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Figure 1- Schematic of the Layer-by-Layer deposition process

1- Polyelectrolyte multi-layers (PEM) deposition
2- Substrate

3- Ultra thin layer

4- Rinsing (Washing) step
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2- Chitosan Medium Mw (CMW)
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1- Nano Fibrillated Cellulose

2- Deionided distilled water

3- Fiber and Particle Engineering Laboratory, University of Oulu in Finland
4- Charge density determination

5- Conductometric titration method

6- Streaming Current

7- Particle Charge Detector

8- Poly-Diallyl Dimethyl-Ammonium-Chloride

9- Polyethylene Sodium Sulphonates
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1- Field-Emission Scanning Electron Microscopy

yov


www.SID.ir

VAL (V) o )lond dTY) s SR> 5 g2 (5908 9 pole (o sidg sy & pabd

oy g b
St Aot 5 st GUI S 5 Jb s Pk SUI g5 D550 ol S )
b oo 3l eslinad b cdoyn VV/OY 5 05 ,Se WV e he /A (S St et 53 345 50
2 Ol 25 Ga b 51 SUI IS L (Sl s a4 cadsl e OUI L JS s (6 S5l
S e S (S eIl Df 5 dse e /2T0V Jslee SCAN-CM;0:0Y 5kl 4l
sy Jole Dloebl 5535 4 LS5 56 A (el S mae Sl Sl Y
S SU L Gl oY gl SUI e Sl s Sl aY S N S ol ol
Slass il ) ol 3l b e G ghe b oo bl @t ey Dl 5 53k
g o ol s BN sy 2 Gt Ol 4 Sasl Glae @l @ Cis Sall sl
Sloos S 5 S8 Gl b o Sy S il (g5 5l BU i Sl ) Bl s S
ooy Il Bl shtea (Y08 OLISan 5 a5) 3l o b v ) BN
sl &1 Gl Sl 51 U Gl sl B A U ot > G5
EVO s opl s eslital s)ge lawgie JsSe 055 L0l L JEs s e wlsl U
gl 3 250 Sl Glaes S Sl B Eeplh i b b 5l il eay 08 OV (SI e
s oS b alis 53 A3l e Tigmr Sl g et 3l S 4y i et ol (6 S5, SU)
St e Olen diles sadmsliialio i Sl oot 5 22 JL S L OGRS Sl s S
2 s Bl e ol L & Dlpee cnl Bl 3 &S mlesy sl any md U sl )
SU ol b5 (S IO sl e s b 5 e SUN =l 5 055018 Qo s s
O 03 ymS asdls (5,5 s [ Cd Cosgdee cpl Al o sl Cus g (5
2 symse S35 e by 5 e U slan (655 sk S35 lS sla ey
Ol e ianl Cla pown ulal 5 (T8 OhlSen 5 (21) 553 0 bl O grdlios o
JK2) il ea g 03 0 S e YA 50 3 3tk SUI pl 050 l8 Sl gLl e
gl o plal el @ Oy Sl g 355 0 sdalin o Sl Odr g 55 oS sbOles (Y
03 3 s sl s 5 U C]a..d 2 ObsulS adglsdd Ol slad s 50 oy andls (65 shos B
e duslie U 3s S el e cpl 55 Cds Cussdoee a4 mie oS 358 e 3bel O gendlon s
Gl e s Sude Y Skl s a3l daly @ @1y 0 p e Y 5o OIS Sl

YoA


www.SID.ir

N I R R

03 (7 KD das e QLIS 1 (gls pme Rl 58 ™ oY 5 0l Cde Ol (Jol 4Y alis
ad> e s U Jgl QYQMMJ}):}TC}EMQLSJJ% S S Sl dasls 4 050 oY

P 3l ol e e il w53 R e L Gl 8 (8 JS8) SL Y e

238 £ 3 oY e ol ls

c "
8 Yo A *
v ¢
32 v . ¢
4 %@ v -
.38 .
TS J
5 %6 | r
3 I
IS
< ¢ T T T T T 1
. Yoo Yoo Y [ Bos Sos

Jglon 3 03528 Jslas clale

Equilibrium concentration of chitosan in solution
(mg/l)

,JY}‘ V) Kad C.EJ&JAJ‘:._J cJL_J| ch..a B Qbﬁ‘f uJa- rj}ﬁ‘ u.'ar.'a—" JS.&
Figure 2- Adsorption isotherm of chitosan (CMW) at 0.01 M NaCl on to the linter fibers
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Figure 3- Comparison of adsorption isotherm of first and third layer of chitosan (CMW) at 0.01
M NacCl on to the linter fibers
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Figure 4- Adsorption isotherm of Nano fibrillated cellulose (NFC) at 0.01 M NacCl on to the
linter treated fibers with chitosan
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1- Island like adsorption
2- Self-healing
3- Functionality
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Figure 7- (A) FESEM images of blank fibers, (B) treated fibers with CMW, (C) treated fibers
with CMW/NFC, (D) treated fibers with CMW/NFC/CMW.
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Abstract

Background and objectives: Cotton fibres are one of important non-wood and
industrial cellulosic resources in the world. Cotton linters are produced as a by-
product accompanies with cotton fibers which is used as a significant cellulosic
sources in paper industry for producing durable paper. Refining is the most
common method used for improvement of bonding potential in fibers. The inter-
fiber bonds in high alpha cellulose pulps such as bleached cotton linter can be only
slightly developed by action of refining. Layer-by-Layer self-assembly technique is
a novel method in nanotechnology for modification of the surface properties of
solid materials. Among these material cellulosic fibers can undergo surface
changes by formation of polyelectrolyte multi-layers (PEM) using layer-by-layer
method. Therefore, In order to modify the surface properties of linter fibers and
develop the fiber-to-fiber bonds, the Layer-by-Layer self-assembly method (LbL),
a novel technique in nanotechnology, was used in present research.

Materials and methods: Medium molecular weight chitosan were used to form
cationic layers while Nano fibrillated cellulose (NFC) were used to form anionic
layers. The experiments for making 1 to 3 alternate cationic and anionic layers
were performed using linter pulp suspension at 0.5 % consistency, NaCl ionic
strength of 0.01 M, different levels of pH and stirring at layer deposition time of 15
min. Adsorption of polymer on the surface of linter fibers was analyzed by
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electrolyte titration. Standard hand sheets were made from samples of the modified
linter fibers and their physical and strength properties were determined. Changes in
inter-fiber bond ability due to polymer depositions were evaluated by field
emission scanning electron microscopy (FESEM).

Results: The results showed, apparent density and also bonding ability was
improved significantly at second layer, whereas the apparent density and tensile
index of the sheet was increased by 10% and 76% compared to untreated fibers at
second layer. Bonding ability of fibers was improved by polyelectrolyte
multilayering (PEM) on the surface of cotton linter fibers which was visualized by
Field Emission Scanning Electron Microscopy (FESEM).

Conclusion: Layer-by-layer assembly is a versatile, simple, and easy to use
technique that is showed promising results in improving the strength of the cotton
linter fiber network. Accordingly, physical and strength properties of the papers
made of modified linter fibers were significantly ‘improved because of the
increased electrostatic attraction between polycation and anionic existed sites on
the fiber surface.

Keywords: Layer-by-Layer technique, Cotton linter, Chitosan, Nano fibrillated
cellulose, Tensile index
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