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INTRODUCTION 

Advantage Products Corp. (“Advantage”) sent multiple silicone specimens to Element New 
Berlin (“Element”) for chemical exposure evaluation.  The silicone specimens were obtained 
from rubber wading boots.  These boots were manufactured with the intent that the wearer 
would be protected from chemicals.   
 
Testing consisted of immersing the silicone specimens in a chemical solution with an 
evaluation after 8 and 24 hours of immersion.  Three specimens were evaluated per chemical. 
The following chemicals were used for exposing the silicone pieces: 
 

 NaOH – sodium hydroxide solution at 50% concentration by weight 

 FeCl3- iron (III) chloride solution at 45% concentration by weight 

 NaOCl – sodium hypochlorite solution at 14.5% concentration by weight 
 

No other information regarding the parts’ history was provided. 

OBJECTIVE 

Advantage personnel requested that Element evaluate the chemical resistance of the rubber 
boots. 
 
To establish these goals, the testing approach was divided into two steps: 
 

 Fractography – Digital Photomicrograph 

Visual and microscopy examine with photographic documentation.  This examination 
will assess the macro features of the tested component. 

 Durometer hardness 

The hardness of the rubbers specimens will be tested using the durometer hardness 
scale per ASTM D 2240.  The hardness of the rubber specimens will be tested in the 
as-received condition and after 24 hours of chemical exposure. 

  



 

Report Number ENB022816P EAR CONTROLLED DATA July 26, 2017 Page 3 of 12 

 

CONCLUSIONS 

The following conclusions were drawn: 
 

 NaOH specimens – Overall, the surfaces of the tested specimens were unchanged 
after immersion in a NaOH solution.  Specimen 3 did display a bleached surface, 
and small holes were observed on the surface.  It is presumed that these holes were 
present on the as-received surface.   

The hardness values were unchanged when compared to the as-received condition 
versus the immersed condition.   

 FeCl3 specimens – When compared against the as-received specimens, specimens 
1-3 appeared unchanged after immersion in a FeCl3 solution. There was evidence of 
staining in very limited regions of the immersion specimens.  Specimen 3 had more 
staining when compared against specimen 1 and specimen 2.  The small holes that 
were observed in the surface were assumed to be present prior to chemical 
immersion. 

The hardness values decreased by one point when compared to the as-received 
condition versus the immersed condition.   

 NaOCl specimens – The as received material displays a roughened surface and 
small holes were present in the surface.  All three specimens displayed bleaching 
over the entire surface.  There appeared to be an oxide material in limited regions of 
the specimens.  Small holes were present on the as-received specimen and in 
specimens 1 through 3. 

There was a slight decrease in the hardness values when comparing the as-
received surface against specimen 1 through 3.  This change in hardness indicates 
that the polymer network was damage by immersion in NaOCl solution.  To fully 
understand how the NaOCl affects the rubber material, the rubber should be 
immersed in the chemical solution for an extended period of time (at least seven 
days. 

TESTS AND RESULTS 

Digital Photomicrograph 

Photomicrographs were taken of the submitted rubber specimen.  Initially, the as-received 
materials were examined.  Afterwards, three specimens (approximately 1 inch X 2 inch) were 
cut from the as-received specimen.  These specimens were immersed in the appropriate 
chemical solution and were examined at 8 hours and 24 hours.  The results are as follows: 
 

 NaOH – The sodium hydroxide has little effect on the rubber after 8 hours of immersion.  
The image for the as-received rubber is shown in Figure 1.  The as-received rubber has 
multiple divots as well as partial staining, giving the surface a white appearance. 
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o Specimen 1 – The image of specimen 1 is presented in Figure 2.  There are 
impression locations in the image, which resulted from hardness testing of the 
surface.  Overall, the surface had the expected appearance of an as-molded 
article.  There were no divots in the surface and the pock marked surface, 
observed in the as received material, was not present. 

o Specimen 2 – In Figure 3, specimen 2 is presented.  The surface looks uniform 
with no discoloration.  There were impressions from hardness testing.  In 
comparison to the as-received material, no divots or pock marks were visible. 

o Specimen 3 - Figure 4 contains specimen 3 after NaOH immersion.  The surface 
looks very similar to the as-received material.  Bleaching was present on the 
surface, along with what appeared to be a rust colored oxide. 

