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Agenda

• ^ ֵ٭ס�٭ס⁯▬мџȀס⁯ Ȁ≡ قмסف⁯мف Ȁċכּ٭‰ڝ م ِّ м�
• Ū ׂ Δ�Ȁס�ȀР�ּړ⁯�ר
• f ≡Ȁ�٭⁯Δ�רּ� قмסف⁯мف
• ß٭סΔּרȀċ ׂ ب� ֵ ׂ ��
• ◙ ب м��٭�ס�
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What is printing?

ٲ

• ▬⁯�Рм��Ȁ�џȀΔِّ ِّ مרּ ֵ٭ס ȀР�ּר�⁯Ȁږ�⁯ȀРּרмΔ⁯ȀР�Δ�ֵ٭ס ب�ȀΔȀ��٭�Ȁڗ И��⁯Δ�м
• ů Δم٭ ȀЫסџџм⁯м٭�Ȁ٥ м�ׂ �Ы�ڬȀмΔРׂ Ȁق ׂ�ס ȀΔЫفΔ٭�Δֵ м�ȀΔ٭ЫȀЫס�ΔЫفΔ٭�Δֵ м�
• f ׂ بЫȀ٭Ȁм٭�РмȀИΔ�мЫȀס� �мȀΔ٭ЫȀмР�٥�٭ �Рס

• ß٥רּס Ȁ�ׂ ��м٭כРּס
• q م⁯ Ȁ�٥ס мِّڝ ⁯м��Ȁ�ِّ ммЫ
• ′ м�بڞ ِّ Ȁ�٥ס м
• ب☻ ֵ٭мרȀּ٭ �ׂ
• Ȁب‮�٭ס⁯▬ Δּم�סר
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ٳ

• Ŕ٭סм�ȀΔ٭ЫȀ��ּסרЫȀИּר�Рּכ�Ȁ�џȀ�ِّ ��ȀР�ּר�⁯�

Line work

Image taken from www.greenlinepaper.com
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ٳ

Halftone dots
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ٵ

Process color
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ٶ

• ′ Р⁯мм٭
• ≡ џџ�м�Ȁּסר�ׂ �ֵ ⁯Δِّ ׂ م
• ´ ⁯Δبف ⁯м
• ßּרмل �ֵ ⁯Δِّ ׂ م
• q סֵ רΔּ�ס

Some Common Printing Processes
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Screen Printing

ٶ
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ٷ

• ů м�ׂ Ȁِّږ مרּ� м��м⁯Ȁ�⁯Ȁ
��ммּڗרȀס�Ȁ٥ Δ�ּכмЫȀق ׂ�ס ȀΔȀ
ِّ ׂ ���Рب ⁯мЫȀм٥ ب ٭�ס�רּ

• ċ ׂ Ȁِّ�סȀכּ٭סȀכРּס ب �ׂ мЫȀ
�ׂ ب�⁯ ֵ ׂ Ȁ٥ м�ׂ Ȁق ׂ�ס Ȁ
ب‮� ммֵ мм

Screen printing – process
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ٱ ٰ

• ø סֵ ׂ Ȁסف�Р��ڬم�סȀИب �Ȁ�ׂ мΔ⁯Ȁ�ׂ ֵ٭ס٭٭ס
• ċ ׂ ٥רּסȀџכРּס �ȀΔ⁯мȀ�ּق�ר ȀЫم⁯ ֵ٭ס Ȁږмل Рмِّ �Ȁ

м٭м⁯ֵ م ȀРب ⁯мڗȀ
• f Δ٭ȀИмȀق Δ�м⁯ИΔ�мЫڬȀ��ּفרм٭�ИΔ�мЫڬȀ�⁯Ȁ

м٭м⁯ֵ م ȀРب ⁯ΔИּרм

Screen printing – inks
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Lithography

ٱ ٱ
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ٱ ٱ

• ßּרΔ�Ȁِّ قΔ�мȀרּ ׂ�ס Ȁِّ ׂ ����мفס�ס�٭мȀِّ مרּ� ٥ м⁯Ȁס�Ȁ
Ымفмּר�ِّ мЫȀИم Ȁּסֵר ׂ �Ȁмل ِّ ب�� ⁯мȀ�⁯ȀּרΔ�м⁯
• ‰٥ Δֵ мȀΔ⁯мΔȀ⁯мِّ мּר�Ȁق Δ�мڬ⁯ȀИب �ȀΔРРмِّ ��Ȁ

مרּס� Ȁכּ٭ס
• ȀЫΔ٥�סΔ�мȀרּ▬ ِّ м٭мЫȀق ׂ�ס Ȁق Δ�мڬ⁯Ȁق ׂ Рׂס Ȁֵ �м�Ȁ

��Ȁ٥סڞ٭�٭ Δֵ мȀΔ⁯мΔ�Ȁقږ Δ�м⁯ּרм��Ȁِّ ⁯�Рм��Ȁס�Ȁ
Δּר��Ȁِّ بȀИڭмרИּס��� �Ȁ⁯мب‮ ِّ�⁯м�Ȁס мРסΔּרȀِّ ڗΔ�мרּ

• ȀΔِّ�סȀכּ٭‰ ِّ мЫȀΔР⁯���Ȁِّסרּ مרּ٭�ȀڬΔ�мרּ Ȁ��סРּכ�Ȁ��Ȁ
٥ס Δֵ мȀΔ⁯мΔ�ȀסږЫмΔּمרּר ڛڑ

• Ȁِّ�סΔ�мȀרּ▬ ⁯м��мЫȀ��ȀΔ٭Ȁ�џџ�м�Ȁ⁯�ּרּרȀږИּרΔכּ٭м�Ȁ
Рم قȀڬڗ⁯Ым٭סרּ ׂ Рׂס Ȁ�⁯Δ٭�џм⁯�Ȁ�ׂ мȀ٥ס Δֵ мȀ��Ȁ�ׂ мȀ
ب� И��⁯Δ�м

Lithography – process
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ٱ ٲ

• ŧ мم⁯ Ȁׂ סֵ ׂ Ȁסف�Р��م�ס Ȁِّږ Δ��мڗ

• f мЫȀЫмֵרּרּ�⁯�٭� ⁯ммȀ�џȀ�ΔРּ٭סכм��ڬȀЫм�м⁯٥ м�Ȁ�⁯Ым⁯Ȁ٭ס
�џȀР�ּר�⁯�

• ċ ق �Ȁ�م ِّ м�Ȁ�џȀЫم⁯ ֵ٭ס بРڝ ֵ٭ס⁯
• ≡ ل م⁯мȀЫفס�ЫΔס ֵ٭ס Ȁ�џȀ�רּס�ȀڞȀ�ּق�ר
• | м⁯ֵ٭ م ȀРب ⁯мȀڞȀџΔ��

Lithography – ink properties
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Gravure

ٱ ٳ
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ٱ ٳ

• q м�ֵס ֵ٭Ȁм�סȀ٭ ⁯ΔفмЫȀ٭ס��Ȁ
ֵ ⁯Δبف ⁯мȀРم ⁯Ым٭סרּ

• f م ׂ�Ым⁯Ȁ⁯��Δ�м�Ȁ٭סרּ ب�⁯ ֵ ׂ Ȁכּ٭סȀ
џ�ب ٭סΔ�٭

• | ل Рм��Ȁכּ٭סȀס�Ȁ�Р⁯Δِّ мЫȀџ⁯�٥ Ȁ
ب� ⁯џΔРмȀИم ȀЫ�Р��⁯ȀИּרΔЫм

• مмЫȀРכּ٭‰ Ȁِّ�סЫм⁯Ȁ٭סרּ ⁯м��мЫȀ
Ыס⁯мР�ּمר Ȁ�٭��Ȁ�ب И��⁯Δ�м

Gravure – process
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ٱ ٵ

Gravure – engraved roll
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ٱ ٶ

• Ŕ�ق Ȁסف�Р��م�ס
• ΘммЫ�Ȁ��ȀИмȀ⁯м��ּبר Иּרм
• ΘммЫ�Ȁ��ȀИмȀџΔ��ȀЫم⁯ ֵ٭ס
• ≡ �ׂ м⁯Ȁכּ٭סȀِّ ⁯�ِّ м⁯�סм�ȀЫм�м⁯٥ مмЫȀИ٭ס Ȁм٭ЫȀب �м
• ′ قȀڬИΔ�мЫ�٭мفרּ� Δ�м⁯ИΔ�мЫȀ�⁯Ȁм٭м⁯ֵ م Ȁ

Рب ⁯ΔИּרм

Gravure – ink properties
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Flexography

ٱ ٶ
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ٱ ٷ

• Ȁِّ�סȀכּ٭‰ بмЫȀכРּס ِّ ȀИم ȀΔ٭ȀΔل�רּס٭ Ȁ
٥�ȀРڬרּרּ�⁯ ِّ مרм�мּרּ ȀР�فм⁯мЫȀق ׂ�ס Ȁ
м�Рׂ мЫȀРмּרּר�Ȁ�џȀ�ׂ мȀ�Δ٥ мȀ�لاסм

• ٥�⁯џм⁯⁯мЫȀџ�٭Ȁ�⁯Δ�סȀכּ٭‰ ȀΔل�רּס٭ Ȁ
Рмּרּר�Ȁ��Ȁ⁯Δס�мЫȀِّ Ȁ٭�ȀΔ⁯мΔ�Ȁ�٭ס⁯
џּרмل �Ȁِّ Δ�мרּ

