10.22092/1JWPR.2019.125265.1524
98.1000/1735-0913.1398.34.124.66.1.9.1580

ADOI) Jlisms anlis
A{DOR) Jlims aulis

(VWAA) AYFATY amio ) o les PP ol

T Bl U5 51 (S Pohwgild J39 5T oled wyy 9 ole

r‘_;)l:.o g,:l:w K ‘"dwlu ol; ‘Mo}w et ‘\«S‘ﬁ’i aible
U‘J"‘ ‘C}S ‘t)‘j@‘ AK....JL) @.ML CILA o.)\g..;\.}‘) ‘J&\S} [l C»L.\é E) r)lf— A); (\AAN)‘ WL.:)\S J:.MJ‘&)\B -\
hamZEh@UtaCll’ &.ﬁr)}.ﬁ‘ S ‘U‘J"‘ ‘CJS 50‘* QK...J‘J L;\ML C\M saSzsls ‘;\Etsj [ CLJ 9 r_,.)& o‘gjf ol "1“

u‘j‘ ‘CJS‘U\* a\i«b\)&cb 0 aSsls L-A-;\sj [y CL&)(}L& A}; ‘J\.«:A\J_“

WAV il 5y gl VAV 3T iedl s b

ouuS>

Sl 56 (b 58 5551 a5 sl b (ke 580 ol ol g Al SIS il 51 Gaiod cal o

szl g b ol byl 5 as 5l R e ol e o 5o b, S gy Tl oy shate iy as esli
Jyama (ol g 0t Jods S s Jiiite Sl I s U555 St oslaal (S8 b a1 5o 5 Dl Uols eopd —
XRD FTIR SEM Lz 5JUT sl s, | b 5 (Sod Lolsx b 5ol e IS Js ol 5 anedls Julo ol
ol sl 51 ol s &S Il o W5 [l aSsls s cb A 2L, DSC 5 (BET) ¢35 5 da
R ~owpeCIUpY EN EX A | S Vgs JUSPPRPRIY [P N YU | P JUEN B PPN A
Sl 4S5 el ulie 5o ol b e 5o sy S 5 03 5l JSlame gl gl Jools 3551 o (s a5l slne i

wtls ado) g il IS (S5 5 ol 51 ool

Sy 56 Jsdsne ol ge o5 F ke 58 5551 g LS HsdS el

e 55 5 b lals i sl Jla o ol S 5n
Wy e S ais wibe gesluas Wg 5 WS
3 osleS Slasileny 51 K Wy s S A e
S 5 By S 5 S N e o0l
ol el 52851 (ol 3 e 5 Blsl 5 )
S Pl st BB i 5o\ e sty esle
Sl f.,,.,L, Slde 5 Guedes aSle Jome 3lge (b e an
S Bl S8 Jon pon a8 g0 DS 5
5 Ll 5 el alsl 5 55kl S lausls
Sles,l glaaaly Jals gy adlw 218 8
S olade U bty e Je w8 S e

doddo
o) 5 LSy ol OV e o5 g sdae VL
L st 5 BB s s Gl 455580 el
S50l Saleny Comnl & am gy Lo I8 e L as
PRPERVEE RIS PI WP ERVORr N O I PR
2 S 58 sl g0 35008 G sl Ll 0l e
Solas op edas Sols Jls 5o 5 S (s e 5528
5 e sl S Gl LsaS 5 ol slaalens
[ BE PN o L VS{ IR TS R ST SCIR IR LI
S on edea .l S s Jpa 53 0504 s
gl sl (o O pame wd g 5 mio Glaa) b



