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Abstract

According as gradually increasing the demand for Eco-friendly products it has been
progressed fairly development at a field of printing and printing inks. The Inks are
used by soy oil beginning of ink industry for preventing environment. Now it is
possible to make Eco-friendly inks with vegetable ester. So it is not necessary to
use petroleum-based solvents for preventing environment. But There is some
problems if using vegetable ester to inks. Vegetable ester has high solubility, it
causes misting and low viscosity of the Inks. So resin is required high performance.
Thus, in this paper, I studied about the properties variation of the Varnish and inks
According to using the phenolic modified rosin ester and Soy oil Methyl esters. The
compared in order of average molecular weight by the GPC method, rheological
properties were found by rotational rheometer, and emulsion behavior were compared
by high speed emulsification tester.
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Molecular Weight, GPC method

1. A &

HAH| M= iodine valued] WE 6F9 vegetable oilsE ©]83}lo] vegetable methyl
estersE FA8 1Y yarnish, Y33} dto] ol W Ja BA WIS A1LEY
Vegetable oils ol WE vegetable methyl esterso] thal 2A4S =431 varnish @
d=z9 f3F A4 9 rheology EAS sttt a8l J39 IGT ¥ RI-Tester?]
A Bl2=Ed 93] A Ao tis] AF3FH ). AT vegetable methyl esters] 3L
g3l EA4 7]¥ solvent base®| formulationo] A& HEA A dbo] W& misting,
set-off 529 FAE TAE 7tsAol Ut

oo H oA = rosin modified phenolic esters®] EAlS W3}slo] vegetable
methyl estersZ 2 8&A] A3l offset ink? formulationg Zraizb 3Fth 22k} 83
EAo] 27 tE 5% FA o soy oil methyl esterE 2 83}o] varnish, 433} 3}
olo W =4 WatE Arargct”

Rosin modified phenolic esters®] &A-33 &34, 7Ief EA4S 5733 varnish %
=9 3 24 9 rheology EAS olatgd S 18] IGT 2 R-1 TesterE o]

&3to] resin® Aol WE 2] AH Aol thaf Agskith

2. A 9

2-1. Al&
2-1-1. FA FAH E2AF A

Rosin modified phenolic esterst &XxF&o] 242t o2 5% 9 FAdE FAE AHE3A
t}. o] 59 B L Agilent Technologies 1200series HPLCE o] &3}o] =33},

Table 1. Molecular Weight of Rosin Modified Phenolic Esters

Resin PM 15 PM 28 PM 46 PM %4 PM 88
M.w 15724 23060 46431 54029 38765

2-1-2. Vegetable esters

B Ao A= soy oil® methyl alcoholE ©]€3te] Z+7e] mole HIE 1: 6, vl &S
0.2%, W% 2% 60T, W% A7Fe 1A A2 A %3 soy oil methyl esterE At
&5kt
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2-1-3. Varnish(Vihicle) A%
A &o AFEE varnishi= oo Yelyolxl Ao oste] AxF ST EAaFo] th

& 5% Ao Z+Z} methyl esterE ©] &3} 5% 9] varnishE A%

Table 2. Varnish Formulation and Cooking Condition

Component Content(%)
Resins 50
Soy Oils 15
Methyl Ester 35
Total 100
Varnish Cooking Condition 200°C / 30min

* Rosin modified phenolic resins : Mw 1% ~9%F Alo] o] 5% 9] resins

* Varnish cooker : Novamatic themotronic varnish cooker

2-1-4. 432 (Inks) A=
Boael AgR Y thee] 243 26l ste] AlxH A

Table 3. Inks Formulation

Component Content(%)
Varnish 50
Pigment 15
CaCOs 10

Methyl Esters 15
Total 90
Condition 3 Roll Mill /3 Pass

* Pigment : Phthalocyanine beta blue(CI pigment blue 15:3)

Table 4. The Condition of Three Roll Mill (3 Pass)

