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Abstract

Problem definition and objectives: Paper, as a renewable, biodegradable, and recyclable
material, is considered the most suitable option for green packaging. Compared to plastic, paper-
based packaging loses its mechanical strength when exposed to water during storage and
transportation due to the inherent hydrophilicity of cellulose fibers. Consequently, developing
water-resistant paper packaging using biodegradable and environmentally friendly materials is
highly desirable. In this research, the effect of using the layer-by-layer self-assembly method with
biopolymers and precipitated calcium carbonate modified with stearic acid on the properties of
paper was investigated.

Methodology: The raw material used to make handsheet paper was 350 ml CSF (LF) bleached
softwood Kraft pulp. To improve strength properties, the fibers were treated with
carboxymethylcellulose (CMC), and a suspension of untreated (70%) and CMC-treated (30%)
cellulose fibers was used to create handsheet (MLF) with a grammage of 60 g/m2. Precipitated
calcium carbonate (PCC) modified with stearic acid (MPCC) was combined with carboxymethyl
cellulose (CMC) as a rheological controlling agent and deposited on the surface of the handsheet
paper using chitosan and the layer-by-layer method (LBL). Fourier-transform infrared spectroscopy
(FTIR) was used to confirm the modification of PCC with stearic acid. Additionally, to evaluate the
surface charge of the MLF fiber suspension, chitosan solution, and CMC+MPCC composite, the
zeta potential was measured. To examine the effect of paper surface modification on
characteristics, thickness, grammage, tensile strength index, water contact angle, water absorbency
time, and water absorption (Cobb), it has been evaluated.

Results: The results of the FTIR spectrum have confirmed the surface treatment of PCC
with stearic acid due to the presence of certain groups (COOH, CHz, and CHs) in the
MPCC spectrum, which is characteristic of stearic acid. The investigations showed that the
MLF suspension, due to the presence of hydroxyl groups in the cellulose structure, had a
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negative charge, and its zeta potential was measured as -103.2 mV. The chitosan solution,
due to the presence of amine groups in the molecular chain, exhibited a positive surface
charge of +13.2 mV. Additionally, the CMC+MPCC composite had a zeta potential of -6.5
mV, which is attributed to the presence of COO- groups on the surface of CMC particles.
Paper modified with LBL method showed increased thickness and grammage as the
number of layers increased. The tensile index of modified paper has improved at lower
stearic acid percentages compared to blank paper, but decreased with higher percentages of
stearic acid. When MPCC multilayer modified paper samples with different stearic acid
percentages were treated, the water contact angle and water absorption time increased
while water absorption decreased. The maximum water contact angle in the papers treated
with PCC modified with 12% stearic acid was measured at 136.17°, indicating a significant
enhancement in their hydrophobic properties.

Conclusion: The results of this study demonstrated that the LBL method has a
significant impact on enhancing the barrier properties and hydrophobicity of paper. LBL is
a simple, cost-effective, and environmentally friendly technique that can improve paper
properties without the need for harmful chemicals. Therefore, this method can serve as an
effective approach for the preparation of hydrophobic paper in the packaging industry and
other related applications.

Keywords: Precipitated Calcium Carbonate (PCC), Stearic Acid, Hydrophobic Paper, Layer-
by-Layer Method.



Yao fO)Loa:'Js\ad.l.’?sQ‘ﬁ|;\élSjg:)3‘>:&Lbo u.o?u‘d.aLLas

(st ge paealS @il S g (heus) SLApords 5 dafeada aaaiagd gy b ja Sl 341 ags

Sa L) dawul b oadds ch

Toul jreaad dane dacu {(alil ) 9,a8 S3lEAL L jaass M1 Gl (6 58] deusle

.Olﬁl O /)f O /)f L:““j" G'L;"’ 9 d)')su;f P}l"‘ ol Kisly dels’ 9 O (swlige 0aSily dels’ (W g P}L"‘ aj)f ‘d);'fa Qyiui;}b ‘J?i‘“‘ ol g )
akbari_moghadase@yahoo.com :Sgg ;S| Cawy

.Ql)ﬁl %) /)f ‘Olf)f L;u..b C.gU.n 9 d)')jLi'S F}l“ olKisly el 9 9> (wARe oaSisly els N 9 fw?l.c 05; ;)L,...i;}l) -y

Ol el sl b o 9 53sliS pole oSl egilshe (slaTIod)l)d 9 g @l 09y lutils Y

VY oo iuipdy &b WYyl b

TN 1

Sl 4 o pmslio (LB 5 dice SoCus; piinaos sloole plsied; 215 18] g dlame ()l
Sl (S wgd ol (Shg ban (I (glagsiiaiun « Sy b duglio ) 355 00 Cguine juus (Sl
m e Cd 11 295 (slacuaglio 5,8 o 4l Ol b eled > JUi] a3 5 (giluepsd by & alSin g 3loke
oo sy G slaome Jatingd § i 55 dlgo b Ol 4y pglie (IEW (clasiitiny A oD 5> i
g pordS DS g s sliyeddy Ly (LBL) YerarY no2ings g, 3l odlitl b (3o ol o ol
sl 485518 oy )90 AT Ga STy Sl sl b o g Ml

S0y S s S IS pad s SIS aig5 (sl 03kl 3,50 adgl o3lo :labyy 9 Slgo
Polwdsio a8 92,8 b Ul ¢ toglio (slo Sy S9mte yokaiods ansl 035 CSF yid (Lo YO+ (Sl 42 L (LF) o
(MLF) (30,3 ¥+ ) CMC Ly 0425 jlass g (10> ¥+ ) 0323 jlowd (s gk SUI I Sgpmiliwgus 5 1545 los (CMC)
3l s (PCC) oy yinelS iy sl 48,5 ), 5 olital 3,90 5+ @fm2 5Lel,S |y jlaociems 321 a5 sl
1 00l Ly s eSS 5 (£5555) 00 S Jole Sy lpieds CMC Ly g (MPCC) s oMol S, iz
sl (FTIR) anygd i 503 (ygole (Pl 5l 030> Cogu) jlocuws 2 iaw (g9) LBL (g 5 oljgns
Opmlpoger (b S o5 glaieds ccpizman sl &8y )15 o3lital 390 S ikl ol b PCC 3ol sl
g o) 5L oy sl 03,5 (6503l b5 Juwiliy CMCHMPCC S 5 g JignsS” Jsloxe MLF LI
29 {LS) ol iz g T Gla ploj o o apgly (S Cuslie (sl LIS culies do Sy 2 168
ool 435515 L))

