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CHAPTER 1

INTRODUCTION

Recently, the packaging waste management becomes more serious problem in
the many metropolitan around the world because of the increase of consumer.
According to the state of packaging in the UK in 2008, the waste disposal was studied.
The 65% of approximated 10.7 million tones of packaging waste was recovered and
also approximated 4.7m tones of the household waste in 2008 relate to packaging. The
packaging recycling has been concerned and increased over last decade. In order to
decrease the packaging waste, the compostable packaging will be the good choice for
waste management because it is not necessary to recovered or recycled. [1]

The increasing of domestic garbage and packaging waste results in
environmental problem. So, the environmental friendly product has been promoted in
order to replace those materials. 15 years ago, many countries in western try to produce
degradable plastic which composes of petroleum product and corn starch. However, it
did not give the satisfactory result. Because mixed corn starch in plastic will be
intervened some part of whole polymer structure, when the structure of starch break
down due to the aging, the polymer structure still remain but it becomes fragment.
Instead of reduce environmental problem, this product becomes more serious problem
in waste management. The tiny fragment of plastic does not be degraded. After this
development, the advent of additive is used to be the catalyst for breaking down the
plastic molecule unlike starch. However, this substance has limitation because it needs
sunlight to initiate the chemical reaction. Thus, this process is called photodegradation.
This is still not the practical method for degradation. If those plastic is disposed by land
fill method, it will be not be degraded. So, it can be used in developing country where
they left the garbage on the ground. However, that garbage is degraded into tiny
particle and brings about the environmental problem; it causes the bad scenery and

uncontrolled dust when the wind blows. After development by using heavy metal



component additive, this method can be used to catalyze for breaking down the
polymer structure. It is called Oxodegradation. This method needs high temperature and
oxygen enrichment condition to degrade plastic into small particle, then the
microorganism can eliminate those particles. However, it is not compromised method
because of remained heavy metal in the environment. [2]

After continuing development, the primary component from renewable resource
such as plant, is the acceptable material to replace plastic material. Because its
component can be compostable by biological process and become natural fertilizer too.
Moreover, it have physical properties equivalent to LDPE and HDPE. Those LDPE and
HDPE plastic are very popular to produce disposable bag for household usage.
However, it causes the environmental pollution because those plastic cannot be
recycled and they are disposed by incineration. Also it causes green house gas (GHG)
which is the primary problem for climate change and affect to human health. So, the
compostable plastics is recently a renewable material and the most environmental
friendly product in present.

From the previous information, it can be categorized the bioplastics as this

diagram.

[ BIOPLASTIC (Generic) ]

[
v v

[ COMPOSTABLE ] [ NON-COMPOSTABLE ]

e Biodegradable
e Photodegradation
e Oxodegradation

e Green plastics

Figure 1-1 The category of Bioplastic depends on produced material.



According to figure1-1, it can be described that bioplastic has the two major categories;

1. Compostable plastic which can be composted under appropriate condition. It
can become the fertilizer in soil for plant growth. According to the biological
process from micro-organism for degradation and composting in long time
period, this compostable plastic becomes CO,, water, inorganic compounds

and biomass which has neither toxicity nor visible contaminants. [1]

2. Non-Compostable plastic is the product from plant which is used to replace
petroleum products. It can be eliminated easier than ordinary plastic but its
physical properties still equal to those petroleum plastics. Non-Compostable
plastic cannot be composted by biological process. The commercial names are

listed as follow.

» Biodegradable — plastics which is produced from petroleum product and
it can be degraded in to small particle for disposal.

« Photodegradation — plastics which is produced from petroleum product
and it can be degraded by sunlight.

» Oxodegradation — plastics which is produced from petroleum product
and it has the heavy metal additive to catalyze the breakdown process in
polymer structure instead of sunlight.

« Green plastics — plastic which is duplicated conventional molecular
starchier and is produced from bio base material. It cannot be compostable
but it can be categorized in bioplastics group. Because it made from plant

material instead of petroleum product.

Because of different type of plastic, the symbol declaration shall be specified
between compostable and non-compostable. This system is like the resin code which is

used to categorize the type of plastic resin such as plastic bottle.
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Figure 1-2. The samples of international standard certified symbol for compostable

plastics declaration by biological process.

Because the above product declaration will relate to the printing process, type of
printing ink shall be used according to ISO 17088. This international standard specified
the limitation of compostable plastic and the printing ink must have the organic
component which does not affect soil and plant growth such as water-based ink, soy-
based ink, sunflower oil-based ink, Palm oil-based ink, etc. However, those natural inks
are not popular for industrial usage because of high cost and its properties. Comparison
to the solvent-based ink, natural inks is time consuming in drying process but it is
odorless and no toxic. It also it can be used as same as solvent-based ink.

Another benefit are that produced from vegetable oil, therefore it can be
composted by biological process. When it was used to print on compostable plastic, all

products can be composted. [3]

1.1 History and the important of problem

Recently, the compostable plastic packaging becomes the important product in
market and gives more advantage unlike petroleum plastic which affects the
environmental problem from manufacturing to waste management. The compostable
plastic can be composted by enzyme and micro-organism in nature. After composted, it
will produce water, carbon dioxide gas and biomass, these products are important for
plant growth. In Thailand, there are resins which is used for this kind of product such as
PLA (polylactic acid) and PBAT (polybutylene adipate-co-terephthalate). It has the
physical properties similar to LDPE and HDPE [1] The compostable plastic compound



bag must has the “composible” symbol on it according to international standard such
as EN 13432/14995 and ASTM D6400. Thus, the printing process deals with this
compostable plastic. However, this kind of plastic has specific standard which shall be
compostable by fermentation and inorganic component must less than 1% by weight of
plastic. The overall inorganic component does not exceed 5% according to ISO
17088:2008. [3] This specification concerns the printing ink which is used to print on
compostable plastic. In order to achieve this specification, the natural printing ink such
as water-based ink or soy oil-based ink can be used. However, the drying process will
be longer and it is hard to control the print quality compare to solvent-based ink.
Because the flexographic printing use the minimum amount of toxic vapor, it is suitable
for water-based and soy oil-based printing ink and also this printing process is easy to
control. This thesis select this printing process for research and evaluate the actual print
quality. However, print quality depends on many factors such as packing, type and
properties of ink, print setting, anilox line resolution, etc. So, those factors must be
controlled for appropriate parameter. This research aims to study the printability of
compostable plastic compound especially Poly Lactic Acid (PLA) Poly(butylenes
adipate-co-terephthalate) (PBAT) blend and PBAT compound starch with flexography

printing in order to evaluate print quality and parameter effect.

1.2 Objectives
1.) To study the printability of compostable plastics films by flexographic printing
system and
2.) To study physical property effect of corona treatment upon compostable

plastic films.

1.3 Scope of study
This study is to analyze printability in flexographic printing of compostable
plastics compound both Poly Lactic Acid (PLA)/ Poly(butylenes adipate-co -

terephthalate) (PBAT) blend and PBAT compound starch which are produced carrier



bag. In this study, solely water-based inks are considered. Printing under the conditions
consist of different three levels of anilox line resolution; 400, 600, and 700 line per inch
(Ipi), and different 4 levels of corona treatment; 0, 500, 1000, and 1500 watt are
required. This investigation method will show the different results such as thickness,
tensile strength, gloss, energy surface, the black, consistency of ink, and adhesion of
ink. Getting results will be the reference to choose the suitable condition for printing on

both of compostable plastics.

1.4 Basic agreement
1. Using two types of compostable plastics consist of PLA/PBAT blends from
FKuR Kunststoff GmbH and PBAT/Corn Starch from Thantawan Industry PLC.
2. Using flexographic printing machine by Flexographic printer Nilpeter FB-LINE-
3300 from KO Print and Sticker Tunjai Co., Ltd.
3. Using water-based flexo inks from Panorama Soy Ink Co., Ltd.
4. Two solution, Reverse Osmosis water (OR water) and black acrylic water
base ink are used for contact angle test.
5. Using printed resolution at 133 Ipi gradient tone area for print quality

measurement in this experiment.

1.5 Expected outcome
Information about printability of compostable plastics by using flexographic

printing.

1.6 Research methodology
1. Researching information and related documents
2. Sourcing compostable plastics
3. Testing properties of compostable plastics
4. Printing

5. Analysis of printing quality



6. Analysis and conclusions

7. Thesis



CHAPTER 2

THEORY AND LITERATURE REVIEW

THEORY

2.1 Plastics

Plastic is polymer material which composes of high molecular weight organic

compound. [4]

The type of plastics can be divided into two categories.

Thermosetting: this kind of plastic can be melted one time only and it will cross-
link among polymer chains. After that plastic will cool down until it hardens. Then
it cannot be flexible again by heat and it will break apart when the temperature is
reach at point. To form this kind of plastic as desire, it is necessary to use high

temperature.

Thermoplastic: this kind of plastic has line or short chain structure and can be
dissolved in some solvent. It can be melt and become viscous liquid in high
temperature, after the temperature decrease it can be form into solid structure.
This property makes this kind of plastic recyclable such as polyolefin

(polypropylene and polyethylene) for boil-in-bag or ordinary bag.

In plastic manufacturing process, the additive will be used for increase specific
properties such as flexibility, toughness, colorant, etc. The plastic resin is melted and
flowed into template by extrusion, injection or blowing process depends on desire

product.



Plastic

Thermosetting

- Melamine formaldehyde
- Phenol formaldehyde

- Epoxy

- Urethane

- Polyurethane

Thermoplastic

Conventional

plastic

Polyethylene
Polypropylene

Polystyrene

Polycarbonate

Bio-plastic

Non-

compostable

Compostable

Polyethylene terephthalate

Nylon

Figure 2-1 The recent categories of plastics

This research use compostable plastics compound as substrate for printing. So,

it will be described only in that kind of plastic.

2.2 Type of Bioplastics

Bioplastics is the environmental friendly product which reduce petroleum raw

material and help in waste management. Bioplastics can be divided in two major

categories. (Show in table 2-1)
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Table 2-1 The types of bioplastics depends on compostable property and raw material.