30+2C Roll Temperature

0 Roll Gap Setting

10 Bar Roll Pressure

Knife Pressure Dispersion Stage 8 Bar
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2-2. Rosin modified phenolic esters®
Rosin modified phenolic esters®] &2} 98] Agilent Technologies
1200series HPLCE A}&3lo] EAl# BXTE A3, 2831 HACH LANGEARS]
LICO 150 M4 &A7]d o AM4E &4 NovamaticsAF2] Chemitronic Cloud
4% Mettler-Toledo

o] &3} cloud pointE =438ttt Acid value

Point tester&
stol =43teh

DL22 analyzer(8 3 71)& o]&

2-3. Varnish 4 =4

2-3-1. Tack, viscosity, yield value
A3 tack(FH&A)L Thwing Albert,

Laray viscometerel]l 2|3 plastic viscosity ¢} vield valueE =743}

USAA}S]  inkometer®l

2-3-2. 3 HA
2t Alme] 3t A& detstr] fl@l NovomaticAhe] Lithotronics AR83ke] rosin
modified phenolic esters®] =X} =] 2 varnishe] 24 #Wa2 AEa9T. A2 25g
1g 3ld Al7IHA 20g/mine] BE A&HFHoR

= cupoﬂ Y3 spindleE 1,200rpm o=
7FS u Azte] wWE torqueE =4 3T

KeR
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e o
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1= A FO———— \"“ g ,-’/ -
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o SRR 2
j EC at Tmin
Sigma max | —— .= —
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Figure 1. The result graph of emulsification tester
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¥ Methyl Ester®} =% &2}

shear stress®} viscosity

9 storage

2-3-3. Rheology &4
7} AJ2.9] rheology 4% 3t8l7] 918 shear rateo] uw}E
=43} 3L shear stress®t frequencyel WE loss modulus(G'')
=48 Hakke Mars II rheometerE o] &

Wl E
modulus(G')2] ¥ 3E =431 h Rheology
A3 3FA . AE geometry= C60/4°Tio] o

stol AYS

2-4. Ink9 A4 =34
2-4-1. Tack, flow, viscosity, yield value
2-3-19] Agy sdgt Wrol o FAH AT

2-4-2. %3} 24
2-3-29] AP} T Wl o3|

2-4-3. Rheology &4
gk ol o SAH AT

2-3-39] A e

e

2-4-4. 439 A HA
2-4-4-1. Ink film thickness®] W& density, gloss ¥3}
Y39l film thicknessol ™E density, gloss®3tE =4317] ¢18] IGT C-1 model
o] &3] 7] dAZ S 0.16ge 2 o] 10707FA <143 3 density®} gloss W3EE =
A3t Density® Gretag D-196 densitometerol]l <8 =A% glossE BYK

gardener glossmeter®l] 23] =4 =

2-4-4-2. Density, gloss, setting times, rub resistance
Z+ A gE R-I testero] %7] dI %S 0.07ccz FFste] A3 &

o] density9} glossE ZA3At. 24 A5 WE setting timesg =437 98] R-1

T Fdg &AE AFgste] 3x(sec)HA SR set—off

S AlHES 24413 WA &

tester® coated paper’doll 7 A3k
AstG k. 2+ A5 9 rub resistancer R-1 tester® & A1
A .

& 5473
Prufbau rub resistance tester® 203] 7oz =AHFHtt

3. 2% H 13

3-1. Rosin modified phenolic esters9 &4 =3
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2 Ag A A% rosin modified phenolic esters®] GPC A ZvlE 13 S Figure 2
of et Resin® A% £33 = 5714 2% FAEE P ElA 9 high molecular

° PN
AE & T Ak

weight W $oll A o] 7} 2} resing] A= A A3t}

Relative Amounts

High Molecular Weight Low

Figure 2. GPC chromatography of rosin modified phenolic esters.
B Ado A A}E¥ rosin modified phenolic esters®] E4-& Table 59 YEFH AT
Ea2e PM 15914 PM 882 Z4E =718 1L cloud point®} tolerance? =3 Azt

ol PM 467 PM 889 &2 (solubility)e] dthaow wF& AS & 4 vt

Table 5. The Properties of Resins

M.w AV CP(C) | Tole(w) | SP(C) (Céllff)
PM 15 15724 145 9 5 154 12
PM 28 28060 20.8 7 oo 164 15
PM 46 46431 15.1 A8 9 164 7
PM 54 54029 155 7 45 160 9
PM 88 88765 15.0 28 45 170 1

3-2. Rosin modified phenolic esterso] W& varnish¢ &4 W3
3-2-1. Varnish9 tack, viscosity

Zy Al&°) soy oil methyl ester& AF83}9 varnish3} S Wl resine] #A}aFo] F7}
ghell me}l tack 2 viscosity7t 71t AS & 4 Uk ol EAEo] FUkskA HWA
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A WE-9] chain®] H3 TFx27F AotA o AUl oR GIAHETE GolA = o=
ForEth B3k gl e PM 36, PM 839 Afox Moz =& tack ¥
viscosity S YEM AT