5 CH2 (COOH) (o (slmogy S 39g Juoas |y Sy ikl L PCC oxbaus o FTIR cigbo gulis 1ges b
Oypiliwgu 4303 L5 b gy ol 03,8 Aol 1) ol 039 G ksl ipusl duaseiie 45 MPCC ibs 5> (CH3
VXYMV ol U5 Jewils 9 039 (e ,b (shls e s Pgho Jlblo 1 JuuSg ) (slrog)S jeis 4 MLF
WY MV o (oo )L ¢ J5S0g0 00285 3 (el (sloog,S 329 iy ljgS Jolore sl o (5 So3l
COO- (slaey)S oo Joay &S 54 = F/0 MV (61 Juwsly 51y CMCHMPCC oS 5 ¢ pwizmad 3 L5 |,
i3l L g 01,8 A28 5LalS g caslis inljal el LBL g, b 218 #Mol .0l e CMC &l gdaus
=S iio ) o ead pMsl i els iiScioaglio (atld (Cuol 4iil (g3gro Mgy < yiul3El pl daay Y dlas
LS 03lil 3550 Sl o> il 331 b Lol ol A28l 390t s (GBJEIS b sl 5 (S litoltgu)



- reB0g oy b S0l W A

Yas

B0l Sl wliwl @ biste slad o) L MPCC 4 Yais b oddgMol 368 sladiges oS Jloj .uwl asdly
Ol 5l Sls as 0 s oS0l AYEY Sl Sl 2o )3 VY L osdip Mol PCC L o jloys (sladels

ol ladigas ol 5] Cpols 255 B

iS5 g imlon (Lo S S 3 limn b LBL by, o ol ot g ol s 305y dom

“e e (2l Slge 4 5 (e & Gl Cunyjlazes b IS 5le 5 disaeS ool gy S LBL i, )b I

s S GnielS a3 sl g Saly (S gicds lgise ey el ecplpls iy s |y 1 sl S5g Ll
3)5 )|)5 oalail d)90 Ja.u).o dL&a.))._i)lf )ﬁst Sy Ciwo 0

AYaaY i, oS0l A2l (S k] apnl (PCC) (pgw)y mudlS Sl yS 1 605 5 2319

e bS5l (el ool SO laie 4y a8 il e
wazgl [ sgb o w8 o jo Cengon y
oSl jgheds udizs ol o PCC ogiawgass]
yobieds SAY G jliulannl 5l aisS y cpl 5 i
che oSl 5 (bl GRS (o i
A anlez solaiwl eole pl

el gl cilSE 0 S larear SO lulag]
ooliiwl 8,90 CaCO3 s Sl Slevgas sgp <lp
LSas mdn 90 5l Solulagnd Vo] 0,5 o 8
(\ J&..u) webui 9 )J;&_J—‘ A.JL.JQ ;i: ! 00
o Sl S pleend JlSle sl SO loalagl
b8 ((COOH) LS 9,5 js S5 a5 Cewl 0,5 VA
ol Js¥se aily 0y o5 o)l (el Sy
msod i 1 ol 5 sl sads LSa5 (39,000 5 025
Lulps 5 gy wile gobj Jalge Sboe o Jlj0e 8
ald ojlail CaCO3  cogb, ke lewd anls
3y90 SO ltwliwl Hlade L CaCO3 clale L£aCO3
Alalg o a5 0l0 02y CodS maw Gibgs (sl 5L
Dy ga] o i Vs LSis p e

2 stearic acid

dodio

et A ojlsen M CVgame 5 KIS
L Lals gl ol longes Lyl baglusl Su;
Sadels 25 g Oy SadilS alex l goie S jlas
22 45 Wad oo g g Gy AL ((blage
iy gbAElS sl asls ol sle Sis wb phs
5 099 Rdee P Cew g piyma B 4 suw
3590 oSy G gunaing & Cond ol Zoo
oSy b oanglie o LY g V] s S )E g
SP cmwgol Shy Jds a4 (sdelS slaganaia
G 311 355 bacaaglin «oT b ulos 4o o3lshes LI
GalS gosuding dlge Ay plplo If 3 ¥ AR o
sl gllae oy T 4y pglie

3ok SUI sl a2 Saxe slaonisS  jl eslin
$3Al s banse Gals sl @l o) ol
sl 4385 )18 az g5 050 (HLwdelS T j0 (8 pan
5o oolatwl 5jge (Gome  sbodisiS oy i glaie
eSOl S S e, S el ggledéls
Sy oSlan i 5l L a8 wsl e ( Caco3)
5 oolial g e Ll Jseme (ilwdéls wiljs
old Wil 1) ols o Shee o Sy dooasS n
MiSy e B 4 spdolr G (SuSTn 2l el
QLS gl 0aisS o5, PCCLIA 5V & 0]

! precipitated calcium carbonate



Yav

O

¥ c)Lo..i'; N Al.?‘Q‘)._g‘ 3.5155;,;9?: &L:..a u"-"-" aslilad

Ho)j\/\/\/\/\/\/\/

!

Y
Hydrophilic Hydrophobic
Head Tail
CH, CH, CHs |
(CHz)1s (CH2)1s (CHz)1s Hydropli
CH CH, CH,
"""" /k | o)\o )\\
A S ~ ~ ° ~ S~ Cirefrenn

IN] 5 sl au! b CaCO3 s o

sobiteny slgcds Al o ol 5l e g Sl o
St g G Oye0 & &S Bl Je old B>
DE] o9 o Jloel canl onis mhaw i
oz sheeden; bGLS 3 sladle
bl il Censlame b5l lagog3il anwgs
oad i g i8Il (b cnaiz bl cnl el
5 OeeS (GeslS wlis dlex I (b sla el
Qe Cuglie dgue jobiteas sl Jie (oSS
o S IV sl i3 8 )15 a0 990 5 dnmgs
S adlige (T j578 ClB l pom f ab pody
€ 102 gl Jsbme 5 oS oyl
“h S Olse a iS00 5 e g pglismnse
o loydgl by ek 2 g Jobe b wlgioe (eSS
DAL sas JS0as wgm ail gite b il Tl
5 el Grie Sy CMCF sl Jie ouS'sS
b Bl o e sl ol OF o Jelore
S oleeay OMC 5l oolizl V] ol 5518 5,005
3590 Slod yinS jabdy AelS Ceoglio ouiS g gdi (I3
51 oolitul a5 Ceul ol slitel ol 423,513 asllas
Sgm 5 50k ol (A CeaS sgp el CMC
ol Baa wasg LoYe] sgne jglme SLI pn
slas,s 5l solawl L PCC oooss y laiyl «guiow
356 e (MPCC) s ol S il caliie

