
www.ptspaper.com

Cowl panel

Floor plates
Interior carpeting
Headtracks

Belly fairing

Leading edge
Trailling edge
Spoiler

Applications with
folded sandwich cores

foldcore sandwiches and 3d forming
for innovative paper-based materials

»  3D forming of papers: Innovative new applications for paper products

»  Adapted papery materials for lightweight structures with folded sandwich cores

»  3D UHF antennas on paper and paperboard substrates for logistics applications

»  Optical strain field analysis – an innovative test method to analyse the mechanical properties of fibre-based materials 

»  Substrate qualification for package labelling: PTS offers a Certificate of Encoding Suitability for folding boxboard
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W hen designing B2C products, 
the package is becoming 
ever more important today. 

Because it acts as a highly efficient com-
munication channel by itself, the image 
conveyed by the package is frequently 
the sole basis for the customer’s buying 
decision. A sustainable packaging solu-
tion, for example, conveys the message 
that the product inside has been sustain-
ably produced. 
Paper and board materials are ideally 
suitable for these applications because 
they are recyclable and environment-
friendly.  For the growing trend towards 
individualised packages, however, they 
are suitable only within very narrow lim-
its. The latter must be exceeded to real-
ise unique geometries enabling the direct 
identification with a brand, for example, 
something that cannot be achieved with 
the methods available to date for the 
three-dimensional forming of papers.
Unlike primary forming processes such 
as pulp moulding, which are character-
ised by long cycle times and the limited 
quality of moulded parts, forming pro-
cesses like thermo- or hydroforming and 
deep drawing work with two-dimension-
al semi-finished parts that can be manu-
factured at high quality.  An upper die 
or working medium presses the material 
into a cavity to turn its flat shape into a 

the blankholder. This forming principle 
is used in industry to produce trays, yo-
ghurt cups or blister packages from plas-
tic films. Papers have rarely been used 
for these applications so far because they 
do not meet many of their requirements – 
especially the extremely high extensibil-
ity needed for these products.
In forming processes with sliding blank-
holder (e.g. deep drawing, hydroform-
ing), the two-dimensional semi-finished 
part is fixed by a pre-defined blankholder 
force that can be systematically con-
trolled to allow the material to “flow“. 
This principle is widely used in metal 
forming; its industrial use with paper-
board materials has been limited to 
products with simple geometry and low 
quality requirements such as disposable 
plates, cheese boxes or snack trays so far. 
Products with a more complex geometry 
and higher quality demands can only be 
realised with paper or board materials of-
fering high compressibility, fibre mobility 
and suitable restructuring mechanisms. 
Such papers are the subject of ongoing 

3D FORMING OF PAPERS
INNOVATIVE NEW APPLICATIONS FOR PAPER PRODUCTS

three-dimensional hollow body. This step 
can be performed in two basic ways:
In techniques with fixed blankholder (e.g. 
thermoforming), the edges of the flat 
starting material are firmly clamped in 

Sliding blankholder

• high
compressibility

• high fibre mobility
• restructuring ability

after forming

Fixed blankholder

• high extensibility
• restructuring ability
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Fig. 1: Process principles of 3D forming with material requirements and development stages 
(Source: PTS)

Fig. 2: Hydroforming test body with projected fringe pattern (Source: TU Darmstadt – PMV)
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research. Scientists from various institu-
tions are cooperating to systematically 
develop suitable forming methods and 
materials.
In an IGF research project called “Shear 
deformability“, scientists from PTS and 
TU Darmstadt (PMV) are investigat-
ing the three-dimensional forming of 
paperboard materials by hydroforming 
with sliding blankholders. An elastomer 
membrane incorporated in the forming 
die makes sure that the overall extensi-
bility of the paper is optimally used. By 
introducing thermoplastic additives in a 
multilayer composite, the scientists have 
obtained materials allowing the produc-
tion of moulded parts with challenging 
geometry, high surface quality and good 
dimensional stability. To quantify the 
height profiles of the three-dimensional 
parts, they have developed a topography 
analysis based on fringe projection. Sam-
ples having a diameter of 200 mm, for 
example, could be produced with form-
ing depths of up to 12 mm.
A different forming method is the sub-
ject of “FormPack“, another ongoing IGF 
project. Together with scientists from TU 
Dresden (VAT), PTS experts are working 
to improve the deep drawing process of 
paper. By adapting the formulation to 
the specific material requirements of the 
method and optimising the conditions of 
the forming process, they have obtained 
cylindrical beakers with a base diameter 
of 80 mm, draw depths of up to 80 mm 
and a high wall surface quality. 
Further work focuses on increasing the 
extensibility of the material, which is 
necessary to obtain shapes with convex 
wall portions. In conventional methods, 
the paper web is compacted mechanical-
ly to achieve strain at break values in the 
two-digit percentage range in machine 
direction. To adapt this concept for paper 
machines without compacting unit, PTS 
scientists are currently investigating the 
use of various hydrogelling agents like 
gelatine, agar or gellan gum to increase 
the dry shrinkage and, thus, elongation 
potential of papers. On lab scale, they 
have already realised strain at break lev-
els in the two-digit percentage range after 
unrestrained drying. Gelatine, which was 
found to be the most promising agent, 
was introduced in the paper by spray 
application in the pilot paper machine 
of PTS Heidenau. The resulting forming 

without losing its recyclability. 
To achieve this, the extensibility was fur-
ther increased by a chemical dialcohol 
cellulose modification of pulp fibres. The 
resulting material softens when heated 
to a temperature above glass transition 
(around 80°C) and is rupture-resistant 
up to a strain at break of more than 35%. 

properties have yet to be investigated.
A completely different approach has been 
adopted in “Actipoly“, an EU Cornet pro-
ject focusing on the development of pa-
per that is also suitable for established 
industrial methods with fixed blankhold-
er. For this purpose, the paper material 
must be thermoplastic like plastic films 

Fig. 3: Cylindrical body made from paper by deep drawing (Source: TU Dresden – VAT)

Fig. 4: Sample tray made of dialcohol cellulose paper (Source: PTS)
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It retains the shape obtained under heat 
also after cooling down, which makes it 
potentially suitable for the production of 
conventional food trays. The paper can 
currently only be produced in the labo-
ratory, but the scientists are hoping to 
transfer the manufacturing concept to 
pilot scale within the next few years.	 
Dr. Martin Zahel
martin.zahel@ptspaper.de
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Fig. 5: Strain at break as a function of 
the degree of modification of dialcohol 
cellulose papers at different tempera-
tures (Source: PTS)

The development of lightweight 
structures is an important task in 
the aerospace industry and other 

fields of transportation. The use of com-
posite materials such as carbon or glass 
fibre reinforced plastics is a first step 
towards achieving this. Another step is 
the use of these composites in sandwich 
structures combining high bending stiff-
ness with low weight. 

floor plates, carpeting and fairing of air-
planes or as supporting structures for rail 
vehicles today.  To save even more weight 
and costs, it is planned to use them also 
for the belly structure of airplanes. Fold-
ed sandwich cores are particularly suita-
ble for these applications because of their 
excellent weight-specific characteristics. 
Their main advantage over state-of-the-
art honeycomb sandwich cores is their 

