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Concentration of N-chlorine (N-
Cl) based on NaOCl versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 “c.
N o t e s  : CONHz,  O.O35mol/l;
NaOCl, 0.0035moUl;  NaOH, 0.0035
mob’l.

Fig. 2. Concentration of N-chlorine (N-
Cl) based on NaOCl versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 “c.
N o t e s  : CONHz, O.O35mol/l;
NaOCl, O.O07mol/l;  NaOH, 0.007
mol/l.

3, -COOH% = 0 % ; 0, -COOH% 0, -COOH% = 0 % ; 0, -COOH%
=5%; +, -COOH%=lO%  ; n , =5%;+, -COOH%=lO%  ; W ,
-COOH%=15%  ; A, -COOH%=20 -COOH%  =15% ; A, -COOH% = 20
% ; v, -COOH% =30%. % ; V, -COOH% =30%.
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Fig. 3. Concentration of N-chlorine (N-
Cl) based on NaOCl versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 “c.
N o t e s  : -CONHz,  O.O35mol/l;
NaOCl, O.Ollmol/l;  NaOH, 0.011
mol/l.
0, -COOH% = 0 % ; 0, -COOH%
=5%; +, -COOH%  =lO%  ; n ,
-COOH%=15%;  A, -COOH%=20
% ; V, -COOH% =30%.
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Fig. 4. Proposed mechanism of N-chlorination of A-PAM.
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Fig. 5.
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Concentration of N-chlorine (N-
Cl) based on NaOCl versus reac-
tion time in N-chlorination of A-
PAM and PAM at 25 “c.
N o t e s  : -CONHz,  O.O35mol/l;
NaOCl, O.O035mol/l;  NaOH, 0.0035
mol/l.
0, -COOH%= 0 % ; 0, -COOH%
=5%; +, -COOH%=lO% ; n ,
-COOH%=15%  ; A, -COOH%=20
% ; V, -COOH% =30%.
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Fig. 6. Concentration of N-chlorine (N-
Cl) based on NaOCl versus reac-
tion time in N-chlorination of A-
PAM and PAM at 25 “c.
N o t e s  : -CONHz,  O.O35mol/l;
NaOCl, O.Ollmol/l;  NaOH, 0.011
mol/l.
0, -COOH%=  0 % ; 0, -COOH%
=5%; +, -COOH%=lO%  ; n ,

‘-COOH%=15%  ; A, -COOH%=20
% ; V, -COOH% =30%.



Table 1. Percentage of formed N-Cl groups at maximum
N-chlorination of A-PAM based on NaOCl.

Contents of COOH group of A-PAM (mol%) 10 15 20 25 30

Percentage of added NaOCl to -CONHz (mol%) 5 10 15 20 25

Percentage of formed N-Cl group
to added NaOCl (mol%)

95 95 95 80 58

Fig. I.
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Effect of content of carboxyl
groups in N-Cl-A-PAM on the
stabi l i ty  o f  N-chlor ine  (N-Cl)
groups at 5 “c.
Notes : The concentrations of the
reactants are same as those in
Fig. 1.
0, -COOH%=  0 % ; 0, -COOH% =
5 % ;  +, -COOH%=lO%  ; n ,
-COOH% =15% ; A, -COOH% =20
% ; ‘I, -COOH% =30%.
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Fig. 8. Effect of content of carboxyl
groups in N-Cl-A-PAM on the
stabi l i ty  o f  N-chlor ine  (N-Cl)
groups at 5 “c.
Notes : The concentrations of the
reactants are same as those in
Fig. 3.
0, -COOH%=  0 % ; 0, -COOH% =
5 % ;  +, -COOH%=lO%  ; H,
-COOH%=15%  ; A, -COOH%=20
% ; V, -COOH% =30%.
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Fig. 9. Effect of concentrations of NaOH
in the reaction solutions on the
stabi l i ty  o f  N-chlor ine  (N-Cl)
groups of N-Cl-A-PAM at 5 “c.
Notes : -CONHz,  0.035molil  ;
NaOCl, O.O035mol/l.
Legend: 0, NaOH=3.5XW6mol/
1;  0, NaOH=3.5X10~3m01/1  ; +,
NaOH=  7 X 10~3mol/l.
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Fig. 10. Proposed mechanism of hy-
drolysis o f  N-Cl -A-PAM at
acidic solution.



Summary

N-chlorination of anionic polyacrylamides (A-PAM) containing 5-30 molar% carboxyl

groups was maximized after lo-30 min, which was much shorter than that for PAM

under the same conditions. The maximum level of N-chlorination of A-PAMs  with

15-20 molar% of carboxyl groups was about 95% based on the added NaOCl as com-

pared with 63% of PAM when 10 molar% of NaOCl to the carbamoyl group was applied

to the aqueous solutions of A-PAM and PAM. The N-chlorinations of A-PAMs  were

significantly influenced by the carboxyl contents. The larger the contents of the car-

boxy1 groups were, the better the N-chlorination of A-PAM proceeded in the region of

5-20 molar%. This may be explained by the neighboring-group participation between

carboxylic ion and amide group. However, when the content of the carboxyl groups

was higher than 20 molar%, the level of N-chlorination of A-PAMs  decreased due to the

enhancement of the electrostatic repulsive forces of -CONCl and -COO-  against ClO.-

ions.

It was found that N-Cl-A-PAM is stabler than N-Cl-PAM. The concentrations of

NaOH in the solution greatly influenced the stability of N-Cl-A-PAM. N-Cl-A-PAM de-

composed somewhat easier at acid or strong alkaline condition.

The level of N-chlorinations of A-PAMs  with lo-20 molar% of carboxyl groups

reached the maximum (about 95%), when the addition levels (5 -15 molar%) of NaOCl

to amide groups were 5 molar% lower than the contents of the carboxyl groups. The

N-Cl-A-PAMs prepared under these conditions were fairly stable so that it was easy to

deal with.