3 Carboxymethylcellulose

9 S L] vl (o Lo jlS Lo - S

PCC (Yo%) 52 5 Hu

ORby S slp SSY Sy S kel
oS edlinul (155, lshe 59y 2 RS lnse
Al (g5, p slabe oo g 5l eolaial L LS s
o Al g ypabst b Sis IR ¥ Loy Jlael

sl

olonl a4y i AEST o idigy 5l e Oyl
5 Wang Dyl o az,0 V0 gl iy wled aggly
b Sl e 365 ey 4 Gige « (V1Y) (), an
L, &5 ol oyl ol as,0 VY O ules asgl;
sel b oas Lol PCC L jils RS opols by
ok S S al Glsw 85y ez 5 BA) Sl
Dyl wis)sl cavs 4 (AESOY
5,509, o (LBLY aYa¥ orexsiogs ()l
Meele S5U slaa¥ (Byme (sl a3 p0hy9,he g oola
ladioy ;0 00,8 b 5 Sl Slge o 55, 2
- b sy op)ls Vo] el sas eoliul calise
G fSan 5 55l oy 4 S3ElS 5 oy S
Sl @lp gy crl o s (Bre VooV Jlo o
L L s L3 bols)l el e o Jlgie cloay¥
Sld ol b g o pS o0 )3 STy b Sy o Al
Wl b ol e o)l ghe beg e
695 2 S3U ke 4Y S5 5 0ud Qi (SSluly Sl

3 Acrylated epoxidized soybean oil
4 Layer-by-layer method



- reB0g oy b S0l W A

el o0 08l (MPCC) S itslipus] b oS!
SLI el ez 3adzd pl 5o colaiul 050 adgl cole
039 )by ST WSl oads angd oud 6 p S, il
S OheeS mdiem B Camy yorly GRoshy (nl o ol

390 9 Sl p) Slasin bgendy (g 96 S0
Sl a8 31103 oolazul

YaA

S5 5 obseS L LBL 3y, L X5 ol
890 o ltwlagn] Galiske slaas s L CMC/MPCC

Ll a8 518

gy 9 dlgo
oligS SHLBL (bsy b 5,50l 321 as jslien,
epopedS LS b oes CMC (oS5 ¢ (CS)

ohges wlasivw - ) Jgus

Hlade b > dakio £g
o=l Jyaze el
Ky S el ¢l Jso
515 S
A 7L< PSESRWIN
Yo —AD 7. (1) 215 Jeil a5

oolail Gudiod pl 0 Gl jeiS (S e oS 0 el
a0 139 sl ool ojg0 S jliul sl s F
g 00 o, AV pels wsye g YAT/YA (g/mol)
S5 5l 56 PCC sl ol S o oS50 el

Al dgd bd lasio b olhaile JElS 5 o

sl OhgeS eaijle oS50 Joalljgiws ulul 5

“Jskxe 5,00l 5l el do e Y Sl sl jo el
Sl 5o aelr e 39 Jo Bk 5l eplieS e
b ocelo 90 Sands dase glos Cod doyo VSl
oole cpl 5 Y/ mg/mL clale b Joloxo pole 30500
(MO Pobo it S35 iz ol s a5

(PCC) (g sl S WL ,S s S 59 -F Jgox

S b <l

dadiuo £

PCC
Sebes = (5,09 Sl
Yy
-4/
VARV NINRS
0955 V-
/(5' QjA}
TAD sq0>

TAR Sq0>

ol ol
Ky Sud
(e Ao d
pH
s sy
Olyd ojlail GSlas
0950 YIF 35 0l)3
0950 & 53 @lyd
0350 AF pj 0l)d

9 99— CSFY,_J Lo YO« 325 pas aJgl il
YO a5, lgya o0 GVl 5o

¢ Canadian Standard Freeness (CSF)

3ol —ws gl 25 ol w jolaiea
a5 5l as sad (6,8, al BLN A el s
a0 000 )8 ool wl g ool agd g A<l



Y44

CS-CMC/MPCC asYasa g,

U s lp LF ez 5l o) Gedos cnl o
Sy50 AL S pl wamgl cwwl end oolaiul
51 8 (Y-V¥ Farnood 5 Wu) ui,8, 5o oolaiul
30 AL a5 Llin wisgs S el LBL al s
g wlosls Caws I 1) 0g5 Ll oy joabbst ljeuS
moad oaeily o8 5l 0l Jslrs 31 0051 g e
L BLI 5 cidu BElS Canglin dgug jeliieas LY ] il
SLI 5V ca b oS 5 5 ad el CMC
ays glp MLF g laizl b b od.il:c)l.o‘ 9 od...‘l;.jc)l..d
(Jols slicls cuol as s L8 solatwl 9,50 XS
-Jlail S lsisdy CMC (adly 1o .aslos S Jaas 1) 04>
oo SUI L (59,000 Wgn g WS (o0 Jos osins
Sd on ypglie LSl obml cely o5 w0 JSis
Iv-]

L (CS) ylisS 3l Joloxo ;o lal MLF glaicls’
9 (Y/Omg/mL) ol jgabogé dado Vo Ddedy (e 4l
A dd 4BBS V0 Soedr adal ol )l eslaul b
SLal Ghees B as IS5 L 4w gand il
bolxe G 0 jlucass gbdelS o 005 Bis
Sl calize sloas,o L (VO mg/mL) CMC-MPCC
Voo Gogabst (nl Gley &5 wd jeabgd oSGl
O)L.tj») L;Lo‘ CMC L= 61).: L&M\J}o) e Y M.JQ
ol Cubge jsbay 358 ole iad el gii
CS- alSy 5l a¥ aw 5 90 S L ol ST
&l Cewsas MLF &S zhow 59, » CMC/MPCC
Cweles T 410 om-02) 5Ll 5 aile calites sla S5g
5 (SO 1924-2)  jpiSwglia Ly T 411 om)

ST wled 4315 (g 550501
Ao B ol olad asly spSojlail pslateas
Bt 5 Fake 00 Jsb b ladigei g5, » biec]
s ol 00l 00l 1)E lase sles o e e VO
slyp  (Dino-Lite) Jlioms ©gSus S G
Slp el 000 8 oolewl &5 maw 3l (g ks pnSe

¥ c)Lo..i'; N Al.?‘Q‘)._g‘ ;\.élfjs,)f é.tL..a u.o.‘?u‘ aslilad

Gldas S 2l5 pas ¥y o, CSF ) L
s ol T248 5p-00 o Lods 4 b s st

CMC L ooy jlowd s gbw BLII 65w colel
YOS wops b)) Bl pailige bt
slo Joadljgiws b caslits o g 0 oolal (20
Sl CMC L colxiigl g oS 50 odd &l ceges
VY aMS jebay (Yoo r o Ken ¢ Laine) wo 5
Gl p oo, Voabale b of o lal )0 CMC 5l 6 5
L del e ommiliwgn 25 Voo w0y o S2S
g ol o) pp bl ot sy ¥ Sis ssye
50 bolse i aslsl Ve SO CaCL2 51 # ml ol on
S5 Sy dele Voo (i o Ol> 4z
sy oMiIS SIS S, 4 e oS sl olKile]

