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Background and Obijectives: Writing and printing paper is valued in the
printing industry for its whiteness, gloss, air resistance, and favorable
printability. However, domestically produced paper often requires
improvement in color uniformity, surface roughness, and physical
properties, which are critical factors for print quality. This study aimed to
enhance the physical and printing properties of writing and printing
paper from the Mazandaran Wood and Paper Company by applying
biodegradable coatings of nanographene, zein, and fluorine.

Materials and Methods: A 70 g.m~2 writing and printing paper was used
as the base substrate. For the coating, nanographene, zein, and fluorine
were individually weighed and combined with styrene-butadiene latex at
specified weight percentages. According to the treatment conditions, the
materials were mixed in a blender at 1500 rpm for 20 minutes to create a
homogeneous mixture, ensuring uniform distribution on the paper surface.
Before testing, both control (uncoated) and coated samples were
conditioned in a standard environment (20 °C and 65% relative humidity).
The evaluated properties included thickness, ash content, air permeability,
roughness, opacity, whiteness, brightness, gloss, optical density, and print
adhesion.

Results: The coating process increased the paper's thickness, ash content,
air permeability, whiteness, gloss, and optical density compared to the
control sample. In contrast, opacity and brightness decreased, suggesting a
trade-off for enhanced visual qualities. When used separately, the coating
materials also reduced surface roughness, which can positively influence
print quality. The results showed that the air resistance of the sample
coated with graphene, zein, and fluorine increased by approximately 35
times, while the ash content in the zein-coated sample was about 5.96 times
lower than the control. The opacity of the fluorine-coated sample decreased
by 3.7%. Furthermore, the zein-coated sample exhibited a 45.5% increase
in whiteness, and the sample coated with both zein and nanographene
demonstrated a 431% increase in gloss. Adhesion testing demonstrated
excellent cohesion between the coated layer and the flexo ink, as both
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layers were completely removed with the paper substrate, indicating strong
bonding and potential for high print durability.

Conclusion: This study confirms that coatings incorporating nanographene,
zein, and fluorine can significantly enhance the physical and printing
properties of writing paper. The notable improvements in gloss, whiteness,
and air permeability make the coated paper particularly suitable for book
printing. These findings can guide the design and production of high-
quality papers, adding greater value to Iran's printing and paper industry.
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Table 1. Characteristics of nanographene.
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Table 2. Characteristics of zein protein.

‘J}\ Q\}:A
c. c. L g Aoy [ WS LS Ao s
S K o o e GAAS A
Feat Col Crude Protein Percentage Crude Fiber Percentage  Ash Percentage e -
eature olor (%) (%) (%) Urea Content
(mg/kg)
Yellow 55 10 3 Negative
oss Olasiie —Y J gl
Table 3. Characteristics of fluorine.
_ ASles LS| LS| LS| Sl 5
Js;i} o _ w':l:—” SAd _ p':“JS S5l
s L o gl "y Y
Feature “_‘* . Mg - S SiO; P o Ca >S5 CaF,
TIOg Nazo A|203 FEZO:; 803
>0.01 0.2 0.1 0.1 0.65 0.01> 0.1 51 0.1 96.17

£ Jsdr s Slaseie (3,8 eslinal (id g Jge b
sl 0L 03551

LS 5l ol Sals alil 1 gasls aalis
Loobhaisle B8 5 s a8 51 00
.Juid.:éid_}.)e-)bc).«\;a&w

K518 BTl s S il oS
ool 515 Jslbsan! Gdd= 53 Sl
“f Ol oS0 Bl T ) Y &) oo
3,8

VYo

dal bST o wl s el ST 5,
Slasein by olaw oS3 31 (SH-305)

A e b Jedr 3 ok
Sl ek e bl s b SO
)JQTQWASJMC)Q)}%QSJ&

RGPS IPIOE) Pl B PR
Cloww &S5 51 (D200) lueds; :jlwediST 5
Gl P s S 5 Sk et 0l L

5 ol Sasly Jole Olgeas oole cpl U 4



VELE € o)l Y 0,90 (S 9 g (65918 9 pole (Sl gy & il

u.;_,:.?\s M@}Q\Lﬂ‘ J._.:i}‘;l.;% gjLna.L'Sb.; g.l.:ni J{JST U‘lj) Slasein —¢ J}J\’

Table 4. Characteristics of acrylamide resin, Disperser, Polyvinyl acetate latex and Cationic Starch.
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Table 5. Combination of codes and treatment conditions.
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Treatment code Treatment number
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Printing and writing Coated with Nanographene
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Printing and writing Coated with Fluorine
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Printing and writing Coated with Nanographene and Zein

s 5 IS Ledd s hds e s Ol LK
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Printing and writing Coated with Nanographene, Zein, and Fluorine
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Table 6. Analysis of variance (F value and significance level) of the effect of manufacturing variables on
physical and optical properties and printability.
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Figure 1. Comparison of means caliper content of different papers.
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Figure 3. Comparison of means air resistance content of different papers.
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Figure 4. Comparison of means roughness content of different papers.
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Figure 5. Comparison of means opacity content of different papers.
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Figure 6. Comparison of means whiteness content of different papers.
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Figure 7. Comparison of means brightness content of different papers.
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Figure 8. Comparison of means glossiness content of different papers.
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Figure 9. Comparison of means optical density content of different papers.
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