BINWRPISE.: 6;31@—? S el e s LE,J:—\—wyS/\J
T L 0 sy cmsb, U oS Szslsn
Jus b Jols g it Jids ) ol 4 a&ayles]
538 sye O3 s JU e e Fro ke b &)
Olsea e Fo Il oy a8 8515 5 e Fe JL 2 S
55 Jols o az eslimal I35 50 cale ol adsl sl
Jals 5 as Kas Ml ke 455 ¥O slas a3 oy
I3l csl Gl s o eid il slaa oS
ool 5550 ol 3lgn ple a eslizal (g ) P 4K
Sl daS o Jld i w y il g
A S e S 3IVL o ks b b1 (Sl
oo oo prie b s S IS g
53) slas) g Bl g ) () JSC8) as
Joloe 3 Sz asle S35 deoy 0 clale L () IS
a0 A les 5o (Gos Ao A) i Sy un !
Je oY ls) e sl cell ¥ oo 4 g
los 55 ol m 5 A8 e Sl e Jols bglse ()
bas (V U 50 ¥ osles) asbe J5 bolss S oy Lo
Yooplil s s Yol 4 ol IS s aSa s
5o LB L U5t 5o B oylem) ad esls Ll e ke
DA cell VY oty ogmadw a0 =Y Gls L 5 8
A A Bdeie & gal 39S damie o) Iy Lsal b2 S
L Glos 3 Sy (o5 Koy el ¥ o
Pl DL Dl sdslanl Jls s 03 b 28 313
Cele YY Soeds & 50 093 Al o e ylgs 5l o o
Ao o 12 b a2 IS s a0 A les s
Jols Al e .(V JSKa 55 0 o,les) s eslel I ol
105 o) ol o St sl Jslons 5 erlinad b Pl
Jols b e 93 dm 5 0nladly o s (3l 2im (6l (S50
5 (o 203 Vo) O /U561 G (o ia J561 L D
Cell # Oue a S (oo 4) L2l JsUI L e
—slal Sl ol s () S 55 8 6sles) 0t ol
I35 31 a8 ot 550 5 5b) D ol 5 033
BE L;wr sy s 5l ab L;M‘S('—” ol ol

Vooled P b ol S 5 o o ske i sl

Ebrahimian Pirbazari et ) c..l J8 —Syas—
.al., 2015; Hu et al., 2016

Sye 54 wa S5 slas S odle (5 s
3 S Fo 5T 5 it S 5 2 b
Huang et al., ) c.—lsu—c s Dl 4z 5 5,550 0l 50
oo sl 3551 .(2016; Chen et al., 2016
3Ly ens CL“ J&s oS (Jodse olse ghons g4 45
B OB SU Lulde 3 oolal b plae i o3lal
53 el s J&s s a5y 5T 5 e e S5
=0 g 3 3L 05y i (QIOMP) /4 ¥ =2 /0 550
Long et) el Z89/A=A- 5L Jsdss 5 (Mg) V5 -
15551 4 Sl cmlin 5 dta gl 3l S @l 2018
Fan et al., ) cul o b sl s u &)
(2017; Long et al., 2018; Mussana et al., 2018
Sl o e 25l 3 S 53 Y pane (6 I 5SS slas ST
J5 JSezs o6 sl 58 ol e (53 monsS] /il Julis
» o oSS bl s 5 Ji Je S\ 6;‘3\“3@
af olol (SSas Ll Gl bl s Ly S 2
Sosb wb o SSes a5 (Long et al., 2018) w5 .
PELEIRTS uf-**—*sr"’ J—ols Jmams 53 85550 ool
25 Gty Ll S Jii | 5y mans Sl S5
e 5 6 ke 550 ol 50 il (513 g3 lame S5
ssba s CJ‘L" S 0253 25 L Y ame 4y Ll
Lietal, 2015; Zhu) mleaz 2,15 5 ose5) (6 smel it 5
(et al., 2016; Nishiwaki-Akine et al., 2017
salal pas 5 ol pl 5o i SIS Gl 4 4 s
J5s51 ady s G ol s ol 5 sl des
sl o o AL T P A RPN W
Lo ole S olsen A A Sy 0 @T

L g, g dlg0



Jj)/ﬂf‘y w)j}&&\.w

L(\ ‘}Sw))vﬁ)km)“r\;'d‘ uh/j»-s«.k_m 4.‘3.-).3—\#0
358 ol A1 Jols IS il J55 5T ok
.(\ JS—L ).} /\ b)\.Anz)

