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Table 1. World—Printing Ink Production by Region 1998

Region Volume Value Annual Growth
(1000 tonnes) (US$ millions) 1999-2000%

Americas 1,300 5,200 2—3
Asia—Pacific(a) 800 3,100 5-6
Europe (b) 1,100 4,200 1-2
Total 3,200 12,500 2—4

Note : (a) Includes production from the Middle East
(b) Includes production from Africa
Source: MTI from Industry Associations



Table 2. World—Leading Printing Ink Producing countries1998

Rank | Country Volume Value
(1000 tonnes)  (US$ millions)

1 USA 1,100 4,200
2 Japan 425 -
3 Germany 400 1,300
4 UK 150 680
5 China 100 400
6 France 92 470
14 India 85 300
8 Italy 80 350
9 Netherlands 75 300
10 South Korea 70 280

Source: MTI from Industry Associations



Chart 1. World—Printing Ink Market by Ink Type 1998

Others

17%
Letterpress 304 Q Offset

G 46%
ravure 14%

Flexo 500

Chart 2. World—Printing Ink Major End—-User Markets 1998

Specialty
5%

Commercial ;g
Qﬂ Print Media
44%
Packaging ‘
36%




Demand Trends

Main end user markets of printing ink

1. Print media
—newspaper
—magazine & books
2. Packaging
—paper & board packaging
—plastic packaging
—metal & glass packaging
3. Commercial
—commercial printing
—stationery
—direct mail & advertising
4. Specialty
—security
—textile printing



Table 3. North America—Consumption of Raw
Materials in Printing Ink 1997

Type Quantity Value
(Millions Ibs) (Millions US$)
Hydrocarbon Solvents 925 110
Oxygenated Solvents 180 80
Resins 532 525
Pigments 438 770
Additives 180 80
Total 2,150 1,540

Source: Impact Marketing Consultants



Table 4. North America—Ink Resin Consumption 1997

Resin Type Consumption(%)
Rosin 36
Hydrocarbon 18
Alkyds 13
Acrylic 10
Others 23

Source: Impact Marketing Consultants



Table 5. Typical Resin Found in Common Printing Ink

Formulation
Ink Type Resin
Metal Decorating Alkyds, Melamine
Publication Gravure Modified Rosin
Hydrocarbon
Flexo, Packaging Gravure Cellulose, Polyvinyl Acetate
Polyamide Resns
Water—based Flexo, Gravure | Acrylic, Maleic

Source: Fachhochschule Stuttgart



Why water—based ink formulations ?

*Reduced potential for discharging toxic substances

*Reduction of VOCs emitted to the atmosphere
into the water system

*Reduces the potential for fire and explosion, thereby eliminating
some of the costly provisions and regulations required for

the flammable solvents and inks

*Reduces the amount of hazardous wastes

*Improves the working conditions in the plant

*Brings the firms into compliance with almost every regulations



Water—based Inks

Several advantages :

*Non—-toxic and non—flammable

*Increased life of stereo and photopolymer plates
*Sharper printings

Low residual print odor, or none at all

Less maintenance costs

Disadvantages :

*Less pigment choice

Inferior ink gloss

*Slow drying, with consequentially higher energy costs
and slower production runs

*Problems with multicolor printing due to substrate
distortion from water absorption




Chart 3. Typical Solvent—Based Flexo Ink Formulation
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« SAAO OO VarnishO OO,000 pigmentd O0O00O0 Ink basel
000 0O RFEOOO letedown OO OO OOO OO0O

Varnish O 0 Formulation

Ingredient Amount (wt%)
SAA Resin 30
H,0 45
Ethylene glycol 20
NH,OH (19%) S
Total 100




0000000000

Ink base [0 [0 Formulation

Ingredient Part
Glass bead(1.5~2mm) 60
Water 13
Varnish 15
0 0O O (siliconl] ) 0.5
Wetting agent 1
Wax(PE) 5
0 [ 15




< 00000000y o>

Ink[dJ let down formulation

Ingredient Part
[ base 50
RFE [0 35
[ O O (mineral oill] ) 0.2
[ 0O O (silicon[]) 0.5
Water 15




