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The overall objectives of this project were to find out if fiber-based materials could be creped 

by creasing process and to design creping patterns that affect the material elongation. Special 

attention was paid to the difference in the ratio of strain-at-break values between machine 

and cross direction of paper and paperboard. Scientific principles were used to design the 

creping pattern. 

 

Various techniques were used to analyze the physical and mechanical properties of the 

creped substrates. In order to analyze the creped samples, microscopic analysis was 

performed to find the cracks in the substrates. Likewise, tensile strength, bending stiffness, 

tear strength and grease barrier experiments were performed. 

 

Thickness and density were reported in the initial phase of the thesis project. Copy paper 

performed well, because it was thin and rather dense. However, thick and bulky paperboards 

were trickier since the force the creasing table produced was limited and probably more force 

would have been needed for more rigid materials such as three-layer paperboard. The ratio 

between machine and cross directional elongation (strain ratio) as well as percentual changes 

in strain at break were reported in the result. It was found that creping made the strain 

properties of plastics-coated materials more heterogeneous, which suggests that the 

paperboard should be creped before coating with plastics.  
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1 INTRODUCTION 

 

 

The expression of crepe, which is initially from French, refers to a type of thin pancake that 

means curled. At the point when used as a business purposes in paper industry, crepe paper 

shows, a sort of paper completely designed with numerous small wrinkles and creases. This 

character can incredibly upgrade the delicate quality, absorbency, and malleability of crepe 

paper. Creping procedure is basic to creating an assortment of paper items including tissue 

and towel papers, party decorations, and packaging materials. (Ramasubramanian, Sun & 

Chen 2011, pp. 1203-1205.) A procedure for compacting the paper web in the plane of the 

paper and conferring a high level of stretch capacity by passing the web between a roll and, 

for instance, an endless rubber blanket. The blanket is extended immediately before the point 

of contact with the web and permitted to come back to its ordinary state during the section 

of the web through the space between the roll and the rubber blanket. (Public Works and 

Government Services Canada 2016.) 

 

1.1 Background of study 

Paper and Paperboard are manufactured all around the world. According to CEPI 

(Confederation of European Paper Industries) key statistics 2015, the production of the paper 

and paperboard in 2014 was 406,5 million tons. CEPI is a Brussels-based non-profit making 

organization founded in 1992, which represents the European pulp and paper industry. CEPI 

members include: Austria, Belgium, Czech Republic, Finland, France, Germany, Hungary, 

Italy, The Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 

Sweden and United Kingdom. The total production and consumption of paper and board in 

the year 2014 is shown below in Figure 1 and Figure 2 respectively. The pattern has been 

growing every year. (Confederation of european Paper Industries 2015.) 
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Figure 1. Paper and Board production by region in 2014 (Confederation of european Paper 

Industries, 2015.) 

 

 

Figure 2. Paper and Board Consumption by region in 2014 (Confederation of european 

Paper Industries, 2015.) 

 

Paper and paperboard have numerous commercial applications. These incorporate, books, 

stationery, newsprint, photography, money, tissues, stamps, well-known printing and plenty 
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of commercial applications such as packaging. As indicated by CEPI in 2014, 47,7% of the 

total paper and paperboard production was used for packaging application which was 

increased to 49% by 2015. (Confederation of european Paper Industries 2015.) By weight, 

paper and paperboard materials are mostly used as packaging purposes. Up to 40% of all 

packaging depends on paper and paperboard. (Kirwan, Wiley & Sons 2012, p. 2.) 

 

The utilization of standard test techniques guarantees that everyone is testing in the same 

way. In United States, the most essential source of paper-based material test methods is 

TAPPI, The Technical Association for the Pulp and Paper Industries. TAPPI is a global 

membership association for the paper industry that promotes research, education and 

institutionalization of test techniques. TAPPIs’ members make pulp, paper of various types, 

paperboard, corrugated or folded board and paper based packages; providers to the paper 

business and extensive purchasers of paper-based packaging materials are also represented. 

(Twede, Selke & Kam 2014, p. 226.) 

 

Different nations have their own particular gauges associations, similar to British Standards 

Institution, the technical Association of the Australian and New Zealand pulp and paper 

Industry, and the Scandinavian Pulp, Paper, and Board Testing committee (SCAN). The 

national requirements are harmonized by means of the International Standards Organization 

(ISO). Most of ISO’s paper standards are derived from the most paper producing countries 

like North America and Scandinavia, thus they firmly reflect guidelines kept up by 

association like TAPPI and SCAN. (Twede et al. 2014, p. 226.) 

 

Paper and paperboard are esteemed in view of their printability, stiffness and strength. 

However, such properties fluctuate generally relying upon the source of fiber and the 

procedure used for pulping and papermaking. The purchasers and suppliers of paper-based 

materials utilize the consequences of standard tests as a typical dialect for indicating 

properties and guaranteeing consistency. Some of the properties of paper and paperboard 

that can be measured are weight, thickness, brightness, whiteness, gloss, porosity, tensile 

strength, tear resistance, coefficient of friction and stiffness. (Twede et al. 2014, p. 225.) 

High extensibility of paper is of notable significance for many finishing and converting 

operations. Extensibility is a key function for the paper and paperboard which are used in 
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production of advanced 3D-shapes. However, extensibility of the traditional paper and 

paperboard is normally quite low, yet it can be enhanced by modification of fiber structure, 

fiber bonding and paper shape (Vishtal & Retulainen 2014, pp. 434-435). The elongation in 

MD (machine direction) and CD (cross-machine direction) of paper and paperboard is 

comparable as of plastic films and it makes their changing over into three-dimensional 

shapes simpler. Nonetheless, paper has more extension in CD, which makes its changing 

over more difficult compared to plastics. In opposition to plastics, paper and paperboard 

materials are heterogeneous whose mechanical properties are regularly assessed in view of 

their global properties, however there are local variations in physical properties. Due to the 

fiber orientation, the tensile properties of fiber-based webs are not similar in cross and 

machine direction, which leads to greater elongation in cross-direction.  

 

1.2 The objectives of the thesis 

The primary objective of this thesis was to clarify if paper or paperboard could be crepe in 

laboratory scale using a digital creasing and cutting table. The secondary objective of this 

thesis was to develop different creasing patterns that crepe the substrate and to study the 

extensibility properties of creped paper and paperboard.  

 

1.3 Delimitation 

At first, the study was made in laboratory scale. Pilot scale study would not necessarily give 

enough fundamental information. The study was delimited to materials that mainly consist 

of wood fibers. There is no need to crepe plastics since their convertibility is already in good 

level. Conventional creping was not investigated in experimental work, it usually just 

improves the elongation in MD. The focus was on reducing the ratio between elongation in 

MD and elongation in CD. This approach would make the paper more plastic-like and thus 

improve its convertibility. Convertibility was not tested and was a proposal for further 

research. 

 

1.4 Overview of the chapters in thesis 

This thesis contains seven chapters, which includes the introduction, the basic study on 

microcreping, its properties on extensibility, creping design patterns, basic properties, 
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microscopic analysis , strain and stress analysis, bending stiffness, Barrier testing and 

conclusions. The brief outline of the chapters are discussed below: 

− Chapter 1: Introduction. This chapter gives the brief background on the creping, 

extensibility and the objective of this thesis. This chapter is divided into two sub 

topics: (1) Background; (2) objective of the thesis. 

− Chapter 2: Fundamental on microcreping and creping. This chapter is a literature 

review on microcreping and the research relevant to creping is also discussed. 

Furthermore, brief introduction of tissue creping machine, and its working principle 

is given.  

− Chapter 3: Brief introduction on creasing. This chapter is a literature review on 

creasing, its characterization and creasing on coated materials is discussed. Also, 

brief introduction to direct machinery (Kongsberg X10) and its working principle is 

given.  

− Chapter 4: Materials and Methods. This chapter is the key part of the thesis. This 

chapter mainly focuses on the literature review of different tests which are done in 

this thesis. Also, focuses on the materials which are used and brief on methodology 

for the testing. 

− Chapter 5: Results. Results of all the experiments, discussed on chapter 3 are 

shown.  