Iy g W s eols &) 1o 09y O s 51 (s 5ol
B o oold 4w CMC b ooy jlos (5ol LI
abas T 4o Ioasme BLJI 5 558 Bi> aslSICMC
L LBL ax1,8 gl 036 wgb e (cladels .asois easST
055 o Bl Lol J| cgyosio o5 Fo S
L (o, Yo) CMC b ons Jlews Bl 5 (aoj0 V)
L e 5 3l caws 65 cole uile 31 oolatul

8 apg3 T 205 sp-02 o il

(SA) s yiasloue! s PCC 25!
msd ol L PCC s 2

e T L e Jl sl s Sl
5! by Lba cgpbo o o3 5 o el
el Loy Sl gl Lo Gl —ala
ol e, Sal LIl a4 880 Ve a4
35 S Ll l o i g S
ol o o3 10T A S Y el

09953 5l ey el 004 PCC jo0— 439
Oj—ap L PCC/SA/ethanol S ;s PCC
Yo sl BRICEN - IR oA bl

by e .o i by e ol Xl _wa >0
6‘)‘—*?6L—‘°)L°¢;L9‘)—€9‘5—-*:’°J—‘”L§L—J‘L§L—‘°°
INV] el as 513 oolisl o 90



- reB0g oy b S0l W A

) eSile alfaizy awlie jshiied; (SOl (g0
s oolizl (P<

SO jltwlaswl b oals #al PCC (6l FTIR b

3 S FTIR) 4,58 oo 50,3 g0l (riunichs
e dole gloog 5 olulil (slaghs, iz,
sy 4 bgrye Slbl lbos oS 5 Sy 4 by
g 38 (o0 ool 2 1) Pl 60,Shee (slaog S 0929 pae b
a2 | oole JLELe 0j50 40 (65 Gres i KlgT oo
Olpess b)) 6lp FTIR Gl 393 guiow o [YY]
“awl b Ml 51 a6 CaCO3 zohaw (55, (5 Lo
FTIR slacal ¥ S5 .ol oo oolas! Gl
I, MPCC 5 G jlswlagw] w0ais Mol PCC & by ye
5o ,le PCC o samlie JB il i 000 oo lis
cm-1 < YWAf/AfA cm-1  AYVAY/VYY  cm-l
e YIYIYEY em-1 5 AY</AY. cm-1 N A/YYA
cm-1 4 VY em-1 sboSy j0 CondS (Shg a5 wil
CaC03 ol oIS jsbay [VF] ssi 0 onys AV
Lo VYAF/AFA cm-1,0 5ged oals b ald aw gl)ls
4 abgye AY-/AYe em-1 oplaiel ooaS ilesyl o
YAYIVEY em-1 5 amao | z )5 cdws Gd il
L¥0] sl oo COB2- gl amio 09,0 ches Lilss)|
cm- dga> [0 wds gleald (SO liulal 050 0

O YL 5,8 ddlie o YAFAY-O 5 YAVE/AYY
-8k )i g il paas olils) 4 oo
S el 5,8 ddlaie )0 05 o 00ls CniCH2
Comnd SO yliwlaswl 51 -COOH 44 VFAANYD cm-1 o
MPCC 4 bge FTIR b 3l [YF] sei o ool
Sl dasie Sy 1 (Fp &S Cewl ogpiee
Lo FTIR ks 540 0429 50 MPCC o G Ll
em-1 s 1, CO32- aasie s, g0 MPCC a4
S SO o, Laas YAY/RA em-1 0 5 AV-/09A
Slagay YYAY/AYY 5 oogdle VY- +/VAY cm-1 o w0
39 ylpogdle ol oo COOH 04,5 a5 bgype a5 o
de>9 YAFANYA 5 YAVHIYPY cm-1 0 s Sy
4 45 cul CH3 5 CH2 il sasasplis o o)l

wgly polie amlxe 5 Gppal @l Jood 9wy
s gly ol ad S o, Image-] lidle s sl wles
plate abds i Plas ;o (5,5 65lal 5l laosls aiges

Liloads ML?:A

Sl @iz ploj 95T

Sl b slucass sladils o Ol Lis Sl
Pl ks o ol okl ad g sl Y ol
b ke O S Ve Glail ol 58 b o))
YO olul 4y 35 mhaw (59, 5 Comg,Neo 5l colaiul
L bwg ol Cds plej b esls )13 e Lo YO 4o
A2 Sl 0903l Gl S Sl legis)S I el
Ivy] o S5 Galises blis po )b gty aiges

(FTIR) 4 593 195 30 84900 o2mimw il
L MPCC § &G ,ltiwlans! PCC I FTIR slacals
(ouzie YL Cary 630 Agilent zwcads 51 oolaiu!

s FeeeFeeom-l oo Job 0 mull 5 ol s
Silwoslel @ (g3l baigad Ll lp b
] 03¢0 ‘s\ob

39 SISy gl e wwdnb
(DLSJ Sroliyd

oK 3l (pedaw b g )3 ojlasl (605l
<L Nanotrace wave2 Jas Microtrac U Jwily
INC SRS OX g PO IRV S P30 I L O B X ¢
ol ST ) ol g S5all 5 ol s 3 sl
e g (2l sladslne o 1 b5 Jeiliy -V 5 23
Sges

ool Jlxi g 4y 5255

Sl (ol i o S5y 5 Slialejl 51 o 50
Wl al ol Jelb @l 5 we S LS A e a4
N F azd) SPSS 138l 6 5 5l eolaswl LQ)LQ" Slwlw
5l bl Bolas SLS 7 )b wlel 5 g (SPSS Inc

5 g Wedls (g)lo ae (g p S el )ls 4525 (90

7 Fourier Transform Infrared Spectroscopy
8 Dynamic Light Spectroscopy



LYyl et on 5wl 1) b Lo oo

¥ o)Lo..i'; N Al"»"ﬁ)‘ﬁ‘ ;\.élfjs,af &L:..a u"-"-" aslilad

039 SO, liiwlan! dnasio oS MPCC (ol o pso

IR W ars T e~ vy
e A

I r;r
.‘

g |
-]

=

=

=

E

=

£ —MPCC

=

—PCC
SA
Y#he. AR[E Yrie. T i o+ i

Wavenumber (cm™)

MPCC gSA PCC |y FTIR digb - S

ol s a5 el es] cawsay #1060 CMC+MPCC
J...ub‘so CMC ;_;|).) cjaw K9) 090 COO- 6[@05;

5ol g Colns
025 G9e3] abwgts MPCC L oad )l sladls
O olo ulﬂl-’ CJL..: Ll 00 wor (Yl Je.&}) wb)b
O doye 0 glas mhaw 0 wael cassdy polie

