Zo|Z% FAL 9§ LbL multilayering®] A3 anFA g4

[ =

Fole] FAL FAAT L AtE FFuA FHREY AMEFO] FHHA e FA
th ol U 2AB ZUtE FE Fag Bddeg £uad, ofF IHHuA A
SR B B ol AL Folth FE FaE IR 94 FEer Hiel A
e 383 Ask ngE 5 Joh AT dFEE dE LbL(Layer-by-Layer)
multilayering 71&"& 7% @4 Wetoz 43 $ 9 ZoR JYEth ol W

o] Aae wE DEAAHALS 7)Fo) wzol st FAAIIE ALEA Lvov
sP) od Ag Wxe Bw kel ALgd w9tk HZolE polyallylaminet
polyacrylic acid® AF43% LbL multilayeringS %3t sfaldt g4 & 538 A=
o) A% 23 "SRE mse Bxel FEst A PP E EH'E wolFdh =
e 7 2 kA ARFG &4 MRS bl multilayeringdll AF&3te] gt g
1

o
=
59 5% Bre FuE FYAN ATE A o] &S AF

=

it fHo] FaE unE
2 Zo o AR E 98V A4 tw dEe T Fold FrEs FAANIE

Aoz BRuEYth 9 7ol LbL multilayering S thekdt mE A Add& AHEFHO
24 Fo] B FAd 71odsta o dhAwk A F7kA e A& LbL multilayering A
7] W AbgE Fxo] FHIE AAEA ol MR A HladE ool

g 3% F otk mEA B AFede @94 2y AfPZE FLE AREEHY
poly-DADMAC (poly —diallyldimethylammonium chloride)/PSS (poly—sodium
4-styrene  sulfonate), C-PAM  (cationic  polyacrylamide)/A-PAM  (anionic
polyacrylamide), ¥4 A %/PSSe] 7+ :EA7F LbL multilayering 2 Fo|4 %= &4+

Arlels, ol% el FoldE WAL A AW nyAE B AT
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off
i3

21 FAA=R

A BZeA g4 EW APEZE BE (Hw-BKP)E AMg&sich A9 A7 A7)
AEEg x437] 93 deddl @224 NaCle AHe3tdeh. H4de n2a g4s 9
) ExF#Fo] 4o]3dl poly-DADMAC (Sigma aldrich)3} PSS (Sigma aldrich)& A}-§-3}
G3, AFFAAE 2o)l= PAM (polyacrylamide) 3 %ol &4 HE-S AME3IATH AF
€8 nEAHA[AL I 532 Table 13 Zrh

Table 1. Characteristics of polyelectrolytes

Charge density, Molecular weight,
meq/g g/mol
+8.93 <100,000

poly-DADMAC
+6.17 400,000~ 500,000
Cationic
polymer | Cationic PAM +1.51 <50,000
Cationic starch +1.50 -
-4.63 <70,000
.. PSS
Anionic 517 <1,000,000
polymer
Anionic PAM -2.26 <50,000
22 289y

221 A5 24 2 nEAAdsd Az

A4 vEIE o] 43te] Hw-BKPE 3023t djglste] 05% 52 3Asiyd}. i
A% poly-DADMAC# PSSt 0.2%, HEA#F] poly-DADMACH PSS+ 0.3%,
C-PAM# A-PAM2 05%, H#& @ol&Fd 34 F BTAA 0T a3/ F
oAl 50CE &EE Wil 15%9 FE& FH| 8

222 3182 Al A9l multilayering

Multilayering Al A& A 54 7o AE 400-mesh o}l E E33 = w4
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|

A7l HAZE HEEshy multilayering% ANstgey. nrAAH A multilayering
Al Table 29} o] Ezel F7FE &2 sk oluf LEAF poly-DADMACH
PSSE AA A9 bl 02%, A5l poly-DADMACH PSSE 0.3%, C-PAM #
A-PAME 05%, %o]l&Ad AEL 15%, AEAZF PSSE 03% FHsH AT
TEARH D] FlEke FolA] mEAR 13 Aed F ojde HaTFEs 4
ste] eyt HHel He APz AAS AT