• ب�Ȁ��Ȁכּ٭סџм⁯�Ȁ�٭Δ�мȀ�⁯Δרּ▬ И��⁯Δ�м

Flexography – process
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ٱ ٰ

• Ŕ�ق Ȁסف�Р��م�ס ȀږИب �Ȁׂ סֵ ׂ м⁯Ȁ�ׂ Δ٭Ȁֵ ⁯Δبف ⁯мڗ
• Ȁ٥כּ٭‰ ب ��ȀИмȀ⁯м��ּبר Иּרм
• ů ب ��ȀИмȀџΔ��ȀЫم⁯ ֵ٭ס
• ≡ �ׂ м⁯Ȁِّ ⁯�ِّ м⁯�סм�ȀЫмِّ м٭Ым٭�Ȁ�٭Ȁџ٭סΔּרȀ

Δِّ ِّ ٭�ס�РΔסרּ
• f Δ٭ȀИмȀق Δ�м⁯ИΔ�мЫڬȀ��ּفרм٭�ИΔ�мЫڬȀ�⁯Ȁ

м٭м⁯ֵ م ȀРب ⁯ΔИּרм

Flexography – ink properties
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ٱ ٱ

Resolubility – why it matters
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Dry Offset

ٱ ٱ
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ٱ ٲ

• f �٥ И٭סΔ�٭�סȀ�џȀßּרмل �ֵ ⁯Δِّ ׂ م ȀΔ٭ЫȀ≡ џџ�м�
• f �٥ ِّ Δ⁯ΔИּרмȀ٭סȀסف�Р��م�ס Ȁ��Ȁּסר�ׂ �ֵ ⁯Δِّ ׂ ِّږȀ�כּ٭סРȀס Δ��м�ڗ

Dry Offset
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Digital

ٱ ٳ
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ٱ ٳ

q סֵ ֵ٭ס�٭ס⁯▬ȀרΔּ�ס ȀċмРׂ ֵ�רּ�٭ �мס

| ֵ�⁯�мРרּ ⁯Δِّ ׂ Рס

| Рס�мР�⁯���Δרּ | мР�⁯�Ȁרּ
ِّ ׂ ���ֵ ⁯Δِّ ׂ Рס

ċ ׂ м⁯٥ ΔּרȀ

q �⁯мРס ċ ׂ м⁯٥ ΔּרȀ
ċ ⁯Δ٭�џм⁯

�мגּכּ٭‰

q ⁯�ِّ ≡ڞ ڞ٭
q м٥ Δ٭ЫȀڛq ≡ q ڛ

f ب٭ס�٭� ب� �Ȁ
fڛ ‰ę ڛ

Digital Printing Types:
Overview
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ٱ ٵ

• ▬⁯мРס�мȀџ�⁯٥ ب ِّ�Ȁ٭�ס�Δרּ мРסџסРΔ�٭�ס�
• Θ�ȀΔЫּبג ��٥ м٭��Ȁ��Ȁכּ٭סȀ�٭Ȁِّ ⁯м��
• Ȁ٥�כּ٭‰ ب ��Ȁِّ м⁯џ�⁯٥ Ȁِّ м⁯џмР�ּمר Ȁмفмم⁯ Ȁ�٥ס м
• ′ ��⁯Δֵ мȀ��ΔИم�סרּס

• ȀΔ⁯мȀΔِّ�כּ٭‰ ِّ ِّ�Ȁ٭�ס�РΔסרּ мРסџסР
• � Ȁِّ Δ⁯�סРب Δ⁯Ȁِّרּ ׂ�٭ס⁯ мΔЫ
• � Ȁِّ Δ⁯�סРب قмȀفס⁯Δ⁯ȀЫרּ Δفмڞџ�⁯٥
• Ĥ�ֵ٭ס Ȁ�ِّ мРסџסРȀЫفס⁯мȀмּרмР�⁯�ס٭Р�

• ▬ׂ م ȀِّרРΔּס� ⁯�ِّ м⁯�م ȀР�רּ�⁯�٭
• ▬Δ⁯�סРּרмȀ�لاסм
• ŧ م�ס��Р�ס
• ☻мּסרΔИּרмȀּגм��ֵ٭ס
• Ū мΔ�ׂ мֵ٭ס⁯

Drop-on-Demand Inkjet:
Formulation Challenges
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Gravure Flexo Lithography Screen Digital
Typical 
Print Speeds

Up to 600 m/min ~ 450 m/min 600-700 ( heatset )
15000-18000 iph (SF)

100 m/min ( rotary ) 30-100 m/min
( state of art )

Typical Ink 
Viscosities

20-25 secs Zahn 2
0.05 – 0.2 Pa.s 

20-25 secs Zahn 2
0.05 – 0.5 Pa.s

40-100 Pa.s 1 – 5 Pa.s ( flatbed )
Lower for rotary

6-15 mPa.s solvent/UV
2-5 mPa.s aqueous

Typical Wet 
Film Thickness ( µm )

7 – 15 3 – 7 0.5 – 2 8 – 30 6 – 12
( multiple passes )

Typical 
Particle Size

< 8µm < 4µm < 4µm - Mean of 0.05 – 0.2µm
Max. of 0.5 – 1.0µm

Main Binders Nitrocellulose, Cellulose 
Acetate Proprionate, 

Polyvinyl butyral, 
Polyamide, 

Polyurethane, Polyvinyl, 
Acrylics, Acrylated 

Oligomers 

Nitrocellulose, Cellulose 
Acetate Proprionate, 

Polyvinyl butyral, 
Polyamide, 

Polyurethane, polyvinyl, 
Acrylics, Acrylated 

Oligomers 

Modified rosin esters 
( phenolic ), 

Hydrocarbons, Drying 
oils ( linseed oil,  alkyds )

Acylated Oligomers

Polyvinyls, Plastisol, 
Acrylated Oligomers

Polyvinyl, nitrocellulose, 
Acrylated Oligomers

Main Solvents Alcohols ( ethanol, n-
propanol ), Esters ( ethyl 
acetate, n-propyl acetate 

), glycol retarders ( 
ethoxy propanol ), Water

Ketones, Acrylated 
Monomers

Alcohols ( ethanol, n-
propanol ), Esters ( ethyl 
acetate, n-propyl acetate 

), glycol retarders ( 
ethoxy propanol ), Water

Ketones, Acrylated 
Monomers

Petroleum distillates 
(heatset inks, 260-290oC ), 

Mineral oils, 
Vegetable Oils ( linsed, 

soya, rapeseed etc )
Acrylated Monomers

Glycols, 
Acrylated Monomers

Water, Glycols, esters, 
ketones, Acrylated 

Monomers

ٱ ٶ

Printing Overview
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What is Color?

ٱ ٶ
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Color is the physiological 

perception of an object 

exposed to light

ٱ ٷ

What is Color?
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  No light    −−> no color
Three elements are necessary for perception of color:

1.   Light: emitting energy 

2.   Object: absorbs a part of energy and re-emitting the rest as energy

3.   Receptor: vision allows us to perceive color

ٲ ٰ

What does that mean?
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• Light enters the eye through the 
cornea, iris and lens and is 
imaged onto the retina. 

• Light receptors, cones and 
rods, absorb some of the light 
and generate a signal that is 
interpreted by the brain.  

• Cones are the receptors 
that are responsible for 
color.  

ٲ ٱ

Perceiving Color – Color Vision
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NRD/PG 2011

Electromagnetic Spectrum

NRD 2011

γ−Rays UV IR Radio waves

1m            1km1 cm1 µm1 nm1 Å10-15m
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ٲ ٲ

Describing Color

Lightness: 

 “Attribute by which a perceived color is judged to be equivalent to 
one of a series of grays ranging from black to white.” (ASTM E 284)
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ٲ ٳ

Describing Color

Hue: 

 “Attribute of a visual perception according to which an area 
appears to be similar to one of the colors, red, yellow, green, 
and blue, or to a combination of adjacent pairs of these colors 
considered in a closed ring.” (CIE 17.4)



ŵ| Θ≡ ΘȀ� ☻f Ȁf ≡ Θß‰q | Θċ ‰� ŔȀ‰Θß≡ ☻ů � ċ ‰≡ Θ

ٲ ٳ

Describing Color

Chroma / Saturation: 

 “Attribute of color used to indicate the degree of departure of 
the color from a gray of the same lightness.” (ASTM E 284)
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ٲ ٵ

(CIELAB) L*a*b* Color Space
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ٲ ٶ

CIELAB Color Space

• Two additional coordinates, C* and 
h, are calculated from L*, a* and b*

• Hue, h, is a polar coordinate 
defining a color’s position relative 
to the +a* axis (assigned 0°)

• Chroma, C*, represents a color’s 
distance from the neutral center

• C* is the hypotenuse of the right 
triangle formed by a* and b*

• The hue angle can be determined 
through trigonometry

ø ب мȀΔֵ٭ мרּ
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ٲ ٶ

L*a*b* vs. L*C*h

• L*, a* & b* and L*, C* & h are 
simply two ways of describing 
the position of the same point

• L* = 61.15, a* = 30, b* = 40

• Most of the US tends to prefer using the L*a*b* coordinates

• L* = 61.15, C* = 50, h = 53.13°
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Pigment Properties

As a powder:

Particle size
Specific surface
Oil Absorption
Density
Bulk density
Dry content
pH
Conductivity
Toxicity
Safety properties
Heat stability
Inherent Compatibility

In a medium:

