YR
@G"’U’”%’ﬁ’
IRz g 092 (55918 9 pole (Sl igs @ pi
yyaa ‘pwa)w ‘ijw.\b
ar-yeA

http://jwfst.gau.ac.ir
DOI: 10.22069/jwfst.2020.17421.1842

o ) geol8 gl (Swilsio— S 18 ST 39 Syl g ol
o 9 3 5/ (smablido— s ol ELS

T gy s g "l il (5 gsidie sage” 5 Hlas g2 Cann guS dsa
Ol QS O S a5 53558 ke o8l oy o3lantiy (sloes sl 3 4y bl mlid S (5 pomils
Ol QS DS b b 5 5355l pske olSils g mdign 5 (5955 058 Ly
Rl O S DS b b 5 5355l pske oSS o e 5 S35 058 sl
WA/ YN s i 5 s sl TN E 1 il s 0l

B S
53l rablaall e sl SIS 5 UL VL 3,08 sl el oo e iBas 5 Al
Sl spd amd g3 8IS Aol r S LB 3l 55 5 OF 5 U sl ol pde s sk
Ol s Sda b andllee pl sl sl s g |8 Jos slge 31 anus opl 5 18 (U C]a.‘ 05 ebline
bt b SO S syl st 5 oSl s b bl s (s sk SLAES (s5luaniel

A plnil 5 pelS 5L Lol

e sk OUI say 5 Fes04) e S350 sl jmm Aol 5l candlan ) s tla by, 4 3ge
2> S SO gl s 1) eslital b liel sl s s 3 S a5 st 4 OB 55 5 iloond
L lol ol ) WY o LI ST a0 S e 5 oslal o1 S 5lis a3 00 glos b s JL 53 O
a3 N les b S s oden Ve ) e 4 oSl (60T 51 5 ol Jsbos Sl eld e SU
4 giiecd 3 e bl 505k OUIL 53 8 eSO bl S350 s wul 3 U wad Jaze ol S sla
SIS aglis Gas b s faS mpee n a8 W LS L (MCPap) eblae sl S
BB iS5 il Gimss oSl i b RS a5 Wy alie SLIS L (CPap) e blis 2
Ll ale (EP-MCPap) oS 5l peblam g3l she 215 cujsulS 60 5 (EP-CPap) S 5V (53 shos
3ol ol Skl IS S e e blie (S5 G sSes Ser sleosesl

238 13 o s a3y el s plowl b sl (g5, s SaiSTy

.,\,‘_;U \) 6)}*.»« g_eu‘ c)ljib 6});:6_5)5 Jm.s]al.du Q‘)J}JL} Jﬁ)ﬁ 65)2}&..4 LFESEM éL&o)K.:ﬁ) Lﬁd\i

Sy 5 el Vossds (ks ol b xS glay bl 32ge e 51 0L VSM XRD & a5l = 2

mahdimashkour@gmail.com 45 J yes *

ay



AR (F) 05land (V) s IS0 9 o2 (9998 9 ool (slasidngy @y puid

Tl S s oy 10 50 MCPap iels ;5 wblan Olyseb S5 o o Sedls uebbaalyl s
sl sdelS & i |, EP-MCPap 5 EP-CPap _iiS slals, lsbas SlS 5 gy « Kbl [2ES 0 403
I 0L 1y 6 lsbns sl EP-CPap & oo EP-MCPap coSls dm 225 Caglie o es 500 A0
3 P Soslas & soas EP-CPap « ¢ EP-MCPap 3 ¢ - (6551 5 i8S (255 oS Jb> s
slie 4 Oy St 58 5 gl b (SuiSTy 5 Of G ST sy 5 S 0T At ke

33 5 ke EP-MCPap « cs EP-CPap (slaw 5051 3 ST~

omle S i S arw g LS MCPap 5 CPap slalels jlrtle S S anlin 15 S aom
MCPap 3elS GUIl 55, » mabline S50 [ pam 50 4 sdalin opl &S 55 CPap 12l s 55k U
Caglie damMo LU (5 0 s e A osls Cod wlonn 31k SUI G S il =l ann 8 53 I
gl pld 4 oSl iy st O Spdee Jse Yzl MCPap IS 4 oos CPap 5 228
L obsbas wsls EP-CPap < jelS 5 EP-MCPap 5508 5L 228 Cwslie CPap els 55 Ul
B SO sl S sy omblie SL3sl [pam e 50 O 5 sy e e szl s
byl plnly 5 4Bl g OF 53 (oSl u5) 356 CohlB B pl oS1 e 508 3L 4 a5 L MCPap
335 o sdalie EP-MCPap < 50l8 50 55 (g 5oshhs culis Saisly 5 Of Gl o cwslie 5 iiS
M BB s wmsn Sl ris b eeblie SIS Sl plal S sped anl adles ol mls

