
HAL Id: hal-01906224
https://hal.science/hal-01906224

Submitted on 26 Oct 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Effects of sodium hypochlorite exposure mode on
PES/PVP ultrafiltration membrane degradation

Christel Causserand, Bastien Pellegrin, Jean-Christophe Rouch

To cite this version:
Christel Causserand, Bastien Pellegrin, Jean-Christophe Rouch. Effects of sodium hypochlorite expo-
sure mode on PES/PVP ultrafiltration membrane degradation. Water Research, 2015, 85, pp.316-326.
�10.1016/j.watres.2015.08.028�. �hal-01906224�

https://hal.science/hal-01906224
https://hal.archives-ouvertes.fr


  

 

 

OATAO is an open access repository that collects the work of Toulouse 
researchers and makes it freely available over the web where possible 

Any correspondence concerning this service should be sent  

to the repository administrator: tech-oatao@listes-diff.inp-toulouse.fr 

This is an author’s version published in: http://oatao.univ-toulouse.fr/20573 

 

To cite this version:  

Causserand, Christel  and Pellegrin, Bastien  and Rouch, 

Jean-Christophe  Effects of sodium hypochlorite exposure 
mode on PES/PVP ultrafiltration membrane 
degradation. (2015) Water Research, 85. 316-326. ISSN 
0043-1354 

Official URL: https://doi.org/10.1016/j.watres.2015.08.028  

mailto:tech-oatao@listes-diff.inp-toulouse.fr
https://doi.org/10.1016/j.watres.2015.08.028
http://www.idref.fr/092194303
http://www.idref.fr/177815523
http://www.idref.fr/22044353X


       

   

            

                  
          

       

           

             

               

             

             

              

                 

              

             

              

          

          

             

          

             

                

           

          

              

               

 

 

        

          

        

       

          

        

       

        

      

        

         

            

       

        

         

            

           

         

           

         

         

          

          



         

  

         

        

           

        

        

       

           

         

         

          

       

            

         

          

          

       

           

         

        

           

          

             

           

         

          

         

          

         

          

      

      

         

         

        

          

           

         

         

         

 

         

         

        

         

        

        

         

       

         

        

        

          

         

          

        

         

          

         

            

        

       

 

      

        

        

      

          

           

          

        

           

         

        

         

   

        

         

           

         

        

          

          

          

         

         

       

         

          

         

         

          

            

           

          

         

   

         

       

        

         

        

        

           

            

       

        

         

          

 

   

 

        

          

        

        

      

          

       

        

         

              

         

           

           

 



 

       

           

        

         

          

       

       

     

          

        

        

         

     

  

  

        

         

          

           

         

       

         

            

       

 

         

         

        

           

           

          

       
         

           

           

         

        

    

         

      

           

        

        

              

          
       

            

         

          

    

       

            

              

       

               

      

           

    

         

         

        

        

     

        

 

          

  

MEMBRANE MODULES

Retentate

Pump Feed

TANK 

Pressure 
sensor

T

Flowmeter

P1

P2

P3

Permeate

Flowmeter

Cooler

   

0

0,2

0,4

0,6

0,8

1

1,2

1,4

Time (s)

P perméat PTMTMPf TMPbw

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0
0 100 200 300 400 500

          



        

          

          

          

               

         

    

   

          

          

          

          

         



       

          

       

         

        

           

           

           

           



       

        

         

          

          

           

        

          

 

         

               
      

  

  

        

          

       

          

           

           

        

         

           

         

            

         

               

           

           

           

        

         

         

       

            

        

     

        

        

          

         

         

           

  

         

 

         

         

         

            

          
 

          

          

               

         

         

          

          

       

         

       

           

           

      

        

             

       

           

         

        

          

   

       

        

       

       

          

       

       

        

           

           

      

         

         

   

 

  

  

    

   

   

     

      

    

   

     

      



        

         

       

        

         

           

     

  

   

        

       

         

   

          

            

        

  

        

        

         

             

        

           

   

          

         

        

          

        

         

           

           

        

         

        

          

        

         

         

            

          

            

         

        

        

Time (h)

N
or

m
al

iz
ed

re
la

tiv
e a

bs
or

ba
nc

e o
f I

R
 1

67
4 

cm
-1

(A
16

74
(t)

 / 
A 1

67
4(

t 0)
)

(a)

0.8

1.0

0.6

0.4

0.2

0
0 50 100 150

Soaking under stirring - H2O
Continuous filtration - H2O
Filtration / Backwashing cycles - H2O

0 50 100 150
Time (h)

Trempage Statique - NaOCl 350ppm
Trempage sous agitation - NaOCl 350ppm
Filtration - NaOCl 350ppm
Cycles Filtration / Rétro-lavage - NaOCl 350ppm

Static soaking � NaOCl 350 ppm
Soaking under stirring � NaOCl 350 ppm
Continuous filtration � NaOCl 350 ppm
Filtration / Backwashing cycles � NaOCl 350 ppm