Hue
Chroma
∆E*
∆H*
Color strength 
Transparency
Hiding power
Flow properties
Dispersibility
Stability to flocculation
Heat stability
Fastness to overcoating
Weather resistance
Gloss
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Opacity/Transparency

• ≡ ِّ ΔРم�ס ȀΔ٭ЫȀ�⁯Δ٭�ِّ Δ⁯м٭Рم ȀΔ⁯мȀЫмِّ м٭Ым٭�Ȁ�٭Ȁ�ׂ мȀΔИم�סרּס Ȁ�џȀ
ِّ סֵ ٥ м٭��Ȁ��ȀΔИ��⁯ИȀΔ٭ЫȀ�РΔ��м⁯Ȁּסֵר ׂ �ȀΔ٭ЫȀ�ׂ м⁯мџ�⁯мȀ�ׂ мȀּסֵר ׂ �Ȁ
�⁯Δ٥�٭ ׂ�Ȁ٭�ס��ס ب�⁯ ֵ ׂ Ȁ�ׂ мȀכּ٭ס

• ≡ ِّ Δب‮ мȀِّ סֵ ٥ м٭��ȀРΔ٭ȀИмȀب �мЫȀ٭סȀ�ِّ ��ȀР�ּר�⁯
• ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁِّ סֵ ٥ м٭��ȀΔ⁯мȀب �мЫȀ٭סȀِّ ⁯�Рм��Ȁِّ ֵ٭ס�٭ס⁯
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Illuminant D65
Illuminant F11 (TL84)

Metamerism is the phenomena in which two objects 
seem to have the same color under one light source, but 
different colors under another light source

Metamerism is caused by using different pigment 
chemistry or materials in the paint formulation 

ů м�Δ٥ м٥�ס⁯ Ȁ�٭ȀΔȀ′ ٥ס ب Δ�мЫȀfרּ Δ⁯Ȁ

ٳ ٱ

What is Metamerism?
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Colorants for Inks

ٳ ٱ
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Types of colorants

f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁِّ�רּ� סֵ ٥ м٭�

≡ ⁯ֵ Δס٭РȀ
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭РȀ
ِّ סֵ ٥ м٭�

| џџмР�Ȁ
ِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

≡ ِّ Δب‮ мȀ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

~~~
____
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What is a dye?
What is a pigment?

f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁِّ�רּ� סֵ ٥ м٭�

≡ ⁯ֵ Δס٭РȀ
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭РȀ
ِّ סֵ ٥ м٭�

| џџмР�
ِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

≡ ِّ Δب‮ мȀмџџмР�Ȁ
ِّ סֵ ٥ м٭�

~~~

بרּ��Ȁ�ס ИּרмȀ٭סȀ�ׂ мȀ
Δِّ ِّ Ȁ٥٭�ס�РΔסרּ мЫبס ٥

بרּ��٭סȀ�ס ИּרмȀ٭סȀ�ׂ мȀ
Δِّ ِّ Ȁ٥٭�ס�РΔסרּ мЫبס ٥
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f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁِّ�רּ� סֵ ٥ м٭�

≡ ⁯ֵ Δס٭Р
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭Р
ِّ סֵ ٥ м٭�

| џџмР�
ِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�

ِّ סֵ ٥ м٭�

≡ ِّ Δب‮ м
мџџмР�

ِّ סֵ ٥ м٭�

What is a dye?
What is a pigment?

~~~

~~~~~~~~~~~~~
~

~~
~~

بרּ��Ȁ�ס ИּרмȀ٭סȀ�ׂ мȀ
Δِّ ِّ Ȁ٥٭�ס�РΔסרּ мЫبס ٥

بרּ��٭סȀ�ס ИּרмȀ٭סȀ�ׂ мȀ
Δِّ ِّ Ȁ٥٭�ס�РΔסרּ мЫبס ٥

q م мȀ٥ بмРרּ� мרּ סֵ▬ ٥ м٭�Ȁِّ Δ⁯�סРּרм
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What is a dye?
What is a pigment?

ß���ڭȀڹ ċ ׂ �٥ Δ�Ȁ
′ мֵס ٥ ب Ы٭
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What is Color Index?

ٱȀڬǼڬ▬ ٲ ٶ

ڬǼڬ▬ ٱ ٲ ٶ

סֵ▬ ٥ м٭�Ȁ
Ǽмּق�רּר

ٱ ٲ ٶ �ׂ Ȁ
⁯мֵ м⁯мЫȀȀȀȀȀȀ��ס

م мּق�רּר Ȁ
ِّ סֵ ٥ м٭�

ٳ ٲ ٵ ٰ ٰ

f ׂ м٥ ◙Ȁڭ��ΔרȀРּרРΔּס ب ِّ�٭ס ׂ �ׂ Δּ٭�רм

´ м٭мס⁯РȀΘΔ٥ м f ب�ס��٭� بȀΘ٭�ס� ٥ Им⁯

ٳ ٲ ٵ ٰ ٰ
q м�Δרּס�Ȁ�џȀРׂ м٥ ȀרРΔּס

Р�٥ ِّ ٭�ס�ס��

≡ڬ▬ סֵ▬ ڬ ٥ м٭�Ȁ≡ ⁯Δֵ٭ м
סֵ▬ ڬ☻ڬ▬ ٥ м٭�Ȁ☻мЫ
ŧڬ▬ סֵ▬ ڬ ٥ м٭�Ȁŧ �мרּ�ס
ڬ̂▬ סֵ▬ ڬ ٥ м٭�Ȁ̂ بרּ м
ڬ́▬ סֵ▬ ڬ ٥ м٭�Ȁ́ ⁯мм٭

Ūڬ▬ סֵ▬ ڬ ٥ м٭�ȀŪ ׂ м�ס
ڬ̂▬ סֵ▬ ڬכּ ٥ м٭�Ȁ̂ כΔРּרּ
ڬ̂▬ סֵ▬ ڬ⁯ ٥ м٭�Ȁ̂ ق�⁯ ٭
′ ′ ڬ☻ڬ Ȁ☻мЫ�٭мفרּ�
ڬ
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Color Index (CI)

• РΔ�м�ȀРׂסЫ٭‰ м٥ ب�ס��٭�ȀРרРΔּס ⁯�רּ�ЫȀР٭ȀΔ٭�ס�
• f ׂ ֵ�רּ�٭�⁯ ′ڦȀΔ�Ȁ��סרȀּרРΔּס �Рסм�م Ȁ�џȀq م м�ȀΔ٭ЫȀf ڦ���ס⁯�רּ�
• | ٥�м�ȀРרΔИּ٭ ٥ ب ب�ȀΔИ٭�ס�РΔס٭ �ȀР�ּר�⁯Δ٭��Ȁق ׂ�ס ب� �Ȁب ֵ٭ס� ȀИ⁯Δ٭ЫȀ٭Δ٥ м�
• Θ�Ȁ٭סџ�⁯٥ Δ�٭�סȀ�٭Ȁِّ Δ⁯�סРּרмȀ�لاסмڬȀРم⁯ ��ΔּרȀ��ب⁯ Р�ب ⁯мȀ�⁯Ȁ�ب ⁯џΔРмȀ�⁯мΔ�٥ м٭�Ȁڬ
• ▬⁯�Ыب Р��Ȁ�џȀ�ׂ мȀ�Δ٥ мȀР�ּר�⁯Ȁ٭סЫмل Ȁ٥ Δم Ȁ�ׂ ق� ȀЫסџџм⁯м٭�ȀИмׂ Δסف�⁯Ȁ٭סȀΔ٭ȀΔِّ ِّ ٭�ס�РΔסרּ

Isoindolinone
C. I. Pigment Yellow 110

Diketopyrrolopyrrole – DPP
C. I. Pigment Red 255

N
H

N
HO

O
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C.I.Pigment Violet 19 

Cinquasia®

Red
L 4100 HD

Cinquasia
Violet
L 5120

Mass Tone                   

′ Δ٥ мȀР�ּר�⁯Ȁ٭סЫмل ڑڑ

q ȀΔِّ�٭џџм⁯мס ِّ мΔ⁯Δ٭Рмڬ
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PY 139 Examples

~130 nm

~200 nm

~300 nm

^ ڐȀכΔРּרּ Ȁق ׂ м�ס
ب� И��⁯Δ�м
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ORGANIC
Pigments 

POLYCYCLIC AZO METAL-
COMPLEX 

MONOAZO DISAZO Triaryl-
carbonium Dioxazine 

DPP 

Perinone 
Perylene 

Anthraquinoids 

Isoindoline 
Isoindolinone 

Quinacridone 
Quinophthalone 

Thioindigo 

Acetoacetarylides

Pyrazoloquinazolone 

Benzimidazolone

ß-Naphthol 
Azo Lakes 

Naphthol AS

Condensation Pyrazolone 
Diarylides 

Other
Metal
Complexes

Cu-Phthalo-
cyanine 

Pyrazolones

ٳ ٱ

Organic Pigments
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f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁِّ�רּ� סֵ ٥ м٭�

≡ ⁯ֵ Δס٭РȀ
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭РȀ
ِّ סֵ ٥ м٭�

| џџмР�Ȁ
ِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

≡ ِّ Δب‮ мȀ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

What is the difference between organic and inorganic pigments?

Ȁ٥�ס ΔЫмȀ�џȀ
�ׂ мȀ

мּרм٥ м٭��Ȁ
′ fڬ øڬ ≡ڬ Θڬ

ȀΔȀ٥�ס м�ΔּרȀ
ل� Ымס
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What do they look like under a microscope?