ADAPTED PAPERY MATERIALS FOR LIGHTWEIGHT STRUCTURES WITH 
FOLDED SANDWICH CORES

Sandwich structures are comprised of two 
thin, stiff and high-strength skin layers 
surrounding a thicker, more lightweight 
and softer core. The core is made of phe-
nolic-resin coated aramid paper to ensure 
low volume weight in combination with 
the stiffness and strength values needed 
to resist axial and compression loads act-
ing vertically to the sandwich plane. 
Sandwich structures are used for the 
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drainability, which prevents them from 
retaining water.
Unfortunately, the aramid papers avail-
able today are not optimally suitable for 
these purposes: low-grammage grades 
lack the bending stiffness required 
for folded cores, the latter can only be 
achieved at high grammage levels.  
Against this background, scientists of Pa-
piertechnische Stiftung and the Institute 
of Aerospace Engineering of TU Dresden 
have developed a new core material that 
offers much better weight-specific char-
acteristics and is particularly suitable 
for high-tech components like sandwich 
plates in aircraft and other mobility ap-
plications. 
It is comprised of a three-ply adapted pa-
pery material (APM) based on aramid/
carbon fibres. The inner ply has a light-
weight filling to increase its thickness 
and bending stiffness without affecting 
the grammage. The desired high strength 
is achieved by impregnating the mate-

prerequisite for the use of paper as con-
struction material. The material model 
developed will significantly enhance the 
accuracy of numerical simulation models 
for the behaviour of sandwich structures 
comprising innovative cores made of pa-
pery materials. The simulation models 
will enable their potential users to design 
new innovative structures and products 
much faster and more cost-effectively.
The project was nominated for the 2017 
Otto-von-Guericke award of AiF, and has 
reached the final round together with 
only two other candidates.

Significantly enhanced weight-
specific core characteristics 

The folded APM cores were tested un-
der pressure and axial loads, using 
cores made of the commercially avail-
able N636® material as reference. The 
APM cores showed a 2,8 times higher 
compressive rigidity, 6,4 times higher 
compressive strength, 1,9 times higher 
shear stiffness and 2,5 times higher shear 
strength at a weight that was 2,2 times 
higher than that of the N636® core. 
Optimised folded cores made of APM thus 
have the potential to significantly improve 
the weight-specific mechanical properties 
of sandwich cores (see figure below).	 
Johann Strauß
johann.strauss@ptspaper.de

rial with phenolic resin. Compared to 
aluminium-based honeycomb structures, 
the APM is noncorrosive, and it offers 
much better weight-specific characteris-
tics than steel or thermoplastic materials 
like polypropylene.
In the scope of their research project, the 
scientists have also developed new char-
acterisation methods for the mechanical 
properties of thin, papery materials un-
der in-plane compression and axial loads. 
For the first time ever, the new methods 
make it possible to determine all mate-
rial characteristics relevant to simulation 
models. The data obtained allow the ef-
ficient structural-mechanical dimension-
ing of APM products, something that has 
not been possible before and is a key 
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Interior carpeting options for aircraft cabins (examples) 

Free-form part with folded core and GRP panel (Source: PTS)
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PTS SCIENTIST RECEIVE THE BOYSEN ADVANCEMENT AWARD

D r.-Ing. Tiemo Arndt, Business 
Unit Manager of Fibres and 
Composites at PTS in Heidenau, 

was presented the advancement award of 
the Friedrich and Elisabeth Boysen Foun-
dation on 17th June 2017 at the Faculty 
of Mechanical Engineering Day at Dres-
den Technical University. That is one of 
the most prestigious awards to be given 
to Dresden Technical University gradu-
ates. The award is bestowed annually 
by Stuttgart University, Dresden Techni-
cal University and Karlsruhe Institute of 
Technology for the best dissertation at 
each venue. 
The advancement award was conferred 
on a dissertation entitled “Hydrodynamic 
Cavitation for Pulp Treatment in Stock 
Preparation” for which the title “Summa 
cum laude” was conferred on Dr. Ing. 

mapping out their work to the benefit of 
the paper industry. The remarkable list 
of his publications bears witness to the 
high level and the academic productiv-
ity of Dr Arndt.	 
Erwin Polmann
erwin.polmann@ptspaper.de

Arndt. His ground-breaking results pave 
the way for a sustainable, energy-effi-
cient technology for treating and deink-
ing pulp in the paper technology indus-
try. Thanks to his work, several stages 
in the treatment of paper for recycling 
can be economized whilst at the same 
time maintaining or even raising in some 
cases the strength and optical properties 
of paper products. Initial steps taken in 
scaling up the process towards its indus-
trial application have revealed its great 
potential.
Recognised in particular was the fact 
that Dr Arndt successfully set up and 
managed a group of research scientists 
at PTS at the same time he was work-
ing on his doctorate. Moreover, he is 
active in several industrial associations 
and research clusters, formulating and 

Dr. Tiemo Arndt (right) while receiving the  
Boysen Advancement Award (Source: TU Dres-
den

I n the research 
project IGF 
18787 funded 

by the German Fed-
eral Ministry for Eco-
nomic Affairs and 

Energy, PTS scientists are developing 
moulded pulps with new functions. Main 
aim is to enhance the odour and pollutant 
adsorption of moulded pulp structures to 
enable new applications in the automo-
tive (vehicle interior), construction and 
furniture industries, for presentation me-
dia and filtration purposes. The scientists 
focus on application areas where filling is 
not possible and compact moulded parts 
provide advantages. Moreover, they are 
working to reduce the thermal load of 
moulded pulps to open up applications 
in the fields of lightweight construction, 
thermal insulation (e.g. in automotive 
engineering), for friction linings or spe-
cialty packaging.
A process concept for the high-grade in-
corporation of functional fillers in mould-
ed pulps is being developed to realise 
the desired functions whilst ensuring a 
homogeneous material structure of the 
fibre-based moulded parts. Because the 

of specific process additives. 
Core element of the project work is the 
laboratory production of moulded pulp 
structures. For this purpose, a pilot-scale 
facility has been designed and built for 
the transfer moulding of pulps (custom 
product).	 