' &" {

B oS 3 d5s ST sl Jole -y U

e mlie 53 s T 4l o2 48 4 sslizd (XRD)
Ashori et al., 2014; Babaee et al., ) c—ul suz &1,
38l 5 o slal 5 BET a5 i e (2017
ol o1 5 ol 55 51 5 s 8w (2 BIH
A e 55555 58 odaly 5 ol
b ol aslin 5 sazag I35 51 ol 8 (ol e
L (DSC) Llslis oty e S 51 oS 2
J2 DSC) ol oy gl § iy 51 aslis
= ol bt Blo S S mlo oS, F -
559 0903 el o2 A Pl (o8 5 ol b sado 8
NP SV, SV SR WP IR PR

BREE Yo WP E SN SIS P DU PR IPC gt R 5
r\.?d\uﬂﬁ,..\_w a3 YV b Y. @“baoj_...f\.,)@o

\YE

Sheslisad U 55 51 oo S cwl o Sz ol >
Plus Alpha2-4 LD Jue) sslasil oSS cs o&s

s 5 el YF e 4 (oW1 Christ SeS el

o1 3l easag J55 51 5 0 Bl 1S 5 2l J&s
C33) G 55 Lol ol s e el L
Il o (205 bl e Seslasl 5 (2,5 -/ o
L 5o ba e Jodso (Sang et al., 2011) s awle
o @ ol e aSas a3 Jse s sl esli
Bl J&s 5 sl JEa e Pros paJss
slse sl .(Haghir Madadi et al., 2017) c—wla s 5ol
.(Kettunen et al., 2011)

o=01-2%x%100
pr

I35 el 5 S s S5y s &
B bv\-‘-‘-’)\?&l‘ u‘j.eu 9 cj u...\S 6\.&,\:&_“9 )\ o.»\_uA...QJ
(SEM) —zus, 5o, ool 0 9mas 6\.::;,ij 3ol



\YV

SEM , ,\s

3551 e e (5058550 5 Sl )

S5SN8y S 3l ozl | sntag 5 s K
sonlin ¥ ISs 5o oS jsboles as ¢l SEM) s,
S A sl Er SIS s ot e
p) p«\ze,.‘ Jol o)l Sl (ol 53 aS 55l 552
el sl BB sl s s 5 i) sbazes
st 218 5 ol sl by 5l b i Al
5P g S Sy S sl ol s S e
Lietal,) w\bmw.mwuaujw@jﬂs
31 5551 wses a5 ol et ie S5 o 31 .(2012
Fas o an Jlale S L 0T e ) S slears,
el 00 |85 At s v 5 5L Sl S8l 5 ao i |

Vooled P b ol S 5 o o ske i sl

T NP I R
G ol 53 s e plsi ) Sz a5, boles
K4 ad e e Sy 0 Sl by (108
Lol s 8 o Ko Glosd 5 sSns bslse
YO sl ,o ol s ol Sl pmha ol
cogd—slaml sl g s b J5 4 eseedw 420
A &S gosba oS pslie 5 aSowas |, Jols U3
rlin Caaslin 5 ol IS b U551 S Al e ) S
YA L) el U550 6 al J&s s Jos
W Jols J55 51 Jodss ao s w5 (glem?)

.MMM)D

(g o) 01 51 ol I35 5T 5 (Gl s Conms) g W3l i 50 I SEM 55 81y slay =Y S

Qs 90 od bl s Wl . glas ] glalas
CMLYFfe 4l pde Ko ol Sjlie K05 L
2 033 Capa ol JmeSssam slaey S i Sl
Sy 5 ol 51 Jols J555T 5 i Bl (2l 45
ol aaS bl 51 2t em YAY e asl s e

