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. 19-24) =) =
st 4 %= E colloidal probe system™ ““& ©]-&3FaLz} 3%

2. Al 3 OH

21 ZAAE
dgravagtZE dx (Hw-BKP)E FA ZEZ2A AL&39rt. AE2e~ IF
AZE 98 MCC (Micro crystalline cellulose, “20 pum particle size, Sigma Aldrich)

S Abgetion, 45 A" S S 7IEd2A AyE deoly (T525 P-type, Silicon
Technology Co., Japan)& ©|-&3dt). Ztzhe] 7o ngAuFaas A3ty sk
o] ol mEAEA PDADMAC (poly-diallyldimethylammonium chloride, Mw
<100,000, Sigma Aldrich), CPAM (cationic polyacrylamide, Mw ~ 50,000, ©]<%3}g+
(7)), YA dE (Cationic starch, DS 0.08, AtYA Y= (F))S AFE3IR oW, 20|24
AEAZA PSS (poly-sodium 4-styrenesulfonate, Mw <70,000, Sigma Aldrich)<}
APAM (anionic polyacrylamide, Mw ~ 50,000, o] %3} 8H(F))S A&t Att g %A
W pEAAE Az e oz NaCl (Samchun pure chemical Co., Korea)
o

& AHgstsieh

FA HEZE "ol &5z AgE ud A 1583t dnt AAsA #Ud A8 =

=3 2 (Sweco Co., USA)S o]&3dte] 400 w4 9fo]ojE Exbali= ]
Be AAG F ZRse ARE d450] 1% s=7F H== 8t oo "ol
2 5E7F 23] AlHE AAsle] A8 W B EAEAY oA EAE AAT F 10

mM NaCl& o] &3te] A8 U A7 AEEE 1000410 uS/cm & %483, 555 1

X
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222 A2z o~ AE A%

MCCE 50% FAo= 80CAA 1583 7hRa A2 F ola d7st sdd 343
0% YnAgRo s PEAS Axdn 2UHE ol 4de] AFROs VRS AR

A= Afrdd nEAGZES FA4sAr. aEATEFUe PDADMAC/PSS,
Cstarch/PSS, CPAM/PSS, CPAM/APAM %3 o2 FAstdth 7+ layering A=
Hx g e A d 2 e A$o ods da PCD (Particle charge
detector, Miitek Co.)& ©]&38}o] oA At T3FS

T ES kst AR B Al AR =
o Afeo THANE Huletdth A2 s FEo nRAUIEE A A= ©
AME o] &ttt A ol o FGA AER

[©)
Wrbshel 2AT 05% = nREAAN o] 087 F F Gol &40l 587 23]

=

1o,
rN
N
rN
1
!
ﬂllm
—_
[\~
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|0p]
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tt
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225 FxA4 Az 9 =4 H7t

pEATEe Hgow JAE BE AHR 80 g/m’e] FEAE AFeATt. TAPPI
test method T410 om-98, T410 om-97, T494 om-96, T403 om-97, T414 om-98°l 2]
Asto] FxA Y B, T, AFAE, AFE, HAAT, G4 R, JAIA=E Frtet

9t} Texture analyzer® o] &3te] peel 24 =22 3718k},
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A5 =2 Fe] FEE HUbE 93 AERex I ASsEE

2~ 23 0] (Cellphere-10, KPT Co. Korea, ©]& Aydoj& AA) (Fig. DE ol

ZA #GE o] &3] tipless WE# W (Nanosensor Co., USA)ol| #2353 th. (Fig. 2)
(l

ALy Fol Fad Aujoje} AEFRO 2~ FHzre] Fae H{ri= AFM (XE-100,

37}

rlo

ParkSystems Co., Korea)s ©]&3sle] 33t on, Fa52 3-Ag agzox A
& pull-off 3& olH A B2 (ImagePro Ver. 4.1)& E3] =43 Ayole ZEWA
(R)o.2 Yo AafstA A ).

Fig. 1. Cellulose sphere.

Tipless cantilever
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Fig. 3@t B dfd nRAAND F4 45 & oo AstaFgolh 2
layering ©AME A3t GAHE Ao nop mBArEuiEtel YT HoR YA
3o9es o v dstaTd ANE Mo Fig 3.(0b), (0% @ol A% A



frol S A s BEE vk ARl A FF =& Cstarch,
CPAM, PDADMAC w22 ueyth PDADMACS F#&2 1, 3

0.30£0.01 mg/g 22 4A3AH o, layeringo] APYEFE F ko] 7+ A3dte] 7 layer
MM = 023 mg/g &2 YEYTH CPAMS ol 483t F& st 2ol24 1iA
Aaldel FFe dEglel 071002 mg/g FToZ IAIA FAFHACE HHE
Cstarch: 1 layerol A 146 mg/gol ¥ &&= =

layerdl A& 1.76 mg/ge]l =t A=y
FWol] F2dE ol 25 Atolel Ad AA7A whdrHo] Agstmw FPFE Gl H] )
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Lol nEARe FHRFL (Fig. 3.(c)) APAMo| 7}¥ ZlowH

