly(vinyl alcohol)”. Polymer 26 (1985), 1737-40. 

16. Pal K, Banthia A. K and Majumdar D. K, “Polymeric Hydrogels: Characterization and 

Biomedical Applications –A mini review” Designed Monomers and Polymers 12 (2009):197-

220. 

17. Nechifor C-D, Ciobanu C. L, Dorihoi D-O, Ciobanu  C, “Polymeric films properties of 

poly(vinyl alcohol) and poly(hydroxyl urethane)  in different concentrations”. U. P. B. Sci. Bull. 

Series A 71(2009): 97-106.  

18. Westerman D. L, “Strippable coatings” Metal Finishing 97(1999): 166-171. 

19. Jiang S, Liu S and Feng W, “PVA hydrogel properties for biomedical applications” Journal of 

the Mechanical Behavior of Biomedical Materials 4(2011): 1228-1233. 

20. Patel A. R and Vavia P. R, “Evaluation of Synthesized Cross Linked Polyvinyl Alcohol as 

Potential Disintegrant” J  Pharm Pharmaceut Sci 13(2010) 114 – 127. 

21. Jung C. H, Moon J. K, Won H. J, Lee K. W and Kim C. K, “Chemical Gel for Decontamination 

of Cs Surrogate on Stainless Steel Surface–11257” WM 2011 Conference Feb. 27-Mar. 3 (2011),  

Phoenix AZ, USA.  

22. Kumar V, Goel R, Chawla R, Silambarasan M and Sharma R. K, “Chemical, biological, 

radiological and nuclear decontamination: Recent trends and future perspective” J Pharma 

Bioall Sci  2(2010): 220-238. 



  23   
 

23. Gohil, J.M and Ray, P, “Studies on oxalic acid as a crosslinker of polyvinyl alcohol” Polymers 

and Polymer Composites 17 (2009): 403-410. 

 

 

 

 

 

 

 