FTIR _i.ib
BERERC XY Lth.»\a_,.u 9 u.\.n\.; 6\.&0))5 &L&L_w 6\J.I
093l gimiieh Sl g Bl a5 5 55 slawisa
LS 6,0 FTIR i Gicb s esli ol (FTIR) 505
i sl 0T 5l Jols U35 5T 5 ol o 8L



e 5551 ol s 5 ol

Pan ) el &) aSste 05 5 55 C-H s 5 S
4 4> 5 L 5 (@and Sano, 1999; Rahnama et al., 2013
e o8 < Blgign I35 51 3 ol o was el
oAl u-<~‘ lodse b w._{J Slde s LS
Sl sl —abom™ AV 4l 5o pds K ol
ol was Lzl (Carrillo et al., 2004) el | 51,
o e Gl aamaplss I3 5T 4 b b 5
NC PN § P ISTR N WPER | O YW o FH Y B N
bl 3l 2L emt VAL a5 Lds K oimen
oS Sslos,l ails (b5 8) C-H wige i S
it Gl 5 o e 4 Wl e o] LAl HS e
Bagewadi et al., ) ozl W6 ,Las 31 s K 5

(2017

VYA

el (~CHp=) sap sl Solad) gloli e o limabs
BYYRUJEUIWA IS C3 B PR Q:.zf\,l)\;;.é-\..ﬂ): TP
sdzednlin Sy ol anizly gl ouaa J)jj‘T
Slals )l a4 by e CMTASYO 5 V)P N FY 5 s
celsJhe an C-0 5 O-H o lisle joas 5 oS
5 by B S0y 4wl gl 5o il st Ll S
Auxenfans, et ) el oW Sls 31 s bl o
4l s pis b (al, 2017; Zheng et al., 2018
sddang S35 51 5 45 el i IS K ey o
OIS 5 gl dib il asly LialS LS L Loa
Seslog,l Jlsle 4 by oMt AFYO b s a8l

— Ei_l 1 Fic| uﬂ_f
""" iy a8 e

3 e deayd

fu; Thes Ters

1
'

ETE e "

{ﬁii '.4-4-4- Nas

(CM™) s doc

o 5 Jols U551 5 @n 8l QS FTIR (sl s sa sy lis —¥ IS

5 Jhe Ktsh o JB dal, el (2011
o 31 Jmols 53 5T sl 5 ao s OA/F 55 2l 2IS
XS g oS S o pan 5 oS G oy Y|
00 Ol ) alis Lol esls (g, )l J)).J bl
Sl 0315 (695 390 S EA EEALRR I

XRD (505
3l ol 33551 5 min ps LIS XRD o303 el
oasia &S sboles ol sz eols plas ¥ S s ol
i 53 ol Gl Lidu 5 cad (wBls i ) 1 ok
Terinte et al., ) 552 0 od OYIAMY) Cab w5 5



5 ide s ﬁ\.u Sy o a8 cnlaaly ¢ R
a2l I3 1 el plas 5o I Jske a1 ke

Ea ks sl ——
A 35T

() oo ous

\+ i¥ 1A

Vooled P b ol S 5 o o ske i sl

Sl s S s e saalin s dea (Singh et al., 2013)

\Ad |14 Te

(28) F iz«

(] ) 0T 31 oo 5557 5 (ol ) g2 3L (IS L XRD b sl —¥ S5

- olezdl g sleslai il 5 S5 > 53 Csa Pl
slade 51 xS, (Lietal, 2011; Lu et al., 2012) o 53
Sheslial b B ) sasag d5s 5T sl sas 2l 5
) ol J35 51 5 (Wang et al., 2012) s

e DMSO/LICI 5 o1 Il 51 eslazaal § 55k

05958 @iy 5 e o))
Tr oS Wi 05y odaly 5y Cda il el
o PRy [ B PRPSN ol 5 Jeols 5551 5
oS 2 pmse O/ @ GBS 5 bols U5 05
Jolo I35 51 sl snz o) 8 e atals 5o a5 as o

357 e s, Sl eslizal b g GHIS 5 35551 (s ol -\ Usae

deb‘.:u» Bl ks (SBET) ”jiﬁck“’
osle
(m3/g) (nm) (m?/g)
N -f A/AY ¥/VV e oS
/Y0 \Y/a8 /74 J3s51
DSC 5031 el &S el ot ) Jsds Sl 4 ax 55

O TS 7Y L I PRSP PR CH AP S W

oS ples olub el Sl J S5 3)}3 Sl fL
522 DSC 3l aalinad b o 51 ool U35 5T 5 i L
2SS Sy K Jols lagl S5 5 0 JS2) as

oo o316l S0be 51 585 U35 5T slae i o310
s Bl on o200 cnl ol 0 S 5 352 e
W8 Ol oL 5o IS 5o s se olse B S Il

