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Picture of failed lining
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What is a contaminant?

u Any material or condition that was not present 
when the lining was tested for the service:

–Chemical contamination (e.g free monomer, process 
solvent or chemical)
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solvent or chemical)
–Moisture



Chemical Contaminants

u Certain types of chemical contamination 
may be very aggressive towards 
organic coatings:
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organic coatings:
– Free monomers e.g. vinyl chloride
– Free acids, especially organic acids 

(acetic, formic)
– Strong solvents, especially methanol



Chemical Contamination

u Free monomer and process chemical 
contamination is an effect of (lack of) 
process control
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process control
u In a variable process, linings must be 

tested against the range of expected 
product



PTA with/without acetic acid
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Level of Contaminants

u “Only” PPM quantities?
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Level of Contamination

u Certain contaminants may affect a lining 
at below MSDS reporting levels.

u MSD sheets frequently refer to “trade 
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u MSD sheets frequently refer to “trade 
secret” or “modified products”.

u Depending on company, chemicals may 
only be reported at levels >1%



Lining failed in 0.5% formic acid
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Lining failed in “modified” PP
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Recommendations

u Review of MSDS alone may not be 
sufficient information

u Nature of chemical “modification” of 
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u Nature of chemical “modification” of 
certain commodities is critical for lining 
selection

u Test, Test, Test



Environmental conditions

u Hopper internals do not stay dry!!
u Certain materials e.g solid organic 

acids, such as adipic acid, may be non 
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acids, such as adipic acid, may be non 
aggressive when totally dry, but small 
amounts of water cause acidity to be 
released 



Adipic acid, dry/wet
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Effect of Temperature

u Rate of chemical reactions governed by 
Arrhenius equation: for every 10°C increase 
in temperature, reaction rates double

u Many plastic and chemical plants on Gulf 
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u Many plastic and chemical plants on Gulf 
Coast

u High temperatures may be expected inside 
tank and hopper cars

u Fresh products loaded hot
u Lining properties may change when exposed 

above the Tg (50-60°C for most epoxies)



Location of Lining Breakdown

u Depends on type and volatility of 
contaminant, temperature, 
condensation etc
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condensation etc
u May be immersed or vapor zone (or 

both)



Rubber Lined Tank Cars

u Most problems are in hydrochloric acid 
cars because the acid is a byproduct 
from the manufacture of other products

USA

from the manufacture of other products
– Upset conditions may cause a carry over of 

organic chlorides or other contaminates

u Ferrous chloride can be a problem
– Spent acid can contain any number of 

contaminate – including traces of oil



Common Contaminates

u Common  contaminates:
– Monochlorobenzene
– Dichlorobenzene

USA

– Dichlorobenzene
– Alcohols
– Perchlorethylene
– Various organics



u The maximum concentration of 
contaminates should be less than 50% 
of the saturation level required to cause 
free phase formation
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free phase formation
u Extended storage at elevated 

temperatures can vaporize low boiling 
point contaminates
– Can cause severe damage to the lining in 

the vapor space
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Light Contaminates

Vapor Space



Analysis

1,3 DCB = 0.0576 ppm 
1,4 DCB = 0.9529 ppm 
1,2 DCB = 0.4130 ppm 
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1,2 DCB = 0.4130 ppm 
4-BCB = .2561 ppm 

2-BCB = 0.0393 ppm 
1,2,4,5TetraCB = 0.6203 ppm

MCB = .5149 ppm



Heavy

Contaminates

Sump Area
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Car Bottom

Heavy Contaminates



Same Car

No Damage Above the Floor
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Alcohol Damage

USA



USA



USA



USA



Conclusions

u Shippers must be aware of potential 
variability in their products

u Shippers must inform suppliers of these 
variations
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Shippers must inform suppliers of these 
variations

u MSDS may not provide sufficient 
information

u Testing should be carried out in realistic 
conditions (temperature, moisture etc.)