− Chapter 6: Discussion. This chapter mainly focuses on the comparison of creped 

and uncreped samples. Furthermore, this chapter also gives information on effect of 

coat weight, differentiate between materials 

− Chapter 7: Conclusions. A summary for the thesis, comparisons of different tests 

and its conclusion on creping analysis are drawn. Also highlighting the major 

findings on extensibility properties of micro creping of paper and paperboard and 

some suggestion for further development. 
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2 FUNDAMENTALS OF MICROCREPING AND CREPING 

 

 

In prominent, the present development is coordinated to a crepe paperboard and procedure 

for making the same. The procedure for making crepe paperboard contains coating as a 

minimum one surface of a paperboard web with a bonding material, and more ideally a self-

cross linking ethylenevinylacetate latex binder, reaching the coated surface with a warmed 

dryer surface and creping the web from the dryer. The linerboard therefore handled is enough 

adaptable to be formable into conventional rolls for ensuing processing or storage. This 

improves the strength which makes easier to form into corrugated paperboard structures. The 

board can be made on conventional tissue creping equipment using ordinary methodologies 

of manufacture and traditional commercial speeds. (Pat. US 20140322488 A1 2014. ) 

 

Thus, there is an intense competition in this industry. The fact makes every company in this 

region, attempt to enhance crepe paper’s quality and the massive production performance as 

much feasible from each single technique. However, maximum of those industries, that have 

more propelled innovations, are still constrained to the conventional techniques in light of 

testing experiences. For instance, several combinations of manipulate parameters are enter 

to specific creping tests respectively, and the crepe paper samples with unique qualities are 

produced. The parameter aggregate that yields higher crepe paper satisfactory is recorded. 

The tests need to be directed more than once with a specific end goal to get a steady and 

reproducible crepe paper’s quality. These procedures usually are very expensive, because 

they include the cost of resources like electric energy, water, paper, adhesive and testing 

gear. Unfortunately, the development of enhancing crepe paper’s generation is a great deal 

more troublesome than anticipated, following there are excessively numerous combinations 

of parameters. Even if the test is done with same combination, the testing method differs 

from different creping machines. (Ramasubramanian et al. 2011.) 

 

2.1 Study of properties of micro creping 

In general, at least one side or surface of the crepe paperboard web is more textured. Diverse 

advantages can be realized when one surface of the crepe paperboard have good textured 
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side whereas opposite side of the textured surface have different properties. In some cases, 

one side of paperboard web is notably smooth while the opposite side is profoundly textured.  

The two-sided properties of the paperboard web give different focal points and advantages. 

For instance, the untreated, textured side of the web may also function the surface contacting 

and shielding shipped items, while the smooth side of the web, however, can be higher ideal 

for printing and packaging. (Pat. US 20140322488 A1 2014.) 

 

2.2 Brief introduction to tissue creping machine 

In everyday life of people, there is tremendous need of tissue and towel paper. For instance, 

hygienic tissue paper, facial tissues, napkins, paper towels, wrapping tissues, toilet tissue 

and so on. Crepe paper and tissue paper are one of the lightest papers and are typically below 

35 g/m2. Creping is used to improve absorption capacity, softness and bulk of the tissue 

paper. The crepe ratio displays the amount of paper compressed during creping. Crepe ratio 

(rate) is normally calculated by: 

 

100* (1-(BWcreped / BWuncreped))                                             (1) 

 

Where 

BWcreped is Bulk Weight creped samples 

BWuncreped is Bulk Weight uncreped samples 

Unit of crepe rate is %.  

Typical crepe rates for some products: 

Sanitary products, 10-28 % 

Hand towels, 10-20 % 

In practice, 35 % is maximum regardless of tissue product. 

 

In this way, the crepe paper production has been exceptionally popular and taken around 

20%-30% of all the paper industry in the global industry every year. According to European 

Tissue Symposium, 2010, the production of tissue was estimated 21 million ton. Just the 

worldwide tissue business sector is worth roughly 62 billion USD every year, and it 

represents 10% of the total paper and board market. (European Tissue Symposium 2010.) 

 



14 

 

 

 

2.2.1 Working Principle 

Paper towels along with tissues made with creping has for quite some time been limited as 

far as the mass production and mechanical properties which can be accomplished. This is 

partially due to the fact the creped tissue web should first be dried in a flat, densified state. 

Figure 3 shows the creping process of tissue making process. In the creping process, a wet 

sheet passes through pressure roll forming into level which passes through a huge warmed 

drum, a Yankee dryer. Yankee dryer contains the surface where chemical adhesive 

compounds is constantly showered as shown in Figure 3. High velocity warm air flows 

through the dryer which makes the tissue dries quickly. The tissue dries quickly from 

conductive warmth exchange from the drum and from convective drying due to warm air 

impinging on the uncovered side of the tissue. As the tissue dries, hydrogen bonds structure 

among the filaments makes strong web morphology. This makes the web, level and thick. 

(Lindsay, Chen & Bedna 2003.) 

 

 

Figure 3. Creping process in tissue making process (Ramasubramanian & Shmagin 2000). 
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The creped web can be delicate or smooth and bulky. The creped web follows the wetting 

procedure, where the cellulose fibers swell and rectify. Afterwards, the creped web follows 

the unwinding process, where unwinding the stress in the fibers implies the partial return of 

morphology of the web to its original characteristics. Figure 4 shows the influence of creping 

and rewetting the fiber web, displaying the move from dense state to a bulky creped state 

described by wrinkles or disfigurements in individual fibers, trailed by a return to dense state 

when the wrinkles and disfigurements have been to a great extent relaxed by the wetting and 

swelling of the fibers. (Lindsay et al. 2003.) 

 

 

Figure 4. Process representation of fiber changes as a web on a Yankee dryer is creped and 

wetted (Lindsay et al. 2003). 

 

Generally, when a creped sheet is wetted, the structure bestowed by creping to the dry web 

is considerably lost and the sheet has a tendency to flatten out and stretch in the machine 

direction by a sum roughly equivalent to the level of foreshortening granted throughout 

creping. If components of the web are restricted and avoided from expand consistently in the 

machine-direction, regions of the web may turn out to be coarsely wrinkled after wetting, as 

one can promptly show by pouring a small quantity in the center of a dry creped sheet as it 

lays on a flat surface. Capillary forces among the wetted area and the flat surface can restrict 

some extension, bringing on the web to clasp, or dry areas around a wetted area can force 

limitation and cause the wetted area to clasp or twist as it tries to enlarge in the machine 

direction. (Lindsay et al. 2003.) 

 

2.2.2 Creping pattern in tissue samples 

The doctor blade has an incline edge of around 25 degrees and is situated concerning the 

Yankee dryer to give an effect edge of around 81 degrees. It is analyzed that the point 

between the top surface of the cutting edge and the surface of Yankee cylinder decides the 

proportion of macro and micro scale folds in tissue paper. (Raunio & Ritala 2012.) The edge 
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measured with appreciate to cylinder tangent can range from 40 to 100 degrees being 

typically inside the range 80-90 degrees. (Raunio et al. 2012, pp. 375-380.) 

 

At small angles the micro folds are heaping up subsequent to creping along these lines 

framing a solitary macro fold as shown in Figure 5 (left). Such super creped tissue sheet are 

preferably unordinary and they may have creping proportion better than two. At large angles 

the macro folds are not always formed or the dimensions contrast between the macro and 

micro folds is minor. Therefore, in such tissue sheets the creping ratio is lower. On the right 

side of the Figure 5, the forming of micro fold at large scale is illustrated. In this case the 

edge in both machines was 90 degrees and the creping ratio were 1,27. Hence the distinctions 

in adhesion, in substance of tissue pulp, and in basis weight and thickness are the primary 

explanations behind contrast of creping pattern in toilet paper and towel sample. (Raunio et 

al. 2012, pp. 375-380.) 

 

 

 

Figure 5. The impact angle between the Yankee cylinder and blade with small angle (left) 

and large angle (right) (Raunio et al. 2012, pp. 375-380). 
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3 BRIEF INTRODUCTION ON CREASING 

 

 

Creasing is one of the most important steps in forming box process. The creasing procedure 

comprises mainly of 2 steps. It begins by setting the paperboard sheet on a female die and 

then a male ruler is punched into female die. This forms the creases in the paper or 

paperboard. (Huang 2011, p. 11.) 

