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Abstract In this work, nanokaolin (K) and nanome-

takaolin (MK) were synthesized from waste paper via

planetary ball milling and characterized by means of

X-ray diffraction (XRD), Fourier transform infrared

vibrational spectroscopy (FTIR), and scanning elec-

tron microscopy (SEM). Suspensions of car-

boxymethyl cellulose (CMC) and the synthesized

nanominerals at 1.5, 3, 6, and 9% led to nanocompos-

ites 30, 60, 90, and 120 lm thick. Nanocomposites

coated papers were analyzed by means of XRD, FTIR,

SEM, tensile index, strain rate, burst index, and air

passage resistance. The highest tensile index, burst

index, and air permeability resistance values of 80.78
N:m
g , 5.24 kPa:m2

g , and 286.66 ml=min, respectively, were

obtained for CMC-9%MK-120. These results indi-

cated that paper coated with CMC nanometakaolin

composite is suitable for packaging.
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Introduction

Coating processes as well as nanomaterials can be

used to improve different properties of papers such as

mechanical properties, permeability, appearance, etc.

(Singhal et al. 2015). In recent years, several biopoly-

mers have been used as coatings for paperboards and

papers. These biopolymers must be capable of forming

films and can be classified into several main groups:

polysaccharides (starch, cellulose and its derivatives,

chitosan, and alginate, etc.), proteins (casein, whey

protein, soy, collagen, and gluten, etc.), lipids (honey

wax, carnauba wax, free fatty acid, etc.), and

polyesters (polyhydroxyalkanoates (PHA), polylactic

acid (PLA), etc.). Among these, cellulose derivatives

have found wide applications for paper coating.

(Manzel et al. 2014). However, some disadvantages

of biopolymers are insufficient adhesion, layered

structure, and layered fragility, which lead to a non-

uniform coating on the paper. However, cellulose

derivatives such as carboxymethyl cellulose (CMC)

can provide the suitable adhesion and absorption

properties as the paper because their coordination and

structure are similar to those of the base paper, thus

creating a uniform coating.

On the other hand, the properties of biopolymers

can be improved by the addition of micrometer or

nanometer size materials or fillers to make composites

(Rastogi et al. 2015; Rong et al. 2006). Biological and

inorganic resources such as nanocellulose and nan-

oclay (nanokaolin) are examples of such nanomateri-

als. Paper wastes, such as paper sludge, contain

significant amounts of kaolin (Gurram et al. 2015;

Prasetyo et al. 2013), which can be converted to

nanokaolin and nanometakaolin for paper coating.

Kaolin (Al2Si2O5(OH)4) is chemically stable under

various chemical conditions and can be used in a

variety of papermaking methods (Hubbe et al. 2016;

Murray et al. 1961). Kaolin is used as a filler and

coating in the paper industry and can enhance some

paper properties, such as printability. Kaolin modifi-

cation requires expensive and time-consuming treat-

ments such as sedimentation, bleaching, etc. (Morsy

et al. 2014).

Metakaolin has a layered structure with higher

reactivity than kaolin (Kenne Diffo et al. 2015;

Huseien et al. 2018).

Current work, for the first time, reports the extrac-

tion of kaolin from waste paper, synthesis of

metakaolin, and production of nanomaterials via

planetary ball mill for enhancing the mechanical

properties of coated papers.
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In this work, metakaolin has been converted to

nanometakaolin to increase its functional properties.

In other words, nanomaterials can be dispersed in

suspension more easily than micro-scale materials

because they have higher specific surface area.

Numerous reports have been published on paper

coating, but so far none of them used nanometakaolin

in their coating formulations. Also, no research has

been done on nanometakaolin/carboxymethyl cellu-

lose (CMC) nanocomposites for paper coating. As a

result, in this research, nanokaolin and nanometakao-

lin were used in coating formulations instead of kaolin

and metakaolin, and the properties of the coated

papers were investigated. For this purpose, kaolin was

initially extracted from paper waste, and then

metakaolin was synthesized from the extracted kaolin.

X-ray diffraction (XRD), Fourier transform infrared

spectroscopy (FTIR), and scanning electron micro-

scopy (SEM) techniques were used to investigate the

structure, microstructure, functional groups, and mor-

phology of nanometakaolin and nanokaolin.