Johann Strauß
johann.strauss@ptspaper.de

NEW FUNCTIONS FOR MOULDED PULP STRUCTURES

latter depends mainly on the dewatering 
of the pulp suspension – a process that 
is directly influenced by the fillers used 
- the scientists are working to adjust the 
stock system and process additives, and 
to improve the dewatering step during 
forming. Focal points are the chemical-
physical conditions of the initial forming 
step, which are influenced by the fibre 
components, filler components and use 

Process principle of the vertical transfer moulding of pulps (Source: FGW Fasergusswerk Polenz 
GmbH)
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MANY VISITORS TO THE PTS BOOTH AT THE BMWI/AIF INNOVATION 
DAY IN BERLIN

O n 19 May, the Federal Ministry 
for Economic Affairs and Ener-
gy BMWi and German Federa-

tion of Industrial Cooperative Research 
Associations AIF invited small and medi-
um-sized enterprises to their traditional 
Innovation Day in Berlin. The annual 
Technology Open Air, a show present-
ing new products, processes and services 
from many different technological areas, 
offers a public meeting platform for sci-
entists, companies, politicians, journal-
ists and anyone interested - including 
students and pupils. It is organised on 
the park-like premises of the company 
AiF Projekt GmbH, which manages – 
among other - cooperative projects, the 
most popular funding option of the ZIM 
central innovation programme for SMEs 
offered by BMWi. 
PTS was again present with an own booth 
at the Innovation Day. This year’s focus 
was on two projects: ACTIPOLY is an Eu-
ropean research project  that aims at de-
veloping fibre-based packaging materials 
suitable for deep drawing and with anti-
bacterial and barrier properties to prolong 
the shelf-life of fresh foods. The research 
work was done in co-operation with part-
ners from Belgium and Poland.  The novel 
packaging material for trays will open up 
new markets for producers of packaging 
materials and also fresh food. 
The second project funded by BMWi 
deals with the development of adapted 
paper-like materials for folded and hon-
eycomb sandwich cores. The sandwich 
core material developed in the project 
has a much broader scope of applica-
tion and can be used in manifold ways 
for innovative products in the field of 
lightweight sandwich structures. The 
improved weight-specific core properties 
achieved with the new material could be 
demonstrated numerically and by experi-
ments. The research results open up new 
product and market segments for the pa-
per industry and provide companies of 
the paper and aircraft sectors with new 
test and simulation methods. Project 
partner is the Institute of Aerospace Engi-
neering of Dresden Technical University. 
The second project received particularly 
great attention because it had been cho-

about the innovative chances offered by 
the paper sector and to present the re-
search services of PTS and its partners. 
The project managers are now looking 
forward to the exhibition in Berlin on 6 
December: They are working hard to win 
the Otto-von-Guericke award for PTS.	
Erwin Polmann
erwin.polmann@ptspaper.de

sen by the AiF jury as one of the three 
candidates for this year’s Otto-von-Guer-
icke award. 
Moreover, the PTS booth was visited 
by the members of the Bundestag and 
Laender parliaments on their tour of 
the exhibition. Tiemo Arndt and Martin 
Zahel, the two PTS employees manning 
the booth, seized the opportunity to talk 

Dr. Martin Zahel (left) explains a fibre-based packaging material suitable for deep drawing and 
with anti-bacterial and barrier properties to prolong the shelf-life of fresh foods (Source: PTS)

The research results of PTS received broad interest (Source: PTS)
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HIGH-LEVEL VISITORS FROM CHINA: DELEGATIONS OF CNPPRI AND 
CTAPI VISIT PTS

In past decades, China has developed 
more dynamically in economic terms 
than any other country in the world 

and might well become the world’s larg-
est economy for years to come, even 
ahead of the United States of America. In 
its “China Strategy 2015-2020”, the Ger-
man Federal Ministry of Education and 
Research (BMBF) has set the target of 
contributing to address global challenges 
together with Chinese partners and sup-

National Pulp & Paper Research Institute 
(CNPPRI) in Shanghai and Peking in 2016 
(see PTS News 01/2017), a return visit in 
Germany was scheduled from 7 to 11 June 
2017. The Chinese delegation was led by 
Mr Zhenlei Cao (PhD), Vice President of 
Sinolight Corporation and also Secretary 
General of CTAPI.   
On 9 June, the guests visited the PTS insti-
tute in Heidenau. The delegation was very 
interested in gathering information about 
PTS activities in the areas of fibres & com-
posites, quality monitoring of recovered 
paper, innovative measurement technol-
ogy and inkjet codification. The Chinese 
scientists presented their expertise and 
demonstrated the manifold potentials of 
the Chinese paper market and related in-
dustries.
In the course of the visit, a strategic co-

porting a sustainable, resource-conserv-
ing, environmentally friendly develop-
ment. The paper economy can also act as 
a multiplier with its resource-saving and 
innovative technologies.

Scientists among themselves: 
PTS welcomes CNPPRI  
managers

After PTS was received by the Chinese 

Visit of the CNPPRI delegation at PTS in Heidenau (Source: PTS)

Formal signing of the cooperation agreement between PTS (Prof. Dr. Frank Miletzky; left) and CNP-
PRI (Ms. Sun Bo; right) (Source: PTS)

The China National Pulp & 
Paper Research Institute 
(CNPPRI)

CNPPRI was founded in 1956, trans-
formed into a high-technology enter-
prise in 1999 and is now a wholly-
owned subsidiary of China Sinolight 
Corporation, a group with more than 
300 employees and business activities 
in three sectors. During the past 60 
years, CNPPRI has participated in nu-
merous national research projects. 180 
of its 1700 successfully completed re-
search projects have received national 
awards. CNPPRI is authorized to grant 
master’s degrees and has established 
a Postdoctoral Research Centre. It has 
developed into a state-of-the-art re-
search institute with R&D department, 
innovation, consulting and technical 
services that offers engineering exper-
tise for industrial scale-ups and plays 
a leading role in the Chinese paper 
industry.
Its activities focus on research into the 
highly efficient use of fibrous materi-
als, “green“ pulp and paper produc-
tion, paper-based functional materials 
as well as new product and technol-
ogy developments including scale-up 
and commercialisation.
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operation agreement was formally signed 
between the Chinese National Pulp & 
Paper Research Institute and PTS. This 
agreement encompasses active coopera-
tion in the areas of Industry 4.0, specialty 
paper, packaging materials and measure-
ment technology. In addition, common 
efforts have been planned with respect to 
funding and public grand procurement, 
new business development, further edu-
cation and the exchange of scientists. 
The Chinese delegation then continued 
on to visit the Munich Institute of PTS on 
10 June. In addition to a guided tour of 
the VESTRA pilot coater, the work in the 
coating laboratories and the possibilities 
of inkjet and laser codification of fibre-
based materials were explained on the 
basis of practical examples.
There was also sufficient time to indulge 
in intercultural issues: the Chinese del-
egation had the possibility to participate 
in sightseeing walks through the cities of 
Dresden and Munich. PTS is looking for-
ward to continuing the cooperation with 
the colleagues from China. 

Concentrated power: Scientists, 
trade association and industry 
representatives visit Germany

It is not only the Chinese paper insti-
tutes who are seeking cooperation with 
German and European partners. Also 
companies from the Far East have be-
come aware of the attractive and broad 
range of cooperation options available 
in Germany and Europe. For this reason, 
a delegation of 26 high-ranking Chinese 
representatives led by Professor Chunyu 

They were particularly impressed by the 
great variety of exhibits: the exhibition 
covers the entire value chain from raw 
materials to paper production and con-
verting, consumption and final disposal. 
After the ZELLCHEMING exhibition, 
the Chinese guests visited the cities of 
Mainz, Heidelberg, Stuttgart, Bamberg 
and finally Dresden. 