2l ol ag Jol e 0 I35 51 506l s>



e 5551 ol s 5 ol

b)ﬁj’.esj\ L;\ASL’.‘J "\3\336‘ Cf Fr{we u‘.’;.\fja QW\S\)MQ
a0 a5 i Bl 28 Il Nk 4z 5
a2l o 3 ol I35 50 e Jlor Sk

(lbrahim et al., 2013)

0-- ————EJ.IJL.HU:JS

L‘.; ol
—

(2C) Laz

ol ) Wsad 95 » (6l wgmade 4350 V) o=V 3 pume
S les oyl .;';..w\.@j)a S9 g0 QTJ:.&;;)'\ b &S s
Jolo 5571 8l 5 s 4203 AF/A i B 2

e oy S . I a3 VY/0 ol 5

.| (Gl

o ade 28 955 4T

Yoo YFe YA T TP

DSC 55, 5l ealizad b o 51 Jols J555T 5 in il G2IS ) 8 5 5 -0 JSa

3 Bl SIS 5 sk 58 U5 5T g ) 0t
s oWl bt sl e 3lpe 5 LS
S ISaze s 58I I35 51 IS g J>l e
Sol G aw Jl e S L 85 B ) s sbac s,
ISt sl sty a sy o 5 0L sl B3l 5 oo i
S olse 3 a5 BB (i Sl owy okt i
(2l las e Ol 5o g (S 5 252 pe Gane
el ools (g9, I Dol 5 gt (opd—slamil J1
I35 gl sl eas il S slajlis b e Sl )
s394 5 (Chen et al., 2016) ;) g s 5lpe 31 Jols
Paakko et al., ) el s ok SUI 5 51 ol 55 51
5531 5 ol g Bl 28 W FTIR i (2008
S 6 sba ol olas | lalas bi Sl o] 5 Jols
5 oSS ele slaey § o by i slalid
s osb a4l Jde Cla Gl 5 Sl Jl e

slos b 8L 3 Sy aim g e LS o) S0 5 50
Jj,JjTr\Jf}aJ?); Ll conls b con wile s ke e
IV RVRIWIVIN WIPPSSTIR | & 6\»:)Jﬁ§\AJ§;§\:§_ S
oz 53 g IS sl a5 sl il S S
ol 31 dols U35 51 53 5 a sdys Lwspade amys Yoo /F
Ll 2d ol o gendis 4 50 YV Glos 4 S

Jilsy o ax s sl 5 3l sl 3 LaJs, 0

ol e i it slas )8 5o s By jamis ol
ole S olgea @ Bl G5 G ol 03 00! )
Fle (20 Gl cmizad 5 s 53 5 iy
oalized 3551 4 sl of 0l s 51 20 rmacy;



AR

SRl
o3l da s o 2l Jlo colas b iy

ML&:- 9 Lg)&.gﬁ U"\ )‘ A\L,w)uJ,\.a ) B r\:u\ ‘9.;\4

oolaiwl 0590 ubco

- Ashori, A., Babaee, M., Jonoobi, M. and Hamzeh, Y.,
2014. Solvent-free acetylation of cellulose nanofibers
for improving compatibility and dispersion.
Carbohydrate Polymers, 102, 369-375.

- Aulin, C., Netrval, J., Wagberg, L. and Lindstrém, T.,
2010. Aerogels from nanofibrillated cellulose with
tunable oleophobicity. Soft Matter, 6(14), 3298-3305.

- Auxenfans, T., Cronier, D., Chabbert, B. and Paés, G.,
2017. Understanding the structural and chemical
changes of plant biomass following steam explosion
pretreatment. Biotechnology for Biofuels, 10(1), 36-52.

- Babaee, M., Hamzeh, Y., Jonoobi, M. and Ashori, A.,
2017. Chemical modification of cellulose nanofibers
and its impact on their hydrophobicity and
dispersibility. Journal of Forest and Wood Products,
67(2), 295-306.

