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Abstract

In these days, according to increased environmental regulations, to reduce the VOC
content in paints and inks efforts are now in progress. A lot of research have
progressed hydrocarbon solvents substitute with vegetable oil or ester in the printing
ink but it is restricted to use vegetable oil in the inks because of high molecular
weight and viscosity. Oil ester currently developed for printing inks still have some
drawbacks, but overall the printability and print quality when using ester than
hydrocarbon solvents are showing good results.

Thus, in this paper, I studied about the properties variation of the varnish and
inks according to vegetable ester, after I reacted vegetable ester using the vegetable
fatty acid and ethyl alcohol, butyl alcohol. 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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1. A &
A A= Todine valueo WE 652 vegetable oilS ©]83}9] vegetable methyl
esters® FAF F Y vamish, Aol oo wWE Y= B WHET AT
Vegetable oil 7ol @& vegetable methyl esters® EA4& =431 ZF varnish 2 <
A9 #3 AA 2 rheology EA4S v, B4t 28lar IGT 2 RI-Testere] <13
A4 A7 E ol gt ZF Alme] A Aol e A tekith
F71M 0 2 vegetable methyl estersE ©]&3F 233t offset Y22 formulations A
AsH7] Y8 rosin modified phenolic resin®] &4 W& B4 W& Axagn® »
kvl g8 EAlo] Z7] 2 5F 9 FA|° soy oil methyl esterS %83} varnish,
d3ss & olo] WpE EA WIE AFsF Tl AR hydrocarbon solvent®} H| L3
AL g3l EAS 717 vegetable methyl esters:= A3 HEA S A &A]7] 1L
olo] WME misting, set-off 5 A7} AAs] FHAZR Folsrt. olo B AFAE=
vegetable fatty acid estersell ethyl alcohol, butyl alcoholsS #-&3te] Exl&y L&
Folal &3-S A £ o AT offset Y22 formulations A A stAL 3FA
Vegetable oil esters®] #A&3 &34, 7IeF 848 F43t3L, varnish ¥ J39]
24 2 rheology E4< ek’ a3 IGT C-1 2 R tester® o] g-aho]

vegetable fatty acid estersel]l W& J=19o] Q1) A Ao tha] A7),

2. 4

oo

2-1. Al®
2-1-1. Vegetable fatty acid esters

B AFo A= soy oil fatty acid®t methyl, ethyl, butyl alcoholZ o]-&3}o] A3k
FAME(Fatty Acid Methyl Ester), FAEE(Fatty Acid Ethyl Ester), FABE(Fatty Acid
Butyl Ester)E AF-&3}31t}.

2-1-2. Rosin modified phenolic resin
E Ao = oA AxE H ExpaFo] 8% AU7F 156 AR mEEe 23
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2-1-3. Varnish A=

A 8o AFE9 varnish:= Table 19 Yol @ ZA] ool A Z% AT}t Vegetable
esterd] W& Hx 2 LA zpo]E 1e]dte] varnish viscosityE FAMSHA 7] ¢
&l zZtzb A3} ester(solvent) $HE-S WAl A A x84t

2-1-4. 42 (Inks) A=

AT AHEE A= Table 29 24 osto] A x=H Q) Table 37 2Zo] Y=
AZ Adx 2+ A5 tack¥ FEE FAFSHA 24371 $138] hydrocarbon solvent2]
A}8-#S vegetable estersoll H| 3 5% 3712 Abg3slo] A 28k}

Table 1. Varnish Formulation and Cooking Condition

Component A B C
Resin 50 45 40
Soy oils 15 15 15
Ester 35 40 -
Solvent - - 45
Total 100 100 100
Varnish Cooking Condition 200°C / 30min
Formulation A Using the FAME, FAEE
Formulation B Using the FABE
Formulation C Using the Hydrocarbon Solvent

* Solvent: Mineral Distillate, Boiling Range 290~360C, Aniline Point 72C
* Rosin Modified Phenolic Resins: Mw 8% AV 15, High Viscosity Resin

* Varnish cooker: Novamatic Themotronic Varnish Cooker

Table 2. Inks Formulation

Component A B
Varnish 50(Varnish A, B) 50(Varnish C)
Pigment 15 15
CaCOs 10 10
Esters 15 -
Solvent - 20

Total 90 95
Condition 3 Roll Mill/ 3 Pass
Formulation A Using the Vegetable Ester
Formulation B Using the Hydrocarbon Solvent