 FeCl3 – The as-received material, prior to immersion, is presented in Figure 5.  The 
surface appears rough and does not have a flat morphology.  The surfaces of the 
specimens were unchanged after eight hours of immersion. 

o Specimen 1 – Figure 6 presents the surface of specimen 1 after immersion in a 
FeCl3 appeared to be unchanged.  There were a few locations (towards the 
center of the image) that had a bleached appearance.  Overall, the specimen 
appeared unaffected by the FeCl3 immersion. 

o Specimen 2 – The surface in Figure 7 appeared unchanged.  There were 
multiple locations where bleaching is observed.  This appeared to only be a 
surface defect, and the bleaching did not penetrate deep into the polymer wall. 

o Specimen 3 – The surface of specimen 3 is shown in Figure 8.  The surface 
looked to have a groove-like appearance, and there were multiple holes in the 
surface.  The holes are believed to have been present in the as-received 
condition.  Similar holes were found on other specimens, include the surface of 
the as-receive materials.  

 NaOCl – The as-received specimen for NaOCl testing is presented in Figure 9.  There 
was the appearance of pock marks and divots.  There were a number of small holes 
that were present on the as-received surface.  There was also a small amount of white 
discoloration on the surface.  The surface of the specimens after eight hours of 
immersion displayed slight bleaching. 

o Specimen 1 - Figure 10 depicts the surface of the specimen after immersion.  
The surface of specimen 1 had a white appearance and is likely the result of the 
bleach (NaOCl).  There were also small holes in the surface, which were present 
on the as-received specimen. 

o Specimen 2 – The bleached surface of specimen 2 is shown in Figure 11.  There 
were a few holes in the surface.  There was also extensive bleaching over the 
entire surface. 

o Specimen 3 – The specimen 3 surface is depicted in Figure 12.  The surface 
contained regions that are colored brown.  Small holes were present on the 
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surface, and it is presumed that the holes were present on the as-received 
specimen.  There were also regions of bleaching on the surface. 

DUROMETER HARDNESS 

The durometer hardness of all test materials was evaluated in accordance with ASTM D 2240, 
with the exception of conditioning per ASTM D 618, at ambient laboratory conditions of 23 ± 2 
°C and 50 ± 10% relative humidity.  Hardness readings were taken in the as received condition 
and on the specimens that were immersed for 24 hours.  The three chemicals tested were 
NaOH, FeCl3, and NaOCl.  Three specimens were immersed in each chemical solution.  The 
dimensions of the typical specimen were 2 inches long by 1 inch wide.  The three specimens 
were stacked to meet the thickness requirement of ASTM D 2240. 
 
The results for the test materials, prior to immersion, are summarized in Table 1. 
 

Table 1. Summary of the hardness values for the specimens prior to immersion. 
(Shore A Scale) 

Results NaOH pre-exposure FeCl3 pre-exposure NaOCl pre-exposure 

1 35 37 36 

2 37 36 35 

3 36 37 37 

4 37 36 36 

5 37 37 35 

Average 36 37 36 

Standard Deviation <1 <1 <1 

 
Table 2 contains the hardness value after chemical exposure (24 hours). 
 

Table 2. Summary of the hardness values for the specimens after 24 hours of immersion. 
(Shore A Scale) 

 

Results NaOH post-exposure FeCl3 post-exposure NaOCl post-exposure 

1 36 35 33 

2 36 36 32 

3 36 36 33 

4 35 37 33 

5 36 36 34 

Average 36 36 33 

Standard Deviation <1 <1 <1 

 
A comparison between Table 1 and Table 2 shows that the hardness values for the NaOH 
material was  unchanged while the FeCl3 decreased by one point on average.  For NaOCl, 
there was a change in hardness from 36 to 33.  The change in hardness value indicates that 
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the NaOCl was damaging the polymeric structure of the silicone material.  If the material was 
exposed to NaOCl for an extended period, it is likely that there will be further decrease in 
hardness values if the test materials were immersed for an extended period of time.   
 
 
 
If you have any questions concerning the contents of this report, please contact the author.  It 
should be noted that it is our policy to retain components and specimen remnants for 30 days 
from the date of this report, after which time they will be discarded.  Please contact the author 
of this report should you wish to make alternate arrangements for disposition of the material.  
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Figure 1. Image of the as received silicone rubber that would be immersed in NaOH. 
 

 
Figure 2. Image of specimen 1 after 24 hours of immersion in NaOH. 
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Figure 3. Image of specimen 2 after immersion in NaOH. 
 

 
Figure 4. Image of specimen 3 after immersion in NaOH. 
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Figure 5.  Image of the as received silicone rubber that would be immersed in FeCl3. 
 

 
Figure 6. Image of specimen 1 after immersion in FeCl3. 
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Figure 7. Image of specimen 2 after immersion in FeCl3. 
 

 
Figure 8.  Image of specimen 3 after immersion in FeCl3. 
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Figure 9. Image of the as received silicone rubber that would be immersed in NaOCl. 
 

 
Figure 10. Image of specimen 1 after immersion in NaOCl. 
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Figure 11. Image of specimen 2 after immersion in NaOCl. 
 

 
Figure 12. Image of specimen 3 after immersion in NaOCl. 
 

 