ֵ⁯�٭‰ Δס٭РȀِّ סֵ ٥ м٭�≡ ⁯ֵ Δס٭РȀِّ סֵ ٥ м٭�

Θ��мڭȀȀ≡ мȀׂ٭ ب ٥ Δ٭Ȁׂ Δס⁯Ȁס�ȀΔИ�ب �Ȁٱ ٰ ٰ Ȁ٥ قȀ٭סȀ�٭�⁯Рס ׂ�Ыס Ȁ�⁯Ȁٱ ٰ ٰ ڬٰ ٰ ٰ Ȁ٥٭ ڑ
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Influence of particle size on transparency and opacity

~130 nm

~200 nm

~300 nm

^ ڐȀכΔРּרּ Ȁق ׂ м�ס
ب� И��⁯Δ�м
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Influence of particle size on color strength

~130 nm

~200 nm

~300 nm

f ٭⁯Ȁ��⁯м�רּ� ֵ �ׂ Ȁס�ȀΔȀ
٥ мΔ�ب ⁯мȀ�џȀ�ׂ мȀ
РΔِّ ΔИم�סרּס Ȁ�џȀΔȀР�ּר�⁯Ȁ
ِّ סֵ ٥ м٭�Ȁ��Ȁׂ ΔفмȀΔȀ
Р�ֵּ٭ס⁯�ר ȀмџџмР�Ȁ�٭Ȁ��ׂ м⁯Ȁ
ب� И��Δ٭Рм�ڬȀмֵڬ قȀڬ ׂ мȀ�ס
ِّ Δ��м�ڬ

Ȁċ ׂ мȀ��Δ�м٥ м٭�Ȁ�џȀ
Р�ּר�⁯Ȁ��⁯мֵ٭ �ׂ Ȁ٭סЫסРΔ�м�Ȁ
�ׂ мȀмџџסРסм٭Рم Ȁ�џȀΔȀР�ּר�⁯Ȁ
ِّ סֵ ٥ мڬ�٭
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Property Organic Inorganic

Particle size

Transparency  
Opacity  
Color strength  
Chroma  

ٳ ٵ

How do properties of organic and inorganic pigments relate to particle size?
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Fastness Properties
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Fastness properties
e.g. weatherfastness
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Fastness properties
e.g. weatherfastness
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Fastness properties
e.g. weatherfastness
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Fastness properties
e.g. weatherfastness
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Property Organic Inorganic

Particle size

Transparency  
Opacity  
Color strength  
Chroma  
Fastness properties  

How do properties of organic and inorganic 
pigments relate to particle size?

ٵ ٱ
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Pigments and Performance - Overview
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´ м٭м⁯Δּمרּר
☻Δق Ȁů Δ�мס⁯Δּר�

f ׂ м٥ ′ȀרРΔּס م ׂ�٭ м�ס�

f ٭ס٭�ס�סЫ٭� ֵ ȀڞȀ▬ׂ م רРΔּס�

f ٭ס٭�ס�סЫ٭� ֵ ȀڞȀf ׂ м٥ רРΔּס

ßס٭ס�ׂ ٭ס ֵ

ٵ ٳ

Pigment Manufacture
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Synthesis
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Chemical and Physical Conditioning
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Finishing
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Organic Pigments - Auxochromes

• ´ ب�⁯ ِّ �Ȁق ׂ Рׂס Ȁмׂ٭ Δ٭РмȀР�ּר�⁯ȀΔ⁯мȀ⁯мџм⁯⁯мЫȀ��ȀΔ�Ȁ� ب ل �Рׂ ⁯�٥ м�ȀږΔب ل �Ȁڱ Ȁ
ȀڗР⁯мΔ�м٭ס

• ′ ب И��ب�ס ֵ٭ס� ȀفΔب�ס⁯ �Ȁֵ ب�⁯ ِّ �Ȁџ�⁯Ȁ�ׂ мȀׂ م Ы⁯�ֵ м٭ȀΔ��٥ �Ȁ�٭ȀΔ⁯�٥ Δ�סРȀֵ٭ס⁯ �ȀΔּר��Ȁ
Р�ס⁯�٭Иب �м�Ȁ��Ȁ�ׂ мȀР�ּר�⁯Ȁ�џȀ�ׂ мȀِّ סֵ ٥ мڬ�٭ȀȀċ ׂ м�мȀֵ ب�⁯ ِّ ب�Ȁڬ� Рׂ ȀΔ�Ȁڢ f ڢȀڬרּ f ø ٲ ȀڞȀڬ
Θ≡ ٱ ب��סȀЫڬ ⁯ИȀ�ׂ мȀмּרмР�⁯�ס٭РȀ��ب⁯ Р�ب ⁯мȀ�џȀΔ⁯�٥ Δ�סРȀР�٥ ِّ ب� ׂ�Ȁڭ�Ы٭ мȀ
Ыס⁯��סИب قȀ�џȀΔИ��⁯ИмЫȀ٭�ס� Δفмּרмֵ٭ �ׂ �Ȁס�Ȁ�ׂ ب�⁯Ȁ⁯м�רּ�ȀР�٭џџм⁯мסЫȀΔȀЫ٭џ�мЫȀΔס Ȁڬ��רּ

• ´ ب�⁯ ِّ �Ȁ٭סРּبר Ымڭ
• � ٥ �٭ס
• � مכּרּ Δ٥רּ �٭ס
• q مכּרΔּס Δ٥רּ �٭ס
• ø م Ы⁯�ل م
• ů м�ׂ ل� م
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Organic Pigments:  Auxochromes

N

N
O

O

H

H

Pigment Violet 19

Pigment Red 122

NH

NH CO

COCl

Cl

Pigment Red 202
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Polymorphism
Arrangement of a molecule can be different in the crystal lattice. This leads to 
different pigments with different colour and performance :

◙ ب ŧ▬ڛмȀ٭�Ыס⁯ΔР٭ס ٱ ٷ ڛ

β form – reddish violet γ form – bluish violet

f ب ׂ▬ڞ �ׂ Δּר�Рم Δ٭ס٭мȀڛ▬̂ ٱ ٳ ڛ

▬̂ ٱ ٳ ٱڭ Ȁ��ΔИڬڬȀαȀ⁯мЫЫס�ׂ �Ȁ�џџ�мڬ

▬̂ ٱ ٳ ٱڭ Ȁ��ΔИڬڬȀαȀ⁯мЫЫס�ׂ Ȁِّڬ Δ٭ס��

▬̂ ٱ ٳ ٲڭ ȀβȀֵ ⁯ммס٭�ׂ ڐȀ�כּ٭סȀڬ Ȁِّ �Рס��Δרּ

▬̂ ٱ ٳ ٳڭ Ȁ��ΔИڬڬȀβȀֵ ⁯ммס٭�ׂ Ȁِّڬ ΔРּڬכȀכּ٭ס�Ȁڐ Ȁِّ Δ٭ס��

α form – reddish blue β form – bluish violet

ٶ ٰ

Pigment Crystallography

� ׂ��٭ м⁯Ȁмل Δ٥ ِّ ڬмרּ



ŵ| Θ≡ ΘȀ� ☻f Ȁf ≡ Θß‰q | Θċ ‰� ŔȀ‰Θß≡ ☻ů � ċ ‰≡ Θ

Particle Size
Crystal shape and size can be manipulated by both physical and chemical methods 
employed during the stages of manufacture and will play a key role in the end 
properties of the pigment.   Electron Micrographs

▬⁯�Ыب Р��ȀΔ⁯мȀ�ׂ мȀ�Δ٥ мȀР�ּר�⁯Ȁ٭סЫмل ڑ
ٶ ٱ

Pigment Crystallography
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▬Δ⁯�סРּרмȀ′ мلاס

q ِّ�ס м⁯�סИم�סרּס

≡ ِّ ΔРم�ס

ßΔ��٭м��

f ′⁯Ȁ�רּ� �⁯м٭ ֵ �ׂ

´ ���רּ

ċ ⁯Δ٭�ِّ Δ⁯м٭Рم

כּ٭‰ Ȁŧ م�ס��Р�ס ٶ ٱ

Pigment Crystallography
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▬Δ⁯�סРּרмȀ′ ЫȀf٭мȀΔلاס �Рס��ס⁯�רּ�

ø סֵ ׂ м⁯ f ′⁯Ȁ�רּ� �⁯м٭ ֵ �ׂ Ŕ�ق м⁯

ċ ⁯Δ٭�ِّ Δ⁯м٭�ȀȀȀȀȀȀċ ⁯Δ٭�ِّ Δ⁯м٭Рم ȀȀȀȀȀȀȀȀȀȀȀȀ ≡ ِّ Δب‮ м

Greenish Cyan Reddish

Greenish Yellow Reddish

Yellowish Magenta Bluish

ٲٶ

Pigment Crystallography
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▬Δ⁯�סРּרмȀ′ ׂ▬ЫȀ٭мȀΔلاס م ِّ�⁯▬ȀרРΔּס� м⁯�סм�

Greenish Cyan Reddish

Greenish Yellow Reddish

Yellowish Magenta Bluish

Higher

ø סֵ ׂ м⁯ ☻ׂ м�ּר�ֵ م Ŕ�ق м⁯

Ŕ�ق м⁯ q ب ⁯ΔИم�סרּס ø סֵ ׂ м⁯ ٳٶ

Pigment Crystallography
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Effect Pigments

ٶ ٳ
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ٶ ٵ

What is the difference between color and effect pigments?
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ٶ ٶ

What is the difference between color and effect pigments?

f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁِّ�רּ� סֵ ٥ м٭�

≡ ⁯ֵ Δס٭РȀ
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭РȀ
ِّ סֵ ٥ м٭�

| џџмР�Ȁِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁِّ סֵ ٥ м٭�

≡ ِّ Δب‮ мȀмџџмР�Ȁ
ِّ סֵ ٥ м٭�

____

⁯⁯мֵסȀ٭ȀΔ�ס ب Δ⁯Ȁِّרּ Δ⁯�סРּרм мכΔּרȀΔȀџּ�ס
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ٶٶ

What is the difference between color and effect pigments?