J)A:'L;d LQQT stﬁ)ls Ll w}.? 4?::23).5} Ls_(u&.d—é.ifﬁ LSLA)LU:)

Cothe e Shs Sl sheese 2 2 ol dodlo

5o sberd G Shs Sl el (S Sladeily 5l eblam il glalels
Slp 3l S i Sl bl e S Las 3 ok sa sl BB (60,08
OBl 53 5t e 4 1y O Sia g5 oS diten 5 s L bl gladbil ol il
ol 53 Sk Sl ol S 6ol O I G e
SlSdes sl 5 gyl el S ol JHIL 52 eliS bl
X ) Aol e ek S G s Sl bl dlo ki 53 5B A V0 Y) Kyl 5 5
63l lilasl ol blis 3 OF 50 QA 2o ks dlge S aes ol 4 ey L
bl Sl pde 5 sk Sl a il D el Sa ) G g
g 3 e IS Ol Ll e OF 51 26 3 Sl O Sl Sl ol

5 8) 25,8 A ke e pn ki 508 whowws omb Cwd L et Sl
Silske OUI & ol eis il s (Y s (O35 pdhcy S 5 pdbdedien

ol o qgolrle ny Ble O3y Dls daulsa
1- Functional materials

AL



Ol)5ed 9 (55luge Cawgd 5 ap]

bl B ks, e 55 ebliaell s S,
e 41 w0 i (S s Sl sdelesa U
(oebliie S350 L G man O4S sd
S dnl b5 ol OUI L sdsasle gladels
SOl sla Sy S fl 3l L by
o L ol S8 el sl opl 45 dlaxl s
38 A) Ll e spdee olg OV pame ol
SO L Glaess 5 e s oyl ()
S sy 5 Shes s (KSR Oplin
bl ke gbaels 5 ol SO
el s gl s sme r b eddastl
S e o axe g Sn L LSyl 45 pams
U 5 bl 2205 5l 3 phom i) sl5) o
Oy Sk o 5 eebliemglsle U
Spol B oled Sl eslizal ol 4 5 o) s a0l
ol oas Rl SO gla i Lol jen
Pl oy jm Aol 51 ey SUIL (g slnas
Bl b il G e
ot RV Dl Sdd R gled
ablae O350 5 e Gl B L S L
Do bedd 4 eblas ke SUI mn )
5 sie (VY 5 A) Lleds SIS s
Sl oo L 05 S N g, (YY) O
Sk ag peblae sl Glankd ol 1
3 oedged oy Ly R Sas Lo SL
Sl s Sl 0L Jol mls K S ekl
sddantle gla¥ CojeelS il SO 5 S
(ol adyl miblae g3k (.Ls L oawsles s
Sosba
ol Y gladdd S Ceglie 5 anzl

Ji.sLE.a 9 g:,.ﬁl.: Ja‘ﬁ‘ Loy Yie B YA« g_M_?J]A_:

OF 5l 2l culrs Sassly 5 of ods

0

LD b sSThl Olsea 5 o el
e DD3SE ISl 1 (ol Sl e g
3t wibe |8 Jas 50 slads] gl o35
A) Lgi an S 8a coles 5 cuxSs bl
ks 3 b Bles bl 305l Gl
Dl Llesle oS '*“de‘ Cowdas LS (sl GUI
S35l sl jmw iy 50 GMSLL E)
S i ISl s s (0) eblise
Sy Sl elaal o me el ize sla g8
Sres S pelie )3 sddag o 5l eeblie
Gk 5l SO s Jlasl b Vsane & ol
o i g5 4 BU oyl )5 55 s Sy Se il
ols 4 5 odd mamme Ol 53 5 Lpd e 3l i)
ol b edelost bl g she SUI izl e
sl wblae O13 5 ol dan /bf,_o 23
Ol 3520 3l meblisas 3 ¢ 0 Sl omiblie S,
St SU S el o
eblae Olds Hplm el 3 (ubliany b
Bis ) 3y Siblis Olaes edddlesl r
sdBag pebliam 6l GUIL Ble 55 aulel s
oddosliiul hgy Coale o s br s i )
Sl 5 el mblae SIS (5,8 S8
Sy OUl e gsy 5 Ble 05 Lol
gl SOT e tdims o DL erbliael sl g
Sl 5l gl b lges OU bt
SULOY 511 & 0) ool o ool gy oiblits
S 25 8 lole b bl e 5
S ablae (gl I3 > wblas Olue
Gl g 53 L e Ol s 1 WYL
Siblae 51 i ersdles] bt bl Ol
e slatags s Ll dalgy SL Lol s
Gk OUI Slael ole wase 0L sl
Sl aaslga bros e S, beddag nbli

f.,\.'\ADL;d



AR (F) 05land (V) s IS0 9 o2 (9998 9 ool (slasidngy @y puid

LS has s b oandlas ool ol 5,8
el o 5 5A8 SU 4 il g (535
G Sy wmlis 5 wSul iy SU
el (dige 03313 £ 53 Ll (SO (S5