[2]

BIOPLASTIC (Generic)

NONCOMPOSTABLE COMPOSTABLE
PETRO-BASE BIO-BASE PETRO-BASE BIO-BASE
Compound Green Plastic PBS, PBSA, PLA, PHA, PHB etc.
PHOTO, OXO, | o | LDPE, HDPE, N PBAT, PCL

G N

BIO R etc. -

A D

D E

A G

B R

L A

E D

A

B

L

E

From table 2-1, it can be summarized that compostable plastics was the raw
material from bio-based or petro-based. It can be used for producing many kinds of
product as same ordinary plastics. However, bioplastics is compostable through
fermentation process and produce carbon-dioxide gas, water and biomass in the soil; it
can be used as fertilizer for plant growth. Those process occur temperature above 50°C.
Non-compostable plastics in Bio-base is the product from plant for petroleum
replaceable product, the product is made from non-compostable plastics has the same
toughness property. However, It is non degradable and compostable. Non-compostable
plastics in petro-base is typical plastics but mixed additive for disintegrate property to
from tiny particle which is called disintegration. It can be called compound plastic.
There are attempt to understand that particle is small enough eliminate by micro-
organism. This process is called biodegradation. However, this process is not

compostable complete
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2.2.1 Primary source of compostable plastics film

- Bio-based material

2.2.1.1 Polymer from plant or animal such as starch, cellulose, lignin,

chitin, gelatin and silk.

2.2.1.2 Polymer from micro-organism or plant such as PHAs (PHA, PHB,

PHV).

2.2.1.3 Polyester from biosynthesis such as PLA.

2.2.2 Petroleum-Based material

2.2.2.1 Aliphatic polyester: PGA, PBS, PBSA, PCL

2.2.2.2 Aromatic polyester: PBS, PBSA, PBST, PBAT

2.3 Poly Lactic Acid (PLA)

PLA made a bio-base, which is a hydrophobic and semi crystalline polyester, is a
renewable material that can be utilized by microbes within 30-40 days. Its good physical
properties and commercial availability make it very attractive, it have many applications.

Example for applications in medicine and packaging. [5]

The synthesis of compostable polymer begins with the converting of agricultural
products to sugar which is the primary source of monomer and polymer. Then the
polymer will be developed the properties and formed into specific products for various

usage. When those products are disposed into the appropriate condition, micro-
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organism will degrade it to carbon dioxide gas, water and biomass which are the

important products for photosynthesis in plant. [6]

Photosynthesis )) Hydrolysis
water ® [ ] » A
A

" Starch Enzymes

Carbonic |
addg |Plants __ Glmose) -
/ ;ermentatlon
Metabolisaf® , Lactobacillus @
‘f;;i ® [ Microbes
\ Lactic acid |
Lactic acid Cyclization
A rea_ct'ibn
£ %g_ ® | Microbes Polyoondenmhon.
ydrolysas. Natural
environment ng scission
\ Ollgolactlc t Molding polymenzabon
Polylactlc

Product \
Hydrolysas %cesmg

< 4 4 Chemical reaction
@ @ @ Biological reaction
(jj process of biodegradation reaction in compost

Figure 2-2 The synthesis process of PLA compostable plastics [7]

Compostable polymer bio-base is the polymer which is mixed with starch. Starch

is the polysaccharide which composed of monosaccharide, (CH,0),. Generally, starch

can be found in seed, root and stem of plant. Starch is small granule and has various

form depends on plant species. Typically, starch is mixed with polyester from 10 to 90%

depends on desired properties and usage. If there is more than 60% of starch content in

polymer combination, it results in compostable property in biological process.

In

contract, if starch content is less than 60%, it can be degraded plastic into small

particle. [8]
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CH; |

Figure 2-3 The structure of PLA [9]

2.4. Poly(butylenes adipate-co-terephthalate) (PBAT)

PBAT is a aliphatic polyester and aromatic polyester which is fexible and fully
compostable within a few with the aid of naturally occringenzymes. There is no starch
content. The reason why this polyester is used as primary material to produce
bioplastics because those bioplastics it has low bonding strength and it can be
degraded into small particle by hydrolysis process. PBAT could be considered as a

good candidate for the toughening of rigid polymers such as PLA.

[ GO o 9
m-{o—c @CHO— (CH2)4HO - C=(CHy)4=C *

Figure 2-4 The structure of Aliphatic - Aromatic copolyester [4]

Recently, compostable plastics are developed for multipurpose in many
application such as absorbable suture material, bag, sack, food container, wrap film

and other packaging, etc.
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2.5 International Standard of biodegradable and compostable plastics

All new compostable plastics must be tested its properties according to
ISO17088:2008(E) standard before declare “Biodegradable and Compostable plastics”
seal. [3,6] Those compostable plastics can be recovered for use. However, it must be

tested the intensive aerobic composting process by simulating through the process.

a) the ultimate level of aerobic biodegradation of the test material;
b) the degree of disintegration obtained;

c) and negative effects on the finished compost;

d) the maximum concentration of regulated metals in the compost.

After the biodegradation process become stable or reach plateau phase, the test can

be terminated in 45 days or continue up to six months. The desired properties of plastic:

- The degradation of plastic under conditioned fermentation process in 84 days
has remained material on 2.0 mm strainer not exceed 10% of dry solid mass according
to 1SO 14855-1, ISO 14855-2 or ASTM D 5338 test method, under thermal fermentation

process without carbon dioxide detector.

- The final stage of oxygen degradation of organic carbon in plastic, additive
and filler must be converted into carbon dioxide for photosynthesis process more than
90% of organic carbon by plastic theory within 180 days. The micro-crystalline shall be
used as positive reference material according to ISO 14855-1 ISO 14855-2 test method.
The additive and filler must be tested in oxygen biodegradation process by following

this condition.
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* In case of additive or filler is exceed above 1% of dry solid mass, it
must be tested.

* In case of additive or filler is not exceed above 1% of dry solid mass, it
is not necessary for testing. However, combined additive and filler must

not exceed above 1% of dry solid mass. If it is not, it must be tested.

- No adverse effects on ability of compost to support plant growth and
compliance with regional and/or national regulations
* In order to ensure that the composting of plastic products or materials
does not have any harmful effect to environmental when the finished
compost
» Sublimate solid in plastic shall not exceed 50% of dry solid mass
according to ISO 20200 test method.

* Plant growth must be compared between plants which are grown

2.6 Flexography printing system

Flexography is a method of direct rotary printing which has resilient relief image
plates of photopolymer material. The plates are affixed to plate cylinders and ink cover
on relief image area. Flexography ink is liquid ink, it can be water-based or solvent-
based. The ink metering system is controlled by anilox roll. The anilox roll will transfer ink
from ink chamber or ink try into plate. [10] Typical products which are printed by
flexography are the flexible packaging or labels such as film plastics, sticker, paper, foil,

multi-wall bags, corrugate board, labels, wallpaper and wrappers.
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Ink

— LILT L .

Figure 2-5 Relief image of plate on flexography printing system

The general flexography printing unit is composed of four basic parts:

- Fountain roll - Ink-metering (anilox) roll
- Plate cylinder - Impression cylinder
4
Printing .
Plate Impression
Cylinder Cylinder

Doctor Blade

Rubber
Ink-Fountain
Roll

Ink Fountain Pan i Substrate

Figure 2-6 Principle of flexography printing [10]

At first, the process in print unit start from the ink-fountain pan supplies ink to a
rubber ink-fountain roll and then transfer ink to the anilox roll. At this point, the doctor
blade will remove the excess amount of ink. Ink still remains in anilox chamber which will
be transfer a precise amount of ink onto the printing plate. This plate is mounted onto
the printing cylinder and then ink will be transferred from the printing plate to substrate.
The impression cylinder will impress at the back of substrate which is called nip at this

point. It will make printed image shape and even. Because substrate has different
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thickness, the nip of printing cylinder and impression cylinder must be adjusted

depends on thickness of substrate.

2.7 Flexography printing machine

The flexography printing can print on various substrates, the machine must be
designed for various job too. The types of flexography printing machine can be
categorized into 4 main parts of printing unit; central impression, stack, in-line and
sheefed. Each type has similar work process but different in its efficiency such as

speed, number of printing unit substrate width, etc.

In this research, the in-line printing machine was selected. The in-line press has
printing unit align in horizontal, each unit is independent and it can print both web and
sheet. Because this press can print on thick substrate and it can operate at low speed, it

is suitable for controlling the print condition.

PR B B
L0 UH EIJJ‘,,” |

A Unwind C Print Units E Waste Removal G Rewind
B Web Inverter D Die Cutting F Lamination H Between Station Dryers

Figure 2-7 Diagram of in-line press [10]



2.7.1 The anilox roll

The primary role of the anilox roll is to transfer a finite amount of ink
through small engraved cells via the printing plate to the substrate. The
engraved cells have a shape of a truncated hexagonal cone with a specific
volume (ml/m?),each cell must be uniform and identical in both size and depth to
ensure that a controlled uniform ink film thickness in transferred to print plate and are
distributed in a regular screen pattern over the anilox roll with defined numbers
of lines/cm. An example is an anilox roll with 120 l/cm and a nominal ink
capacity of 8 ml/m?. The cell count/cm should be 4-5 times greater on the anilox
roll than the cell count on the plate to print a dot of as small as 4 %. Generally the
anilox has a core of steel, which can be plated with a thin layer of chrome or
it can also be coated with ceramic. [11]

o A S b

would contact the roll if one is used. linear inch is increased, this opening
narrows to make room for more cells.

Cell Depth

How deep the cell is Cell Volume »
beneath the surface of the A measurement of how much
anilox roll. This depth is ink an anilox cell is capable of
measured in microns. delivering to the surface of the

printing plate.

Figure 2-8 The detail of cell in anilox [10]

The suitable anilox line should be used depends on print job and size of dot

18
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screen on plate. If print job need high details, dot screen on plate must be small and
high anilox line must be selected, otherwise it will cause print problem such as dot
dipping. Dot dipping is the dot screen where it is submerged in the anilox cell and

causes the loss in print detail, because ink covers all those area.