(b)

0.8

1.0

0.6

0.4

0.2

0

            

         

            

0

10

20

30

40

50

60

70

0 50 100 150

El
on

ga
tio

n a
t b

re
ak

 R
(%

)

Time (h)

Trempage Statique - NaOCl 350ppm
Trempage sous agitation - NaOCl 350ppm
Filtration - NaOCl 350ppm
Cycles Filtration / Rétro-lavage - NaOCl 350ppm

Static soaking � NaOCl 350 ppm
Soaking under stirring � NaOCl 350 ppm
Continuous filtration � NaOCl 350 ppm
Filtration / Backwashing cycles � NaOCl 350 ppm

           

            

          

            



         

            

    

         

         

       

             

          

        

           

        

      

          

          

           

      

          

       

            

            



          

            

        

         

        

 

           

            

           

        

          

         

           

         

            

           

           

         

        

          

            

           

          

          

          

          

       

           

         

     

         

          

         

       

            

           

          

        

           

       

      

          

 

         

             

          

        

 

         

           

       

            

      

           

        

        

          

         

          

             

           

3.0

2.5

2.0

1.5

1.0

0.5

0
0 50 100 150

Time (h)

Trempage sous Agitation - NaOCl 117ppm

Trempage sous Agitation - NaOCl 350ppm

Trempage sous Agitation - NaOCl 1050ppm

Soaking under stirring � NaOCl 117 ppm

Soaking under stirring � NaOCl 350 ppm

Soaking under stirring � NaOCl 1050 ppm

(a)

0 50 100 150
Time (h)

Cycles - NaOCl 117ppm

Cycles - NaOCl 350ppm

Cycles - NaOCl 1050ppm

3.0

2.5

2.0

1.5

1.0

0.5

0

(b)

2

           

             

 



                           

                     



           

          

       

          

         

       

            

          

        

         

           

       

   

         

         

          

         

         

       

       

         

           

          

           

        

     

          

             

         

           

           

   

         

      

             

           

                 

          

        

          

           


        

  




   

        

            

          

         

      

           

             

         

            

        

           



(a)

0

0,2

0,4

0,6

0,8

1

0 50 100 150
Time (h)

Trempage sous Agitation - NaOCl 117ppm

Trempage sous Agitation - NaOCl 350ppm

Trempage sous Agitation - NaOCl 1050ppm

1.0

0.8

0.6

0.4

0.2

0

Soaking under stirring � NaOCl 117 ppm

Soaking under stirring � NaOCl 350 ppm

Soaking under stirring � NaOCl 1050 ppm

0

0,2

0,4

0,6

0,8

1

0 50 100 150

N
or

m
al

iz
ed

 re
la

tiv
e 

ab
so

rb
an

ce
 o

f I
R

 1
67

4 
cm

-1

(A
16

74
(t)

 / 
(A

16
74

(t 0
))

Time (h)

Cycles - NaOCl 117ppm

Cycles - NaOCl 350ppm

Cycles - NaOCl 1050ppm

(b)

1.0

0.8

0.6

0.4

0.2

0

             

            

         

0

10

20

30

40

50

60

0,4 0,5 0,6 0,7 0,8 0,9 1

El
on

ga
tio

n 
at

 b
re

ak
 

R
(%

)

Normalized relative absorbance of IR 1674 cm-1 (A1674(t) / (A1674(t0))

Trempage Statique - NaOCl 350ppm - pH 8

Trempage sous Agitation - NaOCl 350ppm - pH 8

Filtration - NaOCl 350ppm - pH 8

Cycles - NaOCl 350ppm - pH 8

Trempage sous Agitation - NaOCl 1050ppm - pH 8

Cycles - NaOCl 1050ppm - pH 8

Trempage sous Agitation - NaOCl 117ppm - pH 8

Cycles - NaOCl 117ppm - pH 8

0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Static soaking � NaOCl 350 ppm

Soaking under stirring � NaOCl 350 ppm

Continuous filtration � NaOCl 350 ppm

Filtration / Backwashing cycles � NaOCl 350 ppm

Soaking under stirring � NaOCl 1050 ppm

Filtration / Backwashing cycles � NaOCl 1050 ppm

Soaking under stirring � NaOCl 117 ppm

Filtration / Backwashing cycles � NaOCl 117 ppm

              

             

               

        



)b()a(

0

10

20

30

40

50

60

70

0 20 40 60 80

R

dNaOCl (103 ppm h)

Trempage sous Agitation - NaOCl 117ppm
Trempage sous Agitation - NaOCl 350ppm
Trempage sous Agitation - NaOCl 1050ppm

0

10

20

30

40

50

60

70

0 20 40 60 80

R

dNaOCl (103 ppm h)

Cycles - NaOCl 117ppm
Cycles - NaOCl 350ppm
Cycles - NaOCl 1050ppm

Soaking under stirring � NaOCl 117 ppm
Soaking under stirring � NaOCl 350 ppm
Soaking under stirring � NaOCl 1050 ppm

