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minutes).
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PR Y| V) [GACR VR P e

53 5 2Tl 358 G S 5 o e oSy
)L“":‘.: o 4.5.35.3 1« J)‘:'Jd odalin &LAJPS)JL:
Ol Dby 4 0T (g pdss X,8 s )3
SIAFS oS St s Ll Al e S
G S i 43S L s slendl
ASL;GK.‘A J)‘:'Lfd eb}}é\ LAJ.O[S).:L: BL uI )L>u
Sl 5, 53 (65 i Obyds adels 4l
S Aas o il sl e ad laey S LSS o
Cools B ol (S e sl

ChNF.p0
ChNF.p9
ChNF.p6
ChNF.p3
3 BONF.po
BCNF.p9
BCNF.p6
BCNF.p3
MCNF.p0

Nano Filmgy L3

MCNF.p9
MCNF.p6
MCNF.p3

Ba

[ Ca

i 5 ks (WVP) OF by 4 5 205558
oaliial 3550 o8 3l ge ey ¢l g 0nl )
s e g o Cusby Jals C}La S X,S 03
Db 4 G a8 Sl pd L
CLIES xiles ol g ) cgx (WVP) T
S el sy OF Db e sl
Ol smets LB 50 O Hl 358 Olses .0Y) 3,8 s
3 b (SASLy O pmen 5 BSHU s
3585 Olgee £ S5 (V) 505 Koy laes 3 .
Slsbes b oolen 22850 ¢ a5 ooy
Sblra das e 0L 1 s slendly il
Db 4 o miles Sl gt 03y sk
Srdidsh (V) ol oS S sl sud s s
ole San 5 ol IS8 Gltle Sbcss Wiels
G S Sudid sl S (00) 3ls I8 sl

Cod alds ¥ aS ol 399 oladiged 5o uT)Lx,

Ca

Ca

0.00E+00 2.00E-06 4.00E-06 6.00E-06

8.00E-06

1.00E-05 1.20E-05 1.40E-05 1.60E-05

T,y 4y 593 355WVP(g/m.Pa.s)

AWVP) ST o 4 623 6 5 e sl 3 U g 368 S
30 sl Hlas g (P</00) (A, B, C,..l) b0 g8 2 1 ol s Wl 3 gy K 55 ilsee Sy s

s o Ol 1, (PSH/00) (a, b, c,el)

Figure 4. Effect of nanofiber type and cold plasma treatments on WVP.
The different letters on each bar have a significant difference in the type of nanogel (P<0.05) (A, B, C...)

and cold plasma treatment (P<0.05) (a, b, c ...).
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Figure 5. Effect of nanofiber type and cold plasma treatment on solubility in water.
The different letters on each bar have a significant difference in the type of nanogel (P<0.05) (A, B, C ...)

and cold plasma treatment (P<0.05) (a, b, c ...).
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Table 1. Results of nanofiber type and cold plasma treatments effect on transparency parameter of bacterial/

mechanical cellulose and chitin nano-films.

Plasma Ly -
Aali /0 min 4235 4/9 min 4235 V6 min 4235 /3 min i S
Nanofilm Jes 45U parameter
14371405494 13.52+0.549 %"  14.375+0.549 %  13.325+0.549 % SO e 5
14486 +2.571 % 17.133+2.571 %  17.509+2.571 %  30.76 +2.571 ™ AL e Jsk =
Transparency
11.857 £1.424%° 13814244 11507 £1.424°° 14414247 S

Ol 51 Gl il £ @.("l?a) ol 0l Ol Ao y3 o sliel aan (0

(P<4/40) (A, B, C,.) disls sl pme CiMlstl gl Gy b pie 8 4 bgy o Ot o s sltel (Y

(P<e/+0) (a,b, ¢,.) Ll Hls e M ogline Gy - b e S8 s slael (F

O o)l ol s of Caslis Olyee 51 23 5l 3
e 5L wges oS das o Ol €8 S5 s anulS
Cool a3 Ly Some s &S aS
e LB 25 Sldie op 5t )l (CHNFpO)
SRS Ao srmed 5 (YKL 180 5505)
S S50 wgad sl 53 (Ao 3 Y/A 550>)
Ol o o8 50 g5 A O dslis 55 g Ll |y
S O NI FIC JE O
B 60 555 Ll 1y 5585 9 50 Sldde o 5
S ol g e p 568 Gl 68U e Sl
5558 5 s ey Sl o BB 50
Sy o alS Lol Som Jos 8 rK}::.w‘
X3 S 5 s sl Cow S Skl gl
A3 L Jei B s Sl sl
238 S Ulg 5 S 2use 5 Loy sobl
Ll o5 edly Sles cow 8 el 5L
Ol s A edalin 558 e o 5 R (Aald)
O aE3 Y s slendly e b gladels U o
D3 5 Sl o RS 56 a5 Sley il
3gh o aalS (2ES s s ol Caeslie 3l 5,8 e
3 Slowdy Slad b glalelS 60 5 s (pl 4 oS