Problem Area

Printing Plate

%

%

Anilox Aol

Figure 2-9 The position of dot dipping in flexography printing

2.7.2 Printing Plate
The most commonly used plate material is the solid-sheet photopolymer
material and type of plate material has been used throughout this project. Photopolymer
plates is the photosensitive plate which is produced through the polymerization process
under UV light.[11] This plate is flexible and though to withstand the impression between
cylinders in print unit, it can be compressed and recovered under impression and has

wettability for water-based ink or solvent-based ink.
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Polyester Cover sheet
(Protective inside layer)

/ Photopolymer layer

(Monomer+Photoinitiator+Binder)

Adhesive layer

: Support base
(Polyester)

Figure 2-10 Structure of sheet photopolymer plates [10]

The plate build-up is chatacterised by multiple layers in a sandwich
structure. It composed of 4 layers; polyester film cover sheet, Photopolymer layer,
adhesive film and support base layer. Each layer has different function. Polyester film
cover sheet is the protection layer for non-image area when the plate is exposure under
UV light. Because the photopolymer is irradiated and hardened with a specific
wavelength by UV-radiation, the non-exposure area will be washed with solvent. The
adhesive layer was exposure at the first time to make the base of plate. Adhesive layers
bone the photopolymer layer with a support base for dimensional stability. Fig 2-11, the
photopolymer plate is exposed at the back under UV-A light to increase the strength of
base, and then the laser beam will create the image at the top of plate. The reaction
between photopolymer plate and laser beam will harden the image area. When the plate
is washed, the non-image area is removed and the image area still remains. After dry
the plate, it will be exposed under UV light again which is call post exposure to stop
polymerization reaction in photopolymer plate. In the final stage, it will be exposure

under UV-C light for surface treatment to eliminate sticky surface.
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Figure 2-11 The procedure of sheet photopolymer plates making [11]
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Figure 2-12 Completed sheet photopolymer plates [10]
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Plate properties such as hardness can be controlled by the key

ingredients and plasticizers. A common way to for a plate manufacturer to classify
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plates, apart from used the process used and the field of application is by hardness (°

shore A ) and by thickness [11]

This kind of plate has various hardness from 31 to 88 ° shore A. The high

number indicates high hardness. (It can be measured by durometer) The proper

hardness of plate depends on substrate, also the print quality depends on hardness and

thickness of plate too. Using suitable plate can reduce print problem such as dot gain

and help in ink transfer for suitable substrate for print sharpness.

Plate Type

64°

60°

00

Application:

Films and foils
Aluminium foil
Paper

Labels

Carrier bag
Napkins
Envelopes

Fine board
Beverage packaging
Micro flutes
Corrugated board
Solid board

10° 20° 30° 40° 50° 60° 70° ShoreA

Hardness

Figure 2-13 Selection of plate hardness and application

2.8 Flexographic water base ink

Printing ink is the color liquid which composed of various materials depends on

viscosity, flexibility, flow and other properties. It can be transfer on many kinds of

substrate. Water base ink, which now contains only small amounts of volatile organic

compounds (VOC), has low viscosity like gravure printing ink and can flow into anilox

cell and transfer on the substrate. Generally, the viscosity is about 20-25 second by

measuring with Zahn cup No.2 at 25°C for 2-4 micron thickness of substrate printing.

[12]
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2.8.1 The basic elements in flexographic inks
- Colorant
To make the color for printing ink, it can be divided into 2 major groups;
pigment and dye. Pigment is the non-dissolve particle which disperses in the vehicle.
The vehicle will deliver pigment to adhere the surface of substrate. Dye is dissolvable
particle in proper solution or vehicle. It can be adhered on the surface without binder.
Most of flexographic water-based inks usually use organic pigment as colorant such as

carbon blacks.

- Binder
It disperses colorant and delivers to adhere at the surface of substrate.
The type of resin of binder affects strength, gross, adhesive drying and flexible property.

For flexographic water-based inks usually use acrylic emulsion as binder.

- Solvent
Flexographic water-based inks usually use de-ionized water as solvent. It

has no harm but affect on adhesive property on non-porous substrate.

- Additive
Additive is the substance which is used to increase desired properties of
ink. For example, silicone is used to increase scratch resistant but it will reduce wet rub
resistance too.[13] So, the proper amount of additive should be considered for all

desired properties.
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Table 2-2. The component of typical flexographic water-based Ink [10]

ingredient Amount (%)
Pigment (Carbon blacks) 50
Acrylic solution polymer 10
Acrylic emulsion 30
Water 5
Organic amine 1
Polyethylene wax compound 3
Surfactant 0.5
Organic anti-foam 0.5

The formula of ink should be considered the printing process and substrate for

good distribution, adhesion, transferring and wettability of ink.

2.8.2 Factors of flexographic water-based Ink

The factors of ink must be controlled for good printing quality otherwise it

will cause print problem.

- pH control :
pH should be in range 8-9.5 for dispersion property. If it is too acidic, ink

will become agglomerate and precipitate.

- volatility of water :
The rheological behavior can be controlled by printing speed and

temperature. Because printing ink has pseudoplastic flow which is the rheological
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behavior that increasing in shear rate cause reducing in viscosity should be 20-40

second by measuring with Zanh cup No. 3 or 2.

- surface tension :

Surface tension of ink is the cohesion of molecule at the surface of
substance.  Surface tension indicates the interaction between ink and substrate due to
wettability. If surface energy value of substrates is higher than surface tension of ink, ink
can wet on the substrate. In contrast, if surface tension of ink is higher than surface
energy value of substrates, it causes print problem. Ink cannot wet on the substrate. In
practical, dyne pen usually use to measure the surface energy of print substrate which
is non-absorbent such as plastic film, coated paper, can, etc. Another testing is contact

angle which is the delicate technique and time consuming.

2.9 Wettability

Wetting is the replacement of air at surface substrate with liquid.

Q) «— [ —» (1) +— — (2)

Figure 2-14 Cohesion of surface tension of liquid and surface tension of substrate

(1) Cohesion of surface tension of liquid causes sphere shape of droplet.
(2) Surface tension of substrate cause droplet spreading and wetting on the

surface of substrate.
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In homogenous substance, molecule or atom at the surface is different from
interior. The average distance is controlled by cohesion force between molecules, in the
same time, it has repulsive force too. So, the molecule of substance is in equilibrium
between cohesion force and repulsive force, but the molecule at the surface of
substance has cohesion force from internal molecule to reduce the number of molecule
at the surface and it cause surface tension. The wettability is the important property for

ink adhesion on substrate.

2.10 Contact angle

Contact angle is the angle of liquid droplet on the surface. It is measured from
outside of droplet. It has tree-phase boundary; substrate-liquid, liquid-air and substrate-
air, The contact angle of liquid and substrate at equilibrium, 0-180° (degree of wetting),

see figure 2-15

90° < 6 < 180° 6=180°

Figure 2-15 Contact angle of droplet on substrate
Contact angle value indicates the wettability;

0=o0° spreading
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0° <0 <90° wetting
90° < 0 < 180° non-wetting
0 = 180° repellency

The measured angle is statistic number. It will be measured by dropping the
liquid on surface of substrate under clear confined container, then measure the contact
angle at equilibrium state. It contact angle value indicate both wettability of liquid and

surface tension of substrate.

2.11 Surface energy
2.11.1 Surface Energy by Contact angle

The energy of a surface is most commonly quantified using a contact
angle goniometer. To examine the surface energy of a material, drops of defined liquids
(in Table 2-3.) on the material surface and the contact angles of these liquids on the

surface are determined.

Table 2-3. Examples of surface tension of liquids with defined Lifshitz-van der Waals

(LW) interaction and polar interaction components (}/p,) and (]/d,) [11]

Surface tension [Dyne/cm]
Liquids Lw P d
Y Y Y Y
Water 72.8 21.8 255 255
Ethylene glycol 48 29 1.92 47
Diiodomethane 50.8 50.8 0 0

The nature of a surface or the interfacial free energy for a solid and liquid

system is often explained in terms of apolar Lifshitz-van der Waals and polar forces.[11]
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Figure 2-16 Contact angle of liquid on the solid surface; tree-phase boundary from

Young'’s Equation

Figure 2-16 shows a droplet of a liquid on a plane surface. The contact
angle (0) is difined as the angle that is formed at the junction of solid-liquid interface
(SL) and the liquid-vapour interface (LV). When the contact angle is > 90° the surface is
said to be hydrophobic. The relationship of tree-phase boundary which is measured to

contact angle can be writed as Young and Fowkes equation, see Eq.1 and EQ.2
Vi (1+cos@) =20y y )"+ 2(y" y )" (Eq. 2-1)

When

0 = contact angle

Y., = surface tension of liquid

}/d, = surface tension of non polar contribution of the liquid

}/ds = surface energy of non polar contribution of the solid

7”, = surface tension of polar contribution of the liquid

]/ps = surface energy of polar contribution of the solid

Total surface energy (¥,) = 7"+ ¥° (Eq. 2-2)
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When ]/d = the dispersion component of total surface free energy

]/p = the polar force component of total surface free energy

In this research, contact angle will be measured only RO water and water-based
ink which are used in printing process in order to analyze the wettaility of compostable

plastic sample.

2.11.2 Surface Energy by dyne solution test

This method will measure the surface energy according to ASTM D-2578
test method. It will draw the mixed solution which has different surface tension such as
formamide and cellosolve in different ratio, see table 2. After drew the mixed solution on
substrate and it can wet on that substrate, this indicate the similar surface energy of

substrate and surface tension of mixed solution.

Table 2 -4. Ratio of concentration of solution between formamide and cellosolve for

measuring the surface energy.

Volume of formamide (%) Volume of cellosolve (%) Surface tension (dyne/cm)

0 100.0 30

2.5 97.5 31
10.5 89.5 32
19.0 81.0 33
26.5 73.5 34
35.0 65.0 35
42.5 57.5 36
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Volume of formamide (%)

Volume of cellosolve (%)

Surface tension (dyne/cm)

48.5 51.5 37
59.0 41.0 39
63.5 36.5 40
67.5 32.5 41
71.5 28.5 42
4.7 25.3 43
78.0 22.0 44
80.3 19.7 45
83.0 17.0 46
87.0 13.0 48
90.7 O 50
93.7 6.3 52
96.5 35 54
99.0 1.0 56

* Cellosolve is the commercial name of ethylene glycol monoethylether

» Surface tension was tested at 23+2°C temperature and 50+5% relative

humidity.

In practical, dyne pen is used to test the surface energy of plastic film.

The users can draw a line on the desired substrate and counts two second to evaluate

the surface energy like dyne solution. The dyne pen has number indicate on the pen

and it indicates the critical surface tension, it is very easy and simple to use with

adequate confirmation result. However, dyne pen has shelf life only 6 months. After that




the efficiency will decrease. [14]
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Each type of plastic film has suitable specific surface energy for printing.

