SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

20 FERICL DD DIEREREICRE T B30 (5D
})  N-20QbET7=—AHERYTIYVILTIRD
WAR=LLEYIE S

5, D
M KREZEEIAMIEFE T EFHERE

HeR,
FUM RS BRI AR L5 TS5

https://doi.org/10.15017/23582

HARTERR : UMM KBEBEEBEHEE. 51 (1/2), pp.67-75, 1996-11. SN KEBEELE
N—o30:

HEFIBAMR



JLK B2 355E (Sei. Bull. Fac. Agr., Kyushu Univ.)
EOIEFEL2% 67-75 (1996)

B FERNC & A oraaEE I C B3 5 F5E (55 5 k)
— N-ZO)W 7= MER) T 7T I FOMNMWEELFE —

W 4 P b

K

UK FE RIS U TR
(19964E 7 A31H%H#)

Study on the Mechanisms of Improvements of Paper
Strength by Polymer Additives (v)

— Effects of N-chloro-anionic-polyacrylamide on
Improvement of Paper Strength —

Shao-ping CHeN and Hiroo Tanaka

Laboratory of Industrial Chemistry of Wood, Faculty of Agriculture,
Kyushu University, Fukuoka 812-81

1. # B

HiER (B - @, 1996b) TiE, 7=4 LHERYT
ZYNVTIF (A-PAM) @ N-7 2 VbRt & N-7
vu7=t RY) T2 YNLT I F (N-Cl-A-PAM)
ORELERE L. A-PAM @ N-Cl 1L IS i
PAMOZFNEEL Y, MG EEFEO TR,
5 CTiZ10~3050T, 25CTid 1 ~155 TR ARIZE L
7. APAMBOHILERFUNVEOEREFE (5~20%
OEFE) P EVEE, NaOCl oRmEIZ KV, N-Cl
ItRIEIBCE S 7z, T, BEEE7T A YN
T, N-CI-A-PAM RfFELEAFITH S Z &A% H o
7o (B - Hv, 1996b). AR TIEMAKDTHEDE %
A N-CI-A-PAM # VT, 858 (pH4.5) B
§57 VA (pHT.5) 1M T A N-Cl-A-PAM D%
AR UEE, BEANEEHRERE L. 2O
BE A-PAMOFNEIEL /.

2. FE B&

2.1 =¥

D NaOCL 122N @ NaOH %ML T, 0.007M,
0.021M @ NaOCl (%31 ? NaOH 2 &) REW
RERELL.

7OV 713 LBKP # CSF430ml £ T L THW
AR

2.2 N-CI-A-PAM D%

0.6% " PAM AKBERICATERED NaOH %A, 5,
10, 15RU0ENBIMAKTH L., T Eh %
HC1 T pH6 2L, A-PAM OEEH0.5%I7%
B EFCHIAREZIMA, SEEICREL 2. NaOCl 0
e kS @EET D7 I FEEZ100L L TI0EV % X
IE30EL%IZ L7,

BETTLEHD0.5%A-PAM KiEHISm] 28 L
CHHL A5, RED0.007M (10E 1L %) B i
0.021M (30EL%) ® NaOCl KiEifi% 1 ~247T
WTF L7 N-CHELEOBADL ZATHER D
WL, EHIZSVT AT —IZiEMmL 72, N-CI-A-
PAM OEBREDSHE Y Table 1 12777, Hhek
DOFIEIZN-CL #1353 — FiE, -COOH, -NH: &
J0A4 FEEEIZEDITo (B - Hd, 1996b).