Visit to Dresden Technical  
University and PTS Heidenau

On 10 July, the Chinese delegates visited 
the Technical University of Dresden, and 
in particular the Institute of Natural Ma-
terials Technology where they were wel-
comed by Mr Professor Dr.-Ing. André 
Wagenführ and his colleagues. The insti-
tute pools competencies in the retrieval, 
processing and refining of natural materi-
als along the entire value chain regarding 
e.g. food, biotechnological or wood- and 
fibre-based products and their packaging 
in the context of a circular flow economy. 
PTS president Mr Professor Dr. Frank Mi-
letzky holds a honorary professorship at 

Cao, President of CNPPRI, went on an 11-
day trip to Germany and Austria in order 
to establish contacts with companies and 
institutions in the European paper sector. 
Their trip had been organised by CTAPI, 
the China Technical Association of Paper 
Industry, whose 18,000 members make it 
the largest public agency of the Chinese 
paper industry today.

What’s going on in Europe? 
Visit to the ZELLCHEMING  
exhibition in Frankfurt/Main

First stop of their tour was the 
ZELLCHEMING Expo in Frankfurt/Main 
on 6 July. After receiving an official wel-
come from Ms Petra Hanke, Executive Di-
rector of ZELLCHEMING, and Ms Simone 
Pfisterer, Vice President of mesago, the 
delegates seized the opportunity to talk 
to national and international exhibitors. 

Official reception of the CTAPI delegation at the ZELLCHEMING Expo 2017 in Frankfurt/Main 
(Source: CTAPI))

Talks with exhibitors were part of the fixed pro-
gramme of the Chinese delegates who showed 
great interest (Source: PTS)

Professor Dr. André Wagenführ presenting TU Dresden (Source: PTS)
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this institute.
After presenting the chair of wood and 
fibre material technology and its fields 
of work, the TU scientists talked about 
their current research on cellulose-based 
three-dimensional moulded parts and 
dry defibration. Further highlights were 
a tour of the laboratories and of the in-
stitute’s continuous honeycomb core pro-
duction unit.
Since the guests from China had been 
highly interested in information about 
the activities of PTS Heidenau, Professor 
Dr. Frank Miletzky welcomed them there 
in the afternoon of 10 July to present the 
highlights of the Saxon PTS location. 
He focused especially on the institute’s 
activities in the field of paper for recy-
cling because the Chinese industry has 
considerable demand for analytical solu-
tions for the quality monitoring of paper 
for recycling. The visit was rounded off 

sive share of around 26% of the world’s 
paper production, China is one of the 
major global players.
To give the Chinese guests insight into 
the German paper sector, Mr Martin 
Drews from the German Pulp and Paper 
Association (VDP) presented facts and 
figures about the country’s production, 
export and import activities. His presen-
tation was followed by lively discussions 
about recycling and certification issues. 
The exchange of views was a particularly 
important aspect of the visit as it deepens 
the understanding of the two countries’ 
special characteristics to pave the way 
for joint efforts to meet future challenges.
Next on the agenda was an exciting con-
tribution from the company Voith Paper. 
The lecture presented by Mr Dr. Gregor 
Wiche, Senior Vice President of Voith Pa-
per and in charge of the company’s activ-
ities in China, and his colleague Gerald 
Steiner, Vice President Digitalisation at 
Voith, provided some ideas how the Chi-
nese paper industry could meet the glob-
al challenges of „Papermaking 4.0“. Voith 
had also sponsored the visit to Munich, 
including an invitation to the Augustiner 
beer garden in the evening.
The visit of the two delegations shows 
that the Chinese paper sector is highly 
interested in a future cooperation with 
Germany: China can become a strategic 
partner of Germany in both economic 
and scientific terms. PTS therefore in-
vites companies from all parts of the Ger-
man paper sector to cooperate closely 
with partners from China in the fields of 
research, science, education and innova-
tion.  	 

Anatoli Davydov
anatoli.davydov@ptspaper.de

by a presentation and tour of the pulp 
and paper pilot plant and PTS laborato-
ries, focusing on possibilities for the de-
velopment and production of innovative 
fibre composites to access new markets. 
Another focal point of the meeting with 
CTAPI representatives was possible ways 
of cooperation.

Visit to PTS Munich

Final stop of the delegates’ tour of Ger-
many was the PTS institute in Munich, 
where the Chinese guests were first invit-
ed to have lunch with local Bavarian spe-
cialities. After this, Professor Dr. Chunyu 
Cao provided insights into the Chinese 
paper industry, which is characterised by 
currently more than 2,800 active paper 
producers, an annual production volume 
of 109 million tons and average annual 
growth of around 4.5%. With an impres-

Professor Dr. Chunyu Cao explaining typical 
features and trends of the Chinese paper in-
dustry (Source: PTS)

Martin Drews from the German Pulp and Paper 
Association (VDP) presenting main features of 
the German paper sector (Source: PTS)

Dr. Georg Wiche presenting the activities of 
VOITH Paper in China (Source: PTS)

CTAPI delegates in front of the PTS institute in Munich (Source: PTS)
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T he mechanical properties of 
paper-based materials and re-
sulting application options are 

usually assessed by standardised labo-
ratory tests. Tensile tests with paper or 
compression tests like the Flat Crush Test 
(FCT) or Edge Crush Test (ECT) with cor-
rugated board use defined testing speeds 
and sample geometries under standard 
climate conditions to determine stiffness 
(modulus of elasticity) and strength pa-
rameters, among other. The results pro-
vide information about the material’s 
suitability for e.g. packaging applications 
requiring a specific strength category. For 
the majority of applications, this informa-
tion is sufficient and requires no further 
research. In some cases, however, “glob-
al“ material characteristics determined as 
average over the entire sample width are 
no longer sufficient because they provide 
no information about the local distribu-
tion of material parameters: Are there 
any regions that are more elongated than 
other? Where exactly does a crack or de-
fect occur? Were there any signs of it be-
fore it actually occurred? And could it be 
prevented by suitable design measures or 
material reinforcements?
The local distribution of displacement or 

board caused by its compression in z-
direction, and the creasing process of 
board materials.

Pre-compression of corrugated 
board – project: “Test method 
to determine the damage of 
corrugated board“

It is a well-known fact that the stiffness 
and strength values of corrugated board 
decrease when the material is pre-com-
pressed in z-direction (cf. Figure 2). The 
loads applied in industrial manufactur-
ing and converting processes (direct 
printing, die-cutting and gluing) or dur-
ing transportation, reloading and storage 
(packing, climate influences etc.) cause 
the board material to be pre-compressed 
several times. This means that its stiff-
ness and strength values are very likely 
to become increasingly smaller from 
manufacturing to recycling, an aspect 
that is not considered by most of the tests 
performed with “ideal“, i.e. previously 
undamaged, specimens.
It is therefore necessary to more specifi-
cally determine the deformation behav-
iour of flutes as well as the changes in 
strength properties associated with it, 
and to investigate if and to what extent 
the deformation of single- or multi-wall 
corrugated board materials follows a pat-
tern that can be systematically described. 
An OSA makes it possible to qualitatively 