RS oY

g, 9 3190
Al eV dsr

S 3l S Olsea (Sl sy Sl el
OSUILL 5 SUI L eSS s el S wdige
g 3y odda Ll gladle s (s sk
Sl sl ab S 3 :\y(,l;ujfj.a};i
bomle Sy o pled Jltle o &
Lao LOT L Ll e 5 esls OLES 605k (sla 2
V) LS 13 eVl S olasd
N g, CudS Ceeal 4 4 g L

Lals 4&.«4‘3: B L;.NJ..@A LSLA°J)_5\]'§ Lﬁgﬁ&ﬂ

. s 3l gs o g =\ J g
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Table 2. List of treatments.
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Figure 1. FESEM micrographs of CPap (A and B) and MCPap (C and D) fibers.
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Figure 2. SEM micrographs of (A) CPap, (B) EP-CPap, (C) MCPap and (D) EP-MCPap specimens.
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Figure 4. Strength at break, strain at break, elastic modulus and energy at break of the specimens in static

tensile test.
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Figure 5. Water absorption and thickness swelling of specimens during immersion times of 24 and 168 h.
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Abstract

Background and Objectives: Despite the high potential applications of superparamagnetic
cellulose fibers and papers, the hydrophilicity of cellulose and its resulting dimensional instability,
as well as the significant loss of tensile strength due to the presence of magnetic nanoparticles on
the fibers' surface, have limited the use of these functional materials. This study aimed to
investigate the possibility of impregnating cellulose-superparamagnetic papers with epoxy resin
and improving their physicomechanical behavior by converting them to nanocomposites.

Materials and Methods: In this research, superparamagnetic cellulose fibers were prepared by
synthesizing of magnetite nanoparticles (Fe;O;) on the softwood cellulose fibers. First,
suspension of cellulose fibers was prepared in distilled water at a temperature of 65 °C,
followed by the addition of iron chlorides II and III at a ratio of 2:1. Treated fibers were
removed from the solution and immediately transferred into 1 M sodium hydroxide solution
at 60 °C after dewatering to complete magnetic nanoparticle synthesis. After washing, the
magnetic cellulose fibers were converted to magnetic cellulose paper (MCPap) with a
grammage of 60 g/m”. For comparison, non-magnetic paper (CPap) with the same grammage
was fabricated. The papers were impregnated with a two-component epoxy resin, and
cellulose paper/epoxy resin (EP-CPap) composites and magnetic-cellulose paper/epoxy
resin (EP-MCPap) nanocomposites were made. Microscopic observation, X-ray diffraction,
magnetometry, ash determination, static tensile testing, water absorption, and thickness swelling
were performed on the specimens, and the results were assessed.

Results: The successful in situ synthesis of spherical magnetic nanoparticles on the surface of
cellulose fibers was confirmed by FESEM micrographs. The results of the XRD and VSM tests
showed a successful synthesis of magnetite nanocrystals with a diameter of about 7 nm and a
superparamagnetic behavior. The weight ratio of magnetic nanoparticles in MCPap paper was
approximately 14.5 percent. The results of the static tensile test confirmed the significant
improvement in the tensile behavior of EP-CPap and EP-MCPap over the original papers. Also,
the maximum tensile strength of EP-MCPap did not show a significant difference with
EP-CPap, while the tensile strain and energy at the break of EP-MCPap were significantly
higher and the modulus of elasticity was significantly lower than EP-CPap. In EP-CPap
samples, the maximum water absorption and thickness swelling and the speed to reach the peak
assessed values were higher than those in EP-MCPap specimens.
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Conclusion: Microscopic analysis of the paper structure of CPap and MCPap indicated
enhanced fiber-fiber interface quality in CPap paper; this observation was attributed to the
influence of the presence of magnetic nanoparticles on MCPap paper fibers and the disturbance
in the development of the interface between adjacent cellulosic fibers. Despite the considerable
advantage of the tensile strength of CPap paper over MCPap paper, probably due to the limited
availability of epoxy resin on all-fiber surfaces in CPap paper, the tensile strength of EP-MCPap
and EP-CPap nanocomposite was not significantly different. It appears that despite the negative
effect of the presence of magnetic nanoparticles on the mechanical properties of MCPap paper
due to the less dense texture of the paper, the epoxy resin's permeability is improved and,
therefore, the epoxy nanocomposites' tensile behavior and water absorption and thickness
swelling are improved. The results of this study confirmed that the impregnation of the
magnetic papers with epoxy resin significantly improves the physicomechanical behavior and,
consequently, the development of their potential applications.

Keywords: Epoxy resin, In-situ synthesis, Magnetic paper, Nanocomposite, Physical and
mechanical properties
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