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Table 1. Characteristics of nanographene, zein protein, fluorine and acrylamide resin

Feature

Nanographene

Zein

Fluorine

Acrylic Resin
(SH-305)

Disperser

Polyvinyl

Cationic
Starch

Specific Surface Area (m#g)

More than 15

acetate latex

Color

Black

Yellow

Milky

Orange
Yellow

Purity (%)

99.5

Average Thickness (nm)

60

Particle Diameter (nm)

3-18

Surface Area (m?%g)

Appearance Status

300

Crude Protein Percentage
(%)

55

Crude Fiber Percentage (%)

10

Ash Percentage (%)

3

Urea Content (mg/kg)

Negative

LOI

0.5

TiO,

>0.01

Mg

0.2

Na,O

0.1

A|203

0.1

SiOo,

0.65

P

0.01>

FEZOg

0.1

Ca

51

SO,

0.1

CaF,

Type

96.17

Self-crosslink

Emulsifying Property

Anionic

Cationic

Solid Content (%)

50

pH

6-8

6

Tg (°C)

-2

Viscosity (cp)

10000

Density (g/cm®)

0.96

Flash Point (°C)

Melting Point (°C)

-93

Protein content (%)

less than 1

Nitrogen content (%)

0.25
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Table 2. Combination of codes and treatment conditions

Ol 55 Treatment Treatment
Descriptions code number
(R P Y
Ry D cwp 1
Control Printing and writing

PS50 L et as i 5 5ol S

- .ujﬁf : .J".“f’«.r“"")'éﬂff"'ﬁf - e WPG 5
Printing and writing Coated with Nanographene
RS R s oa - Ol ks

S S 2 WPz 3

Printing and writing Coated with Zein
-;ﬁ.»ﬁ Lok y“wy RS :.%L: 4@5- WPE 4

Printing and writing Coated with Fluorine
o ;é)}&‘f}“@“ﬂfﬁﬁxﬂféjekkg . WPZG 5
Printing and writing Coated with Nanographene and Zein
o d)}x;}f,-fn)f};upgmfagu;mzxﬂJ;;)gl%gts - WPEG 6
Printing and writing Coated with Nanographene and Fluorine
_ _;;:53 g wub L o ld f’&i}% 2S5 ub dels _ WPEZ 7
Printing and writing Coated with Fluorine and Zein
o 5 555 PSS L edd s iy S 5 Sl 2K
Printing and writing Coated with Nanographene, Zein, and WPZFG 8
Fluorine

B ol 5505l

LGl Wz ol ULSS V Jils Sl LIS adicls 5 o5 R s S hs ond sl

15 eslial 5 slas ikl (gbe el sin

© Cwslis 5 (T555 0m-04) (¢ .5 (T441-O0mM96) st (T411-OmMBY) b bls s ol

Sl {ASTM D523) siiw 5 sy ol o5 oolsr (VY0 oyla Ol e s llkul) 158 s
s 5,803 (ASTM 2010S) S Joli s p ool ol (ASTM D589-97)

Ihara S900 Xrite PANTONE I1 BYK Gardner-@; Tl os 5l 3l Sl sl
hil (Bl Ol s st 4 a8 Sl S5 w0 o3V L oslinad S5, ol sy )3 o35 Micro TRI Gloss

Oljee (il s S € o 3 A 4 LIES gy, 3 Seds S 0 31 05K # Cules b old

03 8 (68031l s ad Bl

o3lizul (15 ol sdoze VLI dN@ra) S900 Jue e siss s sl oKas 5 el (655 arndls (¢ So3lll sl

s o) el ok als (i S e b T mlaw o5 550 e arlone GBS 61y B o ()5 anils s

25 ((Se) edd ol ol 1ol B30 58 Dl 4 B ks mhas 31 edd 3L 58 Dl el ) pon



j;t QS/)”'.’J u;"\ J}.J:L;a — geneo ;“Jl;: VSJ.A 9 els .LiTﬁ) O 4 OS/.XM“:; 9 Lﬁi':'“ﬁ L;cMJQL&;
w S s a3 B gesgdome Olgieas YUY (o jislie aS(gysbas o)ls sdalr (el iS5 e s LB

Ay s
A5 Ao 53 A st da L S e Slesl o sl oSl Ol S 0 ok 00225 L Ol 055
5 ksl G 3 Slol KH LS S5 5Sl Ol (S e ol il 5 K)ol s ple

3 S 4 OLis,e CS,E ST GV B Y 4 o 4 Sl LS

bl Ol

Sl S el 1 fole b (51 g 5 o3 B3kl SlS ¢ 53 51 e ol 53 el 5550 2ileT 2 b
aslie gz 5 8 b byl e ) dsesls s 5 ases S skiieas A eslinad (Y aseni) SPSS S5l 5
035 (615 e g o2 A0 slazel mlans 55 (STl Oe3l 3 b Sl

oy ml

a Flacie acs solinad bl 4520 0sa3) 5l e 2050 Lolos xSl om ol] Ml o 6l
el 5 03,51 ¥ s 53 613 me o 5 503l el S el s