D15 3525 (5 kel o ixe

DLS 3051 gt
SLI gemilmg (b )b ols b))l Helaeas

Uiy 5l CMCHMPCC oS 55 ol365 sl MLF
b Jeilt xSojlail lp Jb )9 (il
Ogemibiwgw odel Cawsdy ol G L0905 colaiul
2 Olglp JenSg e sloog,S o>y Jdoay MLF
35 VIV MY (56 Jeosliy b ke b (slls lsho
03 WYY MV L plyy o 0l590S Joloeo (o )b ol
15 S5mse Ik oeel slaos S saiasplis a8 o

S5 e bbb lisS (JeS¥ge ey

MPCC b 00t jloi ALl g MLF (LF cladlls 5lol )5 5 caolins il lg 41325 ¥ Jouz

6 o sixe mhaw IR Sl o (5uSkeo soliTaz o Slas po Egoo Ol ss aie
ARE YFY/AAd V-YAISPY \F \FENDITY Caoles
efeve ARy YYIorf \# IARAZEAR! 5Lel )5

oy 0 Jleisl mhaws jo (g)lo sine s



Hgdoo faie pedSln S D mhe 4 Sl
L pedS ol B3 @5 5 ol Wlgicee st 0
TR RIe §)

4 polie a5 035 o0 (6 AL ¥ SO wazs L
CS- L ond ol sbidls 5LLF owel cuss
zds 5 39 MPCC &8 jsi s 4 CMC/MPCC
- MLF 5 LF sladéls 5l i ol Llos s &lS
ghe @ l) dlse Sl aY S (5 sabed al> e s aily
Gl 4 Bl slaay cpl WS e ailal Als
35 A 3 45 S e S8 sud Lol Rl S
alise Gial3al 5,5 ks GeIS L anylie

Ya.

(mm) coslis

S

ge

°1l° b'llo “]tb “lIP

bbbc b h

(g/m?) 5L 5

N vww NS

ﬂj‘l“ B‘P olo g‘l“ oo .g\“

CC -0
S S s

S Sy v

oY

5 MLF LF slicls 5llS ¢ cwls olpuss

odds oals Las ¥ S ;0 MPCC L sas e sladcls
B g onls cdmline S5 opl jo a5 sblen el
Culbs il cel &5 Plol il o gt
Sl cpl ey ol iolidl Lo enys 5 S
5 Al a5 s ol 4y gogro Wy, Cwlbhs
GY @ olge pl gl o j5absé MPCC 3 CMC oS 5
Bedon ML Culs alidl Sl 5wz oo OligS
28lie (539381 5l e &5 3950 cvaline JSO aaz gl
50 SO lulaen] ws gy il L MPCC il
ol s &S cwls «LCS-CMC/MPCC oS

ol glasSge ol anld b o sl

h
gh efgh f

Sy vy Sy
O@\z@kn St e\a’ng‘n“,fb \ e\ °’n°

X lll
O O
SO S @“%“C’@‘& E? &°

bed

d
be be e be +bed  bedSd

Ny vy NV
S Slelln it el le
O N ONN

& OO O qoo <
@,§$§;§§§“

Lo

MPCC U o jloi gW3L15 3 MLF (LF glills ol 5 g caolis ol yis —F S



oy

Oom ool ol ml wd ey (F Ja2) bl
S doyo O las mhw 10 wiel Cawddy polie

ol LB 3929 (5 kel o ixe

¥ c)Lo..i'; N Al.?‘Q‘)._g‘ ;\.élfjs,)f é.tL..a u.o.‘?u‘ aslilad

Sl s g
0325 o30)] alewgts MPCC L o)l sladels

MPCC b ous yloni (sLAELS s MLF (ILF gaiils il cuoglio jasli wilsylg 43505 —F Jgo

B, Sxe plaw Q}aﬂ c)l..eT Sl o Nk

FHEESS

AN V/fev #IAAY

\$ RIS S Canglie e L

Zell CMC 1 ool el ol olazel a5 ols s
SUI e s 5 005k RPN BT CodsS dse
bisls asS caglie Lasls YV e 0 jelxe
&l L awglie o (CS-CMC/MPCC) L ooy Lol
a8 Cel aidl o8l Sl by slass ol b canls
el 03905l x5kl Ll 4

Slosises 55 Cuglin asls S i
L (CS-CMC/MPCC) a¥ wiz L oadpdsl &lS
a8l mals wolaiwl 050 SO liwlanwl doye o5l
0355 o g ib)ly @S Jouz aazrgs b oS ol
pl ol ool SO g oyl SO SOl sl !
SBLI e JoSge o gy Wl oo a5 el
- SO liulanl sl JoSsse LS e |, sdelS
3l 500, Jize |, S SLI o Jlasl aslys
Sozg eh (Fhgyhes lakign slml o gl oUls
a5 S ol (aile wilgs oo SO Ll ol polie
A oxie g S oo dgasee [y B o Jlail g el
=L ol Csds S e so iS Cwglis ralS
O 2elS o ails Lo a5 (V- - 2) ), g Hu
Ceoglie oSG litwl wwwl cdale zoli8l L osalds eols
DY] s ls cillas sl o il 2l 1) o2i8

a0 W Jlasl o jo (s)lo gne i

MLF LF sladéls _oiS Sglie asle olss

oals Hlas ¥ JS ;0 MPCC L oudsjles sldcls
DS a4 Cwglie s aS sl lid s el ouls
“duwl o5 oo ;s ;0 MPCC | ons ol sladcls’
Sl b de wals Gl b anglis o ol
bug Jl5 Caglie p Sdne loodisS , site b
[val coul soss aulb e 4 oBans 3l gl
A8l 4y B,b sl sl Sos dguga ol sl A3l g
Lol onds 5 oligtS lawgs oS G0 jww (490
a5 098 03ls S ol 5 O39S e (598 ASen
@97 & 3o Rl Al s ) s Ll wl
O Wgm ploiul (l5nS oS S5 ax Glgi o
5 selie Giali8l aisn o ogn T o |, LI
o0l )15 g (e b AE RS SlSe Lol
S E P CEX MO TS INUPRN [PCTC S | P RO
@b 55 dee s B lnle g Wb s
obas 09> 5l ok SUI zohaw (55, 2 i ol
095 bl g phd JSis 055 (ol oo 4 aims o
Slr OligeS JemSgien sl 0y, 5 Jub siel gl
Ol 4 wsshe zolw b (Shgyuen laign S
445 09 oo i3S Hlai 0 0uiiS lgsnel by 2> S
ol DAL a5 o S8 36l imilos (plgs g Canglin
Olger CMC &y ()b 5l (2iS Cuoglite (a2l (ol



o

NI/g ) iiesS Canglils asli

fof

MPCC b s ylos g3l g MLF [LF gdlls oiuds caoglio pasli ol poss —F S

IR rSeilail o) ol Qi 5 Ol Qi gl o
s ol 4 oseil 4 bane mls il S
Gl 00l AN 5 Jeax j0 alize sl

Fileo gla Shg
5 sk b &S mha Plol b ) polares,
Sl el L;LQM).) L MPCC 9 CMC u.“.S).'