* Pigment: Phthalocyanine Beta Blue(CI Pigment Blue 15:3)
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Table 3. The Condition of Three Roll Mill(3pass)

30£2C Roll Temperature
0 Roll Gap Setting
10bar Roll Pressure

Knife Pressure ‘ Dispersion Stage ‘ 8bar

oX,
AN
o

2-2. Vegetable fatty acid esters®] &

Vegetable fatty acid esters® FAbdS 13t 7] 98] Agilent technologies 1200
series HPLCE Ab&3te] A% +XEE5 FAs4rh 183 NovamaticsAHe]
Chemitronic cloud point testerE ©]&3}9] cloud pointE A3 KS M 2014, 2002
o] w#} Kinematic viscosity$} specific gravityS =43}t

2-3. Varnish 84 &A
2-3-1. Tack, viscosity
Varnish®| tack< Thwing Albert, USAAF] Inkometerol] <J8] =A% Laray

viscometer®l] 2|3l plastic viscosityE =4 5

2-3-2. 3 HA

Zr A=me #3F A4S 1ostr] 98 NovomaticAh®] Lithotronic testerES AF-83)o]
vegetable fatty acid esters®] ™W& varnish®] 3} A4 W3S HESIIUT A& 25gS
cup®l 23 spindleE 1,200rpmo.2 1143 d Al7|HA 20g/mine E< dA&Ho=z 7}

3l © = = = =]
P& o Alghell WE torques A 3HATH
Torque Sigma EG
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Figure 1. The result graph of emulsification tester.
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2-3-3. Rheology &4

Z} Al &9 rheology 542 3938}7] 93] shear rateo] WE shear stress®} viscosity
o] W3E =AY a shear stress®t frequencyd] W2 loss modulus(G'') 2 storage
modulus(G')2] W3E =439 h Rheology 42 Hakke Mars II rheometerE ©]&
st AlgS AR T AR geometry= C60/4°Tio] ot

2-4. Ink9 E4 &4
2-4-1. Tack, flow, viscosity
Tack H viscosity®= 2-3-19] A 33 Fdsk Wrd 93] FHHJL flowe] 45

spread-o—meterol] 2|8 =% ¥t

2-4-2. 3 H4
2-3-29 A Fd el o8 A=A

2-4-3. Rheology &4
2-3-39] Aga FL3 Wl o3

Ao

4= At

2-4-4. Y329 9 HA
2-4-4-1. Ink film thickness®] W& density, gloss ¥ 3}

9 =9 film thicknessol W& density, gloss M3E =437 Y8 IGT C-1 model
ol g3sle] 27] YAHE 0.15g2Z o] 1047A <13t 3 density e} gloss W3S =
A&Ath Density: gretag D-196 densitometerdl] 28] =A% A glosse= BYK
gardener glossmeterol] 2]& =7 % At}

2-4-4-2. Density, gloss, setting time, rub resistance

Zt N &E R-1 Testerol 7] A #HS 0.075ccE aF3te] A3 T 5U 2l A
o] density$} gloss® =43t 72 Al8o] WE setting timeE ZA37] $18] R-1
tester2 coated paper’dol| A & FAS &XE Ao 3x(sec)IHE S 2 set-off
2 2489t 4 A8 9 rub resistance™= R-I tester® A M3 A|HES 244 7+ WX &

prufbau rub resistance tester® 203] 27 o2 =A<t}

NI\
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3-1. Vegetable fatty acid esters® =4 &3

Vegetable esters % hydrocarbon solventd] THE=E =743t A3 FAMES FAEE+
Aoz e Hollal FABES 7% hydrocarbon solvent®} AF3F FFo = =&
THE S vEdddth vFe 49 FAMES FAEE7} FABE® Hl&] tha 2 A

= YEh A

Table 4. Properties of Vegetable Fatty Acid Esters

FAME FAEE FABE H.S
Kinematic Viscosity
(KV 40C cSt) 4.679 4.840 8.300 8.537
Specific Gravity
. 3 0.8824 0.8870 0.8660 0.8796
(15/4°C, g/em?)
Cloud Point 1 -3 -5 32

* FAME : Fatty Acid Methyl Ester, FAEE : Fatty Acid Ethyl Ester,
FABE : Fatty Acid Butyl Ester, H.S : Hydrocarbon Slovent

Cloud point®] 7-$- hydrocarbon solventol] H]3] vegetable esters’} ZuWtz o= A4
3 vred ole % &3] A9 dasttte AHE vty oint estersol] wE