 

The forces formed to misshape the paperboard in a planned way and the deformation is 

permanent. The end result is a reduction inside the bending resistance of the crease. The 

paperboard is in this manner weaker along the creases than somewhere else. Amid the 

creasing operation as shown in Figure 6, the paperboard sheet is twisted in four tight zones 

and in each of these the paperboard must persevere through high tensile forces or 

compression forces as shown in Figure 7. To accomplish a flawless crease the relationship 

between its width and depth is of great significance. (Iggesund paperboard 2016a.) 

 

 

Figure 6. Creasing steps (Iggesund paperboard 2016a). 
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Figure 7. During creasing and subsequent folding the paperboard is subjected to sever 

stresses and deformation (Iggesund paperboard 2016a). 

 

3.1 Characterization of creasing 

Several piles combines to form most of the paperboards. The fiber arrangement and physical 

properties fluctuate significantly between various sorts of paperboard. To well-defined 

creases, the crease ought to be deep and narrow. (Iggesund paperboard 2016a.) 

 

At the point when paperboard is creased it brings about a partial change inside of the 

material, and the perpetual disfigurement is created in order to comply with the profile of 

creasing principle. The stiffness of paperboard at the crease is considerably lessened and a 

hinge is made. 

 

3.2 Creasing of coated materials 

For successful creasing the paperboard must have strong surface plies and coating layers. 

Another important feature is the attainment of a good hinge. Ideally, the paperboard should 

delaminate into a finite number of thin unbroken plies throughout the thickness of the 

paperboard. (Iggesund paperboard 2016a.) 

 

According to Rättö & Hornatowska (2010) Clay and GCC (Ground Calcium Carbonate) – 

based coatings with various binder frameworks and diverse binder substance on a copy paper 
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sample were printed and creased. GCC-based coatings demonstrated a much littler crack 

range than clay-based coatings. This was most likely because of various cracking 

mechanisms. While the GCC-based coatings demonstrated small cracks opposite to the 

plane, the clay based coatings indicated cracks parallel to the plane bringing about 

delamination and the disruption of extensive segments from the surface. Noticeable cracks 

were formed in these large section. (Rättö & Hornatowska 2010, pp. 488-494.) 

 

3.3 Introduction to Kongsberg Machine 

The Kongsberg XE10 (as shown in Figure 8) is Esko’s smaller configuration platform, 

designed to offer a fast, extraordinary solution for sample making and quick-run 

manufacturing of folding cartons. Expanding upon their aptitude with the Kongsberg large 

layout computerized finishing frameworks for corrugated and other packaging materials. 

Esko has consolidated various elements from the design of its broadly well-known advanced 

cutting and creasing tables. With the Kongsberg XE, a digital advanced finishing solution 

that outclasses others in both productiveness and precision can be expected. It is assisted by 

using a rack-and-pinion X/Y drive with precise movement control, quick servo framework 

and absolutely new tool set, the XE tables can convey high operational rate and precision 

with simple operation. It is the flexible and versatile machine which is widely popular in 

industry for digital cutting and creasing for packaging. (Esko 2016.) 

 

 

Figure 8. Esko Kongsberg XE machine (Esko 2016). 
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3.3.1 Working principle and specifications 

The Kongsberg XE10 highlights an altogether new tooling framework which has been 

adjusted to fulfill folding carton necessities – and is quick to install and maintain. It has 

lightning-fast motion, extremely accurate rate which increases the finishing quality and 

productiveness. The tooling unit is designed for easy, quick and convenience for replacing 

the tools. It contains two configurable tool position and automatic tool identification. 

Kongsberg XE tool consists of PressCut tool, VariCut tool, Static knife tool, Crease tool, 

VibraCut tool and Hi-frequency VibraCut tool. Creasing tool is used to do creasing in the 

specimens. Creasing tool consists of 4 different creasing rules with width 0,40mm (1,1pt.), 

0,71mm (2pt.), 1,05mm (3pt.) and 1,42mm (4pt). The XE10 gives a maximum vertical tool 

force of 200 N, which implies that even the maximum rigid boxboard materials can be 

adequately creased. The pressing force is very comparable (150-250N/cm) with the 

production-scale creasing machine. More on technical specifications are listed in 

appendices. (Esko 2016.) This machine is used for manufacturing the creping pattern in this 

thesis.  

 

3.4 Summary 

The fundamental studies of creping machines are presented in this chapter in order to 

contribute their applications to creping process. In the first part, the tissue creping machine, 

its principle and the creping angles in tissue are carefully investigated and suggested some 

ideas for the design process of the samples. In the second part, brief introduction on direct 

machinery is discussed, solving the problem for creping pattern to be manufactured.  
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4 MATERIALS AND METHODS 

 

 

Most of the types of paper has at least few percentage of moisture content. Moisture in paper 

changes from 2-12%. It depends upon type of pulp and chemical used, relative humidity, 

temperature and level of refining. The impact of moisture on physical properties, it decides 

the development of static of the paper sheet subjected to pressure and friction. Due to the 

increase of dryness the inclination for paper to create static also increases. Cellulose fibers 

are hygroscopic, which means they can absorb water from the atmosphere easily. The 

absorption of water in the paper and board relies on upon humidity and temperature of the 

air. The physical properties of paper and board is affected by both humidity and temperature.  

For a few properties of paper and board (MD tensile and CD stretch) a change of 1°C may 

cause effect almost as a change of 2% RH (Relative Humidity). In case of synthetic fibers 

and plastics, the temperature impact might be more prominent than RH effect. Consequently, 

changes in temperature and humidity, even slight changes, can influence the test outcomes. 

(T 402 sp-08 2013, p. 08.) 

 

Thus, standard condition has been mounted in order to test the samples of paper and 

paperboard materials. The test samples were carried out in the standard test conditions which 

are based on (Twede et al. 2014, p. 225): 

− TAPPI T 402: Standard conditioning and testing atmospheres for paper, board, pulp 

handsheets and related products 

− ASTM D685: Conditioning paper and paper products for testing 

− ISO 187: Paper, board and pulps-standard atmosphere for conditioning and testing 

and procedure for monitoring atmosphere and conditioning of samples  

The standard conditioning climate are 23°C ± 1°C (73,4°F ± 2°F) and 50 ± 2.0 % RH.  

 

4.1 Test substrates 

The general materials for the thesis are presented in Table 1. 
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Table 1. Test materials. 

Sample 

Number 

Material   Coating type Coat 

weight/total 

grammage, 

[g/m2] 

Number 

of fiber 

layers 

Pulp 

1 Board 1   Pigment 240 3 Kraft 

pulp 

2 Board 1 PE   Polyethylene 

(PE) 

240/20 3 Kraft 

pulp 

3 Board 1 PET   Polyethylene 

terephthalate 

(PET) 

240/35 3 Kraft 

pulp 

4 Board 2   Uncoated 300 3 Kraft 

pulp 

5 Book Paper   Uncoated 80 1 TMP 

6 Copy Paper   Pigment 80 1 Kraft 

pulp 

 

Six samples were purposed as the test substrates in this thesis. The first 4 samples which is 

shown in Table 1 consisted typically of three layers. The creping test and analysis were 

performed on both side of first three samples (sample 1, 2, 3) as in Table 1. For sample 

number 4, 5, and 6 creping test and analysis were performed only in one side. All the six 

samples, coated and uncoated, having different properties were analyzed. 

 

4.2 Creping pattern design 

The word “design” itself is derived from the Latin phrase “dēsignāre”, the meaning of that 

is to designate or mark out. (Dictionary 2010.) Clearly, this is unclear and signifies wide 

scopes of meaning. The thought behind this phase of the design procedure is to produce ideas 

that is capable to meet the project objectives and specifications. At this stage, it is important 

to review past literature that deals with creping pattern in tissue machine and common 

angles. The principle objective of this phase is to implement the information gathered to turn 

into a concept of creping pattern design. It is likewise imperative at this phase to assemble 

thoughts and motivation and to visualize the concept with specification. 

 

General manufacturing in this thesis includes creasing unit and cutting tools. Firstly, A4 (210 

mm x 297 mm) samples are designed in AutoCAD 2017, student version as Figure 9. A 
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minimum constant distance of 1,22 mm (Figure 10) between two creping patterns are 

designed for Kongsberg X10. Secondly, imported into the ESKO ArtiosCAD for creasing 

and cutting as Figure 11. Thirdly, exported to Xeguide as shown in Figure 12, which is the 

software for ESKO Kongsberg X10. Finally, starting the machine which is programmed by 

Xeguide. In this thesis, as suggested for tissue samples 80, 85 and 90 degrees creping angle. 