- Bagewadi, Z. K., Mulla, S. I. and Ninnekar, H. Z., 2017.
Optimization of laccase production and its
application in  delignification of  biomass.
International Journal of Recycling of Organic Waste
in Agriculture, 6(4), 351-365.

- Carrillo, F., Colom, X., Sunol, J. J. and Saurina, J.,
2004. Structural FTIR analysis and thermal
characterisation of lyocell and viscose-type fibres.
European Polymer Journal, 40(9), 2229-2234.

- Chen, M., Zhang, X., Zhang, A., Liu, C. and Sun, R.,
2016. Direct preparation of green and renewable
aerogel materials from crude bagasse. Cellulose,
23(2), 1325-1334.

- Ebrahimian Pirbazari, A., Fakhari Kisom, B. and
Ghamangiz Khararoodi, M., 2015. Anionic
surfactant-modified rice straw for removal of
methylene blue from aqueous solution. Desalination
and Water Treatment, 65(3), 1-15.

- Fan, P., Yuan, Y., Ren, J., Yuan, B., He, Q., Xia, G.,
Chen, F. and Song, R., 2017. Facile and green
fabrication of cellulosed based aerogels for
lampblack filtration from waste newspaper.
Carbohydrate Polymers, 162, 108-114.

- Haghir Madadi, M., Bahramian A.R. and Hadizade Raeisi,
H., 2018. Improvement in ablation and thermal
properties of ultra-lightweight silicone/cork composites
insulator using novolac aerogel. Iranian Journal of
Polymer Science and Technology, 30(6), 512-529.

Vooled P b ol S 5 o o ske i sl

Jols I35 51 48 i ol e dmats o el azals a3l
JSs gl (1S ol sl ol o 30 G
L;JA\L J\;} 9 (mzlg) O/\ﬂﬂ J)};T b}.) C:L.a .C.;wu\ IS
s VY48 ol el e o3lul 5 (@lm®) /YA ol
Liao et al., ) sa—i 3,8 olie atals 55 a8 s cpoums
lse 3 Jol L;Lanjﬂ sl » (2016; Long et al., 2018
FE I CCU VA P B [ U EE SO B I W
Ll e wb o s8I SIS Jols sladss 5T
b /0 5 bolse cble 25l L &S o) sbay gl a4l
3 e Jeols sladss 51 o alb JLSs s, /N0
L .(Aulin et al., 2010) al oo 2l 3l /¥ & -/ -0V
el ol sl a5 S A lie s 5T 5o
6.....5!.3 a.o\.wJ\.Af—‘ &U\B )\.n.u J‘" P ASJA.)‘SA OL.J ty‘,ﬁ
A*‘@"L;MJ’\JAJJﬁw\b"\—“J’C;JﬂU“lSJ'J)L‘).‘
53 gl el il onz s3SI J5 4 I3 5
2 Pk Gl S5 oo Dol b I35 51 el ol
Gl sa OIS Jobw a1 e Joas 5 S D>
ol 03555 wials 5 e 5] L (XU et al,, 2015)
oLy sy Jol> J355T slaa i o315l 5 03
slse sade b5 Jol slad5s T sl sams S
Lyl b oy Jolone S s e ol 6)3—*3»53
J\j.é J)‘L"d‘ —— JA\S )jLA:v d,o.ﬂ."u u;‘ BL a.,\_&aa\.é::_w\
S s ASvJ\;- 59 ) pais L;)j.\_wyS/\J
b J55,50 4 ) omwlie D= 515 DMSOILICI
Wang et ) axzl s s 5 3lse 5505 Sl 0305 o
g_,ufu 6L—"-’ O f—in 9 &.k_é.l d)‘v\-.’.t—.[. .(al., 2012
48 13 2l DSC 5031 b e (IS b acalin 5 I35
&Sl I35 51 50 J wanlv ax o il Bl 5 2l
(s 4 an 5 Loz saalis 50 XRD o)) g
23 e Jmols I35 31 sl olss 50505 o
B lwizle s Lol plal asle i gl S8

29



e 5551 ol s 5 ol

T., 2017. Transparent woody film made by
dissolution of finely divided Japanese beech in formic
acid at room temperature. Sustainable Chemistry &
Engineering, 5(12), 11536-11542.