ø мּסר�ֵ мڹ٭Ȁ
^ بרּ мȀŔȀٶ ٱ ٰ ٱ ȀßȀȀȀȀȀȀ
̂▬ڛ Ȁٱ ٳ ٳڭ ڛ

Ŕب ٥ ȀڹΔ٭ס
م�☻ ΔּרȀ| ل Ȁڬ�
^ بרּ мȀٵ ٶ ٰ ٲ ø Ȁ
fڛ �Δ�мЫȀ
٥ ڗРΔס
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ٶ ٷ

What is the structure of effect pigments?

f �٭⁯Δ�רּ�

q م м סֵ▬ ٥ м٭�

f ⁯Ȁ�רּ�
ِّ סֵ ٥ м٭�

≡ ⁯ֵ Δס٭РȀ
ِّ סֵ ٥ м٭�

ֵ⁯�٭‰ Δס٭РȀ
ِّ סֵ ٥ м٭�

| џџмР�Ȁ
ِّ סֵ ٥ м٭�

ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

≡ ِّ Δب‮ мȀ
мџџмР�Ȁ

ِّ סֵ ٥ м٭�

____

ċ ⁯Δ٭�ِّ Δ⁯м٭�ȀИΔ�мȀ٥ږ РΔȀ�⁯Ȁֵס Ȁڗ��Δרּ
Р�Δ�мЫȀق ׂ�ס Ȁ�ס�Δبס٭ ٥ ȀЫل�ס Ымס

≡ ِّ Δب‮ мȀИΔ�мȀږΔּبר ٥ ب٭ס ٥ ِّڬڗ مרИּס��� Ȁ
Р�Δ�мЫȀق ׂ�ס Ȁ٭�⁯סȀ�ل Ымס
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ċ ⁯Δ٭�ِّ Δ⁯м٭�Ȁ
мџџмР�Ȁِّ סֵ ٥ м٭�

☻мџּרмР�٭�סȀΔ٭ЫȀ�⁯Δ٥�٭ ٭�ס��ס

≡ ِّ Δب‮ мȀмџџмР�Ȁ
ِّ סֵ ٥ м٭�

☻мџּרмР�٭�סȀΔ٭ЫȀِّ مרИּס��� Ȁ
ΔИ��⁯ِّ ٭�ס�

ٶ ٰ

How do effect pigments function?
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ٶ ٱ

Transparent effect pigments
e.g. based on mica

• ßּרΔּכмȀџ�⁯٥ ȀΔџ�м⁯Ȁֵ ֵ٭סЫ٭ס⁯
• ċ ⁯Δ٭�ِّ Δ⁯мڬ�٭Ȁּق�ר Ȁ⁯мџ⁯ΔР�فסмȀ٭סЫмل
• ȀΔِّ٭סмȀרИּס�סف٭‰ ِّ Ȁ٥٭�ס�РΔסרּ мЫبס ٥
• � ЫЫ٭�ס�סΔּרȀР�Δ�ֵ٭ס Ȁ٭мРм��Δم⁯

 мֵڬ ׂ�Ȁڬ مΔרȀּ٭ס м⁯Ȁ�џȀċ ≡ס ٱ
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ٶ ٱ

Transparent effect pigments
Influence of coating thickness

Gold Red Blue Green
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ٶ ٲ

Thickness of layer determines the interference color
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ٶ ٳ

Opaque effect pigments – aluminum

• ŧ ΔРب ب ٥ ٥ڞ м�ΔּلاסרּרмЫȀ�⁯Ȁ▬⁯м��ب ⁯мȀŧ Δِّ �⁯Ȁq мِّ Ȁِّ٭�ס�ס�� סֵ ٥ м٭��
• � بרּ ٥ ب٭ס ٥
• ů ب‮סŔڦЫȀ٭⁯ȀмџџмР��ȀΔ�⁯⁯ס ЫȀůס м�Δּڦר мџџмР��Ȁڞ
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ٶ ٳ

Opaque effect pigments – coated aluminum

• Δּبר ٥ ب٭ס ٥ ȀР�Δ�мЫȀق ׂ�ס Ȁ٭�⁯סȀ�ل Ымס
• f م�ڞмכΔּרџּ٭⁯� ِّ м�Ȁڱ Ȁ′ �Δ٭ЫΔ⁯Ы
• ′ م�ڞ⁯Δרּרּ�м⁯Ыفרּס ِّ м�Ȁڱ Ȁׂ סֵ ׂ м⁯ȀИסרּרּס⁯Δ٭РмȀИмРΔب �мȀ�џȀ�٥ ���ׂ м⁯Ȁ�ب ⁯џΔРм

f م�ڞмכΔּרџּ٭⁯� ِّ м ′ م�ڞ⁯Δרּרּ�м⁯Ыفרּס ِّ м
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ٶ ٵ

Effect Pigment Key Points

• ′ مרּ٭�Ȁ٭ס⁯Ȁס� ڑ
• ø סֵ ׂ Ȁ�ׂ мΔ⁯Ȁ٥ لס ֵ٭ס Ȁق ׂ�ס Ȁ٥ мЫסΔȀ�⁯Ȁٲ Ȁ⁯�ּרּרȀ٥ قȀ�רּרּס م�⁯��ȀЫмרּרּס Ȁ�ׂ мȀмџџмР�ڑ
• ´ м٭м⁯Δּمרּר ȀרּڦΔ⁯ֵ мڦ Ȁِّ Δ⁯�סРּרмȀ�لاסмȀږ⁯мּרΔ�فסмȀ��Ȁ��Δ٭ЫΔ⁯ЫȀڗ�כּ٭ס
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Fluorescent Pigments

ٶ ٶ
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Daylight Fluorescent-Defined

• Ŕֵס ׂ �Ȁ�џȀ�ׂ �⁯�Ȁق Δفмּרмֵ٭ �ׂ ׂ�סȀмڬ� м⁯Ȁب ֵ٭�רΔ�мЫȀΔ�Ȁּס⁯ΔЫڞЫȀ⁯м٭ȀΔИ��⁯ИмЫȀΔ�סȀڬмרИּס�סفм�Ȁ�⁯Ȁרּ�סف⁯Δ�רּ м⁯Ȁ
ق Δفмּרмֵ٭ �ׂ ׂ�Ȁڭ� мȀ⁯мڞм٥ بȀ�РР٭�ס��ס ⁯�Ȁق ׂ�ס ׂ�Ȁ٭ס мȀס�סفИּרмȀ⁯мֵ ׂ�Ȁ�џȀ٭�ס мȀ�ِّ мР�ب⁯ ٥ ȀΔ٭ЫȀР�٭�мب‮ мمרּ�٭ Ȁס�Ȁ
٥ Δס٭џм��мЫȀΔ�ȀР�ּר�⁯

• ċ م ِّ مרּרРΔּס Ȁٱڴ ٰ ٰ ǊȀ⁯мџּרмР�Δ٭Рм
• ▬мΔּכȀмل Рס�Δ�٭�סȀٳ ٶ ٰ ٥٭ ٳڞ ٶ ٰ ٥٭
• ▬мΔּכȀм٥ ٳȀ٭�ס��ס ٱ ٰ ٥٭ ٵڞ ٱ ٰ ٥٭
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ٶ ٷ

Visual Model 

Ĥּר�⁯ΔȀŧ м�Ȁרּ�ס

ŧ мרИּס�ס
☻мڞм٥ мȀ⁯мֵרИּס�סفȀ٭סȀ٭�ס��ס Ȁֵڭ٭�ס ⁯мΔ�м⁯Ȁ�ׂ Δ٭Ȁ
ٱ ٰ ٰ ǊȀ☻мџּרмР�Δ٭РмȀٳڛ ٱ ٰ ٥٭ ٵڞ ٱ ٰ ٥٭ ȀȀċڬڗ ׂ Ȁ�סȀ�ס
ق ׂ م Ȁ�ׂ мم ȀΔِّ ِّ мΔ⁯ȀڦИ⁯ֵס ׂ �мڦ⁯ Ȁ�⁯Ȁџּبר �⁯м�Рм٭�

′ ׂ �⁯�м⁯ȀŪ Δفмּרмֵ٭ �ׂ �
ٳ ٶ ٰ ٥٭ ٳڞ ٶ ٰ ٥٭
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Fluorescent Pigment Technology-Chemistry

• مרּ�▬ ٥ м⁯
• ů мּרΔ٥ ⁯٥�ßڞм٭ס ΔּרЫмׂ م Ымڞ′ ب Δ٥٭�џרּ ůڛЫмȀס ß′ ڛ
• ^ мلا٭�ֵ ب Δ٭Δ٥ ⁯٥�ßڞм٭ס ΔּרЫмׂ م Ым
• مרּ�▬ м��м⁯
• مרּ�▬ Δ٥ Ымס
• � Рم⁯ Рסרּ