The synthesized nanoparticles were used in CMC-

based nanocomposites for the paper coating. Then

tensile strength and burst strength of the coated paper

were evaluated. XRD and SEM were also utilized to

investigate the chemical composition, surface struc-

ture, and morphology of the coatings.

Materials and methods

In this study, papers (80 g/m2) made by COPIMAX

Co, Thailand, were used to extract the kaolin as raw

materials. Hydrochloric acid (99% purity) and car-

boxymethyl cellulose (99% purity) were purchased

from Merck Co. and Kimia Tehran Acid Co.,

respectively.

Extraction and analysis of kaolin

The paper samples were shredded and burned. After

passing through a 120-mesh sieve, the residual ash

samples were placed alumina ceramic crucibles and

combusted in an electric furnace at 550 �C for 1 h in

air. The paper ash was washed with hydrochloric acid

to remove the acid-soluble minerals (such as calcium

carbonate), rinsed with distilled water, and dried at

120 �C for 24 h. The extracted kaolin was analyzed by

XRD and FTIR methods. Finally, the synthesized

kaolin was heat-treated at 850 �C temperatures for 6 h

to produce metakaolin, which was then analyzed by

XRD and FTIR.

Production of nanoparticles

Planetary ball mill (Retsch, PM 100, Germany; with a

200 cc zirconia cup and PLC for adjusting the

rotational speed and milling time) was used to prepare

nanokaolin and nanometakaolin. The particles were

ball milled at ball-to-powder-ratio (BPR) of 20 to 1

and mill rotary speed of 400 rpm for 90 min under the

argon gas atmosphere to prevent moisture absorption.

The nanoparticles were also analyzed by SEM after

milling.

Handmade base-paper

FRANK-PTI handmade paper machine (P41521.159,

Austria) was used to make handmade papers from the

bleached softwood Kraft pulp (supplied by ILIM Co.,

Russia) as the base paper for coating experiments,

according to T 205 SP-02 standard. The handmade

papers were also conditioned according to T 402 sp-98

standard.

Preparation of coating suspension

Water-based solution of 1% (w:v) carboxymethyl

cellulose (CMC) was prepared. Then, the synthesized

nanomaterials were added to the suspension at 1.5, 3,

6, and 9 wt%) and homogenized at 10,000 rpm for

3 min by Ultra-Turrax—IKA T25 Digital Homoge-

nizer (IKA Co, Germany). Coating of the handmade

base paper was performed by an automatic coating

machine (Dongguan Lonroy Equipment, China) with

four different coating thicknesses levels (30, 60, 90,

and 120 lm). The coated papers were dried with UV-

IR Laboratory Dryer BE 20 (Systec Co, Germany).

After drying, all samples were examined by coating

thickness gauge PT-200-S3 advanced (PCE, Co, USA)

to obtain uniform coating thickness.

Coating analysis

Tensile strength was measured by GOTECH Al-300

machine, according to TAPPI T 404 om-92 standard.

Burst strength was determined by burst strength tester

DRK 109, according to TAPPI T 403 om-97 standard.
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Air permeability resistance was measured by Gurley

method according to TAPPI T 460 om-96 standard.

The number of tests is three times the standard for

each treatment. For example, in the tensile test, the

standard value is ten samples done three times in this

research. In other words, for each type of treatment,

the tensile tests were performed for thirty samples; the

average value was reported for each type of treatment.

Statistical analysis of data was performed using one-

way analysis of variance (ANOVA) and a completely

randomized design. The mean values were compared

by Duncan’s multiple range test (DMRT) at the level

of 5% probability; significant difference was related to

a\ 0.05. XRD, FTIR, and SEM analyses were also

performed to examine the coated papers’ surface and

microstructure properties.

X-ray diffraction (XRD) patterns were reformed on

Philips PW3710 XRD device, working with Cu-Ka

(k = 0.154 nm, 40 kV, and 30 mA). The diffraction

patterns were collected at 25 �C in the 2h range of 10

to 90� with a step size of 0.02�. FTIR spectra were

recorded on a Nicolet FTIR Nexus 870 instrument

(KBr discs) in the range of 400–4000 cm-1 with a

resolution of 2 cm-1. The microstructure and mor-

phology of the samples were examined by scanning

electron microscope (SEM, TESCAN VEGA II XMU)

after coating with gold. The flow chart in Fig. S1

(Supporting Information) shows the sample prepara-

tion and characterization steps. Table 1 describes the

prepared samples and their codes.