Thus, the level of surface treatment should relate to the suitable surface energy.

Table 2-5. The suitable surface energy of plastic film for water-based ink

Surface Energy
Substrate
(Dyne/cm)
PE 38-44
PP 38-44
PVC 38-44
PET 44-52
PS 38-44
PU 40-46

Compostable plastics which is used in this research composed of polyester and

it has several physical properties like HDPE and LDPE. So, the dyne pen can be used to

test the surface energy at 38-44 dyne/cm.

2.12 Corona discharge treatment

Corona discharge treatment is the surface treatment for plastic film before print.

The surface of plastic film is non-polar which composes of carbon and hydrogen atom.

So, the wettability of water-based ink is not good. When treat the surface with electricity,

it will create oxygen atom and it will replace hydrogen atom on the surface of plastic film

to make it more polar. It will increase the surface energy and wettability of plastic film. In

this research, plastic fiim will be treated by corona-treatment unit on the In-line

flexography press.
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Figure 2-17 Diagram of corona discharge in the In-line flexography press

Factors affect on surface treatment with corona discharge:

* Voltage Source

* Film speed through the Treater electrodes should be constant.

» Width of Treater electrodes to define the width of plastic film

* Number of electrode should be stable and have enough numbers per area.

* The gap between Treater electrodes and plastic film should be about 1.5 mm.

2.13 Print Quality Evaluation

Print Quality Evaluation can be achieved by visual assessment at quality control
strip and densitometry measurement. The quality control strip is inserted at the top or
bottom of printed matter, this tool can be used as represent of real image. By observing
this quality control strip, the print problem can be analyzed quickly while the press is
operating. However, using the quality control strip for visual assessment is not enough to
be the standard reference for print quality control. The measuring equipment should be
used with quality control strip for print quality control too. There are many types of
quality control strip and also each printing process has different quality control strip

depends on standard and organization.
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Figure 2-18 control strip in flexographic printing system.(a) step scales of each-color (b).

FTA control target, the first standards. [10]

Each step of dot screen at 3-10% is the representative of high light, mid-tone
and shadow of image at the range of 40, 60% and 75%, respectively. (b) Control strip
indicated values which are changed for the specific press as follows in each position of
control patch; area produced for control or measurement purpose the example in patch

A ; ink tap patch of red, green, blue, patch

B and D;solid color patch hue and saturation

| ; Characterization dot gain
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2.14 Optical Density

Optical density is an important for every print. Optical density is roughly a
measurement of how much ink that is transferred to the substrate and its appearance.
Too low a optical density means that the print looks dull while too high a optical density
means that half-tone dots tend to fill-in. The optical density is a measure of the contrast
of a print and a logarithmic function is applied in accordance with the general
experience that a psycho physiological perception is related to logarithm of the stimulus.

Optical print density, Dy (solid tone) and D; (half-tone) is defined as [11]

D, =log (R, / Ry (Eq. 2-3)

D, =log (R,/R;) (Eq. 2-4)

When : R; is the reflectance factor of the half-tone,
R, is the reflectivity of the unprinted substrate.
Rq is the reflectance factor of the solid tone

Optical density is usually measured by a densitometer or spectrophotometer. The

appropriate optical density for flexography printing is specified in table 2-6.

Table 2-6 Solid-Ink Density for film plastics [10]

Optical density

Cyan 1.25
Magenta 1.20
Yellow 1.00

Black 1.40




35

2.15 Tone Value Increase (TVI)

Tone Value Increase is the tone value that increase more than the original file;
unit %. TVI is caused by dot gain which the half-tone dot area increases more than the
normal dot area from original file. Dot gain is not considered as print problem and it is
hard to avoid because of the impression of printing. However, dot gain should not
exceed too much and cause the loss of print detail. TVI can be measured from dot gain.

Typically, there is two types of dot gain; physical dot gain and optical dot gain.

Optical dot gain

Physical dot gain

Dot on plate

Figure 2-19 Type of dot gain.
2.15.1 Physical dot gain

Physical dot gain is the increase of dot area which is caused by
impression force from printing. When compare the dot area on plate, this dot gain
increase in all direction at the same level. The shape of dot gain is still the same as plate
but it is bigger. If the shape is not the same, it may indicate other print problems, see
figure 2-20. The level of dot gain depends on other factors such as impression force and

screen line on plate.
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Figure 2-20 The sample of print problem which looks like dot gain.

(a) doubling problem (b) slur problem

2.15.2 Optical dot gain

Optical dot gain is the increase of dot area which caused by the light
scattering inside of print substrate and it has less reflection. So, the dot area seems to

increase more than the normal dot area.

Dot gain can be calculated from print density by measuring the dot area
with densitometer on the control patch, then calculate with Murray-Davies equation

(Eq.2-5) [11]
Dot gain (%) = (1-10 ")/ (1 =10 ™) (Eq.2-5)

When ; D; is density value of the half-tone,

Dy is density value of the solid tone

In case of spectrophotometer has both print density and %Dot gain
function, the dot gain can be measured easily. Normally, it should be measured in high

light, mid-tone and shadow at the control patches and then find the TVI, see figure 2-21.
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In range of mid-tone, dot gain occur at higher level than high light and shadow. Dot gain

can be used to consider TVI in each color of print image.

w
=

DOT GAIN/TVI
N
=]

—
o

G 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
DOT VALUE

Figure 2-21 TVI curve in each color of print image.

2.15.3 Print Contrast

Print contrast is the method for evaluating and optimizing the density of
ink during printing. This method involved with the contrast of printed image by
considering high light, mid-tone and shadow of image area. It can be calculated by
measuring the ink density of a solid area and the ink density in a 75% or 80% on control

patches [14]

When the ink film thickness reaches the high level, the density does not
increase. The appropriate ink film thickness should be the lowest thickness but has the
highest density. It will give good saturation and hue. Also, low ink film thickness results
in less dot gain. The relationship between ink film thickness and dot gain can be
considered from print contrast. Because print contrast indicate the appropriate ink

density on specific substrate and appropriate condition for less dot gain.

The print contrast is calculated according to the formula.

Print contrast = ((Dg — D;)/Dg) x 100% (Eq.2-6)
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When ; D; is density value of the half-tone,

D, is density value of the solid tone

If the print contrast decrease, it indicate that condition indicate the loss
of details in shadow or 75-95% screen area of image. It makes printed matter look
darker than the original. In practical, it can be used the highest print contrast to select
the condition for print and adjust the ink film thickness equal or slightly lower than those

print density.

Literature reviews

Pradya Khiangprakhong. studied modification two type of biodegradable
plastics, aliphatic-aromatic copolyester and aliphatic-aromatic co-polyester/polylactide
blend by corona discharge. The surface treatment was performed at various power
input and exposure time. Surface energy of the plastics was obtained by contact angle
measurement of water and diiodomethane on the substrates. Adhesion of water-based
flexographic ink and treated plastics was tested by tape test. After the corona treatment,
the polar component of surface energy of aliphatic-aromatic co polyester/polylactide
blend was dramatically enhanced. The dispersive component of surface energy of
aliphatic-aromatic co-polyester was higher compared to that of the blend. Increasing in
exposure time also improved the surface polarity of the plastics. Tape test results
suggested that that the water-based ink could adhere stronger on the treated aliphatic-

aromatic copolyester/polylactide blend surface.[4]

Janejira Phunkoksung and Sroymanee Nimnuan studied the comparison of
biodegradability and printing properties of biodegradable plastic which were printed by
soy-bean Ink and solvent base ink. Biodegradable film was mixed between bio-based

polymer and petro-based polymer in 50:50 ratios and then compare to HDPE. After that
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it was printed with red and green ink from both soy-bean Ink and solvent-based ink, and
then buried it in soil for 93 days and then measured carbon dioxide in different time
frame. Also observe the alteration of film surface, adhesion level, stretch, density, tone
value, gross, adhesive property and rub resistance before and after bury. The result
showed that biodegradable film without printing can be composted at the highest level.
The biodegradable film which is printed by soy-bean Ink tend to composted better than
the film which is printed by solvent- based ink. HDPE film has no different in
degradation in both printing inks. The print quality of soy ink has higher gross than
solvent-based ink on biodegradable film but the adhesion level, rub resistance, tone

value are not different when compare to printed HDPE film.[6]

Johnson, J. studied about obtain further knowledge of some important
mechanisms of flexographic printing and how they influence the print quality
on board and liner but also on newsprint with water-borne ink using a full- scale
flexographic Central Impression (Cl) printing press and focus on the chemical
interaction between the ink and substrate and the physical contact between the
ink- covered printing plate and the substrate and study was emphasis was to
investigate the relation between print quality and water-uptake of the paper surface
with heat and water. Printing trials was carried out on substrates possessing a
hydrophobic, and also a rather hydrophilic surface using a regular commercial
water-borne ink. The favorable  effect which  water or surfactant solution
had on the hydrophobic substrate with regard to print mottle could depend
on its surface compressibility in combination with the hydrophobic nature of its
surface that could affect the wetting properties. Conventional printing involves
physical contact between plate and ink and between ink and substrate. A
method for measuring the dynamic nip pressure using thin load cells is presented.
Print quality was influenced by the plate material. A correction procedure taking
into account the size of the sensor was developed in order to estimate the
maximum dynamic pressure in the printing nip. An attempt was made to

identify essential mechanical and chemical parameters, and also geometrical
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properties of the plate that affected print quality. Laboratory printing trials were
carried out and a multivariate analysis was applied for evaluation of print density
data. The impact of the plate properties on print quality was evident. The essential
properties of the plate that influence print quality were the small-scale roughness

and long-scale roughness.[11]

Rentzhog, M. and Fogden, A. study was the performance of water-based
acrylic flexographic inks laboratory printed on three different polymer-coated boards,
LDPE OPP and PP analyses print quality and resistance properties obtained were
related to varying ink formulation; emulsion polymer and presence silicone additive in
vehicle each type of ink and varying level of corona pretreatment. Found that print
mottle and adhesion were worst on PP, while wet (water) rub and scratch were worst on
OPP and PE, respectively. However, these properties could be greatly influenced by
the ink formulation more than corona level. In general addition of silicone improved
scratch resistance, due to reduction in polar energy component of the print surface, but
at the expense of worsened wet rub resistance. The emulsion polymer giving best
resistance performance was generally found to give poorest optical properties,

presumably due to more limited resolution on press.[13]

Gilberd, E.D and Frederick, L. studied print quality of both convertional and
digital flexogeaphy and to analyze and statistically compare the two processed wanted
to prove that digital imaged photopolymer flexographic plates produce lower dot gain,
higher print contrast and longer range than conventional plate or not. By utilized the
quasi experimental research design and an independent sanples T-test. An alpha value
0.05. The result was no significant difference in dot gain between two plating system.