Also, 30, 45, 60 and diamond pattern is taken into account. (Esko 2016.) 

 

 

Figure 9. Design patterns from AutoCAD 2017, Student Version. 

 

Figure 10. Distance between two creping patterns. 
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Figure 11. Design pattern imported to Esko ArtiosCAD. 

 

 

Figure 12. Design pattern exported to XE guide. 
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4.3 Basic Properties analysis 

In any of the analysis which are done in laboratory starts with the basic analysis. Basic 

properties analysis of any sort of paper consists of grammage (basis weight), thickness 

(caliber), density and bulk. These analyses are the primary need for further testing. Due to 

the fact, paper and paperboards exchanges on weight basis, which links the weight of the 

material to its surface area. Other than weight basis, thickness and density are essential 

descriptors of the nature of paper structure. (Turku & Kolhonen 2009.) 

 

Basic properties of the samples are determined keeping the standard air condition (23°C, 

50% RH) into consideration. The following instructions are based on standards: 

- SCAN-P 6:75, Paper and board – Grammage ISO 536 Paper and board – Determination 

of Grammage  

- SCAN-P 7:75, Paper and board – Thickness and apparent density 

From the above mentioned instruction the conditioned laboratory sheets are then trimmed to 

the size 141 mm x 141 mm with a cutting device shown in Figure 13. (Turku & Kolhonen 

2009.) 

 

4.3.1 Grammage 

The weight of the one square meter of paper or board (g/m2) is known as grammage. The SI-

unit of grammage is kg/m2 or g/m2. Grammage of the sheet is measured from the trimmed 

sheet (141mm x 141mm). The weight of sheets is measured to a precision of 0,2 %. The 

weight of the trimmed sheet is measured by the balancing machine. Six air-conditioned 

trimmed sheet should be measured in order to get the more accurate value of the weight. 

(Pat. US 20140322488 A1 2014.) 

 

Grammage is calculated from the following equation, (Pat. US 20140322488 A1 2014.) 

 

w = m / (A*n)          (2) 

 

Where 

w is grammage [g/m2], 

m is mass of the sheets [g],  
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A is area of one sheet [m2] and  

n is number of sheets.  

 

4.3.2 Thickness 

The ordinary expression for thickness of paper is μm. Measurement uses a thickness gauge 

with the paper sheet or a pad of sheets packed with a given pressure between two parallel 

plates is used for the measurement of thickness. On the off chance that the measurement is 

analyzed using a solitary sheet, it is called single sheet thickness. Bulking thickness is the 

normal thickness of one sheet figured from the thickness of a stack of sheets. Due to the 

varieties and compressibility of paper and the uneven character of its surface, the bulking 

thickness value is generally lower than the single sheet thickness value. (Turku & Kolhonen 

2009.) 

 

The thickness of the sheets is measured using a motor driven micrometer. When measuring 

the bulking thickness, six air-conditioned trimmed sheets facing upside should be placed 

under the gauge. The thickness of the sheet is then reported in 1 μm precision and if the 

thickness of the sheet is over 1000 μm then result ought to be in 5 μm precision. (Turku & 

Kolhonen 2009.) 

 

4.3.3 Density 

The specific weight of a material is called density. Paper density shows how the paper is 

being compacted. Density is calculated from the grammage and the thickness as follows 

(Pat. US 20140322488 A1 2014): 

 

Density = w/thickness           (3) 

 

Apparent density of the paper is the mass per unit volume calculated as the proportion 

between basis weight and thickness of the material in kg/m3.  

 

4.3.4 Bulk 

The specific volume of a material is expressed by bulk. It is the inverse of density. Bulk is 

measured by the following formula. (Pat. US 20140322488 A1 2014.) 
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Bulk = 1 / density           (4) 

 

Bulk is expressed in cm3/g.  

 

In other words, Bulk can also be expressed as thickness of the sheet divided by its basis 

weight (grammage). (Pat. US 20140322488 A1 2014.) 

 

Bulk = Thickness/Grammage          (5) 

 

4.4 Microscopic analysis for cracks or other defects 

The first stereoscopic-style microscope having twin eyepieces and coordinating objectives 

was composed and constructed by Cherubin d’Orleans in 1671, however the instrument was 

really a pseudo stereoscopic framework that accomplished image erection just by the 

utilization of supplemental lenses. (Nothnagle, Chambers & Da 2016.) The stereo or 

stereoscopic or analyzing microscope is an optical magnifying instrument variation intended 

for low magnification statement of a pattern, usually the usage of light reflected from the 

surface of an object instead of transmitted through it. The device uses two separate optical 

ways with two targets and eyepieces to offer slightly special viewing angles to the left and 

right eyes. This course of action delivers a three-dimensional visualization of the specimen 

being analyzed. (Nothnagle et al. 2016.) 

 

SEM is also known as scanning electron microscope. This type of microscope uses electrons 

instead of light to shape an image. With the help of this microscope, researchers have a great 

advantages on finding and analyzing various specimens.  

 

4.4.1 Basic Principle on Stereomicroscope and Scanning electron Microscope 

The 68-86 Digital Pocket Microscope DPM 100 conveys crisp, clear high-resolution color 

images with a resolution up to 1600x1200 pixels. The incorporated LED brightening can be 

exchanged on/off, which permits discretionary enlightenment for extraordinary 

examinations. With the DPM located directly upon a surface, the focus wheel has two 

positions gives diverse magnification ranges. The DPM can likewise be positioned on a 

distance above the test sheet to cover the larger area of the sheet. (The Timi Group of 
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Companies 2015.) In this thesis, Digital Pocket Microscope (DPM 100), as Figure 13, is 

used as an optical microscope to check roughly if the surface is having crack or other defects.  

 

 

Figure 13. Digital pocket Microscope (DPM 100) (The Timi Group of Companies 2015). 

 

The SU3500 Scanning Electron Microscope, as shown in Figure 14, highlights creative 

electron optics and signal detection structures to give unparalleled imaging and systematic 

execution. It is designed for an extensive range of programs along with biological specimens 

and advanced substances, the SU3500 is positive to be the workhorse microscope in any 

laboratory. (Hitachi High-Technologies Corporation 2016.) 
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Figure 14. Scanning Electron Microscope (SEM3500) (Hitachi High-Technologies 

Corporation 2016). 

 

All water must be expelled from the specimens (10mm x 10mm) because the water might 

vaporize inside the vacuum. Since all metals possess conductive properties, no special 

treatment should be done. But, for non-metal specimen, conductive covering is needed in 

order to test the sample. “Sputter coater” is used do the thin coating in the sample. (Hitachi 

High-Technologies Corporation 2016.) 

 

The sputter coater for thin coating uses an electric field and argon gas. The specimen is set 

in a small vacuumed chamber. Inside vacuumed chamber Argon gas and an electric field are 

released. Argon gas makes the electron to release the positive charged atoms. The positive 

charged atoms then get attracted towards the negatively charged gold foil. Gold atoms are 

then knocked from the surface of the gold foil by the argon ions. Thereafter, the gold atoms 

fall on the surface to form a thin gold coating as shown in Figure 15. (Hitachi High-

Technologies Corporation 2016.) 
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Figure 15. Specimen after gold coating in Sputter Coater. 

 

After gold coating in sputter coater, the specimen is ready to be placed inside the microscope. 

At the top of microscope, beam of electron is produced by electron gun as shown in figure 

16. The electron beam passes through electromagnetic field and magnetic lens vertically 

down towards the gold coated specimen, which is held inside a vacuum. The beam travels 

via electromagnetic fields and lenses, which focus the beam down towards the specimen. As 

soon as the beam hits the specimen, electrons and X-rays are released from the specimen. 

Backscattered electron detector and secondary electron detector gather these X-rays, 

backscattered electrons, and secondary electrons which are converted into a signal to 

produce the final image. The procedure of imaging the specimen by SEM (Scanning Electron 

Microscope) is figured below in Figure 16. With the accelerating voltage of 10000 Volt and 

working distance 6280 μm was used in measuring in Secondary electron imaging (SEI) 

mode. 
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Figure 16. Working procedure of Scanning Electron Microscope (Purdue University 2014). 

