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1. ## =i

ATOBFFET (B - Hrh, 1994 ; B - H, 1995), N-
saaRyFryu7 I F (N-CI-PAM) O
N RIARER O PAM R AIBHEAI L DX 5 H2ICK
VI EEHREL. CRIEN-CI-PAM BRER
ATFNDED BREEEETBRT S L & DITKESES
YEILENE7DTHD I L5 EFMEEWDRISIZ
Ly (B Ed, 1996) S L7 Lo L, PAM
D N-CHLIZSEEIZITETET, 0% ERFT 53
BED NaOCLiZ & ) PAM OE#HIM SN L0T
INEFIETENITVRIZISSHIIETIZ LD EFES
n7z (B - |, 1995). PAM o N-Cl fho &3y
L BEIE DV TRARET LA, T4V
PAM (A-PAM) 2HWBEHINVEXF T VEOBERE
BRIV INSOBWPIRITERINDL Z LD
ol BEAPAMB7ZZ2YNTIRETZIN
BrLOEE, /203 PAM OBSNAKSHEIZLY
BHICHABINL 20, PAM Z#EHFOH50% % &
HTWw5 (HF, 1995). iE, KRB HEL,
WA ERPEW OV TOFRLARZEICL D, A-
PAM BB CIEFEA 28I EHREBIZCRD,
ERELAE I N TV A, BIER (B - Hd, 1994) ¢

55 3 #id HAARM 1996, 42(11) : (EMAiH)

2b N
L,

#U, A-PAM IZ4A8® NaOCl i L T N-7 12
L (N-Cl&) AT E, BAKBHIRIEL
{gEENLIEXREB LA, AT, A-PAM
D N-CHEFEE & N-Cl EORERIZOWTHRET 5.

2. % BR

2.1 H#

PAM IZ10% D7 2 VLT I FRBHEICEBET A %
R EAMZD S, KoS:0s—(CHs):CHOH % EEBALE
Bl LTHRBLE, R v—OKBHE LY /-
BALTHBE S, ZOREEZIEEIRLT, 1§
B, BEEGELL, YA XPBRIO ST T4 -
(SEC) WX hilsE L -EEFH S TR IE6.5X10° T
Hot.

ERo PAM ZHAIZELP LT, 1 %KERIZL .
O PAM AKEH#H D 1100ml 1210N NaOH 8ml %
Mz, sS0CTHELEDS, MASERITo7. MK
SEREZ T A FEEICL VB LA (FF, 1969).
HNEFINVEOEEDS, 10, 15, 20, 30E NV %I
ETHE, FRFN00mMI #TE L, IN®HCLT
RRILZ. 8512, TIFOBENF0OMIZARSE
THiAKZMZ, Zhd 2 EKEBTRE L.

T NaOCl (22N @ NaOH &fiAZHmL,
0.007M, 0.014M, 0.02IM @ NaOCl (£ E 1LV D
NaOH # &%) HEBEHEL .
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2.2 PAM, A-PAM @ N-Cl{ERIS

A-PAM KiE#H20m] £ 8D, 5 CF72i325CITR
2. EURED R NaOCl & NaOH DR A #20ml
(-CONH: #(ZxfL, 10, 20, 30EL%) 2 ZR M
Z, BISEORBELEZBIL . kEols, FL
IS4 T T PAM @ N-2 9 MERUS 4T - 72,

2.3 RIEBDEMHZE

{a) N-Cl g

A L 72HER100m 1 BUGH D 2ml 2 in %, #=
22 %70 YERTF)L10m] 2B, 208 HIRE D
LT, #8D NaOCl 2iE L7z, W T, 10% Kl
ZAN B2 2 10ml 2Nz, HRLT, RET
THMBER, BHKEELEREE LT,
0.00IN Na2S:0s TilE L 7.

{b) -COOH »E & (FF, 1969)

0.035M @ NaHSO: 2ml & #7K100ml % 200ml
DERTZATIANTE . ZHRIZFERHED 2ml
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Fig. 1. Concentration of N-chlorine (N-
Cl) based on NaOCI versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 TC.

Notes :-CONHz, 0.035mol/l;
NaOCI, 0.0035mol/1; NaOH, 0.0035
mol/l.