2.3 PEE
(a) EEMAPIK

1.2% /ST A5Y) =0V T 2%, T2 E4%
D7 745 [Al(SO4)s - 16H0] #HML, HCL W
it NaOH T pH4.312 L7z, ZTHICEER2. 2 THRL
72 N-Cl-A-PAM RIGHEDOATER (K750 70.5% D
RU<—8) 2Nz, pH4SIIHEL.. HVUTTFD
pHASIZ L7z kEAEHWTHEREIZLY, ¥ — M2k
#qL7.
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(b) §§7 VA1) HEFLAE

N-CI-A-PAM OEZEPHELT, RYI7ILY
AFNTrEZYL2EY K (PDADMAC) %M
L. 1.2% 0807 %5 — (pHT5) 120.1%
PDADMAC #xi/3V 70.1% X130.2% M L 7=, =
HUCHEBR2. 2 THBM L 72 N-Cl-A-PAM Bl OFT € &
(AL T05%DFEY < —8) ZRML (pH8.3~
8.8), HCI TpHT.5L L THEEII> TFHW & K2
EgLL 7z,

B — Md3.5kg/em®, 5HMTLVALT, 06T
107 MISERE L 7o %, BiREES (200C, RH65%) #+
T1EKFEL 7.

2.4 HEHHE

B MRS5S % JIS P8112,
JIS P8I35IZHE- TR L 72,

25 - FOERESHEE

RS —NiE (BE, 1991) (2 & hkeéd7:. PDAD-
MAC % ¥ L72%&% N-Cl-A-PAM O EEERIZ T
% PDADMAC O % FLAKOBEERZH Y,
INEEBRDBRENLEF I TERDT.

3. KR L F

3.1 N-CI-A-PAM DEME
N-Cl-A-PAM A HMA & L TR £
A, TN TIIERLZTRE RO R, K

EEFIR) M %

TR L7 N-CI-A-PAM & Table 1 25 472>
% £ 912-CONCl, -COOH, -CONH: &-NH: % &
THLZERMEORSFERETH L. TNELOERE
HEOHEIZ A-PAM O N-CLIERIE&HBIZ L » TR
%5. A PAMONKGBEEIKEVE, 7I/%
OE &L L7z (Table 1). $£7:, -CONCL 0&
ARIIARGRE20% TRARICZ o7z, 7OV TREN
OBEFTEREOREFEHEHOBEMRELFEHICLS
#T (Wagberg and Bjorklund, 1993 ; Dahlgrern
and Claesson, 1993 ; &7, 1993; =7, 1995),
N-Cl-A-PAM D EZ &L A-PAM O K 5 & &
WL AT HLEFRTE S, NWKTBEORL S
(0 ~20%) N-CI-A-PAM OEFE*EEE (pH4.5)
EEET A UE (pHT.S) TIREF L7724, E&EBIH &
LT, BRAETIRIAOT7 74 (Al(SOs)s:16H:0) %
HHL, 887 VH )T PDADMAC % HwWw:.
TI7aRMFNVT2%HRMLI-%EES (Fig. 1) N-
Cl-A-PAM K5 HEE10% TR AEERIZEL
7z. N-Cl-A10-PAMoa (A-PAM DK 8E10%,
NaOCl/-CONHz=0.1; Table 1 i) & N-Cl-
A10-PAMo3 DEZE BT FNFNT8% L T4% THh - 72
(Fig. 1 ®Oa). #4055 O fEiZ N-Cl-Ao-PAMoa &
N-Cl-Ao-PAMo3, 2% H, N-CI-PAM OEFX
(39% L 45%) & W K&, N-Cl-Aw-PAM i3EH%
WMEHTTLLERTHDT, FOENBLEDRER

Table 1. Contents of functional groups in N-CI-A-PAMs used in this study.

Functinal groups in N-CI-A-PAMs (mol%)**

N-Cl-Ax-PAMy*’

-CONHCI1 -COOH -NH:
N-Cl-Ao-PAMo.1 5.8 15 2.0
N-CIl-Ao-PAMe. 12.6 2.8 55
N-Cl-As-PAMe. 7.1 5.5 15
N-Cl-As5-PAMos 135 6.5 5.2
N-Cl-Aw-PAMou 8.2 10.0 0.8
N-Cl-A10-PAMos 14.3 11.0 4.1
N-Cl-A15-PAMoa 9.5 15.0 0.0
N-Cl-A15-PAMos 16.5 15.0 3.0
N-CI-Azo-PAMo.1 9.4 20.0 0.0
N-CI-Azo-PAMo.3 18.6 20.0 2.5

*1

: N-CI-Ax-PAMy :x is the content of carboxyl groups in a A-PAM. y is

molar ratio of NaOCl to amide group in the A-PAM.