 

4.5 Strength properties of the sheets 

The physical properties of paper and paperboard depends on the source of the fibers and the 

manufacturing process of pulp and paper. Paper fibers vary their quality according to 

hardwood and softwood. Hardwood or recycled paper have short and smooth fibers, whereas 

softwood have long and strong fibers. Mechanical refining (for example in the production of 

Thermomechanical Pulp (TMP)) shortens and fibrillates them, while chemical pulping 

continues to keep the fiber long, changing their form from straight and tube-like to adaptable 

because of the evacuation of lignin. Pulp with less lignin removed has a tendency to produce 

stiffer paper. This is one reason why paper made from mechanically pulped fiber has poorer 
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tensile strength or elasticity and tear resistance as compare to kraft paper. (Twede et al. 2014, 

p. 225.) 

 

Paper is produced in a persistent web process that outcomes in varying properties along 

every axis. The forming phase of the paper-making machine determines the quantity of this 

difference. The direction in which paper flows out from paper-production machine is called 

machine direction (MD). Cross-machine direction (CD) is the side direction of the paper 

flow. More fibers are adjusted in machine direction than in the cross direction, because the 

fiber slurry flows toward the forming fabric direction and fibers tend to line up in the flow 

direction. (Twede et al. 2014, p. 219.) 

 

In this thesis, the determination of the MD and CD is important before the test, since the 

direction makes a great effect on the properties. The three, principal directions which are 

perpendicular to each other are machine direction (MD), cross-machine direction (CD) and 

transverse (through thickness or Z) direction (ZD) as represented in Figure 17. (Mark, 

Habeger, Borch & Lyne 2001, p. 321.) 

 

 

Figure 17. The principal material direction for paper; Machine direction (MD), Cross 

direction (CD) and transverse direction (ZD) (Mark et al. 2001, p. 321). 
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4.6 Tear strength  

Tear tests are one of test techniques which is used for comparing a particular type of paper 

strength. Tearing of paper devours energy, and the force expected for tearing is assumed to 

connect with important end-use properties. (Mark et al. 2001, p. 388.) The mean force 

needed to proceed with tearing of paper from initial cut in a single sheet or bulk of sheets is 

described as tearing strength which is shown in Figure 18. Tearing strength simulates the 

condition when there is some deformity in the fringe of the paper web, for example, hole, 

tear or stick. At that point the strength in entire paper web is greater than the strength of the 

continuous tear.  

 

 

Figure 18. Principle of tearing strength (Iggesund paperboard 2016b). 

 

4.6.1 Basic principle  

The following tear test are based on standard: 

 SCAN-P 11:96, Paper and board – Tear strength, tear away from the plane along the one 

tear line  

 

The measurement is performed with Elmendorf-type tester. The measurement is done only 

for book and copy paper sample. Because of the way the test is performed, values for thick 

paper and paperboard are impacted by stiffness, since there is bending while tearing. Another 

variable also influences the tearing of, for example multi-ply paperboard often cause failure 
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due to delamination while tearing. Therefore, tearing resistance or tearing strength has 

restriction on complex samples or multiply samples. (Iggesund paperboard 2016.) 

 

12 test pieces (62,0 mm ± 0,2 mm long and 50 mm ± 2 mm wide) were prepared with sample 

cutter. The test was carried out for creped and uncreped samples. A pile of four samples were 

teared for measuring the tearing strength. Three parallel measurement was performed. The 

mean value of the tear strength along with standard deviation (S) was calculated by the 

tearing tester. The unit of tear strength is mN. The tear index was reported by dividing the 

tear strength by the grammage of the sample. The unit of tear index is Nm2/g. The test was 

carried out in both Machine Direction (MD) and Cross Direction (CD). (Turku & Kolhonen 

2009.) 

 

4.7 Stress and Strain Analysis 

Tensile tests measure the force or strength required to break a material which is also known 

as tensile strength. It also measures the degree to which the material can elongates or 

stretches to meet the breaking point. Tensile modulus can be analyzed from the stress-strain 

graph (Figure 19) which is created by tensile tests. (ASTM D882 2016.) 

 

 

Figure 19. Stress-Strain Curve (Hooke’s Law) (Twede et al. 2014, p. 244). 
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As Figure 19, paper and paperboard shows elastic properties up to certain limit. This implies 

if the force is removed under the limit of elasticity then the specimen continues back to the 

original shape. Otherwise, the specimen then start to deform or disfigure until it breaks. This 

implies that the force or stress applied is directly proportional to the elongation or 

deformation, which is also known as Hooke’s Law (Kirwan 2005, p. 38), 

 

Stress (applied force) = Constant * Strain (change in dimension)            (6) 

 

This constant is known as the modulus of Elasticity I or Young’s modulus. The ratio of Stress 

and strain is known as Modulus of elasticity (MOE) or Young’s’ modulus. 

 

 

4.7.1 Basic Measuring Principle 

The following tensile test is based on standards: 

− ISO 1924-2:1994, Paper and Board Determination of tensile properties—part 2: Constant 

rate of elongation method 

− SCAN-P 38:80 Paper and Board – Tensile Strength, tensile strain and breaking energy 

 

L & W (Lorentzen &Wettre) tensile tester, was used during the measurement of tensile test. 

Ten samples were prepared from the air conditioned sheets with the dimensions (15 mm x 

141 mm). (Turku & Kolhonen 2009.) The test was carried out for creped and uncreped 

samples. The test was carried out for both machine direction (MD) and cross-machine 

direction (CD). Tensile strength was calculated by measuring the force required to break a 

15mm wide paper and paperboard samples and drawing speed of 100mm/min. Tensile 

strength was then calculated by the maximum force divided by the width of the sample, and 

expressed in kN/m. (Iggesund paperboard 2016b.) Grammage and thickness of every 

samples were recorded in L&W tester machine.  

   

Tensile strength = F/w               (7) 

 

Where  

F is maximum force and w is initial sample width. 
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Other than tensile strength, the tensile tester measures the elongation at break, the tensile 

energy absorption, and the tensile stiffness (elastic modulus) which are then reported. 

(Iggesund paperboard 2016b.) 

 

4.8 Bending stiffness  

Stiffness identifies with the elastic properties of the material. It alludes to the resistance the 

material offers whilst deformed with the aid of an external load. For paper and paperboard, 

two parts of stiffness are normally measured: tensile stiffness and bending stiffness. (Turku 

& Kolhonen 2009.) 

 

Bending stiffness is the force required to bend a rectangular test piece which is clasped 

toward one side. The bending stiffness is measured in both machine and cross direction. A 

rectangular test piece is clasped toward one side as shown in Figure 20. The surface of the 

sample piece is in contact with a blunt knife-edge. The test piece is hold by a force sensor. 

The clamp is turned via 0-5° around a pivot at the edges of the sample. The force required 

to bend the test sample connected with the knife-edge is measured by force sensor. The force 

calculated by the force sensor is then calculated as bending stiffness. (SCAN-P 29:95 1995, 

p.2)  

  

  

Figure 20. Principle of bending stiffness tester (mod.SCAN-P 29:95 1995, p.2). 
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4.8.1 Basic measuring principle 

The following bending stiffness test is based on standards: 

− ISO 5628:2012(en), Paper and Board- Determination of bending stiffness-General 

principles for two-point, three-point and four-point methods  

− SCAN-P 29:95 Paper and Boards-Bending resistance  

 

L & W (Lorentzen & Wettre) bending tester, as shown in Figure 21, was used for the 

measurement of bending stiffness.  

 

 

Figure 21. L&W (Lorentzen & Wettre) bending tester (Lorentzen & Wettre, 2016). 

 

Ten samples were prepared from the air conditioned room with dimensions (38 mm ± 0,1 

mm x 141 mm). The test was carried for both creped and uncreped samples in both machine 

and cross direction. The bending resistance, Fb, and the standard deviation or coefficient of 

variable (CoV) was calculated with the tester. The bending resistance was then reported in 

both machine and cross direction in millinewtons (mNm). Other than bending resistance, 

coefficient of variables and bending angles were also reported. (SCAN-P 29:95 1995, p. 29.) 
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4.9 Grease Barrier testing  

Barrier properties plays the important role in product protection in flexible paper-based 

packaging. It is always important to describe the method for the product confirmation, for 

instance surface, flavor, fragrance and so on. This makes easy to store, distribute and use in 

order to achieve the self-life of the product. It is then important to decide the thickness and 

coating weight of barrier material in order to protect to the product. The amount of barrier 

material carried out for thickness and coating weight effects the level of any unique shape 

of protection. (Kirwan 2005, p. 90.) 