However, significant improvement in print contrast values and tonal range.[16]



CHAPTER 3
MATERIALS AND METHODES

3.1 Materials and Equipments

This research used materials and equipments as following;

3.1.1 Materials

- Film Biodegradable and compostable plastic compound

- PBAT compound starch; Mater Bi©, 40 pm thickness from Thantawan Industry

Plc.Co., Ltd.
- PLA/PBAT blend (40:60); Bio Flex©, 100 pm thickness from FKuR Co., Ltd.
- Black color water base ink for print on plastic from Panorama soy ink Co., Ltd.

- Photopolymer plate Nyloflex ACE series; hardness 64°, shore A and 1.14 mm

thickness from Flint group Co., Ltd.
- Backing adhesive tape, 0.5 mm thickness
- RO Water

- Carbon tape

3.1.2 Equipments
- Flexographic printer Nilpeter FB-LINE-3300 from KO Print and Sticker Tunjai Co., Ltd.

- Scanning Probe Microscope (SPM) series Nanoscope IV
- Scanning Electron Microscope (SEM) series JSM 6400
- Optical Microscope; Nikon camera Fiber-optic light

- Contact Angle Meter; Dataphysics series number SCA20 and application software for

OCA and PCA
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- Corona treat VETAPHONE Corona Plus inline of Flexographic printer Nilpeter FB-
LINE-3300

- Tensile Tester LLOYD model LRX plus

- Rub tester SUTHERLAND 2000 of Danilee Co., Ltd.
- Spectrodensitometer X Rite 500 series

- Syringe 500 micro liter; Syringe Hamilton 750 NR

- Tape 3M number 500 for test adhesion

- Micrometer

- Poly-Test dyne pen solution number 38-58 dyne/cm
- Microscope; Traveler series SU 1071

- Zahn cup number 3

- pH meter Denver instrument, Model 225

3.2 Methods
3.2.1 Procedure
The procedure can be divided into three major stages;
1. Print ability testing of plastic film and ink properties testing
2. Flexography print testing
3. Print quality assessments

In second stage, Flexography print testing, the sample of plastic films will
be printed without surface treatment and then analyze the print quality. If it give
satisfactory results of print quality, the conclusion will be made. The reason why there is
no surface treatment, because the structure of compostable plastics and its surface

morphology fractured as molecular chain, more flexible and high porosity, it can be
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printed with solvent-based ink without surface treatment. Hence, the hypothesis will be
assumed that water-based ink can be printed on that substrate without surface
treatment too. However, if the print quality is not good, the surface treatment must be
done by corona discharge method before print. The variation of electricity in corona
discharge will be used as following; 500, 1000 and 1500 watt, respectively. Then make

assessment for the best print quality.

1. Plastic properties testing e Tensile Strength, Elongation and
and ink properties |::> Surface Energy
testing e Viscosity and pH
2.1

Print test without

surface treatment

|

Printed matter

(non-corona treatment)

| :
® Print Density
Print Quality Analysis |::> o Wettability
[ ]
[ ]

Print Contrast

Adhesion
Rub resistance
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Quality Quality
Conclusion
Printability
2.2
Corona Treatment and
Reprint again
Non-corona | e s00watt | | et000watt | | e 1500 watt |

3. Print Quality Analysis

v

® Wettability )
® Adhesion Physical property
® Rub resistance )

® Roughness of plastics

® SEM

'

Printability

v

Conclusion

® Print Contrast
® Print Density
® |mage quality

Figure 3-1 The schematic of procedure in the experiment.
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3.2.2 Print ability testing of plastic film and ink properties testing

3.2.2.1 Tensile strength and Elongation testing

Tensile strength and Elongation testing of 2 types of compostable
plastics compound will be tested before and after print in order to analyze the difference
and effect of printing by following ASTM D882-02 standard test method with Tensile
tester. The width and length of sample will be recorded. Test sample both in machine
direction (MD) and cross-machine direction (CD) with constant speed and load cell at

500 mm/min and 10N, respectively. Make 5 replication and record for average.

3.2.2.2 Surface energy testing

Surface energy testing was done by poly-test dyne solution (dyne pen)
before and after surface treatment. Each dye pen has different ratio of solutions similar
to dyne solution and it has specified number of surface tension of solution. This surface
tension is surface energy of plastic film. Dyne pen was placed on plastic film and draw
the line across film width. At first used dyne pen with assumed number which should be
the surface energy of plastic film. If the solution still remain stable, does not create water
drop on the film, this dyne pen indicate the right number of surface energy of plastic
film. If the water drop occur, it indicate that used dyne pen has lower surface energy

than plastics film. Suggest using higher number of dyne pen. See figure 3-2
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Figure 3-2 Evaluation of dyne pen selection to measure surface energy of plastic film [14]

Dyne pen test was shown in Figure 3-2. It was found that for properly
treated film, the solution in dyne pen lied evenly on the material in a continuous line.
There is no ink reticulation. The surface energy of the material is at, or higher than the
surface tension of the solution in dyne pen. In case of non treated film, the solution
reticulates into droplets. The surface energy of the material is well below the surface
tension of dyne pen tester. For partial treatment, the solution was partial reticulation from
the edges. The surface energy of the material is just below the surface tension of the
solution in dyne pen.

1.Properly Treated: The solution in dyne pen lies evenly on the material

in a continuous line. There is no ink reticulation. The surface energy of the material is
at, or higher than the surface tension of the solution in dyne pen. It is good for print.
2.Not Treated: The solution in dyne pen reticulates into droplets. The
surface energy of the material is well below the surface tension of dyne pen tester.

3.Partial Treatment: The solution in dyne pen line is defined but there is

partial reticulation from the edges. The surface energy of the material is just below the

surface tension of the solution in dyne pen.
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3.2.2.3 Surface treatment by corona-discharge
Place the roll of film into printing machine and operate the corona-
discharge unit with 500, 1000 and 1500 watt, respectively. Operating speed will be 30

m/min. Then test the wettability by contact angle measurement.

3.2.2.4 Wettability testing of plastic film
The wettability of the plastic films was tested by contact angle

measurement of RO water and black water-based ink.

PBAT/corn starch PAL/PBAT
(30*0.5cm) (30*0.5cm)
« Non-Corona » Non-Corona
« Corona 500 watt + Corona 500 watt
« Corona 1000 watt + Corona 1000 watt
« Corona 1500 watt + Corona 1500 watt

The contact angles of plastic fims were measure with
DataphysicsSCA20 instrument by randomly on the sample roll. The three sample pieces
of each corona treatment condition were used. The samples were carefully cut to avoid
touching the surface test area, because grease and sweat from finger will contaminate
plastic film. Place plastic film evenly on sample holder in the middle. Fill the desired
solution into 500 ul syringes; specify each drop as 5 pl with high speed injection.

Measure contact angle in left and right of droplet 6 times and calculate the average.
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CA left. 77.7°
CA right: 78.2°

Figure 3-3 Contact angle measured of solution.

3.2.2.5 Ink viscosity measurement
Measure the viscosity of ink by using Zahn cup No.3. Place the finger
under the hold of Zahn cup and fill ink sample until the edge of cup. Move finger away to
let ink flow, start timer quickly. Then stop the timer when flow disappears at first time.

Make at least three replications and average value in second unit.

3.2.2.6 Measure pH of ink

Measure pH of ink with pH meter before print. The pH value should be 8-
9.5 for dispersion property. If it is too acidic, ink will become agglomerate and

precipitate. It causes the low print quality.

3.2.3 Flexography print testing

3.2.3.1 Printing condition

In the printing stage, the printing condition must be controlled as figure
3-4. Adjust printing machine with constant printing speed at 30 m/min, web tension in

unwind (= 0) as same as rewind (= 0) and control drying unit at medium temperature
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— | Printing speed; 30 m/min

Dryer temperature; Medium

Printing Conditions |—

—— | Tension unwind-rewind; 0-0

— | Ink viscosity; 23 sec

Figure 3-4 The controlled condition for flexography print testing

3.2.3.2 Test form design
Create test form file to evaluate all print quality. The halftone test patch
133 Ipi resolution used to evaluate the print quality. Generally the higher resolutions is
not used for flexographic printing. The test from is shown in figure 3-5. The test from

composed of

(A) Gradients tone which indicate the screen from 1 to 100 percent in order
to measure dot gain and print density

(B) Tool stripe to evaluate detail of micro text in each specified condition. It
has both positive (printed text) and negative letter. (reverse in printed
text)

(C) Micro dot and micro line with thickness from 0.1 to 1.0 mm for evaluate
the detail of smallest dot and line which can be printed in each condition.

(D) Image area for assessment in high light, mid-tone and shadow.

(E) Micro dot and micro line with thickness from 0.025 to 0.350 mm. It has
the same function as C, but has smaller line.

(F) Slur and doubling
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Figure 3-5 Test form for printing and print quality assessment

3.2.3.3 Anilox line resolutions
The anilox line resolutions of 400, 600 and 700 line per inch (Ipi) were

used in order to compare print quality.

3.2.4 Print quality assessments

3.2.4.1 Optical density
The optical density of all plastic films were measure opcital density and

evenness of printed ink on plastic film with Spectrodensitometer X Rite 500 series. The

equipment was calibrated before taking the measure. The measure were taken on 9
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positions of solid tone of each sample with paper making. Then the data from 3 samples

of each treatment condition were average and recorded.

3.2.4.2 Print contrast
The print density at 75% dot area and 100% dot area were calculate to

obtain the print contrast by the equation 3-1. [14]

Print contrast = ((Dg — D;)/Dg) x 100% (Eq. 3-1)

3.2.4.3 Tone value increase (TVI)

Measured tone value increase (TVI) with Spectrodensitometer X Rite 500
series by using the same condition as print density measurement. Measure on non-
printed area of the plastic and then measure solid area, measure the screen area at 20,

40 and 80%, respectively. Calculate dot gain by equation 3-2.