Results and discussion

Characterization of recycled kaolin

and synthesized of metakaolin

Removal of cellulose and other impurities from paper

waste is necessary for kaolin extraction. Thus, the

paper ash was washed with hydrochloric acid for

removing contaminants such as calcium carbonate

(CaCO3), according to the following equation:

2HClþ CaCO3 ! CaCl2 þ H2Oþ CO2 ð1Þ

Figure 1 shows FTIR spectra and XRD patterns of

both the extracted kaolin and the synthesized

metakaolin.

The XRD pattern of kaolin is shown in Fig. 1a. The

kaolinite peaks are located at 2h, 12.368, 20.218,

25.498, and 38.468 consistent with JCPDS 01–089-

6538. Therefore, the sample is mainly composed of the

kaolinite phase. Also, quartz (JCPDS 00-002-0471),

small amount of illite (JCPDS,01–070-3754), and

anatase (01-071-1167) phases existed as minor impu-

rities. The crystal structure of kaolin is triclinic with

a = 5.15 Å, b = 8.94 Å, and c = 7.39 Å. These find-

ings are consistent with the previously reported studies

(Walkley et al. 2019; Rakhimova et al. 2019; Asadi

et al. 2012). A broad peak can be seen in the diffraction

pattern of metakaolin between 2h = 20–30�. The

kaolinite peak at 2h = 12.36� was removed after the

calcination process, resulted in the formation of

metakaolin. It indicates that the kaolin network in

[001] direction has been destroyed (Li et al. 2018;

Asadi et al. 2013). Metakaolin has an amorphous

structure, and the highest diffraction peaks correspond

to the presence of quartz (SiO2), which is very

common (Fig. 1a). The only crystalline phases in

metakaolin are quartz and small amounts of illite and

anatase phases. Also, the absence of calcium oxide

(CaO) peaks in the sample indicates that the sample

has been thoroughly cleaned after washing with

hydrochloric acid. Figure 1b shows the comparison

between the FTIR spectra of recycled kaolin and the

synthesized metakaolin. The peak at 1031 cm-1

corresponds to asymmetric stretching vibration of

Si–O–Si or Si–O–Al bonds (Asadi et al. 2013). The

peak has been shifted to higher wavenumber of

1089 cm-1, after heat treatment and conversion to

metakaolin, indicating that the bonds have been

broken and metakaolin has been formed. The kaolinite

characteristic peak at 537 cm-1 is related to Si–O–Al

bonds. This peak disappeared after metakaolin for-

mation. The stretching vibration bonds of Al–OH with

6-point coordination at 911 cm-1 in the kaolin

spectrum disappeared. After metakaolin formation

because the coordination number of hexagonal alu-

minum changes form 6 to 4 or 5. (Lorentz et al. 2018).

Also, the peaks at 3619 and 3696 cm-1 are related to

kaolinite which also disappeared after metakaolin

formation.

Figure 2a1 and b1 show crystalline particles before

milling, which changed to fine rounded particles after

milling (Fig. 2a2, a3 and b2, b3); the average particle

size decreased to less than 100 nm after milling

process.
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Characterization of papers coated with CMC

nanocomposites

Figure 3 depicts the effect of nanoparticles loading on

the tensile strength. Figure 3a and b show Three-

dimensional (3D) representation of tensile strength

variations versus coating composition and the levels

changes of the tensile index for each treatment,

respectively. It can be seen that nanomaterials have

positive effect and increased the tensile strength of the

paper in the samples containing nanometakaolin (MK

samples). There is an increase in the tensile strength

Table 1 coating description and sample codes

Coating Wet coating thickness (lm) Nanokaolin (Wt%) Nanometakaolin (Wt%) Sample code

