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ABSTRACT 

The visual quality of the print result is largely dependent on the optimum level of coalescence process of the 

underprint material and the ink. The structural characteristics of the paper are extremely important in that the print 

can be obtained without loss and with the desired colour value. Since paper and cardboard are heterogeneous and 

interchangeable materials, it is necessary to measure the structural properties and determine their effect on the 

printability parameters of these properties. In this study, 90 g/m2 alternative papers, which are widely used in a 

certain product group and have different characteristics, are selected. 5 alternative papers were selected, elongation, 

strength, contact angle and surface energies were determined with the calibrated test devices. With offset printing, 

the ink is transferred to the paper by keeping the ink quantities constant with the cyan, magenta, yellow and black 

lines. Inks were measured for density and colour measurements followed by light fastness test and colour 

measurements were repeated. Differences in colour and paper properties are compared with multi-criteria decision 

making methods and given graphically. The optimal paper was selected using the TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solutions) method, which is a multi-criteria decision-making method for choosing 

the most appropriate paper for production. 
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Ofset Baskıda Kaplanmamış Kağıtlarla Üretim İçin En Uygun Seçeneğin Çok Kriterli 

Karar Verme Metodu İle Belirlenmesi 
 

ÖZ 

Baskı sonucunun görsel kalitesi büyük ölçüde baskı altı malzemesi ve mürekkebin optimum birleşme sürecine 

bağlıdır. Kağıdın yapısal özellikleri, baskının kayıpsız ve istenen renk değeri ile elde edilebilmesi bakımından son 

derece önemlidir. Kağıt ve karton heterojen ve değiştirilebilir malzemeler olduğundan, yapısal özellikleri ölçmek ve 

bu özelliklerin basılabilirlik parametreleri üzerindeki etkilerini belirlemek gereklidir. Bu çalışmada, belli bir ürün 

grubunda yaygın olarak kullanılan ve farklı özelliklere sahip 90 g/m2 alternatif kağıtlar seçilmiştir. 5 alternatif kağıt, 

uzama, kuvvet, temas açısı ve yüzey enerjileri test cihazlarıyla ölçümlenmiştir. Ofset baskı ile, mürekkep miktarları 

sabit tutmak suretiyle cyan, magenta, sarı ve siyah mürekkep kağıda aktarılmıştır. Yoğunluk ve renk değerleri için 

mürekkepler ölçümlenip, ardından ışık haslığı testi gerçekleştirilerek renk ölçümleri tekrarlanmıştır. Renk ve kâğıt 

özelliklerinde farklılıklar çok kriterli karar verme yöntemleri ile karşılaştırılarak grafik olarak verilmiştir. Baskıda en 

uygun kağıdı belirlemek için çok kriterli bir karar verme yöntemi olan TOPSİS (Alternatifler Arasından İdeal 

Seçimin Belirlenmesi) yöntemi kullanılarak baskıya en uygun kağıt belirlenmiştir. 

Anahtar Kelimeler: Çok Kriterli Karar Verme, Kağıt, Ofset Baskı, TOPSİS  
 

INTRODUCTION  
 

Paper is a smooth material produced by making various 

tree species into pulp and cellulose, and then sifting and 

drying via various mechanical and chemical effects [1] 

and by gaining strength. Paper known as high-grade 

paper pulp are used for printing books, leaflets, 

brochures, etc. [1,2] When the paper surface is rougher 

and has a more porous structure, printed ink spreads and 

diffuses more. Paper is one of the materials that 

humanity needs thanks to its place in culture and 

industry. [3-5] Development of paper industry is 

accepted as one of the determinants of industrial and 

cultural development level of a country. [6-8] In order 

to produce a high quality paper to satisfy customer 

expectations, it is necessary to make the best choice 

among various paper types, to apply print standards 

combining the most appropriate print technique, to 

understand customer needs and implement everything 

meticulously until the designing stage. [9,10]. 