Functional group of N-CI-A-PAM (mol)

X100%

*2 mol% =

-CONH: group of PAM (mol)
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Fig. 1. Adsorption of N-CI-A-PAM and
A-PAM on sheets at pH4.5.
Notes : N-CI-A-PAM or A-PAM :
05% on pulp ;1M :N-Cl-Ax-
PAMo.i; AA: N-CI-Ax-PAMo0.3 ;
0. : A-PAM.

N-CI-PAM L) BT & fFs b,

T/, TILORMEL 2/ (/v 74%) 2L
T, N-Cl-A-PAM OoFEHFEL BT L. OB
N-Cl-A10-PAMo1& N-Cl-A1-PAMos i3 RKEESE
#w L7 (Fig. 1). ShODMEIZT T L8RV T2
%ImMLIHEL YRR KEP 72,

BB, TILOFEME2%TH, 4% TH-COOH
10% LA £ & N-CI-A-PAM o € # % 1% N-Cl-Ax-
PAM03<N-Cl-Ax-PAMo1<N-Cl-Ax-PAMo C &
LI EMgrolz., i NaOCl OFRMEIEWEE,
N-Cl-A-PAM ?-CONCI D&HENFE 2, A%
ML b, BEEVRLTLIEII-EID
ZrEZOND., S5, FMHTHR~NZEH I (B -
M, 1996a), N-ClEEGEHBETIIELO - A DK
BRI ZFVEEGREET A Lo T, BEN
AR ENDE Z LB RPT EEFRERL S E5
BETH%.

—%, 87 VA KRS N-CI-A-PAM @
EEE% Fig. 2 2R L7, PDADMAC % xf/% v

PDADMAC 0.1%

PDADMAC 0.2%

——
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Fig. 2. Adsorption of N-CI-A-PAM and
A-PAM on sheets at pH7.5.
Notes : N-CI-A-PAM or A-PAM :
0.5% onpulp;[] W :N-Cl-Ax-
PAMo.1; AA: N-CI-Ax-PAMo.3 ;
0.: A-PAM.

FO1%EML =BG, MAGHEESD 0 O N-Cl-Ac-
PAMo1& N-Cl-Ao-PAMosDEHF FiZ ZFh Fh 82
%L58%THolz. L L, MASBESETLE
ERNAIET L, N-Cl-A20-PAMoik N-Cl-Aso-
PAMOBODSEERIIbLT N EN% R -7z, Th
AT BEOEKIZERT, B v —DAFEREH
HinL, PDADMACOAF 4 v UHFETET E10
LEZLND,

PDADMAC OFEME% 28 /50 70.2%) 2
T5&, N-Cl-A-PAM OEEENHE SN (Fig.
27MA). -CONH; ®10E L% NaOCl 2L
7234, N-Cl-A1-PAMo1 TR AKEEE (78%) %
Bhs:, MASBROBEKIENT, EFEFITEFRL:
#%, 0.1%® PDADMAC ifIMOBE L h BB -
Lo,

3.2 N-CI-A-PAM OEZIEM HIEETIR

N-CI-A-PAM O#FIHoAE)R % EER2. 2 & FHKZ,
WL RSl e AT, pHASLT.5THRE L 7.
Fig.3, Fig.4 12 N-CI-A-PAM #iNiC & 2 &4%7]
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Fig. 3. Effect of N-CI-A-PAMs with dif-
ferent content of carboxyl groups
on dry-tensile stength at pH4.5.
Notes : N-CI-A-PAM or A-PAM :
0.5% on pulp ;] :N-Cl-Ax-
PAMo.: ; AA: N-CI-AX-PAMo0.3 ;
O®: A-PAM.