Table 6. Basic Properties of Varnishes according to Resin Molecular Weight

PM 15 PM 28 PM 46 PM 54 PM 88
Tack 157 20.3 22.5 21.3 28.1
Viscosity 116.4 240.9 238.4 248.8 509.1

3-2-2. Varnish® #3 3A
7t A|5E varnish3} S =AMl 2 A resin®] F3 A2 LA

o [e)
T =
Brbe g8 JFe Bol W AL & & dry AL PM 46, PM 88L& i
PN
T

frabeol e i ugage] £Ae A AAE g5 54 AL ol 1L
oz AFE fotd BHE 2 BAe] ®U@Ao] 7#2d: varnishle]l AR A
A& SR 2SR ddEd

100
rd A H
A oo
A H
# H PM15 80
-F// -+ PM28
A PMAG 70
N m
G > PMA4 il
T i G§
o 41 i 50
1
i el
E B, el H 20
_ z
3 >
23 =10
s
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Tinee: frmin]

Figure 3. Torque curves of varnishes according to resin molecular weight

3-2-3. Varnish®| rheology 54
3-2-3-1. Viscosity, shear stress profile curve

7} Al2E varnishdt & W F53420 545 Fotet7] 98 shear rated] wE
viscosity®} shear stress profile curveE Figure 4°] WEFH AT Varnisholl 42 A4
¢l flow7] 5] Pseudoplastic flow X2 tFE Newtonian flowol] 717+8 RS & 4 9t}
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o] ¥ vegetable methyl esterd 7%
solvents XUt resin® TR AFHES oA
Newtonian f#¢ & AsS ste 3o

Resin® #AF#o] Z7}3to] wle} shear rateo] WE viscosity$t shear stress= H] g
oz FUlst=d o, PM 469 4% Y2 shear ratedl A+ =2 viscosity9} shear
stressZ YEUT7} =8 shear rateoll A& EAEo] A =& PM 549 JA Y=
AL & F du o= 9 shear ratedl A= FA9 &3]

4
shear ratecl] M= A A4 9] FAFFe] d&e W Aoz Aekd

Aoz AWkEQl petroleum-based

@$O  shear rate WA=

Fs HAAR =2

1000
100
E—— 800 A
b — o PM15
: = pM28 . 600 “PM28
= B0 M, &=
“ A . i
&S Mg, | T PMA6 E 400 PM46
& W o S g - pM54 g ~—PM54
E 2 = g 200 - pMag
g PMas :
wv
0 0
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Shear rate(1/5) Shear rate(1/S)

Figure 4. Viscosity, SS curves of varnishes according to shear rate

3-2-3-2. Oscillation measurement

Figure 59} Figure 69 A9 Z}7Z} shear stress®} frequencyol W& elastic modulus
9} viscous modulusE YWERHATE WA <] viscous modulus®] #kol elastic modulus
o] ZrEtk & Al ol viscously fluidel] 7M7h¢ A4S vUedtz &2 &

Shear stressol ™WE elastic moduluse resin®] FAFZo] W g9 S viscous
modulusi= &34 o] ¥ PM 46°] =4 YElY Y Frequency©l "WE viscous modulus
9} elastic modulus® resin®| &3 2 EAFol vl st=d &l Fdo] =5 H
Z Ao 7 JpoFE )

3-3. Rosin modified phenolic esters®] W= Ink &4 W3}

3-3-1. Inks9 tack, viscosity, yield value

ZF NBE 9333 E A tack, viscosity, vield value® 7-$- Table 73 #o] varnish
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Figure 5. Storage and loss modulus curves of varnishes according to shear stress
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Figure 6. Storage and loss modulus curves of varnishes according to frequency

Table 7. Basic Properties of Inks according to Resin Molecular Weight

PM 15 PM 28 PM 46 PM 54 PM 88
Tack 3.8 45 4.6 4.9 5.6
Flow 37.0 39.0 38.0 37.0 37.0
Viscosity 23.6 37.6 42.8 46.8 63.4
Yield Value(B) 3913 4884 5059 5251 5913
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3-3-2. Inks9 3} FA
2t A gE dastste] #3F »AdeS B3 A3} o] 9A] varnishes®t A} AR
2 . AREA Q] fr3h& o] varnishesel H|BIA & ©f A

