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An ethylene chlorotrifluoro-ethylene (ECTFE) 

lining of a process vessel handling alkaline-based 

fluids and active chlorine was examined after more 

than 23 years of service. Te examination and tests 

showed that the ECTFE material was undamaged. 

Test procedures, data evaluation, and  

conclusions are presented.

F
inding suitable material for equip-

ment to be used with highly cor-

rosive and aggressive chemicals 

can be challenging. Steel and its 

alloys, based on their mechanical proper-

ties, are ideal materials of construction for 

vessels and pipes, but they have limited 

chemical resistance. 

Corrosive environments can be han-

dled by polymers, especially fluoropoly-

mers. In many cases, however, the per-

formance of non-metallic materials is still 

not well defined nor fully understood. 

The chemical and permeation resistance 

data generated in laboratories is only a 

good approximation of the resin perfor-

mance in industrial applications. Real  

life case histories are invaluable tools  

in choosing materials for specific ap-

plications.

This article describes the successful 

application of a Halar† resin lining in the 

vinyl chloride monomer (VCM) plant in 

Botlek, The Netherlands.

Selection of the Liner
During 1983, the plant engineering 

department was selecting a corrosion-

resistant material for a large holding tank. 

This tank was slated to receive a continu-

ous flow of alkaline-based fluids, in addi-

tion to active chlorine. The concentration 

of sodium hydroxide (NaOH) was 3 to 5 

wt% and the amount of active chlorine 

in the process stream was between a few 

hundred to several thousand ppm. The 

liner would also be exposed to sodium 

hypochlorite (NaOCl). The design tem-

perature of the vessel was 70 °C with an 

average operating temperature between 

40 and 50 °C. 

Neither the steel nor its alloys could be 

used in this application since their expo-

sure to chloride or hypochlorite ions 

would cause dangerous pitting corrosion 

or even stress corrosion cracking (SCC). 

†Trade name.
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Polyvinylidene fluoride (PVDF) resin 

could not be recommended due to its 

poor stress cracking resistance in pH 

environments of 10 and above. There-

fore, a vessel lined with a thermoplastic 

fluoropolymer other than PVDF was 

considered for this application. Based on 

the available data, the owner chose eth-

ylene chlorotrifluoro-ethylene (ECTFE) 

resin as a liner for the caustic tank.

Description of the  
ECTFE Resin

The resin used is a thermoplastic of 

ECTFE—it melts at 240 °C. It derives its 

excellent chemical resistance as well as its 

thermal stability from the high energy 

bond between the electronegative fluo-

rine and carbon atoms on the polymer 

backbone (the C-F bond is one of the 

strongest bonds in chemistry). The 

ECTFE resin has an excellent chemical 

resistance to concentrated and diluted 

acids and bases, oxidants, alcohols, ali-

phatic hydrocarbons, halogens, and salts. 

Good chemical resistance of polymeric 

materials does not always guarantee that 

parts made from the resin will perform 

well in specific applications. The other 

factor that has to be considered is the 

permeation resistance of the polymers. 

The ECTFE resin displays very low per-

meability to hydrogen, oxygen, water, 

hydrogen chloride (HCl), or hydrogen 

sulfide (H
2
S). In the case of chlorine, it 

has the lowest permeability rate of all 

fluoropolymers (Figure 1).

Fabrication and 
Installation of the  
ECTFE-Lined Tank

Mainchem, from Rochdale in the 

United Kingdom, fabricated the 2-m 

diameter, 3.5-m long steel vessel. The 

tank was manufactured in early 1983 and 

was put in service in June 1983. Figure 2 

shows the tank in the VCM plant in 2006. 

This tank was the first ECTFE sheet-lined 

Chlorine permeability of fluoropolymer resins.

Outside of the tank.

FIGURE 1

FIGURE 2
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vessel installed in Europe and one of the 

first in the world. 

Performance of the 
ECTFE Liner

Except for annual inspection shut-

downs, this vessel was in continuous ser-

Visual examination of liner, (a) liquid phase and (b) gas phase.

Visual examination after cleaning, (a) liquid phase and (b) gas phase.

Cross sections of the liner, (a) liquid phase and (b) gas phase.

FIGURE 3

FIGURE 4

FIGURE 5
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(b)

(b)
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vice for more than 23 years. It was in-

stalled in 1983 and operated until 2000 

when the VCM plant became a part of 

another owner. The tank then continued 

service until February 2007.

It was discovered during the inspec-

tion in 2005 that the liner was damaged 

around the flange and partially disbonded 

from the metal, probably due to me-

chanical abuse. The partially disbonded 

liner still provided sufficient corrosion 

protection for more than a year after the 

inspection, but the vessel was replaced 

with a fiber-reinforced plastic/ECTFE 

dual laminate tank in February 2007. The 

tank replacement provided the opportu-

nity to measure the changes of the ECTFE 

liner properties after 23 years of service.

Testing of the  
ECTFE Liner

Samples of the liner were taken from 

three different areas of the tank: the bot-

tom of the tank where the liner was ex-

posed only to the liquid phase, the area 

above the liquid level where the liner was 

exposed to the gas phase, and the flange 

area where the liner was partially de-

laminated from the metal base. 