Multi-criteria decision making is a method used widely 

to classify alternatives with more than one criterion. 
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Hwang and Yoon presented a study in 1981 on multi-

criteria decision making. TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solutions), one 

method, is used widely and developed by Hwang and 

Yoon (1981). [11,12] In this study test print 

measurements of high-grade paper pulp papers were 

carried out and the most ideal was identified via 

TOPSIS results. 

 

MATERIAL and METHODS  
 

In this study 5 samples from high-grade paper pulp 

papers used in printing industry were chosen. These 

samples were assessed on amount of percent decrease in 

CMYK density values, ∆E differences, stiffness length, 

stiffness width, ash content, tensile strength width, 

tensile strength length, contact angle, and surface 

energy for each CMYK colours after light-fastness were 

and results were shown in Table 1. 

Testing prints were done putting papers with the same 

thickness but different properties one after the other 

while the offset printing system was working at a speed 

of 7000. Print pressure value was stabilised during the 

printing for papers with the same thickness. Printing 

setting conditions were met at an ambient temperature 

of 20 0C and at a relative humidity of 55% on condition 

that ink water balance was stabilised. [13,14] Changes 

in accordance with the physical properties of paper were 

compared under the condition that ink amounts 

transferred on each sample was equal. Light-fastness 

test was done using the light - fastness device with ISO 

105-B02 [15] standard. Test scales for colour 

measurement were prepared in line with the ISO 12642-

2 and ISO 12642-1 [16] standards.  

Test prints were done in the press in which ISO 12647-2 

[17-21] standard applied. Colour gamuts were prepared 

creating ICC profiles from the ECI 2002 colour 

measurement zone on the scale for test prints (Figure 1). 

Surface tone density values of print samples prepared in 

the study were obtained at 20 observer angle and under 

D50 light source. Measurements were carried out in line 

with ISO 12647-2 standard. 

 

 
 

Figure 1. Print Testing Scale 

 
 

FINDINGS 

 

In the study, alternatives of TOPSIS method were found 

and assessment criteria were identified according to its 

advantages. Accordingly, there are 5 samples of high-

grade paper pulp paper used in print industry. Selection 

criteria for high-grade paper pulp paper were amount of 

percent decrease in CMYK density values, ∆E 

differences, stiffness length, stiffness width, ash content, 

tensile strength width, tensile strength length, contact 

angle, and surface energy for each CMYK colours after 

light-fastness and these were calculated with the 

formula below and results were shown in Table 1. 

 

      



MSU Fen Bil. Dergi., Cilt 7, Sayı 2, s 667-672 Araştırma Makalesi/ Research Article 

MSU J. of Sci., Volume 7, Issue 2, p 667-672                            

 

669 

Table 1. Properties of papers used

 
 

Table 2. Decision Matrix of Criteria for Samples (A) 

  

The matrix was normalized by taking the square root of 

sum of root of scores and properties of criteria in the 

decision matrix in Table 2.  

 

The formula shown below is used for normalising and 

matrix R is obtained. 

  

 
 

 

Relative weight values of the elements of the 

normalised decision matrix are found in line with the 

importance given to criteria. In study, weight values 

were accepted to be equal and shown in Table 3. 

Then when units in each column of matrix R are 

multiplied by wj the related value, matrix Vij is created. 

Since the calculation was made accepting importance 

weight values to be equal, the formula is: 

 

      
 

 
Since the weight does not change when applied to 

matrix R, the data in Table 3 were accepted as matrix 

Vij and also formed the weighted normalised decision 

matrix. 

Weight values of the criteria are given in Table 4. 

According to Table 4 whole criteria have same value. 