RODEMIDT T v o (BHEI) (ST AEERRT.
HBDO-0, AGEEDOR U A-PAM OB IR
SEBIIR L. 797 OEMRTIHR Y 3 31337.3N-
m/g THotz.

A-PAM ®-CONH: &0t o —AKkBELD
KEZESICLIVEIMECFST L L3ECED
b Twad (Casey Ed., 1981;Eklund and
Lindstrom, 1991 ; Neal et al., 1988 ; Roberts,
1991 ; HH, 1994). pH4.5T A-PAM DEMIZ L %
MAOGEOEERELHUL CEMLL, K@t
KIZIAKTHEEINN T, 797 D1LIETHo 72
(Fig. 3, @).

EORIEARE Lo — AEOR OILEES
IZHECBELTEHY (B - H, 1994 ; B - HP,
1996a ; Ht, 1994), N-ClI-A-PAM iz & %
HBRIRVARIII A-PAMOZEFNR L DELIHAL
7= (Fig. 3). #7id k5 &K 10% © N-Cl-Aw-
PAMos THBRAMIZEL:. COBKEIZTS 20
1.3METH -7 (Fig. 3 DA)., T/, -COOH 10%

PDADMAC 0.1% PDADMAC 0.2%
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Fig. 4. Effect of N-CI-A-PAMs with dif-
ferent content of carboxyl groups
on dry-tensile strength at pH7.5.
Notes : N-CI-A-PAM or A-PAM :
0.5% on pulp ;TJM: N-CI-Ax-
PAMo.1; AA: N-CI-AX-PAMo0.3 ;
O®: A-PAM.

LLE@ N-CI-A-PAM O E##: N-Cl-Ax-PAMos
<N-Cl-Ax-PAM01<N-CI-Ax-PAMo T & » 72 2%
(Fig. 1), ®AODOERIEZIh & HEOMERF, N-Cl-Ax-
PAM03>N-Cl-Ax-PAMo1>N-Cl-Ax-PAMoiZ%-
7z, THUI N-Cl ED§EE TtV —20kEBEE
EIRAFNEEEETAIENTES (B - HY,
1996a) 7z e EZHh5, HEEEOT A NVF -
REMELDIMELEKRE L, XABESOBEIMS
OHEWKELCESETHDOT, N-CI-CBEDNEZWE
(N-Cl-Ax-PAMo3) P ZIRIZLARELVTHS ).
o, HARESICL VRTINS L D EEL, Wi
MOAKFREGOIHEINLbDLEBRINSG,

g7V EOBEIE, PDADMAC 2 E4B#
ELT, J2INT01F4030.2% B ML, 2 heo
PDADMAC 2k a8 A LRIz FNT T~
D105 L11IETH o 7.

PDADMAC #xt/9V70.1% 0 L7254 (Fig.
400aA), MAKSHEL0% L D N-Cl-A-PAM @
BB IR DR ESIZ A-PAM OF R ETPL TV 72,



N-Cl-A-PAM O3 R n

Z X PDADMAC # %SV 701% R L 725 &
N-CI-A-PAM D EEFEN A-PAMDENR LY 7%
DEVOT (Fig. 2), N-Cl&iC & 2 &HHME L
KR RETE o EFEZONS, T,
Fig. 2R3 & 942, MR AEEL0% L ET N-Cl-
Ax-PAMosDEREEN A-PAM D50%, N-Cl-Ax-
PAMo1®# N id A-PAM ©75% T o 72745, #hk
ERESMHRTIZEIFA L TH o7 (Fig. 4 00OOL).
ZORERILE U R A 155 ORI OB
N-Cl-Ax-PAMo3 T A-PAM ORMED0%, N-
Cl-Ax-PAMo1 T25% AR T w2 L &mLTw
5.