 

The resistance to the penetration of fats, greases and oil by paper and board is of particular 

importance for certain packaging purposes, for example the packaging of food. Not only 

having an effective grease barrier, but also the packaging should additionally prevent the 

formation of aesthetically unacceptable grease spots on the packaging surface. (ISO 16532-

1 2007, p.5.) 

 

4.9.1 Basic measuring principle 

The following grease barrier tests are based on standard: 

− ISO/DIS 16532-1 Paper and Board- Determination of grease resistance – Part1: Grease 

permeability method 

 

Grease barrier testing is only done for PE and PET samples. The test pieces (3 samples, 

50mm x50mm of each test pieces) are placed on a glass plate. Dyed palm kernel oil (50µl) 

is applied to the upper side of the test samples as shown in Figure 22.  
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Figure 22. Sample preparation for grease barrier test 

 

The tests was carried out inside the oven, having the temperature of 60° C. The time elapsed 

till a sign of the penetration of the oil through the test pieces was noted. The reaction of the 

grease with the surface of the test piece was observed, the end point was determined when 

the eye detects spots or stains of grease on the underside of the test pieces. The visual 

observation was done in at least in following intervals:  

- Every 1 minute for the first 10 minutes; 

- Every 2 minutes between 10 to 30 minutes 

- Every 5 minutes between 30 to 60 minutes 

- Every 10 minutes between 60 to 150 minutes 

- Every 30 minutes between 2,5 hours to 6 hours 

- Final inspection was done after 24 hours 

After the final inspection, visual observation was carried out for pinholes and complete 

information was reported. (ISO 16532-1 2007, p. 6.) 
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5 RESULTS  

 

 

In this chapter, a brief description and results of the project are shown. In this project, crepe 

design were made in AutoCAD software. Model figures were presented in chapter 3 and 

more drawings are shown in appendix. Detailed table for all the results are presented in 

appendix. During the process, material samples were different type of boards and papers.  

 

5.1 Results of basic properties 

Table 2 and Table 3 show the basic properties of board samples, book and copy paper. Basic 

properties include grammage, thickness, density and bulk before and after creping.  

 

Table 2. Table showing the basic properties calculated before and after (*) creping.  

 

Table 3. Basic properties of materials calculated before and after (*) creping. 

 

Material Grammage, 

[g/m2] 

Grammage*, 

[g/m2] 

Thickness, 

 [ɥm] 

Thickness*,  

[ɥm] 

Board 1 (+Pigment) 248,3 248,0 240 245 

Board 1(+PE) 269,3 270,7 252 256 

Board 1 (+PET) 279,3 282,4 255 261 

Board 2 296,6 297,7 322 325 

Book Paper 80,3 81,2 135 133 

Copy paper 80,1 80,7 89 90 

Material Density, 

[kg/m3] 

Density*, 

[kg/m3] 

Bulk, 

[cm3/g] 

Bulk*, 

[cm3/g] 

Board 1 (+Pigment) 1036 1014 0,16 0,16 

Board 1(+PE) 1067 1059 0,16 0,16 

Board 1 (+PET) 1096 1082 0,15 0,02 

Board 2 922 916 0,18 0,18 

Book Paper 595 610 0,28 0,27 

Copy paper 895 895 0,19 0,19 
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As shown in above tables, there is the slight increment in Grammage because of creping, 

else then Board 1 (Pigment Coated). Also thickness increases after creping, but the angle 

does not have any effect. Density and Bulk goes the same way.  

 

5.2 Analysis of cracks in creping process 

After creping, crack analysis was done using two different types of microscopes, digital 

pocket microscope and scanning electron microscope. Figure 23 and Figure 24 shows the 

microscope analysis done by pocket microscope. The images clearly show that, there are no 

any cracks after creping.  

 

 

Figure 23. Microscopic image PET coated Board 1. 

 

 

Figure 24. Microscopic image book paper. 
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SEM images were taken in order to obtain more detailed information of the effect of creping 

on paper and paperboard substrates. SEM image in Figure 25 (c) and Figure 26 (h) clearly 

shows a bigger cracks in PET coated board 1 sample. Few cracks were noticed in Pigment 

coated board 1 sample in Figure 25 (b). This is a definite indication of the fact that creping 

should be carried out in PET sample before creping.  

 

 

Figure 25. SEM surface images (a) Pigment coated board 1 sample (b) Pigment coated board 

1 sample (c) PET coated Board 1 sample (d) PET coated board 1 sample. 
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Figure 26. SEM surface images Uncoated board 2 sample (f) Uncoated coated board 2 

sample (g) Cross sectional image PET coated Board 1 sample (h) PET coated Board 1 

sample. 

 

The results were compared with the work of Sonmez, Dolen & Fleming (2011) the cracks 

on coated board samples increased with the ratio of coating thickness to indentation depth. 

(Sonmez et al. 2011, p.1196) The images acquired with scanning microscope on crease 

regions demonstrated clearly that the cracking on coated board is mostly on the top layer. 

Comparing PET coating with pigment coating, pigment coating shows the decrease in 

resistance of the sample. Pigment coated board has minor cracks as shown in Figure 25 (b) 

means, better roughness values. This is also positive for printing after creasing.  

 

5.3 Stress and strain Analysis 

Table 4 shows the calculated strain ratios [(Strain in MD/ Strain in CD) for each test point]. 

In case of plastics, the ratio is very close to 1, since there is no fiber orientation. This 

improves three-dimensional convertibility, since the elongation is same to both directions. 
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Thus, it is important to see if the ratio increases after creping, i.e. the initial value is smaller 

than the value for creped sample. 

 

Table 4. Strain ratios (MD/CD). 

STRAIN MD/STRAIN CD (Target: 1.000) 

Material Initial 30° 45° 60° 80° 85° 90° Diamond 

Board 

1(Pigmented) 

0,3323 0,3514 0,3381 0,3456 0,3415 0,3372 0,3292 0,3526 

Board 1 

(+PE) 

0,3929 0,3550 0,3398 0,3523 0,3478 0,3358 0,3545 0,3632 

Board 1 

(+PET) 

0,3508 0,3424 0,3434 0,3609 0,3344 0,3515 0,3466 0,3404 

Board 2 0,3846 0,3467 0,3774 0,3633 0,3623 0,3797 0,3700 0,3923 

Book Paper 0,4453 0,4449 0,4351 0,4449 0,4348 0,4228 0,4479 0,4458 

Copy paper 0,3426 0,3532 0,3531 0,3102 0,3855 0,3519 0,3884 0,4000 

 

In the cases of copy paper and pigmented Board sample initial value is smaller than the value 

for creped sample. Other materials, however, behaved more or less differently. Diamond 

pattern seems to be the best (smallest number of “red boxes” in the upper table). 
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Figure 27. Comparison of Creping angle vs MD/CD ratios in Board 1. 

 

The strain ratio decreased after creping if the material was coated with PE. This finding is 

very important, but also quite annoying. It means that the material should be creped before 

coating with plastics, since creping seems to make the strain properties of a plastic more 

heterogeneous (although initially plastics are somewhat homogeneous in strain regardless of 

MD or CD). 
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Figure 28. Comparison of creping angle vs MD/CD ratios in Board and paper. 

 

Creping causes only minor changes to tensile strength and other physical properties. So, 

there is no drastic loss of other physical properties. This confirms that creped product was 

not badly damaged.  

 

 

5.4 Bending stiffness analysis 

The following Table 5 shows the bending stiffness MD/CD ratios for each of the samples. 

The red boxes in the tables have clearly shows the gain in bending stiffness in all the samples. 