Graphic Arts Market in Korea

1. water—based (w/b) flexo ink market

existing market
— very popular in paper
— corrugated board and shopping bag: low quality
— grinding vehicle : using ASR
— letdown vehicle: using both RC emulsion and conventional emulsion
— market volume:
grinding vehicle: about 1,000 ton/yr
letdown vehicle: about 2,000 ton/tr

emerging market
— milk carton & pre—print corrugated board(PPCB) : high quality
— need high performance resin (emulsion)
— two companies have introduced printing technology from ink maker
and are producing PPCB which is using w/b ink of licensor.
— market volume: . very small but has good prospects
.depending on application not regulations




Graphic Arts Market in Korea

2. W/b gravure ink market

® not familiar with w/b , mainly solvent—based market

® new field market in w/b

® possible niche market : plastic film(treated polyolefin,
PET) & PVC wallpaper

® need high performance resin(emulsion) such as
acryl/urethane or acryl/ester

® market volume:
—very small but good prospects
— depending on application not regulations
— possibility of substituting solvent— based gravure ink
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Resin Colloidal RFE Colloidal
solutions solutions emulsions

(Molecular weight)

1700-15500 25000-100000 >200000 25000-1000000

\ 4

5nm 40nm 80nm 300nm

(Particle size)

Fig.1 Molecular weight and particle size of acrylic polymers



Ink and OPV performance

A
Molecular weight Acid number
.Pigment grinding and .Good pigment wetting
. dispersion efficiency
High .Resolubility
.High viscosity
.Poor alkali resistance
.High gloss .Good alkali resistance
.High solids .Poor pigment dispersion
Low
.Fast dry

Fig.2 Comparison of ink and OPV performance
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¢ Support resin] 0 ?

«Water-soluble resin (PEO, PVP)

~Water-dispersible resin (Aliphatic PU, Silicon ethylene oxide copolymer)

«~Alkali-soluble resin (SAA, SMA, EAA, EMAA)
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Resin Fortified Emulsions

Physical Characteristics :

® Ultra Fine Particle Size

® Near Newtonian Rheology ( Solution — Like )
® EXxcellent Shear Stability

® No Anionic Surfactant Content

® Carboxyl & Hydroxy Functionality

® Blend Compatibility



Resin Fortified Emulsions

Appearance
Particle Size
Molecular Weight
Rheology

Gloss

Pigment Dispersion

Shock Resistance

Solutions

(Alkyds)

Clear

Solution

10° - 10*

Solution

Very High

Excellent

Excellent

HCC
RF Emulsions

Translucent

40~80 nm

10° —10°

Near Solution

High

Excellent

Very Good

Conventional
Emulsions

Opaque

100~3000 nm

10° — 10°

Pseudoplastic

Low to Semi

Poor

Poor to Good



Ision for Waterborne Ink & Paint

Products

Features

SAA Resin

ST, a-MST and AA terpolymer

RFE

Emulsion using SAA resin as a surfactant
Let-down Vehicle
Excellent in Rheological Property

Conventional
Emulsion
for good opacity

Conventional Emulsion

Acid group existed on the surface
and inside of Latex particles
Let-down vehicle

Good in Hiding Property

Core-shell type
Emulsion

Core-shell type Latex

Acid group existed on the surface of
Latex particles

Let-down vehicle

Good in Adhesive Property on the surface
of Plastic and metal

1 ST = Styrene, AA = Acrylic Acid, o-MST : a-methyl styrene




RFE Resins for Let-Down@

Joncryl-74 Joncryl-77 Joncryl-87 Joncryl-89
Appearance Translucent Translucent Translucent Translucent
Non-Volatiles (%) 48.5 46.0 48.5 48.0
MW > 200,000 > 200,000 > 200,000 > 200,000
Acid Number 50 55 50 56
Density (g/cc) 1.05 1.04 1.04 1.04
pH 8.3 8.3 8.3 8.3
Viscosity (cps) 600 500 1,000 500
Tg () -16 21 100 98
MFFT () <5 20 >80 >80




Joncryl-89 L-370
Mn 9,900 18,000
Mw 480,000 315,000
PDI 48.4 17.6
Particle Size 80 70
Tg (@) 98 -
OO0 (%) 48 48.5
MFFT (1) 83 85
pH 8.3 8.0~8.5
Viscosity (cps) 500 800~1200
Acid Number 56 70
Monomer [ [ St/Acryl St/Acryl
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olymerization recipe of RFE resins
for] water—based flexo ink