Gl 5 o5 s Suid s S hs p el b ki 1 (5,10 sire b 9 F i) (il yls 4325 - ¥ Jgu
Table 5 - Analysis of variance (F value and significance level) of the effect of manufacturing
variables on physical and optical properties and printability

s oite Srs
Variables Feature
40.086* (W) cabis
Caliper (W)
613263.006* (/) Sl
Ash (%)
4436970.840* (S) Isa 55 4 Cunslia
Air permeability (S)
83.976* (M) 5.5
Roughness (um)
39664.286* ) sl
Opacity (%)
3782719.232* (1) s
Whiteness (%)
37608383.143* ((AFTS
Brightness (%)
16431508.071* (135
Yellowness (%)
137595.000* (1)l
Gloss (%)
10.693* ESPHE I

Optical density

SoIs e phe NS 780 # 15,05 fes o
Significance Level: * 95% (p < 0.05), ns: Not Significant

ol
Gobl sl o, ezl a5 O3l 3,40 K E5 A Calins palie oo S sl 0L &b bl 5L
Cles Ol s u,:il.:a\ Jg..;.J.;)‘JJ‘JBAJJgM))LAJLQ.;A?LSJJC,.AB;@J:V’JL&AJJJ‘JJFJJ\JUMQM‘

.M;yawj@ts@mdlﬂb



5ol sl 5 PSS L edBesls g et B 4 by e s Ol o i o8 s e 0L S

LBl e Aol W gad 5 5 L sddenls (R e IS 4 Ghete OT Ole o S
o3t s oy pm b gy 3lsn 58S a3 353 e antlid OLob mhaw |y s 5l S Ol 4 618
S ol bl s pi el edalin g5 LB Culbis (il 5 ol 3 gl SIS Sltle 0555 4 3l g0 340 0355 0
nt > S 38 o JUl a5 s Jlb lalad e el (oS5 e 4 St Sl
L Olg e OF Vs 5l a8l dasdle eyl ) 350 LIEK Culis 3 opd a0 zin B culbis

S sl ol o ,e Lbsn oo al A8l s sl ol s
C b

a | b

WPZG WPFG WPFZ WPZFG

Sles Byl 4

100

a a

90

a

80 S
70
60
50
40
30
20
10

0

WPG WPZ WPF

Cwp

(um) colss
Calliper (um)

Treatment code
il SIS Cubis pSile anslis -) S
Figure 1 - Comparison of means caliper content of different papers
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Figure 2 - Comparison of means ash 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 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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Improvement of Printability Features of Iranian Writing Paper with
Biodegradable Coatings

Abstract

Background and Objective

Writing and printing paper, due to its characteristics such as whiteness, gloss, air
resistance, and favorable printability, is regarded as one of the main types of paper used
in the printing industry. However, domestically produced samples still require
improvement in terms of colour uniformity, surface roughness, and physical properties—
factors that can significantly influence print quality. In this study, to enhance the physical
and printing properties of the writing and printing paper produced by Mazandaran Wood
and Paper Company, biodegradable coating materials including nanographene, zein, and
fluorine were employed.

Materials and Methods

For this purpose, writing and printing paper with a grammage of 70 g.m™ was prepared
and subjected to various tests. To coat the paper surface, nanographene, zein, and fluorine
were weighed separately, along with styrene-butadiene latex at specified weight
percentages. Based on the treatment conditions. The materials were mixed in a blender at
a rotational speed of 1500 rpm for 20 minutes to obtain a homogeneous mixture. This
process ensured the uniform distribution of materials on the paper surface. Before
conducting the tests, both control samples and coated samples were placed in standard
environmental conditions (20°C and 65% relative humidity). The characteristics
examined in this study included thickness, ash content, air permeability, roughness,
opacity, whiteness, brightness, gloss, optical density, and adhesion. These characteristics
were measured accurately to thoroughly assess the impact of coating on paper quality.
Results

The results indicated that coating increased thickness, ash content, air permeability,
whiteness, gloss, and optical density. Compared to the control sample, these features
showed significant improvement. However, a decrease in opacity and brightness was
observed, indicating that the coating positively affected the visual quality of the paper. In
cases where coating materials were used separately, roughness also decreased, which in
turn could affect print quality. In other words, the air resistance of the sample coated with
graphene, zein, and fluorine increased by approximately 35 times compared with the
control sample. Moreover, the ash content in the zein-coated sample was about 5.96 times
lower than that of the control, indicating an improvement in paper quality. The opacity of
the fluorine-coated sample showed a 3.7% decrease compared to the control.
Additionally, the zein-coated sample exhibited a 45.5% increase in whiteness, while the
sample coated with both zein and nanographene demonstrated a 431% increase in gloss.
The adhesion of the coated layer and the applied flexo ink was excellent, as both layers
were completely removed along with the paper surface (substrate) by the adhesive. This
feature indicates the high ability of this type of coating to maintain cohesion and print
quality.

Conclusion

This study demonstrates that the use of nanographene, zein, and fluorine as coatings can
significantly improve the physical and printability features of writing paper. In particular,
the increased gloss, whiteness, and air permeability make this paper a more suitable
option for book printing. Overall, these results can contribute to the design and
production of high-quality papers and add greater value to the printing and paper industry
in Iran.

Keywords: writing paper, coating, biodegradable, printability.