SBAEL g MLF LF sbiils of 0ix g of wix gloj ol (wlad aygly il )lg 435 -0 Jga
MPCC b o ylows

s ggeiloyll  uSile ol Az Egozo Oy g
el ©la o Ol po
efoss Voo lYVY YYARF-S \$ OYOFANLE T oles gl
oo SENEY  YVF.SYO/FE- VE VEYARY o wis ol
oo FEIOVF VY- OIVF ' Y-AY/) - ol ois

ae 0 0 Jlais! mhau 5o (g )lo gne **

oAt 10 ey, Of Jleel 5l S sladiges
15 MPCC L oni Lo sdéls s MLF LF sladéls
ol 0als ooy ylas & IS
-0l el s csahe sole SO lgreas LS
@loog)S Sezg 3l AL Shy onl Cwl e
oo a5z M5Lo 13 ol OH) JouSso0m

ST wlad 4515 (5905
s MLF LF slicls ol Gd> ooyl polie
0325 30)] alewgts MPCC L o)l sladels
O als UL“) @L’b ] 00 sl (A Js») u‘“-;Li)‘B
S doyo 0 lbs mhw 0 0ol Cawsay polis

ooled gy polie &lns ols 0gmg )kl Hlo e



£

LYfl ol ools Gl 1) O ol o Caoglie s
“ol s Sl CilSl e SO leay Sl
3,90 CaCO3 s S0l oly> dompe slp el Cuod
P Py jsba Wlgee &5 0pF e 1 eslital
Oeimen O S s [A] s g 1) pendS Ol S
50 Splalal cdale oldl boaS aes o ol
oals Mol 35 Ol ules aygly « PCC dlol a8
Llod 4 o Cd 8l tal| ez 5 b ol
ol PCC a5 oS ol 005 o sre 5 (5Ll
ovbed aggly el ool SO jlwlogw] a0 VY L onls
—opll el annls 1) alial o i sad ol AElS
Wl i SO llag] cdale e mliél Jl
oaid Ael O wles aygly (SOl (ol 4 i oy

¥ olass 00 alx ool KI5 5 Csr alio Casl anlilab

O 0B LSy sleog,S .l o] saims JSis
2 070 ol glasSse b 355,00 ladisy 185
ma Wl oo &S (o aenay o Jlbl L
Sl opl 058 G Ol liwg oS jebas 5 Cepu
ool Gl was bl Jdoa ol Cix
Sl 50 S92 g0 JeuSg en sloog,S L g 5,158
a5 Sloy wls plas mlb [vY] cul &l g3sle
L MPCC aYos L ad.ébc)Loo| KlS sladigad
adigas Wad o Sy lalipml Gl lass s
2 Ol eolital wazgl s SOl dels
5 JeeSgre sleog,S sl hgs LBL oloS s
Slr O35S 25 o0 Ll § sl 02 Sl o ]

stz 5 Lotion s (Il dlse 5l bpsls i

23 Sl Cwals oy apul L PCC Ll
V6.
de
VE. de g g . fo
.y T ef ef ef
=Y.
-
3 .
b}
— c ¢
-_]‘ Mo
s
f. {1b
a
Y.
S VA Ay Sy avdy vy
GGG \ﬁ;@i&\e StElE® shetg®
FTFF FFF FTFTF prer Feradr
W slod

MPCC b o0t o WIS g MLF LLF idels ol wled a3gly cyg03] polio ol puss & — S

aels Wil assls olo odel Cawds (YY) o) SKen
S g iz 4 e & el Cengool L S
Ivs ] cadloas 4l ) oje 0 32l Lawgs O o,kad

sl B Job 0 eas ssalie O Gix by Ol

9 pristine paper

Sl wiz ploj o903
LF sbiels o ol -/0 oLy o ol oyad  Jlosl
okas F Ko ;0 MPCC L ouds o slodels’  MLF
oais Hlew sliels jo Ol Lis loj el oo sols

)‘ )...QS 9 Sl 005.:.; 6;0)‘;&‘ JJ[S (MLF 9 LF)



GRas Byb S e wiS ) A8l i 4 o G
-0l Wl oo MPCC L 3elS yailing oS cowl ilaio
iy Sy S llanl sp SOl Jdoar 1) 55 5
Ol ol iz e deasY slass (I3l L eizen
o Sl plgee 1) Gl nl ol adls g i
Sl o glyie 4 Glal Y e ol cand ganaY
Dgbie M s 4 ol S wile 5 WS e Jos
Sdxie oy a5 vas ol ol Cds ley i3l
305 a5 ol oas Gl LBL i, 1,k 5l o Jlos!
WS A e 4 |y o S5is5 oS Jlgte wlse obul b

D9 ppglie ol Gizx ply 10 WS

f.5

Ol o Iy LBL) &Y a4y ¥ g, sl oolaiwl b jidgy
CoSF aS a8 ol e Y olasl 5 oSS s @
2 Gslite b 4 ol iz p Cl (Sae 4Y o
L ooads ol sliels plas jo Ol Gix loj 0,05
=y BB b 4 sals sledels b anylie ;0 MPCC
© J9o2) (lls a8 se3] gl ool anbly ol
ol Gz by 6l edal Cawsas polie o ol olis
39 MPCC | o Lo sdéls s MLF (LF gladéls
2,8 025 gkl o sme S| wo )0 B sl mhaw
Js 4 b il e ol i ey e el
45 WS e bl mile S Ylazs| a8 wisl ol5eiS gam

Yo

(8) KT wdar oo

L=
[

fg

MPCC L o0 ,lows sadels’ s MLF LF gbdils of oo oyloj ol puis —F S5

2 LBL Gy oslinal 990 SloS 5 50 oligtS j9a>
el Wlg oo YoV (Ko § Habibie gulbs ol
ol Ses g Habibie .[¥Y | s O Cis als
Srg weyd ) hle b plienS we S 518 (V) F)
ao,d VAIFA B YY/FF squm 1) S O i Wilgs oo
Cis als [¥Y ] aes pals aals 325 L awslie 4o
Bl 097g 4 plyis 1y lisS b led Goyb 5l O
4 S 555 a8 Gmgdol 5 OlisS b sy
shals ol Ko b 5l IYe g VAL ols e Jolu
ol oS ol by dtugy 4 o LS5 @ ol

(L) o Wiz (ygo3
3o R gy oo wde o Hlade L S laie
Wil S sS e 4 a5l cdllas ey agli £
sals slaaels [vF ] el oy Ol 4 cailes Loly>
ol Cols o5 JeuS g 000 ol (sloog S s52g Jdoas
ol Gz ol a5 (5 9bas aias o RS & |y St
5 /PO glem2 55 a4 MLF 4 LF slaidls o
wls plas Gaiss onl s el o3g SV glem?
LielS mhaw (55, » CS-CMC/MPCC oS 5
(Y US) abe g2als O Ciz wabee Jles!