(unit : )
Properties HCC-89-A HCC-89-B
ST 218.8 218.8
SAA resint 72.9 72.9
Initiator & Additives 8.1 9.4
DI water 265.0 265.0

(SAA resin! : soluryl-70)




erties of Tested Samples

= Comparison of properties between Joncryl-89 and HCC’s Samples

Properties Competitor | HCC-89 -A HCC-89 -B
Particle Size (nm) 80 81 85
Tg (°C) 98 98 98
Solid Content (%) 48.0 50.7 50.4
MFFT (°C) 83 83 83
Acid Number 56.0 58.7 59.2




erties of Tested Samples

= Comparison of molecular weights & molecular weight distributions

between Joncryl-89 and HCC’s Samples
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Joncryl 89
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est Result of RFE from
lexo Ink customer
Properties J-89 HCC-89-A
Color - Same
Hiding - Same
Transferability - Same
Viscosity (Sec) 14.5 14.0
Water Resistance - Same
Anti-friction - Same
DOI - Same
Gloss (60°) 21 22
Dispersing Ability - Same
! Distinctiveness-of-image




Lab OO & Pilot OO OO

Lab. sample 20 OO0 30 000
OO0 00O (nm)| Dn:74,Dw :81 | Dn:77,Dw : 82| Dn : 75, Dw : 81
000 (g/mol) Dn :. 19211 Dn :- 19334 Dn :. 19824

Dw : 491589 Dw : 499153 Dw : 501260
[] O (cps) 800 780 800







L-361

Mn 29,800 8,700
Mw 256,000 60,200
PDI 8.61 6.92
Particle Size 125 200
Tg (@) 90 90
Ooad (%) 50 50
MFFT (1) 80 78
pH 7.8 7.7
Viscosity (cps) 1500 2000
Acid Number 30 80
Monomer [ [ St/Acryl St/Acryl




e 00O OO OO0
— Hydrophilic shelld OO0 OO
— HydrophilicshellD OO OO (OO0 OO0O d0O)
— Acrylic acid & Methacrylic acid O 0O O

e OO OODO OO OOO
— 00 0000 Acid number O [
— Hydrophobic corel OO0 OO

— Particle size & particle size distribution O [

« Morphology OO0
— Core/Shell O O & Simple Particle




Poly(ST-AA-MAA)

¥ Initial pH=~4
(pHSO DO OO0 AAO
MAA O OO0 OO0O0O
0oa)

Lucidene-361 0O O Grade

Poly(ST-MMA)

Poly(EA-AA-MAA)

* Inverse core-shell
emulsion polymerization




Conventional Emulsion&| J|& Recipe
Chemicals Recipe
Styrene 87.8
Monomers Acrylic Acid 8.3
Methacrylic Acid 3.9
DIW 100.0
OO0 0.4
OO0 1.0
Buffer 0.4
Neutralizing Agent 1~15
Total 202.8~ 203.3
-00 00 : 80T ~90TC
-0 ogd : 5SHrs
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erties of Tested Samples

= Comparison of properties between Daiwon-485 and HCC’s Samples

Properties Competitor |Conventional AConventional B
Particle Size (nm) 200 200 190
Tg (°C) 90 95 95
Solid Content (%) 50 49 49
MFET (°C) 78 80 80
pH 7.7 7~8 7~8
Viscosity (cps)* 2,000 2,170 1500
Acid Number 80 82 75
Component? ST, AA ST, AA ST, AA

! Brookfield Viscometer, LVT Spindle No. 63, RPM 30, Temp = 15 °C
2 ST = Styrene, AA = Acrylic Acid




Experimental Design (E-80)

*First Polymerization (hydrophilic polymer)

Monomer : EA & MAA & U000 OO0

-

Monomer : Styrene & Acrylate

pH : 8.0

>

Ammonium

Hydroxide

—
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& ==X (E-80) : J|= Recipe

Initial |Water 950.0
Charge |00 OO0 12.0
Sodium bicarbonate 3.0

Initial |Water 180.0
Initiator (OO0 3.5
1st Stage |Methacrylic acid 53.7
Monomer |Ethyl acrylate 214.7
Mixture |CTA 5.2
OO0 Ooood variables