Evaluating the table, there is more loss in bending stiffness with different patterns.  
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Table 5. Percentual bending stiffness change between initial and after creping 

BENDING STIFFNESS (MD/CD), 

[%] 

Material Initial 30° 45° 60° 80° 85° 90° Diamond 

Board 1 

(+Pigment) 

100% 107,46 96,01 96,51 96,51 97,05 94,53 107,46 

Board 1 

(+PE) 

100% 91,87 97,13 92,34 94,78 90,83 88,99 98,82 

Board1 

(+PET) 

100 105,35  100,10  104,10  99,83  102,40  101,94  104,74  

Board 2 100 99,45  98,41  93,23  89,95  87,26  89,97  90,07  

Book Paper 100 96,91  100,27  99,59 95,29  108,91  95,29 108,91  

Copy paper 100 84,48  92,02  94,39  100,67  84,18  100,67  84,18  

 

 

 
Figure 29. Bending stiffness comparing graph in first 3 board samples. 
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Figure 30. Bending stiffness ratios graph of board 2, book and copy paper. 

 

The graph (Figure 29) shows the bending stiffness of 3 coated board samples. The graph 

(Figure 30) shows the bending stiffness of 1 uncoated board samples and book paper sample 

and copy paper sample. The following table is plotted in the graph to understand it more 

easily.  

 

5.5 Tear strength analysis 

In general, high tearing resistance relies on upon the general strength level (tensile strength 

and elasticity) and the amount of long, well-bonded fibers (more and longer fibers give a 

better result). The figure below clearly shows copy paper have more tearing strength 

comparing to the book paper. Due to the longer fibers in cross direction, the tear strength is 

higher than Machine direction.  

 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

1 2 3 4 5 6 7 8

M
D

/C
D

 r
at

io

Creping angle \ pattern

Bending stiffness

Board 2 (MD/CD) Book Paper (MD/CD) Copy paper (MD/CD)



49 

 

 

 

 

Figure 31. Tear test result for the Book paper and Copy paper. 

 

5.6 Grease barrier tests results 

In order to decide the type and amount of thickness and coating weight to provide product 

safety barrier testing is done. The amount of material implemented in terms of thickness or 

coating weight effects the level of any unique shape of protection. The tests is carried out 

inside oven, having the temperature of 60° C. There were no any changes until 6 hours inside 

the oven. Final inspection was done after 24 hours. In few samples pinholes were seen as 

(Figure 32). In Board 1(+PET), 45° and 90° pattern samples grease barrier did not resist. 

This clearly shows that few layers of PET coating is needed in order to reduce the pinholes. 

This means that it is good to crepe the paperboard before pet coating process.  
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Figure 32. Board1 (+PET) samples (45°, 90°, 90° zoom , 90° extra zoom). 
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6 DISCUSSION 

 

 

In the machine direction, the tensile strength is higher comparing to the cross-machine 

direction. The tensile value at break depends on the rate of load applied. At the point when 

the load increases steadily, a static tensile is measured and when the load is applied suddenly 

over a brief span interim, a dynamic tensile is measured. Creping causes only minor changes 

to tensile strength and other physical properties. There was no drastic loss of other physical 

properties. This confirms that the creped product is not badly damaged. 

 

Table 6 shows the percentual changes in strain-at-break values. The differences were 

generally small, but in some cases the percentual change was quite significant (17%). 

Comparing more than 100% means that was able to make the strain properties more 

homogeneous. Very interesting finding was that the strain ratio decreased if there was a PE 

or PET coating. This means that creping should be carried out before coating or the creasing 

should be done with higher force.  

 

Table 6. Percentual strain change between initial and after creping. 

 

 

 

 

STRAIN MD/STRAIN CD [%] 

Material Initial 30° 45° 60° 80° 85° 90° Diamond 

Board 1 

(Pigmented) 

100,00 

% 

105,77 

% 

101,77 

% 

104,02 

% 

102,77 

% 

101,48 

% 

99,07 

% 

106,13 % 

Board 1 

(+PE) 

100,00 

% 

90,36 

% 

86,48 

% 

89,66 

% 

88,51 

% 

85,47 

% 

90,22 

% 

92,43 % 

Board 1 

(+PET) 

100,00 

% 

97,59 

% 

97,89 

% 

102,87 

% 

95,31 

% 

100,20 

% 

98,79 

% 

97,04 % 

Board 2 100,00 

% 

90,15 

% 

98,11 

% 

94,45 

% 

94,21 

% 

98,71 

% 

96,19 

% 

102,00 % 

Book Paper 100,00 

% 

99,90 

% 

97,71 

% 

99,90 

% 

97,64 

% 

94,94 

% 

100,58 

% 

100,11 % 

Copy paper  100,00 

% 

103,09 

% 

103,05 

% 

90,54 

% 

112,52 

% 

102,71 

% 

113,36 

% 

116,75 % 
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Table 7. Properties in MD and CD after creping comparing with before creping. 

Property MD(Machine Direction) CD(Cross Direction) 

Tensile strength Decreases Increases 

E-Modulus Decreases Decreases 

Strain Break Increases Decreases 

Tear Strength Decreases Increases 

Bending Stiffness Decreases No Effect 

 

The determination of MD is necessary before doing almost any other test, since the direction 

as so much effect on other properties. Table shows the comparison between MD and CD 

after the creping is done in context with uncreped samples. Tensile strength, and tear strength 

increases in CD. Strain break is higher in MD whereas bending stiffness along CD has no 

effect.  
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7 CONCLUSIONS 

 

 

The main aim of this project was to develop different creasing patterns that crepe the 

substrate and to study the extensibility properties of creped paper and paperboard. In the 

project, design of creping pattern as well as was focused in analyzing the crepe pattern. 

Basically, quantitative strategy was used to think the appropriate outline of the patterns. 

Different procedures and scientific standards were used to design the pattern. Beside the 

design of the pattern, several analysis were done to find the result of different patterns. 

Microscopic analysis, tensile properties, stiffness, tear strength and grease barrier testing 

were conducted in this project. Material selection was done as different types of coated and 

uncoated board and paper.  

 

In conclusion, plastic coated materials behaved quite differently than the pigment-coated 

sample. Thickness increased after creping, but the angle does not have any effect on material 

thickness. In any case, the most vital component is the paperboard thickness. Thicker sheets 

require a more extensive ruler and groove. Thusly, they are less sensitive between the rule 

and the groove, leads to inaccurate register. Creping caused only minor changes to tensile 

strength and other physical properties. There was no any drastic loss of other physical 

properties. This confirms that the creped product is not badly damaged. Few minor cracks 

were seen in pigment coated board 1 and PET coated board 1 from the SEM images. 

Especially in PET coated board indicates, creping must be done before coating.  There was 

some loss in bending stiffness. As shown in Discussion, strain ratio was important to 

calculate if the ratio increases after creping. Only in case of copy paper and Board 

1(Pigmented), the ratio increased more than 100% means that was able to make the strain 

properties more homogeneous.  

 

As a suggestion for further research, additional analysis and testing can be conducted. 

Creping pattern can be increased and change the dimensions on the crepe. In this project, a 

pilot-scale study of material convertibility is needed in future (creasing unit of LUT 

packaging line). Testing of the formability and convertibility of creped materials in a 3d 

forming process and more specialty patterns could be designed (size of diamond patterns).   
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APPENDIX I 

Bending stiffness comparison. 

BENDING STIFFNESS 

Material  Initial 30° 45° 60° 80° 85° 90° Diamond 

Board 1 

(Pigmented) 

(MD/CD) 

2,01 2,16 1,93 1,94 1,94 1,95 1,90 2,16 

Board 1 

(+PE)(MD/CD) 

2,09 1,92 2,03 1,93 1,98 1,89 1,86 2,06 

Board 1(+PET) 

(MD/CD) 

1,63 1,71 1,63 1,69 1,62 1,67 1,66 1,70 

Board 2 

(MD/CD) 

2,18 2,17 2,15 2,03 1,96 1,90 1,96 1,96 

Book Paper 

(MD/CD) 

3,50 3,40 3,51 3,49 3,81 3,65 3,34 3,82 

Copy paper 

(MD/CD) 

2,47 2,09 2,27 2,33 2,59 2,63 2,49 2,08 

 

  



 

 

 

APPENDIX II 

Mechanical properties before creping. 