PDADMAC % 2% (0.2%)i2% % &, N-Cl-A-
PAM DO¥2R515R 1 3R S O £i30.1% D& & H L
EIN, IS, WMAKSHEE20%D N-CI-A-PAM T
# L, #1213, PDADMAC DfM=z0.2% DG4,
N-Cl-A20-PAMos DiFAN & HBEBFIR D MBS iX 7
S 27 X H2T%HAL7zA, PDADMAC 0.1% Tl

Alum 2% Alum 4%

T

— o
] [ &
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Fig. 5. Effect of N-CI-A-PAMs with dif-
ferent content of carboxyl groups
on wet-tensile strength at pHA4.5.
Notes : N-CI-A-PAM or A-PAM :
0.5% on pulp ;1 M : N-CI-Ax-
PAMo1; AA: N-CI-Ax-PAMo.3
0.: A-PAM.

12%Lazv. THIZHEOEEE (52%) XHHE
(20%) L D3R2%BBNZEICRETEY, ZoZkd
N-Cl-A-PAM DFS7 V7 ) BT PNT b e &
XLl T7 v 7EEL L, FOMDEEBHRII SIS
ZEEEINLZEERELTWA,. N-Cl-A-PAM &
EIRIE IR Y S S XH UK BED A-PAM O %
ntoEhror: (Fig. 4 ola). T/, N-Cl-Ax-
PAMos O eI 185Exh B 12 N-Cl-Ax-PAMo1 &
DRE&EDo7z. B2, IOKGBELN% TIX, A-
PAM, N-Cl-A1-PAMo1& N-Cl-A1-PAMo3 D ¥
BEER YR IZFNFNT SV 7 D12, 1.3265
L1381 THhH o7z, THOBHIE/ L HITN-CL &
D4 K &3 N-Cl-A10-PAMo3>N-Cl-Aw0-PAMoa
SAPAM THLZERVENHLDEFERDEND
PDADMACO.1%DBE LY MEL h btz E R
LMD, NAKGRENI0% S L, HKNOOmLE
RE\HA LI, B0 X ) (KD REOHERIZD
N, N-Cl-A-PAM OEZELEPMETTH I LIRS %

PDADMAC0.1% PDADMAC 0.2%

ength
s

@®

Relative paper wet str
a

N
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Fig. 6. Effect of N-Cl-A-PAMs with dif-
ferent content of carboxyl groups
on wet-tensile strength at pHT7.5.
Notes : N-CI-A-PAM or A-PAM:
0.5% on pulp; CJM : N-Cl-Ax-
PAMo1; A4 N-Cl-Ax-PAMos;
O®: A-PAM.
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Fig. 7. Influence on effect of wet-tensile
strength by -CONCI of N-CI-A-
PAMs with different content of
carboxyl groups in dry sheets at
pH4.5 and pH7.5.
Notes :

Wet tensile index’ = wet tensile strength

dry tensile strength for control
O : N-CI-Ax-PAMo.1, 0.1% PDAD-
MAC ; &: N-CI-Ax-PAMo.3, 0.1%
PDADMAC ;& : N-CI-Ax-PAMo.1,
0.2% PDADMAC ;[J: N-CI-Ax-
PAMos, 0.2% PDADMAC ;@ :N-
Cl-Ax-PAMo1, 2 % Alum ; A; N-
Cl-Ax-PAMo0.3, 2 % Alum; @ :N-
Cl-Ax-PAMoi, 4 % Alum; B : N-
Cl-Ax-PAMos, 4 % Alum; OA$
(J:pH7.5, ® A+m:pH4.5.

HER» HBEEZONS,

B, 57 B EoOwTRE, N-Cl-As-
PAMy DO#ED TN I1Z N-Cl-Ao-PAMy O F1LiZ
EPLTwE, ZhiE-COOH ENEEERNF L L WVO
T, N-CI-A-PAM O3V F~DEEM, #HAO S
IR IZTHEI NS WEEZOND.

