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1. Introduction 

1

3

4

.

2. Experimental part

2.1. Materials and Methods 

Table 1:  Pulping conditions

Type of straw Pulping method Extraction conditions

Wheat Soda pulping Temperature of 120°C, alkali level of 16% for 60 min, and a 
10:1 liquid biomass ratio
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 Wpulp, %  DISINTEGRATION 
 Recycled Wheat  m pulp = 80 g 
 100 0  VH2O = 1.6 l 
   90 10  pH = 8 
 80 20  T = 45°C 
 70 30  t = 20 min 
 

HOMOGENISATION 
VH2O = 10 l 
pH = 7.5 

T = 45°C 
t = 5 min 

 

Laboratory paper 
(handsheet) 

42.5 g/m2 

Wavelength (nm)
Irradiance (Wm-2) 765 ± 50

Test equipment

Duration process (h)

Ambient condition RH
Filter daylight
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Table 3:  Abbreviations used in marking samples subjected to optical analysis

C commercial 100 % recycled paper

N laboratory paper with 100 % recycled pulp

1NW laboratory paper with 10% wheat pulp

2NW laboratory paper with 20% wheat pulp

3NW laboratory paper with 30% wheat pulp

p. printed paper

unp. unprinted paper

c. cyan

y. yellow

unag. unaged paper

ag.

00*)

11

                                   
RT

SL, SC, SH

Table 4: Tolerances of Euclidean differences

Euclidean difference value Euclidean difference tolerance

< 1 Average human eye does not see the difference

1 - 2 Very small difference - optimal

2 - 3 Moderate difference

3.5 - 5 Difference

> 5 Great difference
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3. Conclusion

and laboratory (N)

commercial (C) and laboratory (N) printed with cyan ink
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-
out (N) and with wheat pulp (1NW, 2NW, 3NW)

N 

commercial (C) and laboratory (N) printed with yellow ink
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without (N) and with wheat pulp (1NW, 2NW, 3NW)

 

Table 5: Euclidean colour difference 
00

Euclidean 
colour differ-
ence values 

00)
48 hours 96 hours

Unprinted Cyan Yellow Unprinted Cyan Yellow
C 6.22 4.70
N 7.00 4.30 5.56

1NW 6.56 5.33 7.23
2NW 3.70 3.06 4.11
3NW 3.57 2.62 3.33
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Laboratory papers

Mark
Composition Roughness

Wheat pulp (W), % Recycled pulp (N), % Ra (μm)
N 0 100 4.15 ± 0.34

1NW 10 4.13 ± 0.43
2NW 20 4.24 ± 0.34
3NW 30 70

 

analysis of ink penetration depth

R R0, 
Rp, Rq .

Microscopic method 

Hpm

 l d
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Spectroscopic method
Hps

R
Ro Rp

Rq

D
R

analysis of print quality

Mottling

mi

mi n .

Optical ink density
Di

I  I0 

Colorimetric values

L* a*
b*

00*) 
00* 

.
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RT L C H
SL, SC, SH

Rub resistance

.

Hps

N 1NW

2NW 3NW
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Hpm

00

Prints N vs. 1NW N vs. 2NW N vs. 3NW
Cyan

Magenta
Yellow
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00

00 00 
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