OPTICAL STRAIN FIELD ANALYSIS
AN INNOVATIVE TEST METHOD TO ANALYSE THE 
MECHANICAL PROPERTIES OF FIBRE-BASED MATERIALS 

strain values in a mate-
rial is of great importance 
to many applications and 
enables better assess-
ments of basic mechanical 
properties. It can be deter-
mined by an optical strain 
field analysis (OSA): A 
universal testing machine 
is coupled with a camera 
system to acquire images 
of the deformation pro-
cess. The displacement of 
a pre-defined two-dimen-
sional measuring grid is 
identified by correlating 
the grey values of suc-
cessive images in the se-
quence (cf. Figure 1).
The image sequence acquired by the 
camera system is superimposed on the 
force-time curve recorded by the testing 
machine to accurately relate the force 
values to local displacement values. 
Different camera and lens systems pro-
vide the resolution, number of images 
and magnification needed to investigate 
many different complex issues. Two ex-
amples illustrate the method and its use: 
the deformation of flutes in corrugated 

Figure 1: Example of an optically supported measurement set-up for mechanical flat crush tests 
with camera system, illumination and FCT installation for a universal testing machine (from left) 
(Source: PTS)

Figure 2: Material characteristics of corrugated board as a function 
of thickness reduction [Source: Markström, H.: Prüfmethoden und 
-geräte für Wellpappe, L&W. 1991]
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and quantitatively describe the precise 
deformation path of flutes (cf. Figure 3).
It shows why some FCT curves have 
characteristic peaks (e.g. single-wall A 
flutes) and why no such peaks can be 
found in many of the more complex flute 
types increasingly used in practice (e.g. 
BC flute, cf. Figure 4) today.
The description of deformation processes 
of simple and complex flutes enables 
the better modelling of pre-compressed 
corrugated board materials as basis for 
analytical assessments, risk analyses and 
to define measuring uncertainties. The 
results can be used to derive measures 
to improve the handling of corrugated 
board in state-of-the-art manufacturing 
and application processes, and to open 
up new application options for the mate-
rial.

Tensile and out-of-plane shear 
stresses during creasing – pro-
ject: “Water-based coatings / 
defect-free creasing“

Creasing of paperboard is conducted to 
lower the bending stiffness of the ma-
terial in a pre-defined way by local de-
lamination between the plies without 
damaging the rest of the material. The 
material is subjected to complex me-
chanical loads during creasing: compres-
sion in z-direction, tensile loads in liners 
and out-of-plane shear loads across the 
cross-section (cf. Figure 5).
Typical creasing knives have a width in 
the range of 0,7 to 1,5 mm, which means 
they apply loads mainly locally. Measure-
ment results related to the entire width 
of the sample (15 mm in the tensile test) 
are therefore not sufficient here. Moreo-
ver, the geometry of typical creasing 
processes suggests that they must cause 
local deformations that go far beyond 

show local elongations of already > 5 
% at 50 % strain to rupture. The OSA 
thus makes it possible to assess the local 
elasticity and uniformity of strain distri-
butions in board materials and determine 
their suitability for creasing.
A parameter that is much more difficult 
to measure is the out-of-plane shear load 
in the cross-section of the material. To 
determine the shear modulus and shear 
strength of paperboard, PTS has devel-
oped a special test device for thickness 
levels between 0,2 and 2,2 mm. The 
specimen is fixed between two adapter 
plates by means of a two-component ad-
hesive (epoxy resin), and intermediate 

the maximally 4 or 5 % global strain to 
rupture under tensile load, which leads 
to the conclusion that almost every creas-
ing process must result in major local 
damage or even rupture in the material. 
A combination of tensile test and OSA 
shows why this does not happen in prac-
tice and whether or not a material is suit-
able for creasing (cf. Figure 6).
The board material investigated here 
shows the well-known inhomogeneity of 
paper. The global elongation of the test 
strip amounts to ~ 2 %, but the OSA 
reveals great local differences: some re-
gions have remained completely unde-
formed (green) whereas other (red) areas 

Figure 3: Unbiased sample (top) and deformed, non-ideal fluting with 
displacement vectors (bottom) (Source: PTS)

Figure 4: Complex deformation of a BC flute shortly before its (not very 
pronounced) FCT maximum (Source: PTS)

Figure 5: Schematic of a creasing process and relevant loads (left) [Herzau, E.: Untersuchung zum 
Einfluss der Rillung auf das Faltverhalten von Karton und Wellpappe. 4. Symposium „Wellpappe- 
und Faltschachtelverpackungen – Herausforderungen in der Praxis. Bei Zwick in Ulm. 2016] and 
one-sided bead formed by creasing and folding (right) (Source: PTS)

Figure 6: Measurement set-up, optical strain field analysis and key (from left to right) of a tensile 
test with board material (width of 30 mm, y-elongation in the range of -5 % to +5 %) (Source: 
PTS)
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plates are used to compensate for thick-
ness differences and ensure an accurate 
positioning in tensile direction. One side 
of the specimen is displaced by the trav-
erse of the testing machine to cause the 
necessary stress in the material (cf. Fig-
ure 7), and the test stop is stopped when 
the sample breaks.
The displacements are assessed by means 
of an OSA because the shear modulus is 
calculated from very small displacements 
(approx. 10 - 15 µm) here and because it 
is not possible to use an extensometer. 
Further reasons why an OSA is indispen-
sable are its high resolution and the fact 
that it can be performed directly on the 

er great advantage is that external effects 
on the measuring system such as the 
deformation of adhesive layers in out-of-
plane shear tests play no part here be-
cause deformations are measured direct-
ly and exclusively in the test specimens. 
In addition to the above-described appli-
cations, optical strain field analyses can 
be combined with many other material 
or packaging tests such as the Short-Span 
Compression Test (SCT), Edge Crush Test 
(ECT), Box Compression Test (BCT) and 
other.	 
Benjamin Hiller
benjamin.hiller@ptspaper.de

material to avoid disturbing influences 
like deformations in the adhesive layer 
or variations caused by the measuring 
set-up.

Summary
An optical strain field analysis makes 
it possible to analyse displacements in 
nearly any image series, which makes it 
an ideal supplement to mechanical tests 
of fibre-based and composite materials. It 
can be combined with a universal testing 
machine to link the displacements in the 
images with a force curve and determine 
the distribution of material characteris-
tics across the entire sample area. Anoth-

Figure 7: Test device used 
to determine the out-of-
plane shear characteristics 
of paperboard (thickness 
between 0,2 and 2,2 mm, 
left) and analysis by means 
of OSA (right) (Source: PTS)

I ndividualisation, sustainability (e.g. 
Reach, reduced chemical use, pro-
longed product life cycles) and mul-

ti-functionality are present and enduring 
trends in the textile sector. Users of textile 
materials – whether from the protective 
clothing and equipment, automotive or 
medical technology sectors – are making 
ever increasing demands on their suppli-
ers in this respect. Moreover, there are 
numerous new challenges resulting from 
Industry 4.0 and the growing digitalisa-
tion of many value creation processes.
To respond to these developments, Bay-
ern Innovativ has founded the ZIM net-
work “DIGI4TT - Functionalising tech-
nical textiles by digital printing“. The 
network is intended to pool resources 

•	 Companies of the digital printing/sur-
face functionalisation and mechanical 
engineering sectors

•	 Innovation generators from other sec-
tors and fields of technology.