3.3 N-CI-A-PAM 02 HigasR

A-PAM (ZBEEAMHHEYH L 2va5, N-Cl-
A-PAM EEN-EHEHELEH L. N-Cl-Aw-
PAMousOXIGHEFIRDESI32% /213 4%0T 5

LDBEMTENRENRT F v 7 D12E (Fig. 5 DA),
12.51% (Fig.5 DA) Thol?, BEBRERENHD
1T% ST 5. BEEEIRNAEEOXF 2T v
FUC XY AR L 72 ST ARG 2 AR E B iR A &
ErE—R, AIENVO-RERUBLTRE S NS
HEKEGIZLDREHRT S (Herbert, 1995 ; Jurecic
et al., 1958). N-Cl-A-PAM O L \WiBE&Hm L
ik N-Cl-A-PAM OFMIZ & b, SiEORMEIC
HEREIEHENAZEEZRLTWVS,

897 v h ) HEICNT B N-CI-A-PAM OB 4EE
[ ExEOFKAMEIE N-Cl-As-PAMos THR, 0.1%
F7:120.2% ® PDADMAC OfINT, #hEh 75
¥ 7 M11.0/% (Fig. 6 ®A) 212,545 (Fig. 6 DA)
THolzh, BEDOEE D N-Cl-As-PAMos D%
5 [8.15£9.81 (Fig. 5DAA)] XIhEW, Thiz
N-Cl-As-PAMos "B L D 7L A YR T I EH
TAHIERALL. MKGBEIIOEL % EBR D
&, BIZTAAIEOHENBELVE ko7 B
BH—21k PDADMAC 0.1% D& 13 g B MEAE
Wi bkEZ 55755, PDADMAC 0.2% D% 6 13
EEROE N-Cl-As-PAMy & N-Cl-A10-PAMy
ORTEE L EBEEDKOFRS XN En 2 LT
&%wv, L& L, N-CI-A-PAM @ N-Cl £ D§ 7 L
) MRS B BUB IS ESEE S X DR L E R
Hhad, INEFIEHT 5729612, N-CI-A-PAM @
N-ClEI L2 EEKEOEEFBHBE IS L5 E
BrEEMICHET L.

Fig.5, Fig.6 %5, N-Cl-A-PAM O #&EMIZ &
AtiE@slky s 25X (1) CEHE L. N-Cl-A-
PAM DEXA% (Fig.1, Fig.2) & N-Cl-A-PAM
FD-CONCL DEHFHE (Table 1) 225631 (2) #Hw
T, lg DY — FHIZHFET 5-CONCL D E L
BAHEL.

wet tensile strength

Wet tensile index= -
dry tensile strength for control

(1)
AXBXC

Content of -CONHCl=—————
ontent o TXE

{mol/1g dry pulp)

(2)
A : Adsorption of N-Cl-A-PAMs (%);
B: Addition level of N-Cl-A-PAMs (gN-
Cl-A-PAM/100g dry pulp);
C: Content of N-Cl group in N-Cl-A-
PAMs (molar%).
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Fig. 8. Adsorption of N-CI-A-PAMs kept
for 10 days on sheets at pHA4.5.
Notes : Alum : 2 % on pulp ; N-CI-
A-PAM or A-PAM : 0.5% on pulp.
0: A-PAM; <1 :N-Cl-Ax-PAMo1
kept for 10 days; &: N-Cl-Ax-
PAMo3 kept for 10 days.