- Pa&kko, M., Vapaavuori, J., Silvennoinen, R., Kosonen,

H., Ankerfors, M., Lindstrom, T., Berglund, L.A., and
Ikkala, O., 2008. Long and entangled native cellulose
I nanofibers allow flexible aerogels and hierarchically
porous templates for functionalities. Soft Matter,
4(12), 2492-2499.

- Pan, X. J. and Sano, Y., 1999. Atmospheric acetic acid

pulping of rice straw [IV: Physico-chemical
characterization of acetic acid lignins from rice straw
and woods. Part 1. Physical characteristics.
Holzforschung, 53(5), 511-518.

- Rahnama, N., Mamat, S., Shah, U.K.M., Ling, F.H.,

Rahman, N.A.A. and Ariff, A.B., 2013. Effect of
alkali pretreatment of rice straw on cellulase and
xylanase production by local Trichoderma harzianum
SNRS3 under solid state fermentation. BioResources,
8(2), 2881-2896.

- Sang, L., Luo, D., Xu, S., Wang, X. and Li, X., 2011.

Fabrication and evaluation of biomimetic scaffolds
by using collagen-alginate fibrillar gels for potential
tissue engineering applications. Materials Science
and Engineering: C, 31(2), 262-271.

- Singh, R., Tiwari, S., Srivastava, M. and Mina, U.,

2013. Effect of combination of microwave and
hydrogen peroxide (H20,) pretreatment on enzymatic
saccharification of rice straw. International Journal of
Environmental Engineering and Management, 4(5),
529-542.

- Terinte, N., Ibbett, R. and Schuster, K.C., 2011.

Overview on native cellulose and microcrystalline
cellulose | structure studied by X-ray diffraction
(WAXD): Comparison between measurement
techniques. Lenzinger Berichte, 89, 118-131.

- Xu, M., Bao, W., Xu, S., Wang, X. and Sun, R., 2015.

Porous cellulose aerogels with high mechanical
performance and their absorption behaviors.
BioResources, 11(1), 8-20.

- Wang, Z., Liu, S., Matsumoto, Y. and Kuga, S., 2012.

Cellulose gel and aerogel from LiCI/DMSO solution.
Cellulose, 19(2), 393-399.

- Zheng, Q., Zhou, T., Wang, Y., Cao, X., Wu, S., Zhao,

M., Wang, H., Xu, M., Xheng, J. and Guan, X., 2018.
Pretreatment of wheat straw leads to structural
changes and improved enzymatic hydrolysis.
Scientific Reports, 8(1), 1321.

-Zhu, Y., Yang, L., Wu, W., Wang, Z. and Jin, Y., 2016.

Complete dissolution of ball-milled masson pine
using an aqueous sodium hydroxide solvent.
BioResources, 11(3), 6017-6025.

\YY

- Hu, S., Gu, J., Jiang, F. and Hsieh, Y. L., 2016. Holistic

rice straw nanocellulose and hemicelluloses/lignin
composite  films.  Sustainable  Chemistry &
Engineering, 4(3), 728-737.

- Huang, Y., Peng, L., Liu, Y., Zhao, G., Chen, J. Y. and

Yu, G., 2016. Biobased nano porous active carbon
fibers for high-performance supercapacitors. Applied
Materials & Interfaces, 8(24), 15205-15215.

- Ibrahim, M. M., El-Zawawy, W. K., Jittke, Y.,

Koschella, A. and Heinze, T., 2013. Cellulose and
microcrystalline cellulose from rice straw and banana
plant waste: preparation and characterization.
Cellulose, 20(5), 2403-2416.

- Kettunen, M., Silvennoinen, R. J., Houbenov, Nykénen

A., Ruokolainen J., Sainio J., Pore V., Kemell M.,
Ankerfors M., Lindstrdom T., Ritala M., Ras R. H. A.
and Ikkala  O., 2011. Photoswitchable
superabsorbency based on nanocellulose aerogels.
Advanced Functional Materials, 21(3), 510-517.