TVI = %Dot area on the print - %Dot area of the input file (Eq. 3-2)

3.2.4.4 Evaluate the thickness and ink film condition with SEM

Clean the surface of printed film and prepare the sample by cutting
sample at 100% dot area. Then place into liquid nitrogen and cut into 1x1 cm. Make the
cross section to evaluate the thickness by placing on stub with carbon adhesive tape.
The samples gold coated for conductivity and observe the sample under SEM at

10,000x
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3.2.4.5 Evaluate distribution of ink on film
Preparing the film by cutting sample at solid tone area of each surface
treated level, 1 x 0.5 cm’ size. After that capture the image by optical microscope at 10x

with Nikon camera using Fiberoptic light source.

3.2.4.6 Roughness
Prepare an untreated film and a treated film at 1000 watt with 2x2 cm
size. Capture the image under SPM microscope at 5000x and the roughness value are

obtained.

3.2.4.7 Ink Adhesive test
Test adhesion of printed ink on substrate with ASTM D3359-09 standard
test method. The samples must be conditioned in room temperature more than 48 hours
before testing to let ink dry completely. The samples were cut at gradient tone 0-100%
dot area. Use adhesive tape, 3M No. 500, with size 24x70 mm. and place on plastic film
smoothly without trapped bubble. Peel tape at 180 degree within 90 second. Place
adhesive tape on graph paper with 0.5 mm width. Evaluate amount of ink came off in

100 cycle of graph paper (1 cycle equal to 1%) to make the assessment. [6]

Score level Evaluation criterion
5 non-peeled ink
4 5 % peeled ink
3 5-15 % peeled ink
2 15-35% peeled ink
1 35-65 % peeled ink

0 65 % peeled ink
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Figure 3-6 The evaluation of adhesive test [4]

3.2.4.8 Rub resistance test

Test rub resistance with ink rub tester with ASTM D5264-98 standard test
method. Before test keep plastic film in room condition more than 48 hours to let ink dry
completely. Use four different speed and 4 pound weight for testing. The samples was
cut by 9x18 cm. and mount both on top of the Sutherland receptor base as well as to
the bottom face of the detectable receptor block, each test area must be the same.
Place white paper on the sample holder and tester. Place sample on the sample holder
firmly and smoothly, then placed unprinted area film (same as printed film) on the tester.
Make 10, 100 and 500 times of rub testing, respectively. Each times must be evaluated
and scanned with Canon Scan LIDE 60 at 300 dpi. Evaluate the unprinted film for

peeled ink by visual assessment as same as ink adhesion.
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Score level Evaluation criterion
5 non-peeled ink
45 % peeled ink
3 5-15 % peeled ink
2 15-35% peeled ink
1 35-65 % peeled ink
065 % peeled ink

3.2.4.9 Image resolution assessment

Prepare all printed test sample both treated and non-treated film.
Capture image under 10x microscope at micro line, micro dot, 20, 40, 50 and 80% dot

screen, then evaluated by visual assessment



CHAPTER 4

RESULTS AND DISCUSSION

4.1 The first printing with non- treatment

The first printing was done by non-treatment compostable plastic surface and
print quality analysis that consisted of print contrast, density, TVI, rub resistance and
adhesion test and considered about usability. Tensile strength, elongation and surface
energy of compostable plastics were tested. The results of samples were shown in table

4-1. Properties of black water acrylic based flexo ink were measured before printing.

Table 4-1 Result of tensile strength, elongation and surface energy of compostable

plastics before printing.

Tensile strength Elongation
Surface Energy 2
(Kg/mm?®) (%)
(Dyne/cm)
MD CD MD CD
PBAT/Starch 38 2.30 1.42 461 744
PLA/PBAT 38 1.68 1.86 443 460

Table 4-1 shows the results of tensile strength, surface energy and elongation of
compostable plastics before printing. We found the measured surface energy values of
two plastic films were closed. This could expect to have similar behavior of ink

wettability.

The measured surface energy of two plastic films is same value. From surface
energy, both of sample compostable plastics were expected to show similar behavior

for wetting and imaging by acrylic water-based flexographic ink.
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Tensile strength and elongation of PBAT/Starch along the direction of MD was
higher than CD direction. Therefore, the tension setting should be careful for protecting
film roll from being raged. Since the elongation was high, expansion of substrate should
be concerned as this effect made the abnormal size. The tensile strength of PLA/PBAT
along the MD and CD directions was not much different. But these values were lower
than those of PBAT/Starch, including high thickness case. This could be said that
PBAT/Starch could be proper for in-line web flexo press. The measurement of surface
tension and viscosity of the acrylic water based flexo ink was 40 dyne/cm and 23

seconds respectively. pH was at 8.

4.1.1 Optical Density

Generally, the optical density of black on compostable plastic had value
in range of 1.40 - 1.45. The density of printing was shown in figure 4-1. The optical
density measured on 100% dot screen in gradient chart area. The density PBAT/Starch
was higher than PLA/PBAT. Since anilox line resolution was adjusted higher, the density
of both of compostable plastic trended to decrease. Because ink volume of anilox roller

was decreased and structure of surfaces were different.

250
2.00 I
£ 150 I
5 L. [
(=) 1.00 | J_
= T el -
£ 050 i | b
1 I
| 1 | | 1
0.00 1 1 | 1
Anilox Res. Anilox Res. Anilox Res.
400 (Ipi) 600 (Ipi) 700 (Ipi)
[ PBAT/stratch 2.05 1.50 1.09
I3 PLAPBAT 112 0.75 0.65

Figure 4-1 Print density of ink layer on PBAT/Starch and PLA/PBAT used three

levels anilox line resolution 400, 600 and 700 Ipi.
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4.1.2 Print Contrast

Print contrast showed contrast of Mid-tone and Shadow area of printing.
Print density was measured from 75% to 100% of screen dot area. Print contrast was
shown in table 4-2. The result showed that print contrast of PBAT/Starch was higher than
PLA/PBAT. Probability of PBAT/Starch had structure and surface that could contain ink
better than PLA/PBAT. In case of PLA/PBAT, it was transferred to surface. That was why
it could not be stable. Because spreading effected on detail of Mid-tone so it was shifted

to be Shadow.

Table 4-2 Print contrast on PBAT/Starch and PLA/PBAT used three levels anilox line

resolution 400, 600 and 700 Ipi.

Print contrast
Aniox res. Aniox res. Aniox res.
400 (lpi) 600 (Ipi) 700 (Ipi)
PBAT/Starch 26.87 18.01 17.61
PLA/PBAT 15.51 9.33 1.03

In case of, print contrast and density with non-treatment of surface, anilox line
resolution for PBAT/starch should be setat 600 or 700 Ipi. Because of anilox line
resolution at 400 Ipi could dispense too high print contrast and tone could not be varied.

And for PLA/PBAT should be set at 400 Ipi.

4.1.3 Ink adhesion and Rub resistance of non-treatment compostable plastic

samples

Ink adhesion testing could be done by using Tape test in region of
continues tone in media. Rub resistance could be done by using Rub tester and tested

region of people face in media. Number of rub was set to be 10, 100 and 500 times.
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After 500 times was rubbed, quantities of ink that peeled from media were evaluated.
The result was shown in Table 4-3. However, ink adhesion of both of samples was low
and could not be inacceptable in reality. Rub resistance of PBAT/Starch could be
satisfied but PLA/PBAT could not be accepted. Because just 10 times rub on PLA/PBAT

could peeled off ink from substrate and the picture shown in figure 4-11.

Table 4-3 Quantities of peeled ink.

Ink adhesion Rub resistent
PBAT/Starch 0 2
PLA/PBAT 0 0
Score level Evaluation criterion
5 non-peeled ink
4 5 % peeled ink
3 5-15 % peeled ink
2 15-35% peeled ink
135-65 % peeled ink
0 65 % peeled ink

Print contrast, Ink adhesion and Rub resistance showed that non-treatment was
low quality or unusable. That is why we should to treat surface before printing. Moreover,
this study had another part of experiments for evaluating qualities of non-treatment

surface that was compared with treated surface by corona discharge before printing.

4.2 The second printing experiment with corona treatment

Corona-treatment varied to be three levels of corona discharge. All of three
levels were analyzed for searching the level that gave desired quality and usable

printing. Surface treatment was done by using corona unit and varied three level of
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discharge as 500, 1000, and 1500 watt and compared for selecting optimization of

condition for printing.

This is the example printed before and after corona treatment of sample

compostable plastics.

PBAT/Starch Non-corona PBAT/Starch Corona

Figure 4-2 Examples image area printed on PBAT/Starch non-corona and corona

treatment at 500 watt and used anilox line resolution at 700 Ipi.
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PLA/PBAT Non-corona PLA/PBAT Corona

Figure 4-3 Examples image area printed on PLA/PBAT non-corona and corona treatment

at 500 watt and used anilox line resolution at 700 Ipi.

Figure 4-2 and 4-3 show the test form printed images on non-corona and corona
treated PBAT/Starch and PLA/PBAT at 500 watt and anilox line screen 700 Ipi. It should
be noted that this chosen printing condition gave optimum print quality based on

highest print contrast.
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4.2.1 Tensile strength and Elongation

Tensile strength and elongation showed that both of samples trended to
decrease after treatment by high level of discharge. The results were shown in Table 4-4
and 4-5. Since, high charge was shot on surface that made roughness deeply and some

bond of polymer was destroyed and strength decreased.

Table 4-4 Tensile strength of MD and CD of PBAT/Starch and PLA/PBAT before and

after surface treatment at 1500 watt

Tensile strength (Kg/mmz)
Sample Before corona treat After corona treat
MD CD MD CD
PBAT/Corn starch 2.30 1.42 1.89 1.41
PLA/PBAT 1.68 1.86 1.24 1.07

Table 4-5 Elongation of MD and CD of PBAT/Starch and PLA/PBAT before and after

surface treatment at 1500 watt

Elongation (%)
Sample Before corona treat After corona treat
MD CD MD CD
PBAT/Corn starch 461 744 414 715
PLA/PBAT 443 460 324 395

4.2.2 Surface energy

Surface energy was tested by using poly-test dyne pen. When surface
was treated, surface energy would increase. This experiment was limited because poly-
test dyne pen had surface energy at 38-56 dyne/cm. So surface energy of samples

before corona-treatment, might be lower than 38 dyne/cm.
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Table 4-6 Surface energy of compostable plastics before surface treatment and

treatment with different level.