v

Syl el Ol Gix by g ol wles agly (slassls
G ol las (0 Jsuz) lly i opes] @l
MLF LF sladéls ol iz sl ool cavsas polis
0,5 B sl maw ;8 MPCC L oad Lo sbadils

3,00 3529 5kl o ire B

¥ olass 00 alx ool KI5 5 Csr alio Casl anlilab

5 S Yl Al aS ol Cad diie o2 3,5
a3k 4y ol s ol lade cplply cnl S diged
chle bl Loasbee  jeS ol zhaw
el kel (lp o Qia ol SO lela]

@L.a la UT ud:> ‘_ngoo‘.b @Lu o é\JL}Q uﬂ.mlS 03

AR
v.. e e
g de d
2 d
'_:_l_' A be be
E
ERRAN ]
¥,
Y. 4
\g@é ,\\/ ,ﬂv\) :‘)\2 \\) r\}’ ﬂ:\\' fﬁiﬁ'&)\’ ']b)]’ ‘5 H“ﬁ“nj
Qcoi"%"z s < AT qoc'jo jo S °‘~ o O \cé’“ 508
SEE S &@‘*"@‘*‘“ S
Lo lesy

MPCC b oot ylowi (sBAEL g MLF (LF iLls Of wis g0l ol i - S

Cils LT 5 cubrs bl el ool anl
Slol cute @il sammslis MPCC L suss ool
Pl ol sng S sl plss gl
35 MPCC L ons 2dlol cladélS 245 & Cuoslio
Cils L anlie o oLl oS slaos,s
Cosslie ails  rimen ool ail gl wals
moel 0oy Gl L onsi Mol KIS sladiges oiiS
aazg b as ool ail als ol 550 S Ll
(oobar sl 0095 logme by wje Jgor
WSl il a4 e LBL bg, b 3elS Lol
Lol 0ol 35 tnilen (olss d9ups 9 ol L rals

Gk 5l cege b S0l Bl aalllae cnl o

ooy el oas 4l LBL g, b 3elS sl Lol
S kwlann] lize slaas s L PCC lawl jslate
9 u|)9,...5 )| oolazuw! L: LBL ij) QM 9 KW C)La‘
ol adlas ol gls b plosl MPCC 4 CMC oS 5
5B b LBL g, b 35 ool a5 sl
dib oyl Rl tales g (SlSe ( Sosd sla S
ol abgrye Lole sloog,S a5 5,5 agl FTIR
S9) Sr%e yeba (CH3 3 CH2 COOH) kil
5 Caddge i lis a5 wiload Condd S o



- reB0g oy b S0l W A

[12] Hu, Z., Zen, X., Gong, J. and Deng, Y., 2009. Water
resistance improvement of paper by
superhydrophobic modification with microsized
CaCO3 and fatty acid coating. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 351(1-
3), pp.65-70.

[13] Wang, Z., Yi, M., Zhang, Z., Guo, M., Lu, P., Chen,
Z. and Wang, S., 2017. Fabrication of highly water-
repelling paper by surface coating with stearic acid
modified calcium carbonate particles and reactive
biopolymers. Journal of Bioresources and
Bioproducts, 2(2), pp.89-92.

[14] Costa, V.L.D. and Simdes, R.M.S., 2022.
Hydrophobicity improvement of cellulose nanofibrils
films by stearic acid and modified precipitated
calcium carbonate coating. Journal of Materials
Science, 57(24), pp.11443-11459.

[15] Zhang, T.D., Deng, X., Wang, Y.F., Wang, X.T.,
Zhang, X., Chen, L.L., Cao, X., Zhang, Y.Z., Zhang,
C.Y., Zheng, X. and Yin, D.C., 2020. Layer-by-layer
coating of polyvinylamine and dopamine-modified
hyaluronic acid inhibits the growth of bacteria and
tumor cell lines on the surface of materials. Applied
Surface Science, 530, p.147197.

[16] Wagberg, L., Forsberg, S., Johansson, A. and Juntti,
P., 2002. Engineering of fibre surface properties by
application of the polyelectrolyte multilayer concept.
Part I: Modification of paper strength. Journal of Pulp
and Paper Science (JPPS), 28(7), pp.222-228.

[17] Wu, T. and Farnood, R., 2014. Cellulose fibre
networks reinforced with carboxymethyl
cellulose/chitosan complex layer-by-
layer. Carbohydrate polymers, 114, pp.500-505.

[18] Bhardwaj, A., Sharma, N., Alam, T., Sharma, V.,
Sahu, J.K., Hamid, H., Bansal, V. and Alam, M.S.,
2023. Development and characterization of chitosan
and beeswax—chitosan coated biodegradable corn
husk and sugarcane bagasse-based cellulose
paper. Waste and Biomass Valorization, 14(5),
pp-1625-1636.

[19] Rahman, M.S., Hasan, M.S., Nitai, A.S., Nam, S.,
Karmakar, A.K., Ahsan, M.S., Shiddiky, M.J. and
Ahmed, M.B., 2021. Recent developments of
carboxymethyl cellulose. Polymers, 13(8), p.1345.

[20] Laine, J. and Lindstrom, T., 2000. Studies on
topochemical modification of cellulosic fibres: Part 1.
Chemical conditions for the attachment of
carboxymethyl cellulose onto fibres. Nordic Pulp &
Paper Research Journal, 15(5), pp.520-526.

[21] He, Y., Fan, Y., Luo, P. and Yang, Q., 2015.
Synthesis of stearic acid modified ground calcium
carbonate (SA-GCC) hybrid material and properties
of SA-GCC/epoxy composites coating. Russian
Journal of Applied Chemistry, 88, pp.962-969.

[22] Vaithanomsat, P., Kongsin, K., Trakunjae, C.,
Boonyarit, J., Jarerat, A., Sudesh, K. and Chollakup,

£ A

&l

[1] Yang, J., Li, H., Lan, T., Peng, L., Cui, R. and Yang,
H., 2017. Preparation, characterization, and
properties of fluorine-free superhydrophobic paper
based on layer-by-layer assembly. Carbohydrate
polymers, 178, pp.228-237.

[2]Yun, T., Tao, Y., Li, Q., Cheng, Y., Lu, J., Lv, Y., Du,
J. and Wang, H., 2023. Superhydrophobic
modification of cellulosic paper-based materials:
Fabrication, properties, and versatile
applications. Carbohydrate Polymers, 305, p.120570.

[3] Ogihara, H., Xie, J., Okagaki, J. and Saji, T., 2012.
Simple method for preparing superhydrophobic
paper: spray-deposited ~ hydrophobic silica
nanoparticle coatings exhibit high water-repellency
and transparency. Langmuir, 28(10), pp.4605-4608.