For further details, please visit:
http://www.digi4tt.de	 
Anatoli Davydov
anatoli.davydov@ptspaper.de

PTS IS MEMBER OF THE ZIM NETWORK “DIGI4TT”
and competences in order to utilise digi-
tal printing as a new surface technology. 
Digital printing is to be developed into 
a flexible, sustainable surface technology 
for the production of functional technical 
textiles that meet the demands of indi-
vidualisation and Industry 4.0. 
The successful network has now entered 
its second funding phase (which will end 
on 31 October 2018) and is open to new 
partners. 
DIGI4TT is looking for further partners 
to develop and process cross-disciplinary 
R&D projects, for example:
•	 Companies dealing with functional/

technical textile applications
•	 Companies and technology suppliers 

of the textile chain
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Coated – upgraded – smart was 
the motto of the traditional PTS 
Coating Symposium held at the 

Leonardo Royal Hotel in Munich on 5 -6 
September 2017. 
Transformation lay at the heart of this 
year‘s event, as became already evident 
in the opening speech delivered by Pro-
fessor Miletzky. In particular the graphic 
paper segment has been hit hard by mar-
ket changes in recent years.  Fortunately, 
the subsequent papers on the present 
market situation also offered some en-
couragement, focusing on future chances 
and opportunities in the fields of folding 
boxboard and barrier papers and on the 
role of Industry 4.0.
Surface properties, printability, runnabil-
ity and pre-wetting were main topics of 
the next lecture block on “Coating and 
upgrading technologies”. The following 
session on “Components and concepts 
for coating colour formulation“ present-
ed the latest findings about the applica-
tion of aqueous barrier coatings. The lec-
tures on “Process technology” in session 
three focused on major improvements in 
Curtain Coating, the advantages of short 
dwell time coating and the dust-free dis-
persing of powdery coating colour com-
ponents. The last session on “Innovative 
products” included a lecture on chroma-

SUCCESSFULL PTS COATING SYMPOSIUM 2017

togeny, a new technology whose devel-
opment shows how long it can take from 
an invention to its first industrial appli-
cation, but which also opens up entirely 
new product options to paper-based 
membranes the field of electro-mobility.   
All in all, this year’s PTS Coating Sym-
posium offered a much broader range of 
subjects than the preceding events. Many 
participants said it was a real “eye open-
er“ to them, showing which chances  
are lying ahead. Also the 11 exhibitors, 
whose brief contributions livened up the 
lecture programme, were highly pleased 
with the event. More than 30% of the at-
tendees had been paper mill representa-
tives.
PTS bid farewell to its 240 satisfied and 
inspired participants with an encourag-
ing closing speech and the announce-
ment that the next PTS Coating Sym-
posium will again be held in Munich in 
2019.	 
Ralf Gericke
ralf.gericke@ptspaper.de

Testimonials
„The recent PTS Coating Symposium has 
again confirmed: “This is the place to be“ 
when you are looking for new findings and 
results about the surface finishing and new 
surface functions of paper and board. There 
is no other event providing more informa-
tion on the latest trends and developments 
in both theory and practice.“
Roland Rex, Moritz J. Weig GmbH & Co. KG

„The PTS Symposium has once again shown 
how important this conference is to the field 
of paper coating. This refers especially to 
the lectures, which have bridged the gap 
between fundamental science and new ap-
plications, but also to the social programme 
and conference location itself. All these fac-
tors have made the PTS Coating Symposium 
a special highlight of the paper sector in 
2017.“
Prof. Dr. Markus Biesalski, TU Darmstadt

„I am happy to see that the latest develop-
ment needs and trends of our industry are 
well reflected in the program of this year’s 
Coating Symposium. This shows that PTS 
continues to have a good grasp on what is 
going on both in academic and industrial 
research and development.“
Leif Frilund, Walki Group

„The best with PTS Coating Symposium is 
the access to professionals working in the 
field of coating, which is fantastic for net-
working with the right people. You get a 
good overview of the actual and interesting 
topics that the industry is exploring at the 
moment, which gives a good base for mak-
ing your own priorities. The knowledge level 
in the industry is presented in a very effi-
cient way and the environment at the Con-
ference is very enjoyable.“
Per Emilsson, UMV Coating Systems AB

„An excellent Symposium. Very good lectures, 
even better networking, a very suitable venue 
and ambience. We have reached all our aims, 
started unexpected projects – there is no bet-
ter event for suppliers wishing to prove their 
competence in the fields of specialty and fine 
papers. We are already planning our booth 
for 2019.“
Wolf-Christoph Heilmann, wolf heilmann – 
produkte für die papiererzeugung
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An audit can reveal valuable po-
tential for improvement, help 
assure the quality and increase 

the performance of your management of 
paper for recycling (PfR). We ascertain the 
present situation, develop first possible 
solutions and provide recommendations 
– neutrally and independently and taking 
into account the customer’s goals. 
Our audits are based on experience and 
the comparison with best practices be-
cause there is currently no standard 
available to comprehensively analyse 
and evaluate the management of paper 
for recycling. We use an interview guide-
line and joint inspection to establish the 
present situation on site. Our experience 
has shown that it is useful to include a 
representative of each process step of 
the customer’s existing PfR management 
system and related areas to learn about 
the problems and goals of individual PfR 
management steps. After this, we discuss 
first possible solutions with the custom-
er, covering also projects that are already 
in the planning stage. As a neutral and 
independent service provider, we offer 
transparent results and recommenda-
tions for action.	 

NEW PTS SERVICE: AUDITING OF PFR MANAGEMENT 

PTS LABORATORY REFINER PROVIDES REPRODUCIBLE RESULTS

M ercer International Group 
with its two German loca-
tions, the pulp mill in Stendal 

and the pulp and paper mill in Rosenthal, 
both members of the German Pulp and 
Paper Association VDP, and PTS in Hei-
denau have been working together as 
partners for many years. 
PTS has frequently supported Mercer 
with internal projects, customer-specific 
and analytical tasks.
Pulp refining is a key process step for 
both papermaking and pulp production. 
The laboratory refiner of PTS is highly 
flexible, capable of providing reproduc-
ible results and makes it possible to sim-
ulate the industrial refining process. For 
Mercer, it is therefore a highly interesting 
alternative to their in-house analytical 
methods. 
When Mercer was planning an extensive 
refiner benchmarking study to extend and 
update its data base at the end of last year, 

Mike Schiefer, mike.schiefer@ptspaper.de
Lydia Tempel, lydia.tempel@ptspaper.de

Main steps of an audit
•	 Analysing the situation as is (inter-

view guideline, site inspection)
•	 Problems and goals, measures al-

ready taken
•	 First possible solutions and recom-

mendations

Content of an audit
•	 Production, use of PfR, management 

of PfR
•	 Incoming goods inspection (steps, 

methods, sampling, documentation 
etc.)