B S /N-Cl (mol) (BT ‘N-Cl #5058
LB ) eHtEZ, N-Cl-A-PAM OWK B & 4
#ic7uy ML (Fig. 7). Fig. 7L b N-Cl-A-
PAM @ ‘N-Cl #£%% RiIkoBEOERIZON,
ZLLETTAI &P 005, 8700 UHSV I
HoviFhd, N-Cl-Ao-PAMos® ‘N-Cl ZxHH’
AT N-Cl-Ao-PAMo1 D F L L v, Rk (BR -
M, 1995) Cilk <A LS IifiBEOGFERTIOERE
454, N-Cl-A5-PAMo.1 & N-Cl-As-PAMo3iZ 2w
Th ZOEIPFR SN, MARFREIEN %L LT
i N-Cl-Ax-PAMos & N-Cl-Ax-PAMo1 @ ‘N-Cl
EHR OEINS L otz TRENMKRGBESE
Wiz, N-ClIEZEFEVD T, REIED NaOCl »4
Rl hnhiz, R)v—FHEOPHPRI LIz ER
LNDB. —H, MAKSBEI0EVREET, AL N-
Cl-A-PAM @ ‘N-Cl %% dBMoF»7 V0
X &y, F2E, N-Cl-Ais-PAMos OB
1% 'N-Cl #5313 132.02 (Fig. TDA)THBHDS,
7N A ) HETIE1.46 (Fig. 7 DA) Lz,

1.22

=
N
o
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Fig. 9. Effect of N-CI-A-PAMs kept for
10 days on dry tensile at pHA4.5.
Notes : Alum : 2 % on pulp; N-Cl-
A-PAM or A-PAM : 0.5% on pulp.
0: A-PAM; [J:N-Cl-Ax-PAMoa1
kept for 10 days; A : N-CI-Ax-
PAMoa3 kept for 10 days.

P EogERE, MARGHEEFEVE, ‘N-ClEHE
AL B IL, BIER (BE - W, 1996b) TR L7
£ 12 N-Cl-A-PAM ®-COOH £ DB 5 12 &
a7 N-Cl# (JEILSZ N-C1 %) Wl L7 N-
ClEIVEETHBLIEND, HIIBRELIK
IEHUAMENT EEFRLTWE, ZOTA FARRIR
-COOH 7V iEE Lwv. 7, ‘N-CLEHR »°B
HTEBWDIZ-COOH #0085 L AABERFFRLT,
MZ L7 N-ClEHEK LS < (B - Hd, 1996b),
ELIZk VO —ADKBEEL T AT VEGERKT S
(BE - M, 1996a) =L EZ N5,
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Fig. 10. Effect of N-CI-A-PAMs kept for
10 days on wet tensile at pH4.5.
Notes : Alum : 2 % on pulp; N-
CI-A-PAM or A-PAM : 0.5% on
pulp. O: A-PAM; O: N-CI-Ax-
PAMo.1 kept for 10 days; A : N-
Cl-Ax-PAMos kept for 10 days.
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Summary

N-chloro-anionic-polyacrylamides (N-CI-A-PAM) were prepared by N-chlorination of
anionic polyacrylamide (A-PAM) with NaOClat 25°C, and applied to improve paper
strength. By the addition of N-CI-A-PAM (0.5% on pulp) containing 10 molar% of car-
boxyl groups at pH 4.5, the dry tensile strength of formed sheets was increased at the
level of 37%, and wet tensile strength was 12.5 times larger than those of the blank
sheets. N-CI-A-PAM were much more effective on the improvement of paper strength
than A-PAM. The content of carboxyl groups in N-CI-A-PAM greatly influenced their
effectiveness. The N-CI-A-PAM with 10 molar% of carboxyl groups gave the maximum
improvement of paper strength at pH 4.5, while the N-CI-A-PAM containing 5 % of car-
boxyl groups was the most effective at pH 7.5. The higher the retention of N-CI-A-PAM
were , the larger the improvement of paper strength by the N-CI-A-PAM were. It was
suggested that the formation of ester bonds between hydroxyl groups on fibers and N-CI
groups of the N-CI-A-PAM under acidic conditions was the one of the main reasons for
the increases of paper strength. Under alkaline conditions, the improvement of paper
strength was attributed to the formation of network by N-CI-A-PAM themselves. It is
found that improvement of wet tensile strength by N-ClI groups of N-CI-A-PAM de-
creased as the content of -COOH increased. This is explained by the decrease in reactiv-
ity of N-CI group which connects with carboxylic group through neiboring group
participation. The effect of N-ClI group was larger in acidic solution than that in

alkalic solution.