- Li, F. H., Hu, H. J,, Yao, R. S., Wang, H., and Li, M.

M., 2012. Structure and saccharification of rice straw
pretreated with microwave-assisted dilute lye.
Industrial & Engineering Chemistry Research,
51(17): 6270-6274.

- Li, X,, Ye, J., Chen, J.,, Yu, J., Ding, M. and Hong, J.,

2015. Dissolution of wheat straw with aqueous
NaOH/Urea solution. Fibers and Polymers, 16(11),
2368-2374.

- Li, J., Ly, Y., Yang, D., Sun, Q., Liu, Y. and Zhao, H.,

2011. Lignocellulose aerogel from wood-ionic liquid
solution  (1-allyl-3-methylimidazolium chloride)
under  freezing and  thawing  conditions.
Biomacromolecules, 12(5), 1860-1867.

- Liao, Q., Su, X., Zhu, W., Hua, W., Qian, Z., Liu, L.

and Yao, J., 2016. Flexible and durable cellulose
aerogels for highly effective oil/water separation.
RSC Advances, 6(68), 63773-63781.

- Long, LY. Weng, Y.X. and Wang, Y.Z., 2018.

Cellulose aerogels: synthesis, applications, and
prospects. Polymers, 10(6), 623-651.

- Lu, Y., Sun, Q., Yang, D., She, X,, Yao, X., Zhu, G.,

Liu, Y., Zhao, H. and Li, J., 2012. Fabrication of
mesoporous lignocellulose aerogels from wood via
cyclic liquid nitrogen freezing-thawing in ionic liquid
solution. Journal of Materials Chemistry, 22(27),
13548-13557.

- Mussana, H., Yang, X., Tessima, M., Han, F., Igbal, N.

and Liu, L., 2018. Preparation of lignocellulose
aerogels from cotton stalks in the ionic liquid-based
co-solvent system. Industrial Crops and Products,
113, 225-233.

- Nishiwaki-Akine, Y., Kanazawa, S., Uneyama, T.,

Nitta, K. H., Yamamoto-lkemoto, R. and Watanabe,



133 Iranian Journal of Wood and Paper Science Research Vol. 34 No. (1)

Production and characterization of lignocellulosic aerogel from rice straw

A. Rahimi?, Y. Hamzeh?", A. Abdolkhani® and S. Hedjazi®

1- M.Sc. Graduate, Department of Wood and Paper Sciences and Technology, Faculty of Natural Resources, University of Tehran,
Shahid Chamran Blvd., 31585-4314, Karaj, Iran

2*-Corresponding Author, Professor, Department of Wood and Paper Sciences and Technology, Faculty of Natural Resources,

University of Tehran, Shahid Chamran Blvd., Karaj, Iran, E-mail: hamzeh@ut.ac.ir

3-Associate Professor, Department of Wood and Paper Sciences and Technology, Faculty of Natural Resources, University of Tehran,
Shahid Chamran Blvd., 31585-4314, Karaj, Iran

Received: Nov., 2018 Accepted: March, 2019

Abstract

Rice straw is among the important lignocellulose residues in Iran and the world. In this
research, rice straw as renewable lignocellulosic materials were used to produce Nano-structural
lignocellulosic aerogel. For this purpose, rice straw powder was first pre-treated in sodium
hydroxide aqueous solution and the resulting gel mixture was transformed into physically bonded
lignocellulosic porous and ultra-lightweight aerogel through consecutive processes including
freezing-thawing, solvent exchange and freeze-drying. The product properties including apparent
density and total porosity were determined, and other physical and chemical properties were
evaluated using SEM, FTIR, XRD, nitrogen absorption (BET) and DSC methods. The results
showed that a significant portion of the rice straw compounds were dissolved in aqueous alkali
solution and removed during the subsequent stages of aerogel production. The resulting aerogel
showed a nano dimensional structure composed of particles and interconnected nanofibers, which
had a great chemical and physical difference from the original rice straw.

Keywords: Rice straw, aerogel, lignocelluloses, porous materials, Nano materials.