• ßּبר �⁯м�Рм٭�Ȁq م м�
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Fluorescent Pigment Manufacturing Technology

• ^ ب مרּ�▬Ȁכּרּ Р�٭Ым٭�Δ�٭�ס
• ′ ب �ِّ м٭�ס�٭Ȁ▬�ּمר ٥ мلاס⁯Δ�٭�ס
• | ٥ ب مרּ�▬Ȁ٭�ס�רּ ٥ мلاס⁯Δ�٭�ס
• f ≡Ȁ٭�ס�⁯Δ�רּ� РРب ⁯�Ȁq ب ֵ٭ס⁯ Ȁ▬�ּمר ٥ мلاס⁯Δ�٭�ס
• Θ��Ȁ� џ�м⁯Ȁ▬�ּمר ٥ м⁯Ȁס�Ȁß�⁯٥ мЫ
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Fluorescent Pigment Manufacturing Technology

• ^ ب مרּ�▬Ȁכּרּ Р�٭Ым٭�Δ�٭�ס
• � ЫЫȀ☻Δق Ȁů Δ�мס⁯Δּר�Ȁċ�Ȁŧ м��мּר
• ů لס ȀΔ٭ЫȀø мΔ�
• ů بмРרּ� Δ⁯ȀŪרּ мֵס ׂ �Ȁڐ Ȁŧ م�ס��Р�ס Ȁ̂ ب Ыרּס
• ب�▬ ⁯Ȁ≡ ب �Ȁ≡ џȀŧ м��мּרȀΔ٭ЫȀŔм�Ȁ′ مџסЫסרּ�
• ≡ ِّ Ȁ▬���ȀfרΔּ٭�ס� ب ֵ٭ס⁯
• ů ب�Ȁß⁯ΔР��٭‰Ȁרּרּס ⁯мЫȀ▬Δ⁯�סРּרм
• ċ م ِّ ′ȀרРΔּס �џ�мֵ٭ס٭ Ȁ▬�٭ס�Ȁٶ ٰ ڢ ٱ ٱ ٰ ȀЫмֵ Ȁf
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ٷ ٲ

Production 



ŵ| Θ≡ ΘȀ� ☻f Ȁf ≡ Θß‰q | Θċ ‰� ŔȀ‰Θß≡ ☻ů � ċ ‰≡ Θ

Fluorescent Pigment Manufacturing Technology

• ′ ب �ِّ м٭�ס�٭Ȁ▬�ּمר ٥ мلاס⁯Δ�٭�ס
• ′ �Δ⁯�ȀŪ ׂ�ס ȀΘ�ڞ٭☻мΔР�فסмȀŔب‮ס Ыס
• � ЫЫȀ☻Δق Ȁů Δ�мס⁯Δּڬ�רȀů لס ȀΔ٭ЫȀø мΔ�
• ů بмРרּ� Δ⁯ȀŪרּ мֵס ׂ �Ȁ̂ ب Ȁŧڬ�Ыרּס م�ס��Р�ס Ȁq �м�ڥ٭�
• ßרּס�м⁯ȀΔ٭ЫȀq م⁯
• ′ ِّ ׂ мס⁯РΔּרȀ▬Δ⁯�סРּרм�Ȁ
• f �٥ ِّ مרм�мּרּ Ȁf ȀůڬмЫכּ٭סרּ���⁯ ���Ȁ‰٭м⁯�
• q мР�٥ ِّ ٱȀ�٭ס�▬Ȁ٭�ס�ס�� ٷ ٰ ȀЫмֵ Ȁf
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Fluorescent Pigment Manufacturing Technology

• | ٥ ب مרּ�▬Ȁ٭�ס�רּ ٥ мلاס⁯Δ�٭�ס
• ′ �Δ⁯�ȀŪ ׂ�ס ȀΘ�ڞ٭☻мΔР�فסмȀŔب‮ס Ыס
• � ЫЫȀ☻Δق Ȁů Δ�мס⁯Δּר�
• ß⁯ммȀ☻ΔЫסРΔּרȀf Δ�Δּمר |Ȁڬ�ס� ل ��ׂ м⁯٥ Рס
• ů بмРרּ� Δ⁯ȀŪרּ мֵס ׂ �Ȁ̂ ب Ȁŧڬ�Ыרּס م�ס��Р�ס Ȁq �м�ȀΘ��
• ′ ِّ ׂ мס⁯РΔּרȀ▬Δ⁯�סРּרм�ڬȀċ م ِّ مרּרРΔּס Ȁ′ ب И٥ ٭�⁯Рס
• Ŕب‮ס ЫȀ́ס м��ȀĤ�мЫȀ� �Ȁ‰�
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Fluorescent Pigments-Product Types

• ^ ب مרּ�▬Ȁכּרּ Р�٭Ым٭�Δ�٭�ס
• ů ß′ Ȁ
• مרּ�▬ м��м⁯
• مרּ�▬ Δ٥ Ымס

• ′ ب �ِّ м٭�ס�٭Ȁ▬�ּمר ٥ мلاס⁯Δ�٭�ס
• ^ мلا٭�ֵ ب Δ٭Δ٥ м٭ס

• | ٥ ب مרּ�▬Ȁ٭�ס�רּ ٥ мلاס⁯Δ�٭�ס
• � Рم⁯ Рסרּ
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Fluorescent Pigments-Product Types

• ☻м�ب ≡Ȁ٭סȀ��רּ м⁯Ȁċف ق мּفרмȀq �м٭סȀŔ�٭џџм⁯мס
• q م⁯ Ȁ▬ֵס ٥ м٭��

• Ū Δ�мڬ⁯Ȁ′ Р�Ȁůס��Δרּ▬Ȁڬ�٭мفרּ� мּڬ٭‰ڞ�רȀΘ�ڞ٭ů סֵ ⁯Δ�ֵ٭ס
• ′ بרּ� ИּרмȀċ�٭м⁯�

• ′ بרּ� ИּרмȀ٭סȀ| ׂ�ס м⁯ȀŪ Δ�м⁯Ȁ�⁯Ȁ′ ′Ȁ�٭мفרּ� م ��м٥ �
• Ū Δ�м⁯̂ڞΔ�мЫȀq ِّ�ס м⁯�٭�ס�
• Ȁ̂כּ٭‰ Δ�м�Ȁџ�⁯Ȁf Ȁ�⁯ȀĤŧרΔּ٭�ס�٭мف٭� Ȁ≡ џџ�м�
• Ŕب‮ס ЫȀŧס م٭ס Ȁfרּ ��٭⁯Δ�רּ�
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Fluorescent Pigments-Applications

• ▬Δ٭ס��
• ق�▬ Ым⁯Ȁf �Δ�ֵ٭ס �
• �כּ٭‰
• �Рס��Δרּ▬
• ċмل �мרּס�
• ≡ �ׂ м⁯
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Fluorescent Pigments For Inks

• Ŕס�ׂ �ֵ ⁯Δِّ ׂ �כּ٭‰РȀס
• f ЫȀĤŧ٭ȀΔרΔּ٭�ס�٭мف٭�

• ßּרмل �Ȁ‰כּ٭�
• Ū Δ�мڬ⁯Ȁ′ ЫȀĤŧ٭ȀΔ�٭мفרּ�

• ´ ⁯Δبف ⁯мȀ‰כּ٭�
• Ū Δ�мڬ⁯Ȁ′ �٭мفרּ�

• q סֵ �כּ٭‰ȀרΔּ�ס
• ′ �٭мفרּ�
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Fluorescent Pigments: 
Many Chemistries + Applications

• ^ ⁯�ΔЫȀ☻Δֵ٭ мȀ�џȀf ׂ м٥ ċмРׂڝ�мס⁯��ס ֵ�רּ�٭ �мס
• ů Δم٭ Ȁ� ِّ ِّ �٭�ס�РΔסרּ
• ‰�Ȁ‰�Ȁ‰٥ ِّ �⁯�Δ٭�Ȁċ�Ȁ′ мּרмР�Ȁċ ׂ мȀ☻ֵס ׂ �Ȁ▬⁯�Ыب Р�Ȁß�⁯Ȁ

ċ ׂ мȀ� ِّ ِّ ٭�ס�РΔסרּ
• ≡ ′мȀ٭ мȀqلاס �м�ȀΘ��Ȁßס�Ȁ� רּרּ
• ′ مרּ٭�Ȁ٭סڞ⁯ס� ڑ
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How are colorants used in 
inks?

ٱ ٰ ٱ
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ٱ ٰ ٱ

How do you make sure the pigment sticks to the substrate?