Material Tensile 

Strength, 

[KN/m] 

Strain Break, 

[%] 

Bending 

stiffness, 

[mNm] 

Tear strength, 

[mN] 

Board 1 

(+Pigment)(MD) 

19,72 2,09 11,00 N/A 

Board 1 

(+Pigment)(CD) 

9,21 6,29 5,47 N/A 

Board 1 

(+PE)(MD) 

21,67 2,22 11,60 N/A 

Board 1 

(+PE)(CD) 

9,45 5,65 5,56 N/A 

Board 1 

(+PET)(MD) 

21,35 2,14 12,50 N/A 

Board 1 

(+PET)(CD) 

10,23 6,10 7,68 N/A 

Board 2 

(Uncoated)(MD) 

22,06 1,75 20,60 N/A 

Board 2 

(Uncoated)(CD) 

10,33 4,55 9,45 N/A 

Book Paper(MD) 4,37 1,14 0,72 410,00 

Book Paper(CD) 1,51 2,56 0,21 560,00 

Copy paper(MD) 4,53 1,60 0,40 656,00 

Copy paper(CD) 1,47 4,67 0,16 843,00 

 



 

 

 

APPENDIX III, 1 

Mechanical Properties after creping. 

Material Pattern of 

Crepe 

Tensile 

Strength, 

[KN/m] 

Strain 

Break, 

[%] 

Bending 

stiffness, 

[mNm] 

Board 1(Pigment 

Coated) (MD) 

30° 19,71 2,07 10,90 

45° 19,63 2,11 10,30 

60° 19,86 2,06 10,50 

80° 19,74 2,10 10,60 

85° 19,33 2,04 10,10 

90° 19,33 2,11 10,40 

  Diamond 18,48 2,13 10,30 

Board 1 (Pigment 

Coated) (CD) 

30° 8,96 5,89 5,04 

45° 9,32 6,24 5,33 

60° 9,27 5,96 5,40 

80° 9,34 6,15 5,47 

85° 9,13 6,05 5,18 

90° 9,20 6,41 5,47 

  Diamond 8,57 6,04 4,76 

Board 1 (UnCoated) 

(MD) 

30° 18,04 2,06 9,63 

45° 19,67 2,06 10,10 

60° 19,66 2,09 10,20 

80° 20,04 2,08 9,74 

85° 19,66 2,06 9,36 

90° 19,35 2,00 9,46 

  Diamond 17,48 2,08 9,31 

Board 1 (UnCoated) 

(CD) 

30° 8,88 5,99 4,91 

45° 9,08 5,90 5,09 

60° 9,39 6,32 5,19 

80° 9,35 6,24 5,15 

85° 9,24 6,08 4,97 

90° 9,10 6,13 5,12 

  Diamond 8,53 5,72 4,83 

 

 

 

 

 



 

 

 

 APPENDIX III, 2 

 

 

Material Pattern of 

Crepe 

Tensile 

Strength, 

[KN/m] 

Strain Break, 

[%] 

Bending 

stiffness, 

[mNm] 

Board 1(PE 

Coated) (MD) 

30° 20,26 2,29 10,50 

45° 20,65 2,28 10,60 

60° 20,72 2,23 10,50 

80° 20,31 2,25 10,50 

85° 19,89 2,25 10,10 

90° 20,82 2,29 10,10 

  Diamond 22,42 2,19 10,70 

Board 1 (PE 

Coated) (CD) 

30° 9,25 6,45 5,48 

45° 9,43 6,71 5,22 

60° 9,18 6,33 5,45 

80° 9,25 6,47 5,31 

85° 9,72 6,70 5,33 

90° 9,28 6,46 5,44 

  Diamond 9,58 6,03 5,19 

Board 1 

(Pigment 

Coated) (MD) 

30° 20,16 2,28 10,10 

45° 20,09 2,23 10,80 

60° 20,37 2,26 10,60 

80° 20,31 2,29 10,90 

85° 20,03 2,25 9,72 

90° 20,01 2,23 10,40 

  Diamond 22,07 2,19 10,80 

Board 1 

(Pigment 

Coated) (CD) 

30° 9,27 6,61 5,31 

45° 9,21 6,28 5,26 

60° 9,53 6,62 5,65 

80° 9,23 6,43 5,61 

85° 9,51 6,48 5,31 

90° 9,36 6,41 5,70 

  Diamond 9,89 6,22 5,48 

 

  



 

 

 

APPENDIX III, 3 

 

 

Material Pattern of 

Crepe 

Tensile 

Strength, 

[KN/m] 

Strain Break, 

[%] 

Bending 

stiffness, 

[mNm] 

Board 1(PET 

Coated) (MD) 

30° 20,24 2,15 11,30 

45° 20,22 2,16 10,90 

60° 19,74 2,14 11,20 

80° 20,33 2,14 11,00 

85° 19,95 2,19 10,70 

90° 20,14 2,18 11,00 

  Diamond 21,18 2,08 11,20 

Board 1 (PET 

Coated) (CD) 

30° 10,54 6,28 6,59 

45° 10,33 6,29 6,69 

60° 10,22 5,93 6,61 

80° 10,29 6,40 6,77 

85° 10,07 6,23 6,42 

90° 10,15 6,29 6,63 

  Diamond 10,70 6,11 6,57 

Board 1 

(Pigment 

Coated) (MD) 

30° 20,48 2,18 11,60 

45° 19,90 2,08 11,40 

60° 20,10 2,11 11,70 

80° 20,26 2,16 11,60 

85° 19,81 2,15 10,60 

90° 20,47 2,18 11,00 

  Diamond 20,63 2,09 11,50 

Board 1 

(Pigment 

Coated) (CD) 

30° 10,43 6,50 6,56 

45° 10,16 6,34 6,80 

60° 10,49 6,36 6,79 

80° 10,32 6,55 7,14 

85° 10,10 6,31 6,60 

90° 10,77 6,43 7,17 

  Diamond 10,92 6,17 6,84 

 

  



 

 

 

APPENDIX III, 4 

 

 

Material Pattern 

of Crepe 

Tensile 

Strength, 

[KN/m] 

Strain 

Break, 

[%] 

Tear 

Strength, 

[mN] 

Bending 

stiffness, 

 [mNm] 

Board 2 (MD) 30° 20,49 1,81 N/A 18,60 

45° 20,47 1,80 N/A 18,90 

60° 20,38 1,78 N/A 18,90 

80° 20,22 1,79 N/A 18,00 

85° 20,29 1,83 N/A 17,10 

90° 19,58 1,75 N/A 18,20 

  Diamond 19,96 1,73  N/A 18,20 

Board 2 

(UnCoated) 

(CD) 

30° 10,06 5,22 N/A 8,58 

45° 9,84 4,77 N/A 8,81 

60° 9,86 4,90 N/A 9,30 

80° 9,98 4,94 N/A 9,18 

85° 9,73 4,82 N/A 8,99 

90° 9,75 4,73 N/A 9,28 

  Diamond 10,29 4,41  N/A 9,27 

Book Paper 

(MD) 

30° 4,17 1,21 385,00 0,75 

45° 4,02 1,14 397,00 0,74 

60° 4,20 1,21 391,00 0,74 

80° 4,19 1,20 403,00 0,79 

85° 4,01 1,15 436,00 0,70 

90° 4,11 1,16 387,00 0,71 

  Diamond 4,28 1,11 335,00 0,75 

 

  



 

 

 

APPENDIX III, 5 

 

 

Material Pattern of 

Crepe 

Tensile 

Strength, 

[KN/m] 

Strain 

Break, 

[%] 

Tear 

Strength, 

[mN] 

Bending 

stiffness, 

[mNm] 

Book Paper 

(CD) 

30° 1,41 2,72 614,00 0,22 

45° 1,39 2,62 573,00 0,21 

60° 1,41 2,72 501,00 0,21 

80° 1,46 2,76 465,00 0,21 

85° 1,42 2,72 547,00 0,19 

90° 1,39 2,59 598,00 0,21 

  Diamond 1,45 2,49 517,00 0,20 

Copy paper 

(MD) 

30° 3,93 1,54 710,00 0,38 

45° 4,00 1,61 717,00 0,39 

60° 3,77 1,52 672,00 0,37 

80° 4,07 1,65 679,00 0,39 

85° 4,05 1,58 707,00 0,41 

90° 4,08 1,67 720,00 0,43 

  Diamond 4,16 1,56 680,00 0,36 

Copy paper 

(CD) 

30° 1,53 4,36 796,00 0,18 

45° 1,52 4,56 753,00 0,17 

60° 1,42 4,90 830,00 0,16 

80° 1,50 4,28 840,00 0,15 

85° 1,48 4,49 834,00 0,15 

90° 1,38 4,30 869,00 0,17 

  Diamond 1,63 3,90 804,00 0,17 

 