•	 Storage yard logistics (management, 
labelling etc.)

•	 PfR use and purchase
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they frequently consulted PTS about this. 
Special care was taken to define suitable 
process conditions and choose optimally 
designed refiner fillings. 
One reason for the complex planning and 
preparatory work is that Mercer will com-
mission a new Fibre Centre in Stendal at 
the end of 2017 whose centrepiece will 
be a laboratory refiner. The comparabil-
ity and industrial transferability of the 
laboratory refining results achieved at PTS 
is therefore of great interest to them. Be-
cause of the helpful advice provided by 
PTS experts, their careful evaluation of 
laboratory results and timely completion 
of previous orders, Mercer awarded the 
refiner benchmarking study to PTS.	 
Steffen Schramm
steffen.schramm@ptspaper.de
Dr. Frank P. Meltzer
frank.meltzer@mercerint.de

Tensile index as a function of net specific refining energy (Source: PTS)
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NEW RESEARCH PROJECT INVITE40
Engineering of technology-based services with Industry 4.0 technologies

The objective of the INVITE4.0 
joint project is to develop a 
method for engineering technol-

ogy-based services using Industry 4.0 
technologies with a focus on the systems 
and process engineering as well as on the 
paper and fibre-based materials added 
value chain.
The project is thus dedicated to the topic 
of designing and constructing innovative 
digital development and service systems 
within the framework of Industry 4.0. 
The guiding principle is the technical 
creation of a RAMI4.0-compliant “Smart-
Service-Ready-Platform architecture” as 
a prerequisite for the implementation of 
cyber-physical production systems on 
digital smart service platforms.
INVITE4.0 sees itself as a necessary com-
plement to activities of large companies 
such as Siemens and VOITH with a focus 
on the special conditions of SMEs and 
industry-oriented research institutes. In 
the course of the project, the results of 
PTS basic research and studies from oth-
er consortia will be evaluated. Based on 
this methodology and on representative 
use cases, an adaptive solution will be 
compiled that is intended to make it pos-

nents on a smart service platform will be 
implemented by the RAMI4.0-compliant 
generic administration baskets developed 
in the actual core of the project and the 
semantically adaptable assets with inte-
grated interfaces. For this purpose, basic 
communications and data structures will 
be developed and a demonstrator will be 
built to show the integration of assets on 
a digital smart service platform in the 

sible for companies and institutes in the 
field of systems and process engineering 
and the paper and fibre-based materials 
added value chain to develop and oper-
ate materials and production processes, 
devices and equipment as well as simula-
tion models on global Internet of Things 
(IoT) platforms.
The image below illustrates the anticipat-
ed project results. The link of I4.0 compo-

Linkage of I4.0 components on the smart service platform (Source: PTS)

…

Internet
Smart Service Plattform

Pilotplant SimulationInstrument

Asset 
device

Asset 
facility

Asset 
simulation

Process

Administration basket Administration basket Administration basket

INVITE4.0



FIBRE based solutions for tomorrow´s products PTS NEWS 02/2017 Y 17

form of a prototype.
Ifak, the Institute of Automation and 
Communication, and PTS, both are re-
search institutes organised under the 
umbrella of the Konrad Zuse Commu-
nity, will be conducting research in the 
project. In line with their competences, 
the work of the joint partners will be fo-
cused on different subprojects: ifak will 

be working on developing middleware 
intended to integrate I4.0 components 
into the process environments (sub-
project “INVITE40-IFAK”), while PTS 
will be working out a method for devel-
oping I4.0 components in the paper sec-
tor (subproject “IN-VITE40-PTS”).	 
Sven Altmann
sven.altmann@ptspaper.de

P TS and INM (the Leibnitz Institute 
for New Materials) are undertak-
ing a co-operative joint effort in 

the field of researching durable conduc-
tive tracks that can be applied to folding 
boxboard by inkjet-printing of sinter-free 
and conductive hybrid inks. This aim is 
to be demonstrated on foldable 3D UHF 
antennas (IFG Project BG 05393-17).
The results are intended to enable small 
to medium-sized packaging manufac-
turers to print conductive structures for 
“smart packaging” directly onto card-
board. For this purpose, novel, flexible 
hybrid printing inks based on fibrous 
substrates are being developed that will 
be suitable for use with folding box-
board. This combination is intended to 
bring about the following benefits:
•	 flexibility: printed structures will 

stand up to sector-typical converting 
procedures

•	 sintering unnecessary: conductive 
structures can be used immediately 
after printing

possibilities based on the selectively ap-
plied research of packaging logistics.
The growing market of “smart packag-
ing” in conjunction with the simplifica-
tion and flexibility of such packaging 
that is offered to boxboard manufacturers 
and print shops promises to develop ad-
ditional fields of business. It is possible 
to envision, for example, protection from 
product counterfeiting, improved track & 
trace functions or even packaging solu-
tions that provide information about the 
conditions of the packaging contents by 
means of sensors (e.g. colour change). 
In summary, this combination of an im-
proved substrate together with an opti-
mised printing ink will create a material 
composite (or an innovative substrate) 
that has as yet not been available and 
will therefore make new products pos-
sible, considerably expand existing busi-
ness sectors and lay the foundation for a 
modern, “smart” type of packaging.	 
Ralf Gericke
ralf.gericke@ptspaper.de

3D UHF ANTENNAS ON PAPER AND PAPERBOARD 
SUBSTRATES FOR LOGISTICS APPLICATIONS

•	 simplification: simple and easy print-
ing of printing inks using standard 
inkjet printers 

The printing ink and substrate will be 
optimally tailored to each other. The po-
rosity and wettability of the paperboard 
will be modified to ensure optimum ink 
adhesion. Cleverly designing the layer 
structure will enhance adhesion, main-
tain conductivity and reduce any me-
chanical stress on the conductive struc-
tures. The printing inks will be examined 
with respect to their viscosity, wetting 
properties and failure mechanisms and 
then adapted to the substrate. Finally, 
conductivity and percolation curves will 
be investigated as a function of the me-
chanical stress and layer structure of the 
substrate.
There is still a long way to go until a sta-
ble practical application will have been 
successfully achieved. However, the re-
searchers are optimistic that the newly 
discovered properties of the extensively 
researched ink system will open up new 

Source: Leibniz -Institut für 
neue Materialien – INM
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SUBSTRATE QUALIFICATION FOR PACKAGE LABELLING