While ideal solution was composed of the best 

performance values of weighted normalised decision 

matrix, negative ideal solution was composed of the 

worst values. Ideal solutions were calculated using the 

formulation shown below. In both formulas, I shows 

benefit or profit (maximization), and J shows cost 

(minimization) value. The values obtained from the 

benefit or profit (maximization), and J shows cost 

(minimization) value. The values obtained from the 

formula in Table 5 are as follows 

Density ∆E differences Stiffness  Strength  

 MIN MIN MIN MIN MIN MIN MIN MIN MAX MAX MIN MAX MAX MAX MIN 

 C M Y K C M Y K 
St. 

Length  

St. 

Width  

Ash 

Amount 

Break 

Strength 

Length  

Break 

Strength. 

Width 

C.A. S.E. 

IH1 8,18 15,69 58,59 3,33 1,15 2,74 11,08 1,51 0,6 0,2 24,43 94,13 64,91 82,90 35,10 

IH2 1,03 13,83 65,26 1,75 2,30 2,46 12,17 1,59 0,4 0,2 23,64 84,61 58,35 81,60 35,50 

IH3 1,83 9,43 49,48 1,67 3,24 2,44 12,76 1,57 0,6 0,2 21,63 83,67 57,70 86,50 33,80 

IH4 0,99 9,09 57,14 1,74 2,12 2,07 10,46 2,58 0,6 0,4 20,25 84,61 58,35 96,40 30,20 

IH5 9,17 9,90 58,95 5,79 2,78 2,37 10,92 2,74 0,4 0,2 24,27 95,32 65,73 91,30 32,00 

Density ∆E differences Stiffness  Strength  

 MIN MIN MIN MIN MIN MIN MIN MIN MAX MAX MIN MAX MAX MAX MIN 

 C M Y K C M Y K 
St. 

Length  
St. 

Width  
Ash 

Amount 

Break 

Strength 

Length  

Break 

Strength. 

Width 

C.A. S.E. 

IH1 8,18 15,69 58,59 3,33 1,15 2,74 11,08 1,51 0,6 0,2 24,43 94,13 64,91 82,90 35,10 

IH2 1,03 13,83 65,26 1,75 2,30 2,46 12,17 1,59 0,4 0,2 23,64 84,61 58,35 81,60 35,50 

IH3 1,83 9,43 49,48 1,67 3,24 2,44 12,76 1,57 0,6 0,2 21,63 83,67 57,70 86,50 33,80 

IH4 0,99 9,09 57,14 1,74 2,12 2,07 10,46 2,58 0,6 0,4 20,25 84,61 58,35 96,40 30,20 

IH5 9,17 9,90 58,95 5,79 2,78 2,37 10,92 2,74 0,4 0,2 24,27 95,32 65,73 91,30 32,00 

MAX 9,17 15,69 65,26 5,79 3,24 2,74 12,76 2,74 0,60 0,40 24,43 95,32 65,73 96,40 35,50 

MIN 0,99 9,09 49,48 1,67 1,15 2,07 10,46 1,51 0,40 0,20 20,25 83,67 57,70 81,60 30,20 
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Table 3. Matrix  

 

Table 4. Weight Values of the Criteria (wj) 

Criteria Weight Vector ( wj) 

C 0,06 

M 0,06 

Y 0,06 

K 0,06 

C 0,06 

M 0,06 

Y 0,06 

  

K 0,06 

Stiffness length 5° L&W  mNm 0,06 

Stiffness width    5° L&W  mNm 0,06 

Ash %   525 °C 0,06 

Break strength Length Nm/gr 0,06 

Break strength Width Nm/gr 0,06 

Contact Angel .WGS 0,06 

Surface Energy ASTM D5946 0,06 

TOTAL 1,00 

 

Table 5. Maximum and Minimum Values (A* and A-) 

 

 

  

 

 
 

For negative ideal solution the following formula is 

applied. 

 
  

Density ∆E differences Stiffness  Strength  

 MIN MIN MIN MIN MIN MIN MIN MIN MAX MAX MIN MAX MAX MAX 
MI

N 

 C M Y K C M Y K 
St. 

Length  
St. 

Width  

Ash 

Amou

nt 

Break 

Strength 

Length  

Break 
Strengh

Width 

C.A. S.E. 