A sdalie G5 S JlRe 5y 508 aida 4 51

Yy

SRS m i gl N K i aES O el
D KBS S e sl 2ime
Olis Aa IS sl ol 1 SO sla S5
03 4S8 6,80 s Sl L 5L € el a5 Jas
(BCNFp0) sl a3 K5 )1 3 5 o slodly 5 520
L0l sl om0 L U S0
.(MJJY J}"\})MJJ“CJUT)JJ‘:’LSJ:JM’J”;
03 a3y N Sl 4 &8 B gladisel S J>- s
k:aﬁL: 9 J..:Jj..: JAJS 9 U’:‘; )‘Jj.d U{ijs st\b
S5 S s I A ssds iS5 lde s Lol
J)“:'Lfd o)L_:: 4..:)&.; W FLR Y Loy \/Y S g
SLad goi &5 s § 5550 opl 0 LasOLII AD IS
o 534S S s o Jsk IS5
L QL VA =) 5 Jldde o 5 ke
s5d>) VL B S sl blie s g es S e
e)L_:: Ls\j" oS Lfdud'i"\" LML’JG J“" (M)b A\t
AV Sl B BL Ll 3L 038



VYAA(F) )lond dT) s S 5 g2 (5908 9 ogle (S sidg sy & putd

140
|

120 |
Zio
H
]3 80
Z
£ 60
Z

40

20 / =

N

0 05 1 L5 2 25 3 35

a

0 05 1

-BONFp9 £
-BCNFpo &

MPa(

BCNEpY 4,
BONED6 3

100

80

60

—

MCNFp3
-MCNFp6
-MCNFp9
-MCNFpo

IStrain(i) s,

~ChNFp3
ChNFp6
~ChNFp9
ChNEpO

sloled b S (€5 (S 5mm) Cor o (b 550 5w Jole @ LB 6 N5 5 A5 glalagel -1 IS

o3 g slawdy Cilises

Figure 6. The stress to strain graphs Of, a) bacterial cellulose (BCNF), b) wood (mechanical synthesized)
cellulose (MCNF) and c) chitin (ChNF) nano-films with different cold plasma treatments.
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Abstract

Background and Objectives: Mechanically isolated cellulose nanofibers (MCNF), bacterial
cellulose nano-fibers (BCNF) and chitin nanofibers (ChNF), as nano-polysaccharides, have
attracted much attention of researchers during two past decades due to biocompatibility, good
barrier (barrier properties against water vapor, oxygen, and etc.), high mechanical properties as
well as low cost of their raw materials. Non-thermal plasma treatment (cold plasma) is an
effective way to modify the surfaces of a wide variety of materials. In this study, the effect of
cold plasma on the physical and mechanical properties of three types of nano-papers prepared
with MCNF, BCNF and ChNF were studied.

Materials and Methods: To study the effect of cold plasma on mentioned nano-papers, four
plasma treatment times of 0, 3, 6, and 9 minutes have been selected as variables. WCNF, BCNF
and ChNF in gel form were prepared from Nano Novin Polymer Co. (Iran). To produce
nano-paper from different nano-fibers, vacuum filtration method was used. Morphological
properties of nano-paper were determined by scanning electron microscopy (SEM). Water vapor
permeability (WVP), solubility in water, surface color of papers, transparency and the
mechanical properties of fabricated nano-papers were investigated.

Results: Scanning electron microscope (SEM) images showed that the average diameter of
MCNF, BCNF, and ChNF nano-papers were 35, 48, and 26 nm, respectively. Plasma treatment
increased the whiteness of specimens. As the result of plasma treatment, WVP decreased at
lower treatment time (3 min), while this property increased within treatment time over 3 min.
Plasma did not have considerable effect of water solubility of specimens. The specimens treated
with 3 min showed the highest transparency. All treated specimens showed less mechanical
properties compared to the control one.

Conclusion: In general, plasma could improve the properties of nano-papers at lower treatment
time while longer treatment times had negative effect on specimens’ characteristics.

Keywords: Cold plasma, Bacterial cellulose nano-fibers, Mechanically isolated cellulose
nano-fibers, Nano-paper, Chitin nano-fibers
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