CMC without nanomaterials 30

60

90

120

CMC-30

CMC-60

CMC-90

CMC-120

30

60

90

120

1.5%

1.5%

1.5%

1.5%

CMC-1.5%K-30

CMC-1.5%K-60

CMC-1.5%K-90

CMC-1.5%K-120

CMC with nanokaolin 30

60

90

120

3%

3%

3%

3%

CMC-3%K-30

CMC-3%K-60

CMC-3%K-90

CMC-3%K-120

30

60

90

120

6%

6%

6%

6%

CMC-6%K-30

CMC-6%K-60

CMC-6%K-90

CMC-6%K-120

30

60

90

120

9%

9%

9%

9%

CMC-9%K-30

CMC-9%K-60

CMC-9%K-90

CMC-9%K-120

CMC with nanometakaolin 30

60

90

120

1.5%

1.5%

1.5%

1.5%

CMC-1.5%MK-30

CMC-1.5% MK-60

CMC-1.5%MK-90

CMC-1.5%MK-120

30

60

90

120

3%

3%

3%

3%

CMC-3%MK-30

CMC-3%MK-60

CMC-3%MK-90

CMC-3%MK-120

30

60

90

120

6%

6%

6%

6%

CMC-6%MK-30

CMC-6%MK-60

CMC-6%MK-90

CMC-6%MK-120

30

60

90

120

9%

9%

9%

9%

CMC-9%MK-30

CMC-9%MK-60

CMC-9%MK-90

CMC-9%MK-120
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that can be attributed to the better interaction between

the nanometakaolin and the biopolymer matrix in

comparison with nanokaolin. Also, Fig. 3c and d

depict the effect of nanoparticles loading on strain and

the levels changes of the strain for each treatment,

respectively. Figure 3c and d show that both

nanocomposite samples have an increasing trend

compared to the control sample (Fig. 3c and d). In

addition, the lowest tensile index and strain value are

related to the control sample; samples with CMC

coating showed less tensile strength and strain than

CMC-K and CMC-MK nanocomposite coatings. The

highest tensile strength and strain were obtained for

CMC-9%MK-120 example, indicating better distri-

bution of nanometakaolin in the CMC matrix than

nanokaolin, thus creating more compatible coating

with the base paper. Tensile strength of sample CMC-

%9MK-120 was the highest and showed a significant

difference (a\ 0.05) with sample CMC-%9 K-120.

However, a significant difference (a\ 0.05) was

found for tensile strength values across samples

CMC-K and CMC-MK. As a result, nanometakaolin

showed better performance than nanokaolin in

improving the properties of polymer nanocomposite

coatings. For tensile strength and strain, increasing the

nanominerals concentration in formulation coating

increased significantly the tensile index and strain

(a\ 0.05) for samples CMC-K, CMC-MK. In gen-

eral, nanomaterials can improve the tensile strength of

coatings. This increase in tensile strength and strain

rate can be attributed to the strength, orientation, high

aspect ratio, and uniform distribution of nanoparticles

in the polymer matrix. The coated paper should have

good tensile strength and flexibility to withstand the

stresses and strains applied in different applications.

Therefore, it has been concluded that although the

proper distribution of nanometakaolin is essential in

improving the mechanical properties of nanocompos-

ites, the interaction between the filler and the matrix is

also important.

The burst strength of the samples is depicted in

Fig. 4. Figure 4a and b show Three-dimensional (3D)

representation of burst index variations versus coating

composition and thickness (a\ 0.05) of biopolymer

nanocomposite coating on the paper burst index and

levels changes of burst index for each treatment,

respectively.

Burst strength is the hydraulic pressure required to

tear paper that enters a 30.5 mm aperture, and it is

sometimes said that the burst strength is closely related

to the tensile strength. This statement is based on

stresses distribution during the experiment. As shown

in Fig. 4, all the coatings have positive effect on the

burst strength. Burst strength of sample CMC-%9MK-

120 was the highest and showed a significant differ-

ence (a\ 0.05) with sample CMC-%9 K-120. How-

ever, a significant difference (a\ 0.05) was found for

burst strength values across samples CMC-K and

CMC-MK. The coatings with nanometakaolin and

nanokaolin were more effective than those without

these nanominerals. Figure 4b shows that CMC-MK

coatings increased significantly the paper burst

strength mainly due to the high specific surface area

and the existence of functional groups in metakaolin

nanoparticles, leading to better bonding and more

uniform coverage of the base paper in comparison

with the two other samples (i.e. CMC and CMC-K

Fig. 1 (a) XRD patterns and (b) FTIR spectra of the recycled

kaolin (K) and the synthesized metakaolin (MK)
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samples). It can be seen that by increasing the

concentration of metakaolin nanoparticles and thick-

ness of coating, burst strength increases considerably.

Figure 5a and b show Three-dimensional (3D)

representation of air passage resistance and levels of

air passage resistance changes in various coating

formulations and thickness (a\ 0.05), respectively. It

is obvious that the air passage of the coated paper is

much less than the blank sample (uncoated paper).