O,-CO0OH% = 0 % ; @,-COOH%
=5%; &, -COOH%=10%; N
-COOH%=15% ; A, -COOH% =20
% ; ¥,-COOH% =30%.

iz, A NaOH T pHIOWC#HELZ., #0ik,

00BN DRYTTINI AFNT BT L ZTOY
F (PDADMAC) ®5ml /1A, FVA T v 7—
2HOREE L T0.00255N K Y Y Z LTEEES ) 7 4
(PVSK) Tz 7.

3. kR L EE

3.1 A-PAM @ N-CI{ERIS

PAM O N-ClIERIGIRBETCOIBEZHICEZ 5
W, REOETIZONT, N-2muah vNEeEs v
(-CONCl) » REHEFERBEA 4> (Cl1O7) OBER%
HRE D, N-ClLEELVE L EET S (Hb - T
¥, 1976 ; Suzuki and Sakamoto, 1988). N-Cl
{ERPBRIET2OURBEEL, Lyd, HmL
72 NaOClL 2659 % N-ClL{ERIZHh$T240~65F L%
ThHorz (B - HY, 1994) . BENBEOBL» LI,
A-PAM @O N-Cl1LIZ PAM O F N L ) S5 2F7F
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Fig. 2. Concentration of N-chlorine (N-
Cl) based on NaOCI versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 TC.

Notes :-CONHgz, 0.035mol/1;
NaOCI, 0.007mol/1; NaOH, 0.007
mol/l.

O,-COOH% = 0 % ; @®,-COOH%
=5%; ®, -COOH%=10% ; R,
-COOH% =15% ; &, -COOH% =20
% ; ¥,-COOH% =30%.
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EFHENIz, L 2AH, N-Clto#ERIZE< TR

L, AVEFINEICEIARIOEEDRE L N-
ClitROMA LY, BAHTFRIGHRBIZS, EHW
Bty o & KEFRKECODIZ o7,
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Fig. 3. Concentration of N-chlorine (N-
Cl) based on NaOCI versus reac-
tion time in N-chlorination of A-
PAM and PAM at 5 C.

Notes :-CONHz, 0.035mol/l;
NaOCl, 0.011mol/1;NaOH, 0.011
mol/l.

O,-COOH% = 0 % ; ®,-COOH%
=5%; ®, -COOH%=10%; N
-COOH% =15% ; A, -COOH% =20
% ; ¥, -COOH% =30%.

OH"
"CHz ‘(FH— —‘>_CH2 -CH ‘CHZ -CH- -
| [}

Ik RE 5~30% D A-PAM 5 @2 T hFh
NaOCl/-CONH:=0.1~0.3E VL TRIC 8 & 54
O N-Cl{bo#EFEL% Fig. 1 ~ 312”8 L7z, W
Dz, FLEETTPAM @ N-CLERIE BTV,
BETERICHE L.

Fig. 1 ~3 2R T L2, A-PAM @ N-Cl L #
PBRAZETLHERIT PAM OFRIZEXTED
THEWw. 72, A-PAM ® N-7 0 UL O KE
I PAM OZFNE Y 2% K&, §l 21X NaOCl/-
CONH.=0.1 € Vi TR EEELS% D A-PAM @
N-CHAb#I31553%1295% 12 % L 72 (Fig. lo)l)

123t L, PAM Tid N-CLILEFBKIZET 52D
WZ35EERIAEL, L2 N-CLILEIZERNIZ63% T
Hotz (Fig. 100). ThHOHERIANVEF VL
EFN-CUERCARET HZ EE2RELTWVA,