[4] Arcudi, F., Cavallaro, G., Lazzara, G., Massaro, M.,
Milioto, S., Noto, R. and Riela, S., 2014. Selective
functionalization of halloysite cavity by click
reaction: structured filler for enhancing mechanical
properties of bionanocomposite films. The Journal of
Physical Chemistry C, 118(27), pp.15095-15101.

[5] Gaudreault, R., Di Cesare, N., van de Ven, T.G. and
Weitz, D.A., 2015. Structure and strength of flocs of
precipitated calcium carbonate induced by various
polymers used in papermaking. Industrial &
Engineering Chemistry Research, 54(24), pp.6234-
6246.

[6] Ghosh, I., Sharma, C. and Tandon, R., 2020.
Structural evaluation of chitosan-modified
precipitated calcium carbonate composite fillers for
papermaking applications. SN Applied
Sciences, 2(9), p.1577.

[7] Basile, M.L., Triunfo, C., Gartner, S., Fermani, S.,
Laurenzi, D., Maoloni, G., Mazzon, M., Marzadori,
C., Adamiano, A., lafisco, M. and Montroni, D.,
2024. Stearate-Coated Biogenic Calcium Carbonate
from Waste Seashells: A Sustainable Plastic
Filler. ACS omega, 9(10), pp.11232-11242.

[8] Cigekler, M., Sozbir, T. and Tutus, A., 2023.
Improving the Optical Properties and Filler Content
of White Top Testliners by Using a Size Press. ACS
omega, 8(23), pp.21000-21007.

[9] Cao, Z., Daly, M., Clémence, L., Geever, L.M.,
Major, 1., Higginbotham, C.L. and Devine, D.M.,
2016. Chemical surface modification of calcium
carbonate particles with stearic acid using different
treating methods. Applied Surface Science, 378,
pp-320-329.

[10] Mihajlovi¢, S.R., Vuéini¢, D.R., Sekuli¢, Z.T.,
Mili¢evi¢, S.Z. and Kolonja, B.M., 2013. Mechanism
of stearic acid adsorption to calcite. Powder
technology, 245, pp.208-216.

[11] Wang, C., Sheng, Y., Zhao, X., Pan, Y. and Wang,
Z., 2006. Synthesis of hydrophobic CaCO3
nanoparticles. Materials Letters, 60(6), pp.854-857.



¥4

[30] Tanpichai, S., Witayakran, S., Wootthikanokkhan,
J., Srimarut, Y., Woraprayote, W. and Malila, Y.,
2020. Mechanical and antibacterial properties of the
chitosan coated cellulose paper for packaging
applications: Effects of molecular weight types and
concentrations of chitosan. International journal of
biological macromolecules, 155, pp.1510-1519.

[31] He, Y., Li, H, Fei, X. and Peng, L., 2021.
Carboxymethyl  cellulose/cellulose  nanocrystals
immobilized silver nanoparticles as an effective
coating to improve barrier and antibacterial properties
of paper for food packaging
applications. Carbohydrate polymers, 252, p.117156.

[32] Li, H,, He, Y., Yang, J., Wang, X., Lan, T. and Peng,
L., 2019. Fabrication of food-safe superhydrophobic
cellulose paper with improved moisture and air
barrier  properties. Carbohydrate ~ polymers, 211,
pp-22-30.

[33] Habibie, S., Hamzah, M., Anggaravidya, M. and
Kalembang, E., 2016. The effect of chitosan on
physical and mechanical properties of paper. Journal
of Chemical Engineering and Materials Science, 7(1),
pp-1-10.

[34] Goué, E.L., Ham-Pichavant, F., Grelier, S., Remy, J.
and Coma, V., 2022. Functional Chitosan—Calcium
Carbonate Coatings for Enhancing Water and Fungal
Resistance of Paper Materials. Molecules, 27(24),
p-8886.

[35] Amin, U., Khan, M.A., Akram, M.E., Said Al-
Tawaha, A.R.M., Laishevtcev, A. and Shariati, M.A.,
2019. Characterization of compisote edible films
from aloe vera gel, beeswax and chitosan. Slovak
Journal of Food Sciences/Potravinarstvo, 13(1).

[36] Li, H., Yang, J., Li, P., Lan, T. and Peng, L., 2017.
A facile method for preparation superhydrophobic
paper with enhanced physical strength and moisture-
proofing property. Carbohydrate polymers, 160, pp.9-
17.

¥ o,leis VO Abs@‘ﬁ‘ &l g e c.vl....a u.o.‘?ul aolilasd

R., 2021. Biosynthesized Poly (3-Hydroxybutyrate)
on coated pineapple leaf fiber papers for
biodegradable

application. Polymers, 13(11), p.1733.

[23] Hospodarova, V., Singovszka, E. and Stevulova, N.,
2018. Characterization of cellulosic fibers by FTIR
spectroscopy for their further implementation to
building materials. American journal of analytical
chemistry, 9(6), pp.303-310.

[24] Munawaroh, F., Muharrami, L.K. and Arifin, Z.,
2019. Synthesis and characterization of precipitated
CaCO3 from ankerite prepared by bubbling
method. KnE Engineering, pp.98-104.

[25] Nguyen, D.M., Vu, T.N., Nguyen, T.M.L., Nguyen,
T.D., Thuc, C.N.H., Bui, Q.B., Colin, J. and Perr¢, P.,
2020. Synergistic influences of stearic acid coating
and recycled PET microfibers on the enhanced
properties of composite materials. Materials, 13(6),
p.1461.

[26] Zhu, J., Liu, B., Li, L., Zeng, Z., Zhao, W., Wang,
G. and Guan, X., 2016. Simple and green fabrication
of a superhydrophobic surface by one-step immersion

packaging

for continuous oil/water separation. The Journal of
Physical Chemistry A, 120(28), pp.5617-5623.

[27] Charde, S.J., Sonawane, S.S., Sonawane, S.H. and
Navin, S., 2018. Influence of functionalized calcium
carbonate nanofillers on the properties of melt-
extruded  polycarbonate composites. Chemical
Engineering Communications, 205(4), pp.492-505.

[28] Basta, A.H., Khwaldia, K., Aloui, H. and El-Saied,
H., 2015. Enhancing the performance of
carboxymethyl cellulose by chitosan in producing
barrier coated paper sheets. Nordic Pulp & Paper
Research Journal, 30(4), pp.617-625.

[29] Mousavipazhouh, H., Azadfallah, M. and Jouybari,
LR., 2018. Encapsulation of precipitated calcium
carbonate fillers using carboxymethyl
cellulose/polyaluminium chloride: Preparation and its
influence on mechanical and optical properties of
paper. Maderas. Ciencia y tecnologia, 20(4), pp.703-
714.