Cycles � NaOCl 117 ppm
Cycles � NaOCl 350 ppm
Cycles � NaOCl 1050 ppm

(c) (d)

0

0,2

0,4

0,6

0,8

1

0 20 40 60 80
dNaOCl (103 ppm h)

Trempage sous Agitation - NaOCl 117ppm

Trempage sous Agitation - NaOCl 350ppm

Trempage sous Agitation - NaOCl 1050ppm

0

0,2

0,4

0,6

0,8

1

0 20 40 60 80
dNaOCl (103 ppm h)

Cycles - NaOCl 117ppm

Cycles - NaOCl 350ppm

Cycles - NaOCl 1050ppm

Soaking under stirring � NaOCl 117 ppm

Soaking under stirring � NaOCl 350 ppm

Soaking under stirring � NaOCl 1050 ppm

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

                                  

      

)b()a(

R² = 0.95

0

10

20

30

40

50

60

70

0 5000 10000 15000 20000
[CLT] t0.56

Trempage sous Agitation - NaOCl 117ppm
Trempage sous Agitation - NaOCl 350ppm
Trempage sous Agitation - NaOCl 1050ppm

R² = 0.89

0

10

20

30

40

50

60

70

0 10000 20000 30000 40000
[CLT] t0.72

Cycles - NaOCl 117ppm
Cycles - NaOCl 350ppm
Cycles - NaOCl 1050ppm

Soaking under stirring � NaOCl 117 ppm
Soaking under stirring � NaOCl 350 ppm
Soaking under stirring � NaOCl 1050 ppm

Cycles � NaOCl 117 ppm
Cycles � NaOCl 350 ppm
Cycles � NaOCl 1050 ppm

)d()c(

R² = 0.93

0

0,2

0,4

0,6

0,8

1

1,2

0 5000 10000 15000 20000

N
or

m
al

iz
ed

 re
la

tiv
e a

bs
or

ba
nc

e o
f I

R
 1

67
4 

cm
-1

(A
16
74

(t)
 / 

(A
16
74

(t 0
))

[CLT] t0.58

Trempage sous Agitation - NaOCl 117ppm
Trempage sous Agitation - NaOCl 350ppm
Trempage sous Agitation - NaOCl 1050ppm1.0

0.8

0.6

0.4

0.2

0

R² = 0.95

0

0,2

0,4

0,6

0,8

1

1,2

0 50000 100000

N
or

m
al

iz
ed

 re
la

tiv
e a

bs
or

ba
nc

e o
f I

R 
16

74
 cm

-1

(A
16
74

(t)
 / 

(A
16
74

(t 0
))

[CLT] t0.88

Cycles - NaOCl 117ppm
Cycles - NaOCl 350ppm
Cycles - NaOCl 1050ppm

Cycles � NaOCl 117 ppm
Cycles � NaOCl 350 ppm
Cycles � NaOCl 1050 ppm

Soaking under stirring � NaOCl 117 ppm
Soaking under stirring � NaOCl 350 ppm
Soaking under stirring � NaOCl 1050 ppm

1.0

0.8

0.6

0.4

0.2

0

                    


             

      



            

        

       

            

          

          

        

         

            

         

          

 


        

           

        

         

       

             

             

       

           

        

          

         

       

         

         

            

           

 

             

   


         

         

        

            

         

        

        

         

       

        

        

           

          

    

 

           

       

    

         

         

      

      

          

         

            

       

          

          

       

    

        

           

       

         

          

       

          

        

   

          

          

           

         

            

        

          

         

         

 
           



        

    

R² = 0.95

1

1,1

1,2

1,3

1,4

1,5

1,6

1,7

1,8

1,9

NaOCl pH 8 - 117 ppm
NaOCl pH 8 - 350 ppm
NaOCl pH 8 - 1050 ppm
NaOCl pH8 - 350 ppm - 672 h
NaOCl pH8 - 10000 ppm - 24h

n = 0.56

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1

2.5 3.0 3.5 4.0 4.5 5.0

(a)

R² = 0.93

-0,35

-0,3

-0,25

-0,2

-0,15

-0,1

-0,05

0

NaOCl pH 8 - 117 ppm

NaOCl pH 8 - 350 ppm

NaOCl pH 8 - 1050 ppm

n = 0.58

2.5 3.0 3.5 4.0      4.5
0

-0.05

-0.10

-0.15

-0.20

-0.25

-0.30

-0.35

(b)

log (d�NaOCl)

log (d�NaOCl)

log ( R)

log ( t t0)

             

     


      

             

            





            

        
  

          

          



           
         

 
           

          

  

                

  
           

         

  

           

        
    

           

           

    

       

          

       
           

         

        
             

         
       

            

    
           

         
 

           
            

        

          
            

         

          

        

   

         

     
            

      

            
         

   

           

           