A-PAM ®-COOH 37 V7 ) #ETIiZ 45-CO0~
\ZIREET A . B L5 12-CO0T IR OCL oL, #
BEREEEERIZTOT, TOHETIX, IAFEFI N
HAN-CULES IR ERRE 52 5 LIEF ALV
EZAY, -COOTIEREE L F>OT, BETIF
RDON-Clitx Fig. 40 L H B ET B D EE R
HNb, FY, -COO™ D BEHEAM O -CONH: (2 RHAT
mL, AEREPHE (a) 2R TES (FL - EH,
1993). HEME (a) DBEOETEEIL-CONH: D #
NEDEOT, OCL " L DL ER L RL., 20O
B R RN R &L B N-CUILRIEA L L7227 3 F
X O N-ClIERISIcEmMan s Z 22k h A-PAM
DON-CLEKIEIZ PAM OFh L hEL CHEL, F7-
N-C1 Ak {)1—1< fﬁ% LEZOLNL. Bz, Fig.l
AT L9 %O PAM @ N-Cl fbB i fE A2
20% Ta 57, ﬁﬂ*ﬁj‘ﬁ@lﬁ 5% A-PAM O ZF il
60% T, BI#H & DA0%IEA L7z, K EREIO% Tid

‘CHZ -CH ‘CHZ |-CH- ‘CHZ C‘H -
]
SN +C, LSS ,C »C . C
o oH ¢ "N, 0” "NH, 0 o’ I Nh, 0’ "NH,
(A-PAM)
NaOCl

— ~CH, -CH -CH; -CH- -~ -CH; -CH — — -CH, -CH ~CH, - ‘—| =CH, -CH —

O”C\ - C\\O' lo C\ o \ ’é\

O v

0~ \H, NH, TN o \NCl " Na

@ (b) ()

Fig. 4. Proposed mechanism of N-chlorination of A-PAM.
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N-C1 1L5:1280%, MAKFRRELS% & 20% Ti395% (2
SEL.

A-PAM @ N-Cl{ETiE, -COO™ DEF L R
REPREBAHERXEEAPFERLTVE0T,
A-PAM OHASRE & NaOCl QRIERO MG % 1
BT 52 LI OICHANILEETH L.

MATHE 5% D A-PAM @ N-Cl 1k It i
NaOCl @FEMEHI0ENL %O PAM OZFH L )
ROBEHIZE BN (Fig. 1), ZOWAMHEIII0%TH-
7. TOBEFRHYEL VO, NaOCl DRNEI
HAHA MR DN 1 D BRI B AT 4D R &
Niehot:7zdbEZ 505, NaOCl DFRIMEH30
EN%IIRDBE, COFENTTET SR,
N-CliLiE PAM o Zh &R EDHR L & -7 (Fig.
3). MABREH15%~20% 233 & N-Cl {b=iz
PAM ®OZNS L Y 224 DKL 275, Mk EH
30%2ZET 5 & N-ClL{ERIIHBOET LA, Zhid
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Reaction time (h)

Concentration of N-chlorine (N-
Cl) based on NaOCI versus reac-
tion time in N-chlorination of A-
PAM and PAM at 25 C.

Notes :-CONHz, 0.035mol/1;
NaOCl, 0.0035mol/1;NaOH, 0.0035
mol/l.

O,-COOH%= 0 % ; @®,-COOH%
=5%; ¢, -COOH%=I0% ; W
-COOH%=15% ; &, -COOH% =20
% ; ¥,-COOH% =30%.

A-PAM O-COO™ DEEHE V20, OCI" ~DEL
BRENE AT EICERTZLELONS. A-
PAM @ N-Cl{t#ix NaOCl DM Haf 7 3 N3k
10% CTIIMA S FEREL15%, NaOCl OFM=ER20 % 0830
% TIRMAFFRE0% A TRAMEE o7, T/,
N-ClHEIZh§ 5-CO0~ O#ifEH & NaOCl @i
BREEOREE LW, Bl E, MASBELLS D A-
PAM TiE, NaOCl OFMEN10E L % T N-Cl 1k
BOBAHEIL5%, 0ENBTIEBY TH 7. Th
1Z-CONC1 OMFHERAS-COO™ D FNIZBME L b
P THAH. ULOERERIIESED N-CLILRIE
124, BEL A-PAM OHIKFRE L &i# % NaOCl
DFEMEIFLETHLIEE2RLTVE,

FRT (26C) T® A-PAM @ N-Cl{LRIEIE 5
COBFALHE CEEASR SN, IkMEE0%E T,
A-PAM OIKGHEED S {, NaOCl DFEHME AR
W N-CLbRIIE W Z E 52 -7 (Fig. 5—6).