223 22 A2 2 24 H7

LbL multilayeringe M else 2o 3o we)} Ao EHHS}E & £ &

o uE £ gvh gudstE wES g A GFE FHREI] H8 Table

33 Zol A& ¥y 74 }04 Zz38t4vt. 2EAA N AL multilayering A ) 5kA] &

2 A # (Untreated), %ol % ol nBEAAHNEE 247 354
Hzbol A2 ato] ) Z}ol %ﬁ’é}% o= 63 AEd A7 (6 layer) 9 Hjztol &4

32 e 73 Hgs Mg (7 layen®E 2o A3 A85E FH A Table 3

3 o] FHAMEE ¥ oz HEI} AR FHT AR

AFsract. AgE Az 247 (25 cm x 25 cmE FE2E AAISHY] 53 FA)

¥ 35 bar?l ¢E o SRz gt w AWY AxV|E o] &8t HA2AG

rr

it

e

Table 2. Polyelectrolyte composition in LbL multilayering

Polymer Composition
Treatment ID
Odd layer Even layer
Low Mw Low Mw poly-DADMAC Low Mw PSS
High Mw High Mw poly-DADMAC High Mw PSS
PAM C-PAM A-PAM
Starch Cationic starch Low Mw PSS
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Table 3. Stock composition for handsheet forming

Sample ID Fiber composition of handsheet
Untreated Untreated pulp fibers (100%)

6 layer 6 layered fibers (100%)

7 layer 7 layered fibers (100%)

U + 7 layer Untreated fibers (50%) + 7 layered fibers (50%)

224 #xA9 497}

TAPPI method T410 om-98, T411 om-97, T494 om-96, T414 om-98%] &A3dte <
A9 B, FA, ARZE, NGE L AIAEE HUreAv FAE Micrometer
(L&W Co.), A% % % NAEE Tensile tester (L&W Co)E o] &3t9 FA3
i d7Z = Elmendorf typed Tearing tester (L&W Co)E AL3IA . A¢E 3
gkl el N gEA7] (TechPAP Co)E ol&38te #H7pstgith

3. d9 @ uF

Low Mw¥ AE2%9 poly-DADMAC# PSSE AH&3t4 multilayering ¥ 3¢
7 §-°13l High Mwt ZLE2F#2] poly-DADMACH PSSE, PAM2 %ol&4 PAM#
+ol2% PAME, Starch® Fol24d AR} AEAFS PSSE A Bfolth 1
AA A9 multilayeringel o8] 22 A% gasigoy, FFed AHER 1A
iAo TR/ 2RV o X = 93 el (Fig. 1). Formation energy
(Lt value) FSTE Afo]l ¢3S gusch AEAHS poly-DADMACH PSS
& AEE F2AE AYstn AFE FAHH(Untreated) A2 AxE Foleke] 2ol
7} vBlst At (Fig. 2).
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O6layer W7 layer @ U+7 layer

50

D6layer M7layer & U+7 layer

(/3 psuap yuareddy

Low M, High M, PAM Starch
PDADMAC

pDADMAC

Untrented

Low Nw, High Mw, PAM Starch

Tntreated

PDADMAC

PDADMAC

Fig. 2. Formation energy of handsheet.

Fig. 1. Apparent density of handsheet.

ol

A EAE2] poly-DADMAC

&

A

o
=

aEAEFY poly-DADMAC

F71sha e,

A5 9 multilayering

)

1 10~20%7t% 4ok Linstrom 29 Q199

H]3

2= Wstel A

A el

=]
-

o] vyebyt.

A
el

olo
pt
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_?_E

FA ol Hlsl 50~80% 2]

ol

SEE

9

o =
T

e

4
i+

A4 53 o]xA o2 PAMY

75

=
S

o A el Hls) 80~120% 2]

T

~

7 layerol A =7t 7}

o=

o
=

9 multilayering® “d

N

jol

50:50
Z-okt}. Multilayering ] €]

=
=

t}. Untreated®} 7 laye

layer &t}

= oA

:in
E

~
of

%R

0
_&O

o8

B

Zhel A

# 9]

7} A & %] vt

i3

5
.

untreated®} treated®]

(Fig. 3).

et (Fig. 4).