IH1 0,654 0,590 0,451 0,456 0,212 0,505 0,431 0,326 0,507 0,354 0,477 0,475 0,475 0,422 
0,47

0 

IH2 0,082 0,520 0,502 0,240 0,425 0,454 0,473 0,343 0,338 0,354 0,462 0,427 0,427 0,415 
0,47

6 

IH3 0,147 0,355 0,381 0,228 0,598 0,450 0,496 0,339 0,507 0,354 0,422 0,422 0,422 0,440 
0,45

3 

IH4 0,079 0,342 0,440 0,238 0,391 0,382 0,406 0,557 0,507 0,707 0,395 0,427 0,427 0,490 
0,40

5 

IH5 0,733 0,372 0,454 0,791 0,513 0,437 0,424 0,592 0,338 0,354 0,474 0,481 0,481 0,464 
0,42

9 

 MIN MIN MIN MIN MIN MIN MIN MIN MAX MAX MIN MAX MAX MAX MIN 

 C M Y K C M Y K 
St. 

Length  

St.Wi

dth  

Ash 

A. 

B.S. 

Lengh  

B. S. 

Width 
C.A. S.E. 

IH1 0,654 0,590 0,451 0,456 0,212 0,505 0,431 0,326 0,507 0,354 0,477 0,475 0,475 0,422 0,470 

IH2 0,082 0,520 0,502 0,240 0,425 0,454 0,473 0,343 0,338 0,354 0,462 0,427 0,427 0,415 0,476 

IH3 0,147 0,355 0,381 0,228 0,598 0,450 0,496 0,339 0,507 0,354 0,422 0,422 0,422 0,440 0,453 

IH4 0,079 0,342 0,440 0,238 0,391 0,382 0,406 0,557 0,507 0,707 0,395 0,427 0,427 0,490 0,405 

IH5 0,733 0,372 0,454 0,791 0,513 0,437 0,424 0,592 0,338 0,354 0,474 0,481 0,481 0,464 0,429 

A - 0,733 0,590 0,502 0,791 0,598 0,505 0,496 0,592 0,338 0,354 0,477 0,422 0,422 0,415 0,476 

A * 0,079 0,342 0,381 0,228 0,212 0,382 0,406 0,326 0,507 0,707 0,395 0,481 0,481 0,490 0,405 
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Difference (distance) among the alternatives is 

measured. Distance of each alternative from the ideal 

solution is calculated using the below equation. 

 
  

In the result C1 value is in the 0≤C≤1 interval, and C1 

value approximating to 1 means it approximates to ideal 

solution, and it approximating to 0 means the distance to 

ideal solution. When the formula is implemented on all 

variables, following results are obtained and shown in 

Table 6. 

 

Table 6. Maximum and Minimum Values (A* and A-) 

 Si* Si- Ci Order 

IH1 0,778099465 0,615910233 0,441826362 4 

IH2 0,525489938 0,909812401 0,633882058 2 

IH3 0,551314865 0,911646773 0,623151523 3 

IH4 0,308050014 1,01871823 0,767819274 1 

IH5 1,037774928 0,27970774 0,212304683 5 

RESULT and DISCUSSION 

 

Paper whiteness value of high-grade paper pulp affects 

directly the delta E values arising in colours after light-

fastness test. The difference occurred in papers with 

high whiteness following the light-fastness test is more 

compared to the ones with low whiteness. Although 

there was a difference between numerical values of 

surface contact angle, surface energy and density 

values, increase and decrease directions and density 

values are in the same direction.  

As a result of the TOPSIS analysis conducted on high-

grade paper pulp, it was found that the sample named 

IH4 was the ideal one. It is seen that the ideal paper had 

the minimum amount of ash. Also, the sample farthest 

from the ideal was found to be IH5 and that the amount 

of ash in this sample was maximum, which show that 

the implementation is consistent. 
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