סֵ▬ ٥ м٭�

q ِّ�ס м⁯�ֵ٭ס ȀΔֵ мڬ�٭Ȁ
☻м�ڬ٭סȀ� ЫЫفס�סмڬڬڬڬ

q ِّ�ס м⁯�٭�סȀِّ ⁯�Рм��ڬȀ
мֵڬ ⁯мفרּ���סȀЫڬ

סֵ▬ ٥ м٭�Ȁِّ Δ��мڬ
f �Δ�ֵ٭ס ȀڝȀ‰כּ٭

סֵ▬ ٥ м٭�
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Pigment

Insoluble Particles
Fine Powder
Coarse Powder-SG
Granules
Presscake

,

Pigment
Preparations

Insoluble Particles,
Soluble Binder

Liquid
Dispersions

Insoluble Particles,
Dispersion Agent
( Soluble Binder )
Stable Dispersion 
Includes flushes

Dyes

Molecular
Distribution

Soluble Particles

ٱ ٰ ٲ

Product Forms
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ٱ ٰ ٳ

Dispersion process

Agglomerates

White reductions of the 
dispersed blue pigment 
at different stages of 
the dispersing process:

Dispersing time

Dispersing energy

‰ЫмΔּרȀЫס�ِّ м⁯�٭�ס
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Dispersing with a dissolver
Dissolver

Zones with 
max. 
shearing 
force

Dissolver

| м⁯ֵ٭ م
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ٱ ٰ ٵ

Dispersing with a dissolver
Dissolver

Zones with 
max. 
shearing 
force

Dissolver

| м⁯ֵ٭ م

Ȁ| Δ�م Ȁ��ȀЫס�ِّ м⁯�м
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Dispersing with a dissolver
Dissolver

Zones with 
max. 
shearing 
force

Dissolver

| м⁯ֵ٭ م

Ȁq بРסџџס ِّ�סȀ��ȀЫ�רּ м⁯�м
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ٱ ٰ ٶ

Types of Dispersing Equipment

• ů мЫסΔȀů �רּרּס
• ø רΔּ�٭�لاס⁯�
• ŧ м⁯�סРΔּר
• ^ Δ�ּכм�

• ٲ Ȁ☻�ּרּרȀů �רּרּס
• f Δ٭ȀИмȀب �мЫȀ٭סȀР�٥ И٭סΔ�٭�ס

Courtesy of Buhler

ø Ȁ٥רΔּ�٭�لاס⁯� мЫסΔȀ٥ רּרּס

ٲ Ȁ⁯�ּרּרȀ
٥ רּרּס
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ٱ ٰ ٷ

The pigment model (DIN 53206)

٥ס⁯▬ Δم⁯ Ȁِّ Δ⁯�סРּרм ′ мР�٭ЫΔم⁯ Ȁِّ Δ⁯�סРּרм
f م⁯ ��Δּר

f ٍّظی �Δ��ֵ �Нٍّ ǌ

� ֵ ֵ ⁯мֵ Δ�м�

f ٍّظی �Δ�ٍّ

� ֵ ֵ ٥�רּ м⁯Δ�м�

f ٍّظی �Δ�ٍّ

f ٍّظی �Δ�
� щщیНщΔ�Н

� щщیНщΔ�Нٍّ

‰ЫмΔּרȀЫס�ِّ м⁯�٭�ס
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Property Organic Inorganic

Particle size

Transparency  
Opacity  
Color strength  
Chroma  
Fastness properties  
Dispersibility  

ٱ ٱ ٰ

How do properties of organic and inorganic pigments relate to particle size?
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Pigment Preparations

ٱ ٱ ٱ
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Pigment

Insoluble Particles
Fine Powder
Coarse Powder-SG
Granules
Presscake

,

Pigment
Preparations

Insoluble Particles,
Soluble Binder

Liquid
Dispersions

Insoluble Particles,
Dispersion Agent
( Soluble Binder )
Stable Dispersion 
Includes flushes

Dyes

Molecular
Distribution

Soluble Particles

ٱ ٱ ٱ

Product Forms
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What are pigment preparations?
• סֵ▬ ٥ м٭�Ȁِّ ⁯мِّ Δ⁯Δ�٭�ס�ȀΔ⁯мȀِّ ⁯мڞЫס�ِّ м⁯�мЫȀِّ סֵ ٥ м٭��Ȁ٭סȀ��ּסרЫȀ�⁯Ȁּب‮סר م⁯мفסרЫȀЫмּס Ȁџ�⁯٥
• Θ�⁯٥ ΔּڬمרּרȀِّ סֵ ٥ м٭�Ȁِّ ⁯мِّ Δ⁯Δ�٭�ס�ȀΔ⁯мȀ٥ ِّڞ�٭� סֵ ٥ м٭�мЫ

ΔЫЫ ⁯ס��

⁯м
ΔЫ

Ȁم
��

Ȁ
�ب

м
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ٱ ٱ ٳ

Properties of preparations

• Θ�ڞ٭Ыب ֵ٭ס��
• | Δ�م Ȁ��ȀЫ��м
• | Δ�م ȀΔ٭ЫȀب‮ ِّ⁯�Р٭סȀכРּס �⁯Δ�٭�ס
• ßΔ��ȀΔРׂ м٥فмס м٭�Ȁ�џȀР�ּר�⁯Ȁ��⁯мֵ٭ �ׂ ȀΔ٭ЫȀРׂ ⁯�٥ Δ

q م⁯ Ȁ▬ֵס ٥ м٭� ▬⁯мِّ Δ⁯Δ�٭�ס
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ٱ ٱ ٳ

Benefits of Preparations

• ø סֵ ׂ ȀмџџסРסм٭Рم
• ø סֵ ׂ Ȁب‮ Δּم�סר ȀΔ٭ЫȀ⁯мِّ ⁯�Ыب РסИم�סרּס
• ☻мЫب Р�٭�סȀ�џȀЫס�ِّ м⁯�٭�סȀب��ס м�
• Θ�ȀР�ּר�⁯ȀΔЫּبג ��٥ м٭�Ȁ٭мРм��Δم⁯
• | ل Рмּרּרм٭�ȀР�⁯⁯мּרΔ�٭�סȀИм�ق мм٭ȀּרΔИȀΔ٭ЫȀِّ ⁯�Ыب Р�٭�ס
• ßΔ��ȀР�ּר�⁯ȀРׂ Δֵ٭ м�Ȁِّ мרИּס���
• Θ�Ȁֵ ֵ٭סЫ٭ס⁯ Ȁмب‮ ِّס ٥ м٭�Ȁ٭ммЫмЫ
• f ���Ȁ⁯мЫب Р�٭�סȀ٭סȀِّ ⁯�Ыب Р�٭�ס 
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Key takeaways for ink 
formulators

ٱ ٱ ٵ
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ٱ ٱ ٶ

What if you are asked to develop an ink?

• Ū ׂ Δ�Ȁب‮ м��٭�ס�ȀЫ�Ȁم ب� ȀΔ�ּړכ
• ø ق� ȀЫ�Ȁم ب� ȀРׂ ���мȀΔȀِّ סֵ ٥ м٭�Ȁџ⁯�٥ Ȁׂ ب ׂ�Ы⁯мЫ�Ȁ�⁯Ȁ٭ ب� �Δ٭Ы�Ȁ�џȀРׂ ړ�Рмס�
• Ū ׂ Δ�ȀЫ�Ȁم ب� Ȁ٭ммЫȀ��ȀР�ס�٭Ымړ⁯



ŵ| Θ≡ ΘȀ� ☻f Ȁf ≡ Θß‰q | Θċ ‰� ŔȀ‰Θß≡ ☻ů � ċ ‰≡ Θ
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Initial questions

• Ū ׂ Δ�Ȁf لЫм٭‰⁯Ȁ�רּ� ړ
• f ِّ�⁯Ȁ�רּ� ΔРмړ
• Ū мΔ�ׂ м⁯ȀΔ٭ЫȀּסֵר ׂ �џΔ��٭м��Ȁ⁯мب‮ ⁯м٥ס мړ��٭
• ☻мֵ ب م⁯��Δרּ Ȁ⁯мب‮ ⁯м٥ס мړ��٭

• ▬� � Ȁ٥ס⁯▬ڛ Δم⁯ Ȁ� ⁯�٥ Δ�סРȀ� ٥ ڗ�м٭ס
• ø мΔمف Ȁ٥ м�Δּר�

• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀכּ٭סȀ�م ��м٥ ړ
• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀِّ ֵ٭ס�٭ס⁯ Ȁِّ ⁯�Рм��ړ
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What is Color Index?

ٱȀڬǼڬ▬ ٲ ٶ

ڬǼڬ▬ ٱ ٲ ٶ

סֵ▬ ٥ м٭�Ȁ
Ǽмּق�רּר

ٱ ٲ ٶ �ׂ Ȁ
⁯мֵ м⁯мЫȀȀȀȀȀȀ��ס

م мּق�רּר Ȁ
ِّ סֵ ٥ м٭�

ٳ ٲ ٵ ٰ ٰ

f ׂ м٥ ◙Ȁڭ��ΔרȀРּרРΔּס ب ِّ�٭ס ׂ �ׂ Δּ٭�רм

´ м٭мס⁯РȀΘΔ٥ м f ب�ס��٭� بȀΘ٭�ס� ٥ Им⁯

ٳ ٲ ٵ ٰ ٰ
q м�Δרּס�Ȁ�џȀРׂ м٥ ȀרРΔּס

Р�٥ ِّ ٭�ס�ס��

≡ڬ▬ סֵ▬ ڬ ٥ м٭�Ȁ≡ ⁯Δֵ٭ м
סֵ▬ ڬ☻ڬ▬ ٥ м٭�Ȁ☻мЫ
ŧڬ▬ סֵ▬ ڬ ٥ м٭�Ȁŧ �мרּ�ס
ڬ̂▬ סֵ▬ ڬ ٥ м٭�Ȁ̂ بרּ м
ڬ́▬ סֵ▬ ڬ ٥ м٭�Ȁ́ ⁯мм٭

Ūڬ▬ סֵ▬ ڬ ٥ м٭�ȀŪ ׂ м�ס
ڬ̂▬ סֵ▬ ڬכּ ٥ м٭�Ȁ̂ כΔРּרּ
ڬ̂▬ סֵ▬ ڬ⁯ ٥ м٭�Ȁ̂ ق�⁯ ٭
′ ′ ڬ☻ڬ Ȁ☻мЫ�٭мفרּ�
ڬ
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Initial questions