PAME A9

[e)
3

8ol 7

Al
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20

358 T
O6layer @7kayer =i1+7fayer f O6tayer ®7layer #1547 layer
3ne
E“ 8 E 230
P £,
g " g‘ 206
é § 150 F{“’
g £ 1
= s = ane ! 1
w!| 1
8¢ 1 )
b
0 PR -
Untreated Low Mw, Unirented High Mw,
PDADMAC pD%D]\IAl pD\DMA( PRADMAC
Fig. 3. Tensile index of handsheet. Fig. 4. Strain of handsheet.
AEAAAE multilayering® AFE SAAIA &n AR 2REE A F

71wl as] Aee g JEA=IF FAEHA %%hﬂr. Azt aEAF
poly-DADMACE AME3 229 #$ Qd7we xole HusAtt. PAMS A&

3t 4% 6 layerol Al blankd] HI3] & 40%9 Ax Z7FE vEUgled, 53 A&
A9 7 layeroll A oF 100% % ZEIqd 25 F718 B FojHe] ARez F3
UTFJ.' é

g AFe B AE9AE S/ FEeAed ol A& 1EA S A A1
4

Q6 kayer B7layer # U7 layer

Tear strength, mN
E

[ —

Untreated Low Mw, High Mw, £AM Starct
pDABMAC  pDADMAC

Fig. 5. Tear strength of handsheet.

4. 4 2
LbL multilayering A& & E3 £xA9 FAE &Z Z71900 ARAFY 224
AsfAdel Mfolel FaAMge B2 Heydo nAzdy 5 Yira F2Eo
AT Ao oA ko] gk} ojo] wra] uE A uEAAHE L XK
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EHo] mAzdn 5 Rz FAHA ¥ T FHH AEAF] LEAA
AR 22 AFFE P &%E JebdAth PAMY B FEA9 ARFE F
Aol agtFold oy AERE e 2 &3t vlus¢th LbL multilayering©l
AR-E o] 8T FxAZ AV Qo) o A3t 2FH FFH A T 9
AR b AFE BE Fold Y B AL T Fol BEAC & FLE AL
=g AR Ao A9 F FHE ARE 0% FAEUHE e e AR FEE
Halo.
A A

BT 0089 E AR(AEHL & Ao aFnsgwe] A0 wob &
Ag A

J 8 A7 (No. RO1-2007-000-10791-0).

ol

V&R

1. Decher, G., Hong, J. D., Schmitt, J., Buildup of ultrathin multilayer films by a
self-assembly process. III : Consecutively alternating adsorption of anionic and
cationic polyelectrolytes on charged surfaces, Thin solid film 210(1-2):831-835
(1992).

2. Lvov, YM., Grozdits, G.A., Eadula, S., Zheng, Z. and Lu, Z, Layer-by-layer
nanocoating of mill broken fibers for improved paper, NPPR]J 21(5):552-557 (2006).

3. Wéagberg, L., Forsberg, S., Johansson, A., Juntti, P., Engineering of fibre surface
properties by application of the polyelectrolyte multilayer concept. Part I
Modification of paper strength, NPPS 28(7):222-228 (2002).

4. Eriksson, M., Pettersson, G., Wagberg, L., Aplication of polymeric multilayers of
starch onto fibres to enhance srtength properties of paper, NPPR] 20(3):270-276
(2005).

5. Torgnysdotter, A. Wagberg, L. Influence of electrostatic interactions on
fibre/fibre joint and paper strength, NPPR] 19(4):440-447 (2004).

6. Fatehi, P., Xiao, H. N., The influence of charge density and molecular weight of
cationic poly (vinyl alcohol) on paper properties, NPPRJ 23(3):285-291 (2008).

7. Youn, H.J., Chin, SM., Ryu, JH., KwonHS, Basic stduy on electrochemical

-133-



properties of multilayered pulp fibers with polyelectrolytes, J. Korea TAPPI
39(4):53-60 (2007).

8. Lingstrom, R., Wagberg, L., Polyelectrolyte multilayers on wood fibers: Influence
of molecular weight on layer properties and mechanical properties of papers from
treated fibers, Journal of Colloid and Interface Science 328(2):233-242 (2008).

9. van de Ven, T. G. M,, A model for the adsorption of polyelectrolytes on pulp
fibers: Relation between fiber structure and polyelectrolyte properties, NPPR]J
15(5):494-501 (2000).

-134-