100

80 [

Concentration (% on NaOClI)

Reaction time (h)

Concentration of N-chlorine (N-
Cl) based on NaOCI versus reac-
tion time in N-chlorination of A-
PAM and PAM at 25 T.

Notes :-CONHz, 0.035mol/1;
NaOCl, 0.011mol/1;NaOH, 0.011
mol/l.

O,-COOH%= 0 % ; @,-COOH%
=5%; ¢, -COOH%=10%; W |
~COOH%=15% ; A, -COOH% =20
% ; ¥,-COOH% =30%.

Fig. 6.
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Table 1. Percentage of formed N-ClI groups at maximum

N-chlorination of A-PAM based on NaOCI.

Contents of -COOH group of A-PAM (mol%)
Percentage of added NaOCI to -CONH: {mol% )

Percentage of formed N-CI group

10 15 20 25
5 10 15 20

95 95 95 80

30
25

58

to added NaOCI (mol%)

100

80

60 ¢

40

Concentration (% on NaOCl)

0 2 4 6 8 10
Time (day)

Fig. 7. Effect of content of carboxyl
groups in N-CI-A-PAM on the
stability of N-chlorine (N-CI)
groups at 5 C.

Notes : The concentrations of the
reactants are same as those in
Fig. 1.

0, -COOH%=0 % ; @,-COOH% =
5%; ¥, -COOH%=10%; H
-COOH% =15% ; &, -COOH% =20
% ; ¥,-COOH% =30%.

BAD N-CL{bEIZET 5B (1~15min) 5T
L h10~15 L EmE . £/, 10K/ %O N-Cl
HOBFEEHS, N-CI-A-PAM O N-Cl %1 N-Cl-
PAM OZFNENEETHLILEFh ol TOK
FEWIZOWVTIZI I TESIHELBETS.

3.2 A-PAM O N-CH{EiCB¥ 3 &E 4-COOH

EHFFE L NaOCl FNEDRIR

o k512 A-PAM O N-CLALRIGIZ RIET

-COOH £& * NaOCl BEOEEFFEHIIKRE V., £

Concentration (% on NaOCl)

Time (day)

Fig. 8. Effect of content of carboxyl
groups in N-CI-A-PAM on the
stability of N-chlorine (N-Cl)
groups at 5 T.

Notes : The concentrations of the
reactants are same as those in
Fig. 3.

0, -COOH%= 0 % ; @,-COOH% =
5%; ¢, -COOH%=10% ; W,
-COOH%=15% ; &, -COOH% =20
% ; ¥,-COOH% =30%.

72, -COOH £ I13B#ET 3 FEo N-ClLILIBEZhF
WELHIEEFBELL -7, A-PAM D N-Cl1L
RIS & IZ4T ) 1212 NaOCl @M% % -COOH
DEFRINVELTLONBETH S, HHBOD Figs.
L0, NaOCl Oz (7 3 F#) »5-COOH #
DEFE (73 FHE) L) 5%EVHED N-CL1L
#HAEIYH LT Table 112K L7z, N-Clib®izzh
ZFRO A-PAM 220V, (FIZBAMEERL, ik
ERE10% ~20% TI295%ICbE L2, LaL, 25%
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£30% Tix80% E58%BIZIET L7z, ZHUTRTIZHR~
EHI-COO HDBERNBERAVFBER o270
EEZOND,

3.3 N-Cl-A-PAM O#EE{L

Fig. 742 NaOCl/-CONH:=0.1E L}, 5C, 10
H# o N-Cl 2O EEZRT. MARSHEE20% O
N-Cl-A-PAM @ N-CL{LZIZ1055HB AR D95% 12 5E
T5H, W0HBETH8%BABFELZ. ZHIZHL N-
CI-PAM (WK% 0% ® N-Cl-A-PAM) & N-
ClIEERIL63% 25 5 % o8 L 7z, = fLid N-Cl-
PAM @ N-Cl 3 BETIES IR 7~ V8L %
2 Z9A%, N-Cl-A-PAM @ N-Cl #£i3» % ) %5
THhHIERRLTWwL, F/2, NaOCl (FELD
NaOH % &) OFMmEIFELTHNIE, N-Cl-A-
PAM ?-COOH O&H EHE 2, N-ClILEORA
ANEV, NaOCL/-CONH:=0.1%VH THK 55 fF &
15%® N-C1-A-PAM & N-Cl 1t#1310 H #48 KfE D
95%0>580%142, BIARZBRBE10% T82% 55 60% 12,
IR REE 5 % TIF68% 2> 522% 12 A L7, Zhit
3.1 THAE D12, A-PAM @ N-Cl AL Tlahnzk
TRESEVEE, -COO  ROBHEREEMNRICL VA
U72N-Cl#£b%< %5, Bb Fig. 4 1IZRTAEBD
K (b) BHBMEELZ E2REL TV,