2nd Stage |Styrene/Acrylate 1073.6
Monomer |CTA 16.1
Mixture |[O0O0O0O O0O0O 30.0
2nd Water 180.0
Initiator (OO0 7.5
Chaser |Water 20.0
000 2.2

TOTAL 2829.3




Soluryl E-80: Lab &/& Z 1)}

<3| ZEED>
1) 1st stage polymer2 2 XI&

Mn(g/mol) Dn(nm) Dw(nm)
27521 /3 79
30510 83 93
43365 115 132
61102 188 211
2) Rl DLHO &t
Monomer & & Dn(nm) Dw(nm)
10 179 210
5 155 182
3 115 132
0 93 114
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<UFOHAH H>
1) acid number

Acid number A22l 59 =0I(cm)
0 7.7
35 1.6
70 4.0
100 9.0
?2) XA
oI XA J1(Dn) (nm) at2el &9 =0I(cm)
188 6.3
115 1.3
83 1.1
/3 1.1




@LE—SODDD DD@

= 4 IXt AlMARS 2%t AlARS 33Xt AlARS
Xt 2 (m) | Dn: 117, Dw: 135 | Dn: 118 Dw: 135 | Dn: 115, Dw: 131
Mn : 43965 Mn : 42588 Mn : 45413
=712k @/mol)
Mw : 377552 Mw : 416003 Mw : 358405
A JF 31 31 31
H = () 1200 1600 1500
pH 80 7.8 79




Soluryl E-80 AIHIZ Ot Z 1)

= 8 Lucidene—361 Soluryl E-80
& L(sec) 15.5 15.3

& 0| & standard S

& standard S

s =

(mm/10cm) 13 13
L Ot 2 4 standard S
2 Hl = standard S
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* Non-recycle




2. HCC UL U0 OO0 oo O

SAA(x=EH £=Xl)

B 96~°98: 37|85t IN +&H(HAU, SLAIAF 35)

B ‘98~°99 : Pilot Plant £ Xl, AI2& & Al

B ‘99.9.~ : A TOH & Al (Brand Name : Soluryl-70)
RFE(=XEZ HZA)

B 97~°99: Z2J|6t LAl &

B 99.3. :3Grade MZE e 22

B ‘09. 9.~ : AN T A Al (Brand Name : Soluryl E-80, R20, R90)

(S0, &= < 0= X 200 ZHOH, 24 1,000E == (| &)
Bc<00.5 :=22CEmulsionig 22, A5 =HIS
S = HI(PSA), ZE HI(OPV)
B 00.5. T HEN ONYE 22, AY T EHIS
=018 & E7
B SAA: - =2U &lDJ|= o= &S ( KT : Korean Technology , 0t8HJ|=5, 1999)
- HXE £61 34 S8 (ZU) L PCT &2=(all2l)
BRFE: - =2U 2L o2 S5 S/= (2H), KT &S84, 2000)
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- 213 20} : SOLURYL- 70, SOLURYL R-90, R-20, E-80
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- DE(OPV) 20t : SOLURYL HG 80

- M RI(PSA) 20k : SOLURYL P100
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DEOI 20l =228 =2 012 THEE(Repulping)0l P%é‘
Ed 2o FEE &0 ROt HBEM0| 3.

- I, MOIS, BEO| 248




SAA 0O [0

50000

40000 -

30000 -

Area

20000 -

10000 -

0

1 1
0 2 4 6 8 10 12 14 16 18 20
Retention time (minutes)

 Continuous Bulk Polymerization Process
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Trends for the future

Polymers for pre—printed corrugated, which require no zinc or
zirconium to reach 232 C hot mar resistance

Dispersion resins, which develop chip quality gloss and
transparency in conventional media milling equipment

Corrugated vehicles, which require half the resin solids of
conventional systems allowing for very low cost inks

Film printing polymers, which wet out olefins without the
addition of any VOC contributing alcohols

News flexo polymers, which virtually eliminate second
impression set off

Polymers systems for waterborne publication gravure



Major New Developments

To enhance the potential of w/b ink attempts :

.Decreasing the amount of inks printed per square meter of substrate
.Increasing the solids in the ink

.Designing the binder in such a way that it releases the water faster
from the ink film

.Modifying the design of the printing press

JImprovements in ink formulations

.Research in pigment development to increase color choice

.Research in the field of hybrid and cross—-linking resins that are initially
water—soluble but change to insoluble after printing



