
March 2009 MATERIALS PERFORMANCE 47

CASE HISTORY

Fluoropolymer 
Lining for 
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A chlorine scrubber fabricated from �berglass-

reinforced plastic (FRP) was installed in 1977. 

Major repairs began in 1981 and continued at 

four-year intervals. After exploring several 

replacement materials, a FRP/ethylene-

chlorotri�uoroethylene dual laminate scrubber was 

selected. �is was installed in 1987 and remained 

in continuous service until the plant shut down in 

2001. Examination shortly after plant closing 

showed the liner to be in excellent condition.

D
uring 1987, a Monsanto plant 

located in the petrochemical 

harbor area north of Antwerp, 

Belgium, installed an FRP/

ECTFE (Halar†) dual laminate chlorine 

scrubber (Figure 1). The 1.5-m diameter 

and 24-m high vessel was designed to 

operate with 22% caustic soda (sodium 

hydroxide [NaOH]) to scrub vapors from 

several process reactors (chlorinators and 

others) and storage tanks. The 22% caus-

tic soda was diluted with de-mineralized 

water to prevent salt precipitation. The 

chemicals to be removed from the process 

stream included chlorinated hydrocar-

bons combined with hydrochloric acid 

(HCl), as well as molecular chlorine. The 

flow rate of the gas stream passing 

through the scrubber was 9,000 m3/h, the 

pH of the liquid was 12 or higher, and 

the operating temperature was 40 °C.

†Trade name.

FRP/ECTFE chlorine scrubber.

FIGURE 1
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Scrubber History
Before the ECTFE duel-laminate ves-

sel was installed, the plant had experi-

enced regular failures with scrubbers 

made of FRP. Chemical attack of the 

gelcoat, combined with mechanical ero-

sion at the nozzles, prevented the plant 

from operating maintenance-free for long 

periods. The original FRP scrubber was 

QV[\ITTML�QV��!���IVL�\PM�ÅZ[\�UIRWZ�ZM-

XIQZ�_I[�UILM�QV��! ���5IRWZ�ZMXIQZ[�PIL�

to be made every four years thereafter.

To avoid further downtime from re-

curring FRP repair work, the plant de-

cided to look for a suitable alternative to 

FRP. Polyvinylidene fluoride (PVDF) 

lining could not be recommended for the 

Chlorine permeability of fluoropolymers at 45 °C.

FIGURE 2

FIGURE 3

process conditions because of their poor 

stress-crack resistance in high-alkaline 

environments. 

Candidate Replacement 
Material Evaluation

The ECTFE resin was the leading 

replacement candidate since it has a very 

good chemical resistance to NaOH, chlo-

rine, and HCl. Good chemical resistance 

of polymeric materials, however, does not 

always guarantee that the liner will per-

NWZU�_MTT� QV� [XMKQÅK� IXXTQKI\QWV[��<PM�

other factor that has to be considered is 

the permeation resistance of the resin. 

There are several known case histories 

where a resin with good chemical resis-

tance failed because of the permeation of 

process chemicals through the liner. In 

some cases, the excessive permeation 

caused blisters inside the liner; and in 

severe cases, the chemicals permeated 

through the entire thickness of the liner 

and attacked the layer between the poly-

mer and FRP or metal shell.

1V�ILLQ\QWV�\W�-+<.-��Æ]WZWXWTaUMZ[�

commonly used for corrosion protection 

include PVDF, ethylene-tetra fluoro-

M\PaTMVM� �-<.-��� XMZÆ]WZWITSW`a� ZM[QV�

�8.)���IVL�Æ]WZQVI\ML�M\PaTMVM�XZWXaT-

MVM��.-8���7N�ITT�\PM�Æ]WZWXWTaUMZ[��\PM�

ECTFE resin had the best permeation 

resistance to chlorine and HCl at tem-

peratures as high as 100 °C. Figures 2 and 

3 clearly show that the ECTFE resin had 

the lowest permeation rate at 45 °C, 

slightly above the operating temperature.

Plant records dating back to July 1985 

show that coupons made of ECTFE were 

tested to demonstrate to plant engineers 

that ECTFE was suitable for their process 

(caustic soda, chlorinated hydrocarbons, 

and chlorine). Individual ECTFE cou-

XWV[�IVL�JTQVL�ÆIVOM[�_MZM�M`XW[ML�NWZ�

six to 12 months in situ. When no color 

change or any noticeable degradation 

was observed after this test period, the 

plant decided to proceed with an ECTFE-

lined scrubber. The fabricator, Plastion 

Oldenzaal (NL), used a 2.3-mm thick 

-+<.-� ÅJMZ�JIKSML� [PMM\� \W� TQVM� \PM�

24-m high isophtalic FRP scrubber. 

The scrubber was put on stream dur-

ing 1987. This part of the plant was closed 

NWZ�J][QVM[[�ZMI[WV[�QV�������)�ÅVIT�QV-

spection by plant personnel shortly after 

the plant shut down determined that the 

ETCFE lining was in excellent condition 

after operating trouble- and mainte-

nance-free from 1987 to 2001. 

Conclusions
Fourteen years of continuous and 

maintenance-free service of the ECTFE 

TQVQVO�KWVÅZU[�\PM�M`KMTTMV\�KPMUQKIT�ZM-

sistance of this material in alkaline envi-

ronments with chlorine and chlorinated 

HCl permeability of fluoropolymers at 45 °C.
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solvents at an operating temperature of 40 

°C. At the time of the plant shutdown, 

visual inspection by plant personnel con-

ÅZUML� \PI\� \PM� TQVMZ�_I[� [\QTT� N]TTa� N]VK-

tional. Judging from the appearance of the 

liner after 14 years, it is apparent that this 

particular ECTFE/FRP dual laminate 

scrubber had the potential to perform well 

for least another 14 years in similar service.
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