—7%, Fig. 7 & Fig. 8 DEEH» 5, A-PAM O
KGBEDE LA, NaOCl ORMEN &V, N-
ClE£omEAHE L. #ilzid, NaOCl/-CONHz=
0.1V THASBEEL0% D N-Cl1-A-PAM @ N-
ClLILROWMAEH82% (Fig.7) Thh, hx
-CONH:z 126t ¥ A N-Cl #ED&HF IZHE 7 1128.2
% ThbH., W0AMKELZH, 6.0% @I L. &
A HEIE2T% TdH o 72, NaOCl/-CONH:=0.3E L [t
(Fig. 8) TIAN-ClEDEHFFH516.5% 1> 55.4% 2
B L, BAREETH THo72. ZOHRD—D
12 NaOCl B &V, 3.1 THERLZ L)
#LSZL7:-CONH: £ N-Cl 1k %< %2 b, Zhid
N-CLPAM D L) 5[ EF T VB2 EOK
EETIDDEEZONS, LI L, ThEZTCE
N-C11E#%%5.4% (NaOCl/-CONH:z 0.1 €V kDB
EOENLDE) IZEAD L2 L 2 HBHERL .
—7, NaOClL RNFBOMKIZE, NaOH DORE D
WRTHZ D, N-ClEOGHEPRETLZ LD E
Zibhab,

3.4 N-CI-FA-PAM OREMICLRIEITRIGAD

pH ORE

DEO#ERE L D N-Cl-A-PAM ORERIZRITT

100
5 80
o
)
Z
5 60 |
®
g
;c.a"" 40
b \O
=]
Y
g
o 20
O
0‘. " 1 " L A4
0 5 10 15 20 25

Reaction time (h)

Fig. 9. Effect of concentrations of NaOH
in the reaction solutions on the
stability of N-chlorine (N-Cl)
groups of N-CI-A-PAM at 5 C.
Notes : -CONHs, 0.035mol/1 ;
NaOCl, 0.0035mol/1.

Legend: 0, NaOH=3.5X10"*mol/
1: @ NaOH=3.5%10"%mol/1; &,
NaOH= 7 X10 " *mol/1.

RIS# D NaOH BEORBRIKEVEHERE L. £
NagtB§ 5728, NaOCl/-CONH:=0.1€ VLT
NaOH D #hi& % NaOH/NaOC1=0.001, 1 & U* 2
ENHICEAL ST, MAKFHEELIORD A-PAM O
5CTO N-ClLRIGE 88 L7, #H# % Fig. 91IR
F. NaOH/NaOC1=0.001 T3 24 RS L 7218,

BUSH#LD pH 1316.524* 53,4812, N-Cl {LH 3 AE
DB80% A5 30% (i L, -COOH #4510% %> 513%
WAL, Zo—REIZIMY L7z N-Cl1# (Fig. 4
b’} HEEECHIAGEL 2T (B - Hd, 1996) 72
HEEZBND. 2, -COOH #4453 5 N-Cl
#% (Fig. 4 ® b) EBEETRESICHRS R, -COOH
EHELS (Fig. 10). 815, N-Cl-A-PAM 3Bk
THREETHSZEPHLPII R o7, THIIHLT,
NaOH/NaOCl=1 &M LTl pH i311.6 4 5 11.4
12, N-C1{bsi382% 2 5 70% (294 L 72. NaOH/
NaOCl=2 E VIt Tid, pH iE11.94*511.742 N-Cl
1b#1392% 22 562% 12 E L L7z, BA N-Cl1bEiE
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—CH,-CH-CH,-CH— -+ —CH,-CH—
| | y
(O ~ C. -
o 07\ 0 o NCl
NCI
(b) ®)
H* H*
—CH,-CH-CH, CH— ++ —CH,-CH-
oo ¢ ¢
N
o OH/ Vg o’ “OH
"NCl1
H* Ht
t
~CHy-CH-CH,-CH— +++ —CHy-CH—
|
Lo G C
o’ OH o’ ToH