Also, the air permeability of papers decreases with

increasing the coating thickness, and there is a

significant difference between all samples

(a\ 0.05). The highest value is related to CMC-

9%MK-120 (a\ 0.05). Also, it is observed that the

effect of paper coating containing nanometakaolin is

higher than nanokaolin. In general, the results indicate

that the permeability properties change with coated

layer thickness and the pores have blocked with

increasing the percentage of nanomaterials and coat-

ing thickness (less porosity).

Figure 6 shows XRD patterns and FTIR spectra of

CMC-K, CMC-MK, and CMC. The XRD pattern of

CMC-MK coating in Fig. 6a shows that this sample is

amorphous. The broad peak indicates the presence of

CMC and metakaolin. There is an amorphous peak

overlap of CMC and metakaolin in the range of 20–30̊.

The XRD pattern of CMC-K coating is also shown in

Fig. 6a. The peaks of kaolin phase can be seen at

12.36, 20.21�, and 25.49�. In contrast to CMC-MK

sample, CMC-K sample is crystalline, which confirms

the higher reactivity of CMC-MK compared to CMC-

K sample. Figure 6b compares FTIR spectra of CMC,

CMC-K, and CMC-MK samples. In the FTIR spec-

trum of the CMC sample, the absorption peaks at

3424, 2900, 1437, and 1060 cm�1 correspond to the

presence of O–H, CH, C = O, and CH–O–CH groups.

Fig. 2 SEM images of (a) synthesized metakaolin, and (b) recycled kaolin; (a1) and (b1) before milling and (a2, a3) and (b2, b3) after

milling at different magnifications
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The broad absorption band at around 3430 cm�1 is

related to the of O–H group of cellulose hydroxyls.

The peak at around 2900 cm�1 is attributed to the C–H

of CH2 and CH3 groups. The absorption peak at 1600

cm�1 confirms the presence of carboxylic COO groups

while the bands at 1300 cm�1 and 1400 cm�1 are

related to the vibration of methyl group and the

bending vibration of hydroxyl group, respectively.

The absorption band at around 1050 cm�1 can be

assigned to the of CH–O–CH group. Peaks at 1737

cm�1 and 1228 cm�1 confirm the presence of C = O

and C–O bonds of carboxylic acid, respectively. The

FTIR spectrum of CMC-K nanocomposite in Fig. 6b

shows two absorption peaks. One is related to CMC,

Fig. 3 Three-dimensional (3D) representation of tensile strength variations versus coating composition and thickness of the samples

(a\ 0.05): (a) tensile index, (b) levels changes of tensile index, (c) strain change diagram, and (d) the levels of strain
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and the other is related to kaolin. The broad absorption

band at around 3430 cm�1 is related to the O–H of OH

functional group. The peak at around 2900 cm�1 is

Fig. 4 Three-dimensional (3D) representation of burst index

variations versus coating composition and thickness (a\ 0.05):

(a) burst index, (b) levels changes of burst index for each

treatment
Fig. 5 Three-dimensional (3D) representation of air passage

resistance variations versus coating composition and thickness

(a\ 0.05); (a) air passage resistance, and (b) levels of air

passage resistance changes in various coating formulations
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attributed to the C–H of CH2 and CH3 functional

groups. The presence of an absorption peak at 1600

cm�1 confirms the presence of carboxyl groups. The

absorption bands at 1300 and 1400 cm�1 are related to

the vibration of methyl group and the flexural vibra-

tion of hydroxyl group, respectively. The absorption

bands appeared at 1050 and 1230 cm�1 are attributed

to the symmetrical of C–O–C and CH2–O–CH2

groups, respectively. The bond of carboxyl acid group

can be observed at 1720 cm�1. This vibration in CMC

samples is larger than that in CMC-MK samples.

However, the peaks related to the asymmetric s of

carboxyl groups have shifted to larger wavenumbers.

The reason for this can be attributed to the strong

interaction with metal ions. Comparing the FTIR

spectra, two samples of CMC-K and CMC-MK, peaks

in the area at 400–800 cm�1 have appeared. They can

be attributed to metakaolin and kaolin sheets’ vibra-

tion bonds due to T–O and Si–O–T (T = Si, Al) bonds.