Surface Energy (dyne/cm)
Sample Corona 500 Corona 1000 Corona 1500
Non-corona
(watt) (watt) (watt)
PBAT/Starch 38 44 48 52
PLA/PBAT 38 40 44 46

4.2.3 Wettability

Wettability was done by measuring of contact angle of OR Water and
acrylic water base ink. Through this method, we could simulate and analyze wettability

of plastic. If contact angle decreased that means wettablility of surface got better.

140.0

120.0

100.0 |-

80.0

60.0

Contact Angle (°)

40.0

20.0

0.0

Non-corona 500 watt 1000 watt 1500 watt

‘ —+— PLA/PBAT
‘— = - PBAT/Starch

111.7
95.3

110.8
78.4

86.3
105.8

109.7
98.4

Figure 4-4 Contact angle of OR water on surface of compostable plastic by 4 levels of

corona treatment

Contact angle of OR water in case of corona treat at 1000 and 1500 watt was
abnormal and disagreed. The theory mention to corona treatment with higher electric

power was good wettability property. However, the result showed contact angle that was
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unstable so we could not analyze. We assumed that might caused surface was touched

too much.

120.0
100.0
o 800 %_\
=) sl e -
2 - !
) 60.0 -~ T
g iE -5
=)
S 40.0
20.0 T
0.0 -
Non-corona 500 watt 1000 watt 1500 watt
——— PLA/PBAT 88.4 68.5 63.5 63.0
- = - PBAT/Starch 78.2 66.7 55.7 51.6

Figure 4-5 Contact angle of black acrylic water base ink on surface of compostable

plastic by 4 levels of corona treatment

4.2.4 Optical density

Density of ink on compostable plastic was measured in area of 100 %.

In figure 4-6 and figure 4-7, The optical density measured on 100% dot screen in

gradient chart area. Optical density had low resolution at 400 Ipi that means its density

was higher than 600 and 700 Ipi. Considered level of corona treatment by using higher

discharge, optical density significantly increased at any anilox line resolution. It followed

the theory of anilox line solution that refer to high resolution effect to film thickness was

decreased. So optical density decreased. Optical density showed that anilox line

resolution at 700 Ipi and corona at 500, 1000 watt should be selected.



250
2.00
£
2 150
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E 100
o
0.50
0.00
Corona 500 Corona 1000 Corona 1500
Non-Corona
watt watt watt
[E Anilox Res. 400 (Ipi) 2.05 217 218 220
1 Anilox Res. 600 (Ipi) 1.50 1.62 1.58 1.58
3% Anilox Res. 700 (Ipi) 1.09 1.38 1.38 140

700 Ipi on different surface treatment levels.

250
2.00
£
2 150
-4
=]
E 1.00
a
0.50
0.00 -
Corona 500 Corona 1000 Corona 1500
Non-Corena
watt watt watt
[ Anilox Res. 400 (Ipi) 112 1.56 1.60 2,06
1Z Anilox Res. 800 (Ipi) 0.75 15 153 1.53
3 Anilox Res. 700 (Ipi) 0.65 140 142 1.38

on different surface treatment levels.

4.2.5 Tone value increase on compostable plastic samples
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Figure 4-6 Optical density of ink on PBAT/Starch at anilox line solution 400, 600 and

Figure 4-7 Optical density of ink on PLA/PBAT at anilox line solution 400, 600 and 700 Ipi

Figure 4-8 and Figure 4-9 shows that corona treatment with increased

charges, TVI increased as well. Because properties of well ink contain, extension and
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distribution of dot increased. Level of corona treatment that suited with PBAT/Starch was

500 watt and PLA/PBAT suited with both of 500 and 1000 watt. Considered to varied

anilox line resolution at 700 Ipi optimized for printing.
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Figure 4-8 Comparision of TVI printing on PBAT/Starch with different anilox line

resolution at 400, 600 and 700 Ipi
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Figure 4-9 Comparision of TVI printing on PLA/PBAT with different anilox line resolution

at 400, 600 and 700 Ipi.
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4.2.6 Print contrast of compostable plastics with corona treatment

Print contrast was normally prior considered to choose the proper printed

sheet with right amount of ink. The obtained print quality may be called as an optimum

quality. It was found that surface treatment levels that suited with PBAT/Starch and

PLA/PBAT could be at both 500 and 1000 watts and anilox line screen 700 Ipi. Highest

print contrast of PBAT/Starch was achieved only at 21 and PLA/PBAT 18-19 as given in

Table 4-7 and 4-8. This property could identify the deviation of shadow rendering

between two samples which showed that PBAT/Starch seemed to give better quality.

Table 4-7 Print Contrast on PBAT/Starch after surface treatment with different level and

using anilox line resolution at 400, 600 and 700 Ipi

Corona 500 Corona 1000 Corona 1500
Non-corona
(watt) (watt) (watt)
400 Ipi 26.87 20.85 17.90 14.21
600 Ipi 18.01 16.51 9.43 20.52
700 Ipi 17.61 21.38 21.86 22.02

Table 4-8 Print contrast on PLA/PBAT after surface treatment with different level and

using anilox line resolution at 400, 600 and 700 Ipi

Corona 500 Corona 1000 Corona 1500
Non-corona
(watt) (watt) (watt)
400 Ipi 15.51 3.85 4.43 213
600 Ipi 9.33 7.33 14.15 17.61
700 Ipi 1.03 17.99 19.14 17.51
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4.2.7 Print uniformity

This parameter relates to substrate uniformity and wettability of ink. In
case of non-corona treatment, wettability of ink was not good. This resulted in ink
aggregation and peeled off easily. However, after corona treatment at 500 and 1000
watts, improved print uniformity was existed. However, it was noted that thinner
substrate or lower density had limitation in corona treatment level. Thus the PBAT/Starch
film sample could not be treated over 1000 watts as the surface profile would be
damage. This affected losing of ink adhesion. For PLA/PBAT, its behavior was similar to
PBAT/Starch. Thus, 500 watts could be the satisfied power level of surface treatment of
compostable films. Figure 4-10, 4-11 show the appearance of print uniformity on
PBAT/Starch and PLA/PBAT respectively, of solid tone area with different surface
treatment level: (A) anilox line screen 400 Ipi (B) anilox line screen 600 Ipi and (C) anilox

line screen 700 Ipi.

—_—) Nk aggregation = == ==p N0 iNk aggregation

PBAT/starch used anilox line resolution at 400 Ipi

Non-Corona Corona 500 watt

Corona 1000 watt Corona 1500 watt
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Non-Corona

AE

Corona 1000 watt

PBAT/starch used anilox line resolution at 600 Ipi

Corona 500 watt

Corona 1500 Watt

(B)

PBAT/starch used anilox line resolution at 700 Ipi

Non-Corona

Corona 1000 watt

Corona 500 watt

Corona 1500 watt

(C)

Figure 4-10 Print uniformity on PBAT/Starch sample with different surface treatment

level: (A) anilox line screen 400 Ipi (B) anilox line screen 600 Ipi (C) anilox line screen

700 Ipi
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Non-corona

PLA/PABT used anilox line resolution at 400 Ipi

Corona 1000 th

Corona 1500 watt ‘

(D)

PLA/PABT used anilox line resolution at 600 Ipi

Non-corona

Coron 500 watt

Corona 1000 watt

Corona 1500 watt

(E)
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Non-corona

PLA/PABT used anilox line resolution at 700 Ipi

Corona 1000 watt

Corona 1500 watt

Coron 500 watt

Figure 4-11 Distribution of ink on PLA/PBAT in 100% dot with different surface

(F)

treatment (D) Anilox line resoultion at 400 Ipi (E) Anilox line resoultion at 600 Ipi (F)

Anilox line resoultion at 700 Ipi

4.2.8 Roughness

PBAT/Starch was lower than PLA/PBAT. We considered that it was because

charges effected the vibration of molecule. Table 4-9 shows the result of roughness on

surface PBAT/Starch before corona treatment compared with those after corona

treatment by using electric 1000 watts.
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Table 4-9 Result of roughness on surface PBAT/Starch before corona treatment

compared with after corona treatment by using electric 1000 watt

PBAT/corn starch

PLA/PBAT

Before corona After corona Before corona After corona
Treatment Treatment Treatment Treatment
Roughness :
207.78 236.66 435.3 540.98
Rms (Rq)
Mean 171.30 181.8 34413 417.90
roughness (nm)
Max height
2.012 2.593 2.446 3.550
(nm)
Surface area
(um?) 2575.1 2690.9 2547.2 2645.3

Considered figure 4-12 shows the SPM images of substrate surfaces before

and after surface treatment. It was found that RMS surface roughness value of

PBAT/Starch was higher than that of PLA/PBAT. This probably caused PBAT/Starch well

contained and cohesion on surface.

PBAT/starch

PLA/PBAT
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PBAT/starch PLA/PBAT
(B)
Figure 4-12 Roughness of two films surface in 3D at magnification 50 um (A) surface

before corona treatment, (B) surface after corona treatment

4.2.9 Evaluation of thickness and ink film condition by using SEM

Figure 4-13 shows aggregation of ink. Thickness of ink on PBAT/Starch

was about 1.2 ym and PLA/PBAT was 2.0 ym approximately.

-
—_— 1Mm B & —_ 1Hm
15KV %18, 00816amn ’ STREC "I5KW "¥16,088 16mm

PBAT/Starch PLA/PBAT

Figure 4-13 Aggregation of PBAT/Starch and PLA/PBAT in 100% dot area and treatment

at 1000 watt were observed by using SEM at 10,000x magnification.
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Table 4-10 Adhesion of ink water-based on PBAT/Starch and PLA/PABT

Ink adhestion on Ink adhesion on
PBAT/starch PLA/PABT
Non-corona 0 0
Corona 500 watt 0 0
Corona 1000 watt 1 0
Corona 1500 watt 2 0

Score level

5
4
3
2

135-65

4.2.11 Rub resistance

Evaluation criterion

non-peeled ink

5 % peeled ink

5-15 % peeled ink

15-35% peeled ink
% peeled ink

65 % peeled ink

Rub resistance was divided to be three level as 10, 100 and 500 times.