• Ū ׂ Δ�Ȁf لЫм٭‰⁯Ȁ�רּ� ړ
• f ِّ�⁯Ȁ�רּ� ΔРмړ
• Ū мΔ�ׂ м⁯ȀΔ٭ЫȀּסֵר ׂ �џΔ��٭м��Ȁ⁯мب‮ ⁯м٥ס мړ��٭
• ☻мֵ ب م⁯��Δרּ Ȁ⁯мب‮ ⁯м٥ס мړ��٭

• ▬� � Ȁ٥ס⁯▬ڛ Δم⁯ Ȁ� ⁯�٥ Δ�סРȀ� ٥ ڗ�м٭ס
• ø мΔمف Ȁ٥ м�Δּר�

• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀכּ٭סȀ�م ��м٥ ړ
• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀِّ ֵ٭ס�٭ס⁯ Ȁِّ ⁯�Рм��ړ
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C.I.Pigment Violet 19 

Cinquasia
Red

L4100 HD

Cinquasia
Violet
L5120

Mass Tone                   



ŵ| Θ≡ ΘȀ� ☻f Ȁf ≡ Θß‰q | Θċ ‰� ŔȀ‰Θß≡ ☻ů � ċ ‰≡ Θ

ٱ ٱ ٱ

Initial questions

• Ū ׂ Δ�Ȁf لЫм٭‰⁯Ȁ�רּ� ړ
• f ِّ�⁯Ȁ�רּ� ΔРмړ
• Ū мΔ�ׂ м⁯ȀΔ٭ЫȀּסֵר ׂ �џΔ��٭м��Ȁ⁯мب‮ ⁯м٥ס мړ��٭
• ☻мֵ ب م⁯��Δרּ Ȁ⁯мب‮ ⁯м٥ס мړ��٭

• ▬� � Ȁ٥ס⁯▬ڛ Δم⁯ Ȁ� ⁯�٥ Δ�סРȀ� ٥ ڗ�м٭ס
• ø мΔمف Ȁ٥ м�Δּר�

• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀכּ٭סȀ�م ��м٥ ړ
• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀِّ ֵ٭ס�٭ס⁯ Ȁِّ ⁯�Рм��ړ
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Gravure Flexo Lithography Screen Digital

Typical 
Print Speeds

Up to 600 m/min ~ 450 m/min 600-700 ( heatset )
15000-18000 iph (SF)

100 m/min ( rotary ) 30-100 m/min
( state of art )

Typical Ink 
Viscosities

20-25 secs Zahn 2
0.05 – 0.2 Pa.s 

20-25 secs Zahn 2
0.05 – 0.5 Pa.s

40-100 Pa.s 1 – 5 Pa.s ( flatbed )
Lower for rotary

6-15 mPa.s solvent/UV
2-5 mPa.s aqueous

Typical Wet 
Film Thickness ( µm )

7 – 15 3 – 7 0.5 – 2 8 – 30 6 – 12
( multiple passes )

Typical 
Particle Size

< 8µm < 4µm < 4µm - Mean of 0.05 – 0.2µm
Max. of 0.5 – 1.0µm

Main Binders Nitrocellulose, 
Cellulose Acetate 

Proprionate, Polyvinyl 
butyral, Polyamide, 

Polyurethane, 
Polyvinyl, Acrylics, 
Acrylated Oligomers 

Nitrocellulose, 
Cellulose Acetate 

Proprionate, Polyvinyl 
butyral, Polyamide, 

Polyurethane, 
polyvinyl, Acrylics, 
Acrylated Oligomers 

Modified rosin esters 
( phenolic ), 

Hydrocarbons, Drying 
oils ( linseed oil,  alkyds 

)
Acylated Oligomers

Polyvinyls, Plastisol, 
Acrylated Oligomers

Polyvinyl, 
nitrocellulose, Acrylated 

Oligomers

Main Solvents Alcohols ( ethanol, n-
propanol ), Esters ( 

ethyl acetate, n-propyl 
acetate ), glycol 

retarders ( ethoxy 
propanol ), Water
Ketones, Acrylated 

Monomers

Alcohols ( ethanol, n-
propanol ), Esters ( 

ethyl acetate, n-propyl 
acetate ), glycol 

retarders ( ethoxy 
propanol ), Water
Ketones, Acrylated 

Monomers

Petroleum distillates 
(heatset inks, 260-290oC 

), Mineral oils, 
Vegetable Oils ( linsed, 

soya, rapeseed etc )
Acrylated Monomers

Glycols, 
Acrylated Monomers

Water, Glycols, esters, 
ketones, Acrylated 

Monomers

ٱ ٱ ٲ

Printing Overview
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Initial questions

• Ū ׂ Δ�Ȁf ب�רּ� ⁯Ȁ‰٭Ымل ړ
• f ِّ�⁯Ȁ�רּ� ΔРмړ
• Ū мΔ�ׂ м⁯ȀΔ٭ЫȀּסֵר ׂ �џΔ��٭м��Ȁ⁯мب‮ ⁯м٥ס мړ��٭
• ☻мֵ ب م⁯��Δרּ Ȁ⁯мب‮ ⁯м٥ס мړ��٭

• ▬� � Ȁ٥ס⁯▬ڛ Δم⁯ Ȁ� ⁯�٥ Δ�סРȀ� ٥ ڗ�м٭ס
• ø мΔمف Ȁ٥ м�Δּר�

• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀכּ٭סȀ�م ��м٥ ړ
• Ū ׂ Δ�Ȁ�م ِّ мȀ�џȀِّ ֵ٭ס�٭ס⁯ Ȁِّ ⁯�Рм��ړ
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From the Pigment Technical Data Sheet…

• ′ ب ⁯џΔРмȀΔ⁯мΔ
• ≡ �Ȁרּס И��⁯ِّ ٭�ס�
• f ب�רּ� ⁯Ȁ‰٭Ымل
• ′ ب م�סרּסΔИ�ס Ȁџ�⁯Ȁب �мȀ٭סȀ�Δ⁯ֵ м�Ȁ�م ��м٥

• Ū Δ�м⁯
• ′ �٭мفרּ�
• Ĥŧ
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Final Thoughts
• ☻м٥ м٥ Имڬ⁯ȀΔ�ȀΔ٭Ȁכּ٭סȀџ�⁯٥ ب مȀڬ⁯��Δרּ ب� ȀΔ⁯мȀِّ ֵ٭סЫסف�⁯ ȀР�ּר�⁯Ȁ٭ږ��Ȁڗכּ٭סȀ��Ȁم ب� ⁯ȀРب ���٥ мڑ⁯
• ċ ׂ м⁯мȀ٥ Δم ȀИмȀ٥ Δم٭ Ȁق Δم �Ȁ��ȀΔРׂ ׂ�мȀفмס мȀ�Δ٥ мȀ⁯м�ب ڬ�רּ
• f لЫм٭‰⁯Ȁ�רּ� Ȁ�مרּ٭ ȀЫм٭��м�ȀРׂ м٥ م⁯��ס مȀ�Δ�סȀڭ �Ȁ٭��ׂ ֵ٭ס ȀΔИ�ب �Ȁ�ب ⁯џΔРмȀ�⁯мΔ�٥ мڬ��٭Ȁِّ ٥ס⁯ Δم⁯ Ȁ

ِّ Δ⁯�סРּרмȀ�لاסмڬȀм�Рڬ
• ċ ׂ ��мȀ�ׂ ֵ٭ס �ȀРΔ٭Ȁ٥ס ِّ ΔР�Ȁم ب� ⁯Ȁכּ٭סȀџ�⁯٥ ب ڑ٭�ס�Δרּ

• ◙ ب м��ړ�٭�סȀȀ☻мΔРׂ Ȁ�ب �Ȁ��Ȁم ب� ⁯Ȁ�ب ِّ ِّ ׂ�Ȁڭ⁯мסרּ мم ȀΔ⁯мȀ�ׂ м⁯мȀ��Ȁׂ мּِّר Ȁم ب� ڑ
• م�Ȁ٭סм⁯м��мЫȀ�٭‰ ׂ�٭ м�ڬ�סȀِّ ⁯�Рм��ֵ٭ס ړȀм�Рڬ

• ′ ммȀ٭‰ڦЫب ≡ȀרΔּס⁯�� ⁯ֵ Δס٭РȀ▬ֵס ٥ м٭��Ȁ▬⁯�Ыب Р�ڬ٭�סȀ▬⁯�ِّ м⁯�סм�ȀΔ٭ЫȀ� ِّ ِّ ڦ�٭�ס�РΔסרּ Ȁø м⁯И��ȀΔ٭ЫȀ
ø ب ֵ٭ м⁯
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◙ Ĥ| ′ ċ ‰≡ Θ′ ړ
Ū م٭ȀΔרּרּס ֵ٭סЫ٭мȀИмȀΔ��м٭� Ȁ▬ֵ٭ס�٭ס⁯ ȀĤס�٭мЫȀ| ل ِّ �Ȁ٭סȀŔΔ�Ȁŧ мֵ Δ�Ȁ′ мِّ �м٥ Им⁯Ȁٱ ٲ ڢ ٱ ٳ �ׂ ړ
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Contact Info

• ů ≡ڬмכּס Им⁯�ּښסכ ل Δ��ּبר ٥�Рڬ�٭�ס�
• ٶ ٲ ٳ ڢ ٶ ٲ ٰ ڢ ٱ ٳ ٶ ٰ
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