The peak at 3440 cm�1 in both CMC-K and CMC-MK

samples belong to the vibrations of hydroxyl group

(O–H). The peak observed in the range of 2850–2920

cm�1 is related to the C–H stretching vibration, which

is present in both nanocomposites (CMC-K and CMC-

MK), this agent exists in different forms (–CH2, –CH,

–CH3). The band at 1650 cm�1 is related to the COO.

This functional group (carboxylate) which exists in

both nanocomposites. Other vibrational bands typical

of CMC carboxylate groups appear in the fingerprint

region.

In the FTIR spectra of CMC-K and CMC-MK

samples in Fig. 6b, the absorption peak in the range of

400–800 cm�1 is related to T-O and Si–O–T (T = Si,

Al) vibration in kaolin and metakaolin. The kaolin

characteristic peak at 642 cm-1 wavenumber, attrib-

uted to the Si–O–Al bonds, disappeared in metakaolin.

This indicates the increased activity and reactivity of

metakaolin relative to kaolin. The peak at 912 cm�1 in

the kaolin spectrum is also due to the Al–OH bonds

with the six-coordinate.This peak disappeared in the

metakaolin spectrum. Hexagonal units of Al are

converted to tetragonal (Mgbemena et al. 2013;

Gaikwad et al. 2015; Demirc et al. 2020). The

tetragonal bending vibrations of Si–O-Al appeared at

648 cm�1, confirming the presence of metakaolin

nanoparticles. The results showed no significant

change in the structure of CMC after the addition of

MK nanoparticles. In addition, the of Si–O–Al bond

can be seen at 650 cm�1 which has shifted to lower

frequencies; the of C = O bond of CMC has also

shifted to lower frequencies in the CMC-MK sample.

The FTIR and XRD results are consistent with those

reported by Alfred D. French (2020).

The surface morphology of papers coated with

different thicknesses of CMC-K (Fig. 7a) and CMC-

MK (Fig. 7b) were evaluated by means of SEM. As

shown in Fig. 7a1–a3, the coating formulation con-

tains nanokaolin that could fill the pores to a certain

extent, but they could not form a complete layer on the

surface of the paper. In Fig. 7b2, the beginning of the

formation of a complete layer is observed. A complete

layer on paper can be seen in Fig. 7b3 for CMC-

9%MK-120 sample, but accumulation and clustering

Fig. 6 (a) XRD patterns and (b) FTIR spectra of CMC, CMC-

K, and CMC-MKD samples

123

11162 Cellulose (2021) 28:11153–11164



occurred in other samples. SEM images show that the

nanoparticles have filled the paper pores, which is in

good accordance with the air permeability resistance

and mechanical tests results. CMC-MK samples

showed the lowest air passage, indicating a limited

space between the pores. According to the SEM

images, CMC-9%MK-120 sample showed better

dispersion and created a more uniform layer on the

paper. In contrast, CMC-9%K-120 was not able to

form a uniform layer on the paper.

Conclusion

The current study reports the successful synthesis of

kaolin and metakaolin from paper waste by heat

treatment and acid washing with hydrochloric acid

(HCl). The nanoparticles synthesized via planetary

ball milling were confirmed by XRD, FTIR, and SEM

analyses. XRD patterns showed strong and sharp

diffraction peaks corresponding to the well crystalline

triclinic crystal structure. No additional peak was

observed in XRD, indicating the high purity of the

extracted kaolin from paper waste. Conversion of

kaolin to metakaolin was also confirmed by XRD and

FTIR analyses. Planetary ball mill was used to produce

nanokaolin and nanometakaolin particles. According

to the SEM images confirmed that the particles are

spherical with sizes less than 100 nm. The permeabil-

ity and mechanical properties of making handmade

papers coated with CMC, CMC-kaolin, and CMC-

metakaolin were also investigated. The highest tensile

index, burst index, air permeability resistance, and

strain (80.78N:m
g , 5.24kPa:m2

g , 286.66 ml=min, and

3.09%, respectively) were obtained for CMC-

9%MK-120 sample. Also, microstructural studies

confirmed that CMC-9% MK-120 is the only sample

that can fill the pores and create a complete layer on

the surface of paper. Thus, CMC-9% MK-120 can be

considered as the optimum sample with the best

dispersion and layer formation ability. The results

confirmed the significant effect of the synthesized

nanomaterials on the permeability and mechanical

properties of the coated papers. Therefore, such

environment-friendly nano-biocomposite has the

potential to be used in the packaging industry,

especially where high mechanical properties are

required.
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