Evaluation of rub resistance was estimated after 500 times rubbed. Through evaluation

criterion of rub resistance was same as ink adhesion that was shown in Table 4-8. The

result showed that PBAT/Starch was good rub resistance after treatment at 500 watt as

shown in figure 4-14.



76

Table 4-11. Rub resistance of ink water-based on PBAT/Starch and PLA/PABT with

anilox line resolution at 600 Ipi and 500 times rubbed.

Rub resistance of Rub resistance of
PBAT/ starch PLA/PABT
Non-corona 3 0
Corona 500 5 1
Corona 1000 5 1
Corona 1500 5 2

PBAT/Starch Non-corona treatment

No Rub Tester 10 times

100 times

500 times
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PBAT/Starch Corona treatment 500 watt

No Rub Tester

10 times

100 times

500

times

PBAT/Starch Corona treatment 1000 watt

No Rub Tester

10 ti

mes

100 times

500 times
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PBAT/Starch Corona treatment 1500 watt

No Rub Tester 10 times

100 times 500 times

Figure 4-14. Result rub tester on PBAT/Starch at anilox line resolution 600 Ipi with non-

treatment and every level of corona-treatment

PLA/PBAT got better properties after treatment but peeling off ink still was

problem as shown in figure 4-15.

PLA/PBAT Non-corona treatment

No Rub Tester 10 times

100 times 500 times
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PLA/PBAT Corona treatment 500 watt

No Rub Tester 10 times

100 times 500 times
PLA/PBAT Corona treatment 1000 watt

No Rub Tester 10 times

100 times 500 times
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PLA/PBAT Corona treatment 1500 watt

No Rub Tester mes

100 times 500 times

Figure 4-15 Results of Rub Tester on PLA/PBAT at anilox line resolution 600 Ipi with non-
corona treat and every level of corona-treatment

This experiment showed some error from PBAT/Starch. Low thickness effected

to friction between film and plate that rubbing was unstable on all surfaces. So some

region could not be attached by ink.

4.2.12 Image resolution

This experiment was done by observing by using optical microscope on
each part of platform of printing. Resolution of screen dot was considered how relate
with three levels of anilox line resolution and 4 levels of corona treatment. Actually,
images from each condition didn’t show difference of screen dot so much. However, the
image that showed difference was from anilox line resolution at 700 Ipi and corona-
treatment level at 500 watt. Figure 4-16 and figure 4-17 shows PBAT/Starch and

PLA/PBAT that detailed resolution of image in the smallest positive line and negative line
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at 0.025 mm and 0.1 mm, respectively. Sizes of the smallest dot positive and dot

negative could be printed by size 0.15 mm and 0.2 mm, respectively.

0.10
0.15
0.2
0.2
0.3
0.
040
0.45
0:50

PBAT/Starch
2£2£8888¢%%¢8
(=] (=] © O () o (=] (=] o

PLA/PBAT

Figure 4-16 Negative micro dot tap on both of compostable plastics, corona treatment at

500 watt and used anilox line resolution at 700 Ipi

A

PBAT/Starch PLA/PBAT

Figure 4-17 The smallest negative and positive micro line that could be printed after

corona-treatment at 500 watt and used anilox line resolution at 700 Ipi

Dot in area of dot screen at 20, 40, 50 and 80% dot area were shown for
comparing dot gain. For supporting of anilox line resolution at 700 Ipi that was the
optimized condition, the result was shown in figure 4-18 and 4-19. They were
comparison between dot gain at 40% and 50%. The result showed that shape of dot

gain at 700 Ipi was more beautiful than 400 and 600 Ipi. Both films were the best
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substrates by which they were photographed by anilox line resolution at 700 Ipi and the

optimization of surface treatment level was 500 or 1000 watt

PBAT/Starch 400 Ipi

PBAT/Starch 600 Ipi
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PBAT/Starch 700 Ipi

80%

Figure 4-18 Dot gain on PBAT/Starch in %dot area of 20, 40, 50 and 80% after

treatment at 500 watt

PLA/PBAT 400 Ipi
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PLA/PBAT 600 Ipi

C UV PNV WP

Figure 4-19 Dot gain on PLA/PBAT in %dot area of 20, 40, 50 and 80% after treatment at

500 watt



CHAPTER 5

CONCLUSIONS

5.1 Conclusions

This study showed that both compostable fiim samples could be printed by
flexographic printing, using acrylic water base ink. However, it was found that ink
adhesion and rub resistance were insufficient. This included their obtained reflectance
solid tone densities. It were because these compostable films were hydrophobic and
low surface energy. Thus, to achieve good printability, their surfaces should be treated
to increase surface energy.

Printing with non-treatment surface on PBAT/Starch and PLA/PBAT film could be
satisfied about TVI and print contrast at anilox line resolution at 700 Ipi and 400 Ipi,
respectively. Value of print density, ink adhesion, rub resistance and ink distribution of
two film compostable plastics compounds could not be accepted. Because of
compostable plastic surfaces were hydrophobicity and low surface energy. In case of
printability and usability, their surface should be treated by corona to increase surface

energy.

Surface treatment not only improved the surface energy, but also increased
surface roughness. These gave the tendency of ink acceptability and print quality such
as print density, Ink rub resistance and print uniformity. However, level of corona
discharge of surface treatment should be determined as the surfaces of such substrates
could be easily damaged. In case of too high discharge, it affected the property of film
strength such as tensile strength and elongation. In addition, print uniformity at 1500

watts corona discharge became worse as the occurrence of surface damage

The both of films was the best substrates when they were treated by Anilox line
resolution at 700 Ipi and the optimization of surface treatment level was 500 or 1000 watt
where stable velocity at 30 m/min. Nevertheless, treatment at 500 watt should be

selected because electricity was saved.



86

By those conditions, Quality of PBAT/Starch was better than PLA/PBAT but the

TVI and ink adhesion still needs to be improved.

5.2 Suggestions

- Comparison of print quality of compostable plastic that is printed by using
water base ink and solvent base ink.

- Comparison of quantities of water base ink and solvent base ink that are
printed on compostable plastic compound for according to ASTM 17088:2008.

- Comparison of quantities of ink that is used on compostable plastic by Flexo-
graphy printing and Gravure printing for according to ASTM 17088:2008.

- Studying of penetration of ink in compostable plastic compound starch.

- Acrylic water base ink formula should be improved in order to increase ink
adhesion for improving printability on compostable plastics.

- Comparison of print quality of round dot and shape dot about hardness by
using different kinds of plate.

- In case of Flexo-graphy printing, print velocity should be faster than 30 m/min.

- Evaluation of wettability can be done by measuring of contact angle and
solution should be OR water, Diiodomethane or Ethylene glycol for calculating surface

energy replace of Poly-Test Dyne pen.
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Materials and Equipments
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Figure 1. Sample compostable plastics film PBAT/Starch (left); 40 um thickness and

PLA/PBAT (right); 100 um thickness substrate for printed in this experiment.

Figure 2. Photopolymer plate hardness 64°, shore A and 1.14 mm thickness from Flint

group Co., Ltd.
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ey

Figure 3. Acrylic water-base ink Panorama soy ink Co., Ltd.

M .

Figure 4. Flexographic printer Nilpeter FB-LINE3300; KO print and sticker Tunjai.Co.Ltd.



Figure 4. Corona treatment inline of Flexographic printer Nilpeter FB-LINE3300

Figure 5. Zahn cup number 3 for measured viscosity of ink in this experiment.
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Figure 7. Tensile tester LLOYD model LRX plus for measured Tensile strength and

Elongation.
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Figure 9. Poly-Test dyne pen solution number 38-58 dyne/cm for test surface energy on

both of sample compostable plastics.



96

Figure 10. Contact Angle Meter; Dataphysics series number SCA20 and application
software for OCA and PCA used measure contact angle of OR water and acrylic water

base ink.

Figure 11. Scanning Electron Microscope (SEM) series JSM 6400



Appendix B

Printed line resolution of image on sample compostable plastics
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The result aside from chapter 4. This is the picture printed image line resolution
varied anilox line resolution three levels of anilox line resolution and 4 levels of corona

treatment. Capture by optical microscope.

PBAT/starch used anilox line resolution at 400 Ipi
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Figure 12. Negative micro dot tap on PBAT/starch used anilox line resolution at 400 Ipi
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Figure 13. Negative micro dot tap on PBAT/starch used anilox line resolution at 600 Ipi

PBAT/starch used anilox line resolution at 700 Ipi
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Figure 14. Negative micro dot tap on PBAT/starch used anilox line resolution at 700 Ipi
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PLA/PBAT used anilox line resolution at 400 Ipi
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Figure 15. Negative micro dot tap on PLA/PBAT used anilox line resolution at 400 Ipi

PLA/PBAT used anilox line resolution at 600 Ipi
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Figure 16. Negative micro dot tap on PLA/PBAT used anilox line resolution at 600 Ipi

PLA/PBAT used anilox line resolution at 700 Ipi
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Figure 17. Negative micro dot tap on PLA/PBAT used anilox line resolution at 700 Ipi
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Figure 18. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on
PBAT/Starch used anilox line resolution at 400 Ipi Non-corona, Corona 500, 1000 and
1500 watt
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Corona 1500 watt

PBAT/Starch used anilox line resolution at 600 Ipi
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Figure 19. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on

PBAT/Starch used anilox line resolution at 600 Ipi Non-corona, Corona 500, 1000 and

1500 watt
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Figure 20. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on

PBAT/Starch used anilox line resolution at 700 Ipi Non-corona, Corona 500, 1000 and

1500 watt




105

PLA/PBAT used anilox line resolution at 400 Ipi
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Figure 21. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on
PLA/PBAT used anilox line resolution at 400 Ipi Non-corona, Corona 500, 1000 and 1500

watt
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Non-corona

PLA/PBAT used anilox line resolution at 600 Ipi
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Figure 22. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on

PLA/PBAT used anilox line resolution at 600 Ipi Non-corona, Corona 500, 1000 and 1500

watt
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PLA/PBAT used anilox line resolution at 700 Ipi
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Figure 23. Image positive line and negative line 0.025 mm (left) and 0.1 mm. (right) on

PLA/PBAT used anilox line resolution at 700 Ipi Non-corona, Corona 500, 1000 and 1500
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Appendix C

Sample of compostable plastics
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PBAT/Starch

PBAT/Starch print on plate resolution 133 Ipi



PLA/PBAT

PLA/PBAT print on plate resolution 133 Ipi
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