To determine the depth of chemical 

permeation and the extent of chemical 

attack, the following tests were per-

formed:

• Visual and microscopic evaluation

• Chlorine content by elemental 

analysis

• Thermogravimeteric analysis

• Differential scanning calorimetry

• Infrared spectroscopy

• Tensile properties

Visual and Microscopic 

Evaluation

The tank was removed from service 

and stored outside the plant for a few 

months where it was exposed to outdoor 

conditions. It is therefore not surprising 

that the surface of the liner was covered 

with rusty residue. This residue was easily 

wiped off, exposing the shiny ECTFE 

surface. The excellent smoothness re-

tained by the liner indicates that the 

ECTFE resin was not chemically at-

tacked during the 23 years of service. The 

few cracks and grooves, shown in Figures 



October 2009 MATERIALS PERFORMANCE 31

C O A T I N G S  &  L I N I N G S

TAbLE 1

DSC and TGA results(A)

Melting Point (°C) Heat of Fusion (J/g) Onset X (°C)
Onset Y  

(wt% Retained)

Control 243.3 27.4 432.8 91.5

Liquid phase Inside 241.3 29.9 420.7 87.5

Middle 241.4 22.2 428.7 84.9

Fabric side 242.4 28.6 418.0 86.5

Flange Inside 241.0 29.0 431.1 87.4

Middle 241.2 27.7 425.5 89.1

Fabric side 240.5 27.0 436.5 87.6

Gas phase Inside 243.2 34.4 424.3 84.5

Middle 243.4 29.4 427.7 84.0

Fabric side 243.2 27.4 431.5 83.9
(A)DSC and TGA were performed by Solvay Solexis, Inc.

DSC
TGA

3(a) and (b), were caused by the water jet 

used to cut and separate the liner from 

the metal. Figure 4(a) shows that all welds 

were intact and no weld cracking was 

present. 

Cross sections of the liner were evalu-

ated using a compound microscope, 

equipped with polarized light. The thick-

ness of liners for both liquid and gas phase 

samples were measured. In both cases, 

80-mil (2.03-mm) values were obtained. 

Since the holding tank was lined with 

2-mm thick fabric-backed sheets, these 

results show that no erosion took place 

during the 23 years of service (Figure 5). 

The appearance of the liner was no 

different from the unexposed ECTFE 

sheet. The polyester backing was still 

firmly attached to the liner, proving that 

the process chemicals were not in direct 

contact with the fabric backing. There 

was a color difference (different reflection 

of polarized light) between the top 10 mils 

of liner and the rest of the sample. This 

indicated that the permeation front of 

chemicals present in the process stream, 

most likely chlorine compounds, reached 

a depth of 10 mils.

Physical Tests

The Fourier transform infrared 

(FTIR) spectroscopy, thermal gravimet-

ric analysis (TGA), differential scanning 

calorimetry (DSC), and elemental analy-

sis testing were performed on specimens 

taken from different depths of the liquid 

phase, gas phase, and the flange. These 

samples were cut from ~20 to 30% depth 

of the liner side exposed to the process 

chemicals, from the middle of the liner, 

and from ~20 to 30% from the fabric 

backing side.

The results of these tests show that the 

properties of the resin did not change 

during the 23 years of exposure. The el-

emental analysis showed that the chlorine 

content in the inside layers of the liquid 

and the gas phase had slightly increased; 

it was 1 to 2% higher than the respective 

middle layers. This confirms observations 

made during the microscopic evaluation 

that chlorine-based compounds perme-

ated only the first few mils of the lining 

thickness.

Under certain conditions, ECTFE 

resin will react with chlorine, which low-

ers the resin melting point. Thus, the 

chemical changes that occurred to the 

ECTFE resin can be detected by DSC. 

Table 1 shows that all liner samples have 

melting points comparable to the typical 

values of ECTFE resins. This indicates 

that the ECTFE resin was not affected 

after 23 years of service in the VCM 

plant. The TGA data also confirm that 

the liner still possessed good thermal 

stability. The data spread is typical of the 

TGA measurement.

The FTIR scans of all nine specimens 

showed no unusual peaks and their spec-

tra are almost identical to the ECTFE 

control scan.

Tensile Properties

It is well known that some polymers 

become brittle or even develop cracks 

after long industrial exposure. To deter-

mine the tensile properties of the ECTFE 

polymer after 23 years of service, micro-

tensiles were cut from the liner samples. 

Five specimens from each type of the liner 

were tested and the yield strength, tensile 

strength at break, and elongation at break 

were measured. The results of this evalu-

ation, summarized in Table 2, show that 

the ECTFE liner retained most of its 

mechanical properties. On average, the 

liner retained at least 90% of its original 

yield strength.

Conclusions
The ECTFE liner showed no signs of 

physical, thermal, mechanical, or struc-

tural changes after 23 years of exposure 

to alkaline-based fluids, active chlorine, 

and NaOCl. Its exceptionally good  
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TAbLE 2

Tensile properties(A)

Sample (psi) St. Dev. (psi) St. Dev. (%) St. Dev.

Control Long. direct. 6,154 222 4,475  57 127 11

Transv. direct. 6,800 201 4,171  78 315  6

Average 6,477 4,323 221

Liquid phase 5,005 378 3,976 499 177 43

Flange 5,166 445 4,171 850 181 21

Gas phase 4,920  86 3,824 271 160  3
(A)The ASTM D3275-061 standard recommendations were followed: tensile properties were determined in accordance with test method ASTM 
D638,2 and the Type V test specimen identified in test method ASTM D17083 were used.

Tensile Strength 
at Break

 
Yield Strength

Elongation 
at Break
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performance shows that the ECTFE 

resin is an excellent choice for this and 

similar working conditions. 
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