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The scope of the investigation

• Laboratory recycling process

• Input raw material:  conventional and digital offset 

prints

• Handsheets:  comparison and analysis



Input raw material

Conventional offset prints:

• KBA web offset, Slobodna 

Dalmacija, Split, Croatia

• 45 g/m² newsprint paper 

(10% fillers), Zagrebačka 

tvornica papira

Digital offset prints:

• Indigo E-Print 1000+. 

Faculty of Graphic Arts, 

Zgb.

• 130 g/m² matt coated 

paper (28% fillers), 

Fedrigoni



Newsprint paper

Functional point of view:
• optical properties
• mechanical properties                    web printing

Manufacturing point of view:
• low grammage
• raw material: cca 7/10 ONP

cca 3/10 primary fibers or OMG



Changes in fibers due to recycling

• loss of water during drying

• tightening of lamellas in 
the cell wall

• irreversible cornification

• brittle, breakable, shorter

• Zs(t) ≈ const.

• reduction of swelling 
capacity

• reduced flexibility

• low adherence among 
fibers

• weak interfiber bonding

• low specific strength of 
bonding



Dirt specks in recycled paper

• Ink particles
• Stickies
• Fines:  fiber fines

fillers
other

Limited flotation efficacy:  20 – 200 µm (Borchardt,1997)
40 – 250 µm (Magde, Lee, 

1998)
opt.: 30 – 80 µm (Borchardt,1997)



Laboratory recycling 
workflow

Input
ONP, digital offset,

prop. 20%

Desintigration
50ºC, 30 min, pH 10, 

NaOH, H2O2, Flokutan 

Defibration
30 ºC, 15 min, pH 7,5

1500 o/min

Deinking flotation
8 min
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Recycled handsheets

Digital offset prints ONP



Brightness, ISO 2470

Reflectance  471 nm;  X-Rite spectrophotometer
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Data: R460_RaU
Model: Exponential 
Equation: y = y0 + A*exp(R0*x) 
Weighting:
y No weighting
  
Chi^2/DoF = 0.96293
R^2 =  0.99724
  
y0 42.96458 ±2.74244
A 7.45428 ±2.10461
R0 0.01814 ±0.00232
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Data: R460_RbU
Model: Exponential 
Equation: y = y0 + A*exp(R0*x) 
Weighting:
y No weighting
  
Chi^2/DoF = 2.96143
R^2 =  0.99221
  
y0 48.0895 ±3.05889
A 4.05685 ±1.9262
R0 0.02379 ±0.00422
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Before the flotation stage After the flotation stage



Y – tristimulus value 
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Data: Y TRISTIMULUS
Model: Exponential 
Equation: y = y0 + A*exp(R0*x) 
Weighting:
y No weighting
  
Chi^2/DoF = 2.81077
R^2 =  0.9937
  
y0 44.55118 ±1.50535
A 0.79865 ±0.41801
R0 0.03991 ±0.00502
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Data: Y TRISTIMULUS
Model: Exponential 
Equation: y = y0 + A*exp(R0*x) 
Weighting:
y No weighting
  
Chi^2/DoF = 1.38461
R^2 =  0.99727
  
y0 43.74046 ±1.1634
A 1.21381 ±0.3943
R0 0.0365 ±0.00309
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X-Rite spectrophotometer

Before the flotation stage After the flotation stage



Environmental Scanning Electron 
Microscopy

ESEM technique:
Specimens are observed in their 

natural, moist state, i.e. no 
conductive coating

Two separate chambers:
• high vacuum electron column
• low vacuum sample chamber

ESD, environmental secondary 
detector, X-ray spectroscopy

PHILIPS ESEM 
XL30



ESEM image, X-ray spectroscopy, specimen 
map

Conventional 
offset print (ONP)

Handsheet before 
the flotation stage



ESEM image, X-ray spectroscopy, specimen 
map

Conventional offset 
print (ONP)

Handsheet after the 
flotation stage



ESEM image, X-ray spectroscopy, specimen 
map

Digital offset print 
(Indigo)

Handsheet before the 
flotation stage



ESEM image, X-ray spectroscopy, specimen 
map

Digital offset print 
(Indigo)

Handsheet after the 
flotation stage



Image analysis: Conventional offset

Before the flotation 
stage

After the flotation 
stage:

∆ 35,8 %  ink 
particles



Image analysis: Digital offset

Before the flotation 
stage

After the flotation 
stage:

∆ 8,6 % ElectroInk 
particles



Final comments

• Conditions of desintegration?

• Duration of flotation?

• Pretreatment?