Tl /Mg Ae Fe MU ETE =L PSS (-4.63 meg/g)7t FoiH o2 HEEE

(+151 meq/g)? 3t oz 1118 FHFNLEA FEali 15 Abo)

of AA7H wbdoe] g3k r] wiE oz o At} Cstarch®t PDADMACE 7+z}

| T e o2 AWE F Atk ol

3l CPAM3} 7483t APAM2 AL =7l -2.26 meq/g2 A Wlal 4 getafd o=z 7}
2 ukgAdo] E7] wio ¥ APAM F3#S Hole Aoz oAXT

e

rl

[o

Hx Afe muAdsts AAdste A2 FFF W ooidgt Hezbd FE A
Tl AT FFE W= AoR o AXIT Fig. 4% AEATHEEN P o3
N Bz Hdfo AgddE =A8ta vk PDADMACS 2o za 73k o
Hatg wr] wiel A Ewel AshAl FFEol v Fol&A wiAte] HlE Ml
A A2 o] A9 (60410 mV)E YEFSATE CPAMS F2X FHE Af 32W
Helztol 2o & FolA HHol =utr] wfiEo] Cstarch® oy F2&& 2A| Rk
A3 o AeAAE YE L ok ok ASEhE ol nEAr B HEE
o= PSSY A9 layeringe] X FHFE ko] AL/ FshE ATt 12y APAM
o w2 FAEs A9 sl Aguvh 1ilel 7 A B R 150410 mV FEL
= A FAHAT. Cstarche B2 FH Pl = 78t CPAMEY 22 9



AAAE tehlleh. ol old ATVeN BAF FHFA L ANEE Aol A
el Cstarchi 718 EWe] T4 $HH7 A ANAL $584 %5
7] wel o4l layers] Lol wEAel €@ Ws5EHel wIHy] WEow Y2td
o B layeringel AAFEE 0o /e ABANE dehle} Y $5E $HE
e nd Aoz A4HH ol Fole Fx S4dE 9 Ao Azun,

- -PDADMAC/PSS = ~CPAM/PSS - - Cstarch/PSS - -CPAMAPAM

- ~-PDADMAC/PSS - -CPAMPSS Cstarch/PSS - ~CPAM/APAM -PDADMAC/PSS - -CPAM/PSS - - Cstarch/PSS - -CPAM/APAM
03 2 20 2 20
(a) £ (b) Odd layer E (c) Even layer
02 ¥ 5
A % i f 3 18 g s
= 7\ A / f\ »
g o / g\ ol =\ 18\ 5 H
E‘ 00 A AN //R\ ﬁ\ & 12 o,
/ \ T\ /BN % 5 o P | N S
BrAVAVAVANE : o P
o1 N/ R\ )\ | E £
= AN/ \ \ ,’/ 3 o8 3 o8
H o/ \ E — E
02 i & & B || e S e |
5 / i \( § o4 § o4 s, JEEI N, S B -
03 3 E —— g = {
i 2
04 g oo g oo
o 1 2 3 4 5 & 1 8 o 1 2 3 4 5 8 7 B 0 1 2 3 4 5 6 T 8
Layer number Layer number Layer number
Fig. 3. Charge demand (a) of filtrate after polyelectrolyte multilayering and

adsorption amount of PE on pulp fiber (b), (c).

- ~PDADMAC/PSS - ~-CPAMPSS Cstarch/PSS - ~CPAM/APAM
400
n C
300 A ﬁ\
AR
£ 200 / ‘i\ - i
z - ' R !
1w A AL/
g /A A\ f/‘\\\ \
g W \\ 1/ \\// \ /" \
© \-4 G )
=200 . v} = -
-300

0 1 2 3 4 5 [ 7 8
Layer number

Fig. 4. Zeta potential of Hw-BKP modified by polyelectrolyte multilayering with
different types of polyelectrolytes.
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32 TEATEUY Y402 AW AZ A4 AZH Fol9 B4

Fig. 5+ Z7te] nixvsutey Jdos /Mdd A= ALs o249 2u7] ¥
T2 Y duk BE 79 8 X2 A layeringe] AqEDFE Zry] A%
= 79 M3 FEoR fFAHAY o A 5, 2 ’1‘3%01]4 AT
ubat g Folol W WMl JFFatA] B2 o v|aln, o] Wagherge Aol
ofsf S Frh

0.45

—-PDADMAC/PSS -LCPAMIPSS
~O~-CPAMIAPAM

~fx-Cstarch/PSS
043

041 +

Density, g/lcm3

0.39

0.37

035 L L L L L L

Layer number

Fig. 5. Apparent density of Hw-BKP handsheet made of modified fiber by

polyelectrolyte mutilayering with different types of polyelectrolytes.