OHO

Fig. 10. Proposed mechanism of hy-
drolysis of N-CI-A-PAM at
acidic solution.

NaOH,/NaOCl=1ENOHE L N BV, ZOF

BB BLREL., ThL )7 Uh ) BEFEVE,
N-CI-A-PAM & N-Cl #0& %Rk 2 5 2 & 5F
Shrots. UL, Fig. dodBEkb e b EETE
EENOT, N5 OFRECIEBIER A 4~ KIS
ZDoWT, TAAIERIEICES LTV ERFERLC
v, TOTVH Y OFENINED S ofFeE (O -
WH, 1970) »oHEEDREREHTHLEEZOND.

PEOEBERLY, N-CI-A-PAM HEDT IV
HUBRTRDPLVEETH LD, BESLVITHET IV
# ’)‘Hﬁ’(“liﬁ%l,%hukﬁ oo,

4, & #

HWhBERE LToN-soa7 =4y HRY 72
YT 3 F (N-CI-A-PAM) %#BT 5201200k
SEED5~30ENV%D A-PAM @ NaOCLiZ & 2
N-ClALEUS ##&f L7, A-PAM ® N-CLALRIG X
PAM O ZN & hv., MAMISET20I0&EFR
3.5~4 52 ET A5, MHITIFTI0~3057TH o
#2. NaOCl/-CONH:=0.10E VLT, MKGHEE

15~20F L %D A-PAM @ N-CIL 13 I(395% 123 L
7295, PAM O#FNI3EH1263% Th-»72. A-PAM
?-COOH £DEFRHIIN-CHLEIS IR E L EH %
525, 5~0FENV%OHET-COOHEDERE
HEVEE, N-CLILS AR IZETT L. Thid
-COO™ A #+ ¥ & -CONH: OB HS) 12 X Y 30
Ehb. LaL, -COOHEDENNEN % # 2 5
&, A-PAM O N-ClFIFEF L. Zhiz-CONCI
RU-CO0 & QIO A * v MOBERENIHIVELT S
AT oR A Y (O

N-Cl-A-PAM Z N-CI.PAM L WV HETH 5 =
EWd o7z, NaOCl ORmENRHE L ThhiT,
-COOH EHEDEV N-Cl-A-PAM # N-Cl 2O &
AEEEAMEY, JHE-COO EO MR RERIC
INEL/AN-ClEPBUELERIEEREL TV
5. BEldH L0 T VA )BT N-Cl-A-PAM
BB LB VD, RN ETE» R YV RETHAZ L
DA S DI o 7.

A #EEL0~20F L % D A-PAM @ N-CL1LK
S EIZITH 121, NaOCl DM & K 5 i
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Summary

N-chlorination of anionic polyacrylamides (A-PAM) containing 5-30 molar% carboxyl
groups was maximized after 10-30 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 NaOCI| as com-
pared with 63% of PAM when 10 molar% of NaOCI 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-
boxyl 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 -CONCI] and -COO™ against ClO~
ions.

It was found that N-CI-A-PAM is stabler than N-CI-PAM. The concentrations of
NaOH in the solution greatly influenced the stability of N-CI-A-PAM. N-CI-A-PAM de-
composed somewhat easier at acid or strong alkaline condition.

The level of N-chlorinations of A-PAMs with 10~20 molar% of carboxyl groups
reached the maximum (about 95%), when the addition levels (5 -15 molar%) of NaOCI
to amide groups were 5 molar% lower than the contents of the carboxyl groups. The
N-CI-A-PAMs prepared under these conditions were fairly stable so that it was easy to
deal with.