W ithin the framework of more 
stringent requirements for 
serial encoding of package 

labelling, the user base has expanded 
from prescription drugs to embrace the 
packaging of pharmaceuticals, food, cos-
metics and agrochemicals. Package codi-
fication is being boldly pressed forward 
at the international level. This means 
that package labelling will be the prime 
impetus on the packaging market in the 
coming years. It is to be expected that, as 
a result of the implementation of Regu-
lation (EU) 2016/161 for the pharma-
ceutical sector, additional sectors will be 
forced either by law or by an industrial 
standard to encode their products.
The development of pharmaceutical 
packaging is showing a rise in packaging 
units as well as the significant influence 
of converters. The many different solu-
tions for package labelling are primar-
ily affecting the sectors of folding boxes 
and labels. Due to the expansion in the 
fields of application, paper is being used 
to an ever greater extent in the fields of 
Flexpack and blister as well as polymeric 
systems such as Tyvek®. The suitability 
of these grades in package codification, 
however, is by no means a foregone con-
clusion.
Both the FFPI (Research Grouping of 
Folding Boxes for the Pharmaceutical In-
dustry) and PTS have been pushing the 
evaluation of the substrates forward for 
years. In addition to the established tests, 
PTS also offers a Certificate of Encoding 
Suitability for folding boxboard.
Substrate qualification is also gaining in 
importance because the value added is 

tain circumstances. Extending the work-
ability time of the encoding to about 12 
months makes the reliability of chemical 
constancy all the more important. PTS is 
conducting research in this field in order 
to define a new industrial standard.
Additional questions that must be clari-
fied include: what ink/substrate com-
bination provides the most efficient re-
sult? Can a high-quality printing ink still 
achieve reliable results when the amount 
of it is reduced? A print density of 300 dpi 
can be reduced to 200 dpi using modern 
printing inks. This yields an improve-
ment and stabilisation of smudge proof-
ness by reducing the amount of water 
involved. In addition to the cost savings 
of the printing ink, the machine speed 
can also be increased by such a measure. 
A machine output of 650 boxes/min can 
be achieved merely by reducing the print 
density to 240 dpi. In some cases, mod-
ern printing inks are capable of achiev-
ing a b3 codification ranking with a print 

clearly enhanced as a result of the pack-
aging encoding. The combination of a 
digital code with the packaged contents 
achieves a total value that easily corre-
sponds to 100 times the packaging costs. 
The technical realities for code verifica-
tion are still very complex nowadays; for 
instance, the results of a Round Robin 
Test with verifiers involving 35 units of 
measure revealed significant differences 
of up to 1.5 points. Despite the definition 
of measuring equipment in accordance 
with DIN 15415, a reliable measured val-
ue is still far from being sufficiently met. 
PTS and FFPI are conducting in-depth 
studies on stabilising the measured val-
ues. These studies have established that 
the following supplementary measure-
ments would be worthwhile as well:
•	 Evaluation of the evenness of print, 

i.e. how great is the variation in the 
degree of blackness within a defined 
printed area?

•	 The arithmetic averaging of the black 
value in the fields is included in the 
evaluation. Initial results indicate that 
the evenness of print correlates clearly 
with the results of encoding.

As a consequence of the experience 
gathered until now, PTS will develop a 
standard for evenness of print in order to 
achieve a reproducible result.
An important evaluation relates to chem-
ical constancy, i.e. how long and under 
what conditions the printable surface can 
be encoded with high quality. The migra-
tion of a variety of substances out of the 
paperboard changes the surface tension 
of the board such that high-quality en-
coding is no longer possible under cer-

The variation in the degree of blackness within 
a defined printed area (Source: PTS)

German (left) and worldwide markets for pharma packaging (right) in 2016, each in % (Source: Grand view research)
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density of only 150 dpi. This means in 
turn that even high-gloss sealed paper 
can be printed, since the drying time 
drops significantly. The combination of 
substrate and printing ink results in a 
much longer stable work window.
Measurement of ink penetration depth 
complements optical inspection. Expand-
ing the existing certificates to additional 
printing inks and substrates will yield a 
greater area of work for package codifica-
tion. Procedures will be developed espe-
cially for labels and packaging paper and 
board that are analogous to folding box-
board in order to spin off of it a product 
certification in 2018. The studies of the 
material combinations that converters 
use have resulted in good correlations to 
the industrial process. They can be used 
to define and develop specific substrates 
for the user.
In particular, the qualification of indi-
vidual systems can be simulated very 
efficiently in the metrology facility. Pro-
cess optimisations in the “substrate-ink” 
material combination can be achieved by 
evaluating print quality, smudge proof-
ness and abrasion. The three print units 
of the PTS test bench can print more than 
35 standard printing inks in cartridges. 
Additional printing inks can be applied 
in the laboratory and at least the basic 
properties can be evaluated.
PTS utilises the results when encoding 
with substrate studies in order to define 

wettability, penetration and topography.  
More extensive studies allow the prob-
lem definition to be correlated with the 
material combinations. This in turn can 
reveal process optimisations and poten-
tial for economies of scale in packaging 
manufacture.
Problems encountered are character-
ized, differentiated and assigned to 
various causes. The combination of 
scientific studies with technical testing 
facilities provides a good overall pic-
ture for examining problems and select-
ing products. The stability of the value 
added at the converter can be improved 

by way of issuing a certification of sub-
strates.
In practice, the expansion of the test 
procedures mentioned above makes it 
possible to clarify the relationships and 
thus enhance production reliability. The 
operation of packaging lines will be-
come more complex due to the increas-
ing demands of the logistics chains. On 
the other hand, troubleshooting prob-
lems and improving specifications pro-
vides the user with the tools necessary 
for process optimisation.	 
Dr. Arne Krolle
arne.krolle@ptspaper.de

Measurement of ink penetration depth complements optical inspection (Source: PTS)
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The laboratory refiner of PTS can 
be used for beating tests or to pre-
pare stocks for subsequent paper 

machine trials. It has a minimum pulp 
input of 6 kg o.d. and may be equipped 
with disk or conical fillings. The 12 inch 
(30 cm) knives are procured from a spe-
cial steel foundry, which manufactures 
them by request with the desired cutting 
angle, knife number, knife width, groove 
width and material.  They prepare a cast-
ing pattern of each filling, which makes 
it possible to reproduce it repeatedly in 
several sets.
Recent studies on refining have inves-
tigated the forces acting in pulp refin-
ers and their effects on fibre shorten-
ing. First trials with industrial refiners 
have shown that narrow knives tend 
to cause particularly high forces. It is 
therefore necessary to reduce their spe-
cific edge load to avoid fibre shorten-
ing. To eliminate or reduce the effects 
of other parameters and determine the 
effect of knife width more accurately, 
specialists have conducted further tests 
under controlled conditions in the PTS 
laboratory refiner. They used fillings 
whose design differed only in the pa-
rameter knife width. Figure 2 shows an 
example filling with 1 mm knife width. 
All trials were done with the same pulp 
type.
The force related to knife length turned 
out to be a useful parameter for defin-
ing the force threshold that should not 
be exceeded to avoid fibre shortening. 
It can easily be calculated from the spe-
cific edge load (SEL). 
The test results will be presented in detail 
by Mr Kerekes (University of British Co-
lumbia) and Frank P. Meltzer (Mercer In-
ternational) at the PTS Pulp Symposium 
in Dresden on 28-29 November.	 
Steffen Schramm
steffen.schramm@ptspaper.de
Dr. Frank P. Meltzer
frank.meltzer@mercerint.de

NEW FINDINGS ABOUT PULP REFINING

Figure 1: Conical and disk fillings with delicate, 1mm-wide knives are manufactured by milling 
(source: PTS)

Figure 2: Test filling with 1 mm knife width (source: PTS)