15

Tesile index, N-mig

——-PDADMACIPSS --CPAMIPSS
#-Cstarch/PSS -O-CPAMIAPAN
0 L i i | i f
0 1 2 3 4 5 6 7 g

Layer number

Fig. 6. Tensile index of Hw-BKP handsheet composed of modified fiber by

polyelectrolyte mutilayering with different types of polyelectrolytes.
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D= Wske yEubA eigkoy Fig. 63 o] & Aol AFERE BE TR R
2 2ol tEF ko] Aol wet JAFA =T Fbe A A 29l whet <l
A= N Bk Aol gllew 8 layerZhbA| whEFAol XAl wel A A%
4%+ CPAM/APAM, Cstarch/PSS, CPAM/PSS, PDADMAC/PSS £ 2 eyt
ozl F2E Aol de5A g A 5S40 dFES v ezl Fol=
A A ATE FEREME W wol2A ARATE FEEAS Wl vs) ¥ & JdFA=
5 Bt o& 1@a Z3el HlE] PDADMAC/PSS 32 4% /A a7t 7=
HAA @t e AR SAMAME nEATSEFe] WA wep A&HHow T
=7 WA= 237 YEstth Blank' (Gl Rt AARE A2 Al 2R e 2A])edl ] 8]
M A= a2 ALkste] Table 1o YA

Table 1. Improvement of physical properties of paper made of polyelectrolyte

multilayered Hw-BKP

Physical Composition of polyelectrolyte multilayer
properties PDADMAC/PSS CPAM/PSS Cstarch/PSS CPAM/APAM
Tensile index, Slightly increase ~ ~ ~
N-m/g ~16% 61% 68% 83%
Strain, % Similar ~ 18% ~ 66% ~ 43%
TEA, J/m’ Similar ~ 75% ~ 212% ~ 159%
Elastic Slightly N ~ B
modulus, GPa increase~13% 31% 26% 48%
Tear 1ndex Slightly increase~ ~ ~ ~
mN-m”/g 79 67% 201% 66%
Burst mdex Similar or slightly ~ _ ~
kPa-m /g increase~ 4% 21% 50% 28%
Peel strength, Slightly i;lcrease~ ~102% ~159% ~73%
g/cm 10%

CPAM/APAM Z3to] 7Hd & 1Z3AE M 2985 BEAey (Fig. 6) AG4EE Al
93 A5 EAOAE i Aold ATrt veyth Table 19 938k Cstarch/PSS
pEAGZErEre] A AGE, GAAAS, FELE, JEAE, HAAZAdA 7 =2 7S

“

X33, CPAM/APAM, CPAM/PSS, PDADMAC/PSS 22 Z%= /14 &37F yE

Wk old Ve AFM Aol 4% Cstarch/PSS %32 Cstarch 23] F3 Al =%
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33 AEZ A~ XU RFY
Fig. 72 Ayoje} nExtsuateo g /ey AE2e»~ AE FHUtY 72498 v
B ol lvh Ak 29 FRel wep F-2Ee] 0.70 i e
om ol A¢W¥e] ®AE (85071270 mN/m)ell HlE °F 100087k 2HA UERT
ol ¥ AFtelA FEWHAE] 10 ym WelQl Auo]E ARG T] wEel FERNHA
10 nmell &3 SizsNy gl vla] HE&=H A o] 1000807t 222 pull-off ¥ FEt
o2 o] FtsAl7|HA FEe] 2e o R HULEHGY] wielth AERQ
dE #FwWo] Cstarch/PSS thsutwtoz A" A 71 =& 729 o

o
CPAM/PSS, CPAM/APAM, PDADMAC/PSS o2 =2 RzaS veluiglet. Ao

FHEe vad Ay uRAGSeres g @ dERes xwdl Mg
CPAM/APAM, Cstarch/PSS, CPAM/PSS, PDADMAC/PSS®] A 2 242k 53%, 46%,
39%, 26%°] F2= F7tE Hidu o= Fol 24 AN AFAE=E AN =
Aeb dAshs BEolth. 2 Aol AuoidE ARESY] Wil SNy H& A
ool et 2 teoR FAY ATAF ASELA-AERS FH RN

gL Z 312y Z712 oyt Aoz Azkdatt vk Cstarch/PSSe 7% 5 layerdl

A Hdle] FEES A

CPAM/APAM®] 7 5-

7F 7Hd A YT ol & Aol A ‘%7(]‘?3

Cstarch/PSS Zgoll A & i ax39 Fol2A
!

zhefo] Wor7] uwjiZolt), Myl
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gEFeEs HmelttE od AW os AW=E 4 vl v CPAM/APAM,

CPAM/PSS, PDADMAC/PSS %% Cstarch/PSSell Bl&| &&afo] 2t siAir)
ututo] FA F kb A7) wiel], nize] vhEEate] gl wep AERe s ¥
o] #34 (conformability)¥'e] A= el Hogkel wDar] A7A &Aoo F2
Z717 el Aow oAXL = AEmes gwzghe] Rage Aold 315hE
AY 9L 7HAE A9 FHel s FFeS W oolle W FFEE A
ArpZubuto] T Wt Qg AER o~ Fwol A Wl oA E e
S 2

<-PDADMAC/PSS  -{+Cstarch/PSS
-CPAM/PSS -O-CPAM/APAM

Adhesion force, mN/m

0.5

03

0 2 4 6 8 10

Layer number

Fig. 7. Adhesion force between cellulose surfaces using cellphere cantilever.
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