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Fig 1 Molecular structure of cellulose polymer and its chain length in a repeat
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3. Bacterial NanoCellulose

4. ElectrospunCellulose NanoFibrils
5. Kistler

6. Super critical drying

7.Ambient pressure drying

8. Freeze drying
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12. Cellulose Nano Fibers (CNFs)

13. Field Emission Scanning Electron Microscopy
14. Fourier transformed infrared spectroscopy

15. X- Ray Diffraction (XRD)
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11. Bleached Cellulose Fibers (BCFs)


http://dx.doi.org/10.29252/fsct.16.95.13
https://fsct.modares.ac.ir/article-7-40193-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-03 ]

[ DOI: 10.29252/fsct.16.95.13 ]

1398 ¢5 16 o, 5 95,

DOI 10.29252/fsct.16.10.13

s mbe 5 el

=5 Po ¢ I5s AT Jodss Ol (13) Pas gosb o
= £5) Pes 5 ST el JLSs (a2 ol
S S sl e e el SIS (S e Bl

il aSe e Sl o SIS L i Lm0
shls s e—as sl e — sla sl s
s Ol 503 o ol aulons ba I35 5
B e I (I B W T e
5350 Ol p S 2 ma e Do 4 S Ol o & e
ol B of SS 3l s L gy op gl e
S e i ol BET o . BET
sles 3 g ol mhw bau g odd Cdarls 5 o 0555
o S s Jes (51,5 sl 4> 52100) b O3 b
O35 O e 53 55,50 digad (g5l Jshe 8 5 515 5
=l e o 0555 38 HLad oy l5 oAb e
GALS L s 250 sl e3le Jan g e ol 56
535 (6,8 o3l esle Codorly Olpee 38 LS e,
ot drly 5 ol 035,58 58 e Jlsed Sulg s

g e gy ol glos 3 el SLAS Ll esle by

Cow @L:.; -3

o (K5 gl Sy s skl -1-3
Ao Gl 5L 5 g gla

S Lo sed (555050 5 st ln s opl o
Sl s Gl i ) 00 oSy S
G o3I S bl 5l ol OLES 2 IS 3 s (5,8
Gl 5 (Sdamn 5 (S, 5 ea0s bt 4 by 0 b
23l S D by b 4 Il (SKie byl
5 A 5,8 o3l Ll s 5 s b 3805500 5o
A3 b U s b s 5 b Olsie 4 s OF o e
S S Ll s e gl e ls 5 (Sl w8 S
b 4 b g e 5l S e 5 all atla a
gt Jool L

18. Bruanur-Emmett-Teller

159

el e o 5o (1) adsban 3,5 3 00027570

J12] s e 0l 1, 00K Loy olod s oy S
1)
C.I. = lgoo- IAM/ looz % 100%

»5205(0,0, 2) wmin Sl s s logz 45,5k 4

26})‘.).;..4 J.;‘J} BE IAM}23 }22 J:Jﬂ\i}\_) 83 gl>a

0 0
@b@iL@)JMLdAlg 9 18 u’:“\i}‘) 03 gd>en 4>

Je b &) Sl e Ja s Laosls LT 5 el d a5
el S 5o bl (PERT High Score’X 531 5
Ay O 4 b g

P 56 U5 51 5l -4-2

ool Ml Il b 5l slad3s 5T sl sk
B P T R RIS RURN S
Sl 3 5 03,5 ang ol Sl ey Jslw Jo b 50
03,5 dazie 3, bt G e w5l S sl a5 =20
sles 53 of G2 S A esls o3l e (3l 4> 50)
FSEs 5 oy S 5 o (U5 4) 253 53 e
Sl o1y Jiasdas sladised 5l plas o 5l (gl axkad J3
o 3 el sab i w055 50 55 5 esls 13 gledd
Christ Jus) goleml S SKias 3 celn 24 S«
cles L (LT 428 el Alpha 1-2 LD Plus
s ool Wad 5y 5T 5 esls 513 515 sl a5 =54
wdjs 5T S b5, -5-2

o Ll 03 Il (I35 =T sl JBor alons sk
G5 sl el o3, Sl s b s 5515 SeS
0T sl (58 o3I L s ged (5 al o e 5
Sl JEs A dale LSS 45t b o 5SS
NS a bvgie 5 s aLL o p 7 oS Jo
L ol

Olye Lo 35 51 S L5 3 e Ly sSB 51 SO
s el (2) Wlae a8 oS clgl Y sl

P=(1-po/ pc ) x 100(2)

16. Segal
17. Porosity


http://dx.doi.org/10.29252/fsct.16.95.13
https://fsct.modares.ac.ir/article-7-40193-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-03 ]

[ DOI: 10.29252/fsct.16.95.13 ]

6).)3L‘i‘5 C)k"-.’.k"” )l _;JJ'L“‘ }’b Jj)}ﬂ e db&aﬁ 9 (s A e odew

SEM HV: 3.0 kV. WD: 5.04 mm 1 MIRA3 TESCAN
SEM MAG: 135 kx Det: In-Beam SE 200 nm
View field: 1.54 pm | Date(midly): 10/21/17 RMRC

SEM HV: 3.0 kV WD: 5.02 mm
SEM MAG: 2.00 kx Det: In-Beam SE | 20 pm
View field: 104 ym | Date(mv/dly): 10/21/17

Fig 2 Images of FE-SEM from bleached cellulose fibers (right image) and cellulose nanofibers (left image)
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sample Mean length (um) Mean width (um) Aspect ratio  Crystal (%)
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Fig 3 FTIR spectra of Beached Cellulose Fiber (BCF) and Cellulose Nano Fibers (CNFs)
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Table 2 The qualitative properties of cellulose nano fibers aerogel

SgeT Porosity Density Sample of
(m?g) (%) (glem®) aerogel
41 99.26 0.0129 (CNFs)
S S s -4
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In this study, cellulose fibers were extracted from agricultural date palm waste by carrying out alkali
and bleaching treatments.Cellulose NanoFibrers(CNFs) were isolated from extracted cellulose fibers
with used 2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPO) pretreatment and Ball mill mechanical
treatment. Then, the nanocellulose hydrogels werenanocellulose aerogels obtained.Field mission
scanning electron microscopy (FE-SEM) wasused to investigate the morphology of the isolated
cellulose and cellulose nanofibers. Structural analysis and functional groups was carried out by
Fourier transform infrared spectroscopy (FTIR) and crystalline index determined with X-ray
diffraction (XRD).The qualitative properties of nanocellulose aerogels including porosity were
evaluated by BET. The results showed that cellulose fibers and cellulose nanofibers have a rod
structure and formedin 3D network. After TEMPO pretreatment, it was found that the carboxyl peak
formed in the 1730 cm ° spectrum, which accelerated the nano-process. The crystallinity of the fibers
and nanofibers were 71% and 68%, respectively indicating a high degree of crystallinity in their
structure. After freeze drying of nanofibers, nanocellulose aerogels were obtained with weigh of about
0.5(g), low bulk density of 0.0127 (g/cm®) and very high porosity 0f99.16%. As a result, ultra-
lightweight biopolymer aerogels can beused in a wide range of industries including automotive,
aerospace, filtration and construction.

Keywords: Agricultural waste, Cellulose fibers, TEMPO, Cellulose nanofibers, Nano cellulose
aerogel.
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