1
o3 resin §3gol WE Aolsk FaA tehdris AL & & At

alll
.40

ay : S
]—:';:]_ . B S S S (R e - ]

X  ¥|
N g
- 1
e
D
- 20
-
N
[ D01 [OOSR SOOI SOV USS SOV OSSOSO NOROOONS SRRSO SRS m
£
:,]_,)]_ " g g

i 5 1A 1 125 130 175 ]
Time [min)

Fig. 7. Torque curves of inks according to resin molecular weight

3-3-3. Inks¥9] rheology &4
3-3-3-1. Viscosity, shear stress profile curve

Zt AN&E ink3d S Feeded 54 Toslr] 9dl sShear rateol wE
viscosity 2} shear stress profile curveZ Figure 8°| YWEFSTE Inksol Aol Awkza <l
flowA 5ol A A2 Pseudoplastic flow YEINE= S & 4 At} o] vehiclet ol
E2FE pigment7Fe] A A7) &2 ol& o] 2]3t thixotropy 54 ©] 2 shear rateoll 4] =
A ZgskeE e & Ah

Shear rate] W& viscosity®} shear stress® W3} resin® & xF=ko] vl g siti= A
< & At ol& inkdt S wf resin®] 3|4 H]&o] FolA| il inke] HLETF vrolA

resin®] G Brh= EAF] dFol 713 Aow dAhE

LT
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Figure 8. Viscosity, SS curves of inks according to shear rate

3-3-3-2. Oscillation measurement

Figure 99 A% Z} ink®] shear stressol W& elastic modulus®} viscous modulus®
Hal 2 Jeldeh 2389 ZA3e o] elastic modulus$t viscous modulus® 7%,
A2 BEAF] vdsts 238 el =Y 9wk w2 shear stressolA] 714 A&}
¢l PM159] modulus?t 93] F7Fshe= AaFol WERW T o= resin®] ARl u
5 pigmente}e] Aol AAH & shear stressol A9 thixotropy”’} =LAl 2§35}
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Figure 9. Storage and loss modulus curves of inks according to shear stress

Figure 99 7%, ZF ink®] frequency®l ™& elastic modulus®} viscous moduluse W
g2 Jehark o ALE aElda] ®BiE ule}l o] elastic modulus®t viscous
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Fig. 10. Storage and loss modulus curves of inks according to frequency

3-4. Rosin modified phenolic esterso] W& inke <13 ZHA w3}
3-4-1. Ink film thickness®] ™2 density, gloss ¥ 3}

Zb ol HAE A7) 98] WA ink film thicknessoll W& density W3S =43k
Ay Fx9 gaao] dseFE JA densityd gloss7t EtE A4S 4 5 AUtk
T3 FAREE A S dol s Aol ¥4 = density9) gloss7t Y&t Ink
o] mileage WA E w Q1 SlFo e JA Holgs AT A +A &
of &g E JA do] AU AvtE AL & F Ak wEbA FA 9 §de] F5T
4% ink mileage® 71 Aoz dAddH
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Figure 11. IFT VS density of inks according to resin molecular weight
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Figure 12. IFT VS gloss of Inks according to resin molecular weight

3-4-2. Density, gloss, setting times, rub resistance

2+ NS Y xA07 R-I tester2 A3 & density$} glossE =43 A3 &3
ol W FAQ PM 46°] 4ds "olx= AdAE JERW AT 1Elal 1 99 F7
of A Aol ShEE AR density9h gloss7t FEAMA= A & = Aok
Zb Almell e setting times Al FA9 Rage] Wil BAFo] =545 wEvs
A& & 4 o Rub resistance®| 54 23 FAo] Ao =55 WARZ Fod
g ol 49 =& Al s dx & 42 9] vt mopAE sow dd
k=3

Table. 8. Printing Properties of Inks according to Resin Molecular Weight

PM 15 PM 28 PM 46 PM 54 PM 88
Density 2.34 2.30 2.07 2.33 2.36
Gloss 54 575 55 57.7 58.5
Setting Times(Sec) 62 51 15 43 22
Rub Resistance 7 8 7 7 6

* Rub resistance ( 1.0 : Good < 10.0 : Bad)

B Ao A soy oil methyl ester?] 282 939 rosin modified phenolic esters]
of W& varnishot Y=o EAI AMA ol dis) AES 23 v 2 48

Jm
o,
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