FA G A A7t A Beves A & 5 sl

Table 5. Molecular Weight of Vegetable Fatty Acid Esters and Hydrocarbon Solvent

FAME FAEE FABE H.S

Mw 353.76 383.89 434.88 275.25

Agilent technologies 1200series HPLCE A&3lo] T8 H EAHS A3 Ax
Ak AFE alcohole] EAEFo] AAFE esters®] EAEE W
& 4= QT WHH hydrocarbon solvente] 7% estersell ®]&] B|wZ e ExaS e
(3]
AA

=
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o
Q2
olN
N
-~
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oL
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7—} A7 GPC ARvEIHS B R esters® A EH HYd M Z3
peakE YEFN AT hydrocarbon solvent?] 7-¢ WS HL A ExF EEXE 71X
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Figure 2. GPC chromatography of vegetable fatty acid esters and hydrocarbon

solvent.

3-2. Vegetable fatty acid esterso] wWE varnishe] 84 W3}
3-2-1. Varnish9 tack, viscosity

T3 ¢ ZF Al E A &3] varnishd} S W hydrocarbon solvent®] A% <
bego] YodE B3t A J9s =2 2345 YERAT o] & estersell B

=] 3

3 w2 AR ¢ A LA Vst Aoz #ATHT. Vegetable esters®
A ZF varnish7t9] tack @ HXE 9 x}o]x= vegetable esters® A F4d o u]F
st 2] A FEe] Aol2 ke

Table 6. Basic Properties of Varnishes according to Diluent Solvents

FAME FAEE FABE H.S

Resin Content(%) 50.0 50.0 45.0 40.0
Tack 27.1 26.7 21.2 15.9
Viscosity 509.1 674.1 3915 781.1
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3-2-2. Varnish®] 3 FA

7} A& % varnishst #& o 3 A4 #4938 & A7 varnishe] #3F %
Ao )3k Diluent solventd] 3|4 o] JaS wo] W=
go] v hydrocarbon solvent®] -9 F3t&o] =& whA &S] vegetable
esters= H|IA SFATE T4 EAS 7R E=Y o] 9A A Hgo] GolALE T4
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Figure 3. Torque curves of varnishes according to Diluent solvents.

3-2-3. Varnish9 rheologyE4
3-2-3-1. Viscosity, shear stress profile curve
7} A% varnishdt S vl F5H<d EAE Fotetr] 918 shear rateo] wE
viscosity profile curve®} shear stress profile curved Figure 4] YEeERH AT F=4] 9l
3k Diluent solvent®] 34 SF&Eo] Z4ghe] wel H]#H o2 shear rateo] wE
viscosity @} shear stress7} S7}st=dl oyl FABES] 4F & F=Xg ko] o3& )
Ao vre s YEudth
Hydrocarbon solvent®] 7% 7F& w2 4 &alda 34 o oa) 4 ko]
Lo x BIsta =& viscosity®t shear stressE WEFNATE thul shear rate’l =
7}& 2 viscosityd] FHAEo] £ HOF o]lE =& shear rateR AT E FXA &9
FFo]l AA HAEot= AS & F AT
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Figure 4. Viscosity, SS curves of varnishes according to shear rate.

3-2-3-2. Oscillation measurement

Figure 59 Figure 69 2% 27 shear stress® frequencyol W2 elastic modules
9} viscous modulesE WEFNRITE. Shear stressoll W& elastic modules®} viscous
modules®] W3} viscosity profile curveol Aol Axel HUA3 MY x99} AgAo] &
hydrocarbon solvent®] 2% G, G''7} =2 #S YEIAAN S Y vegetable esters?tell =

A9 94 sERts £4 §F 9L A BEoE A & F Ak
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——FAME e ~+~FAME
150 800
& -8~ FAEE - 600 -a-FAEE
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U ~~FABE w400 ~FABE
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Figure 5. Storage and loss modules curves of varnishes according to shear stress.

Frequency®l] W& viscous modules$} elastic modules® W3}¢] 7Z-$ frequency’} &
Zbskol] wet GY, GVt Hldl Ao g Zrtetal 9lom AlFe] wE xlol= shear stresse}



gareldets A 207 Al 3% 20114,

50000
-—FAME 40000 —+—FAME
-=FAEE = 30000 -=-FAEE
=

«~FABE © 20000 *~FABE

—H/s 10000 —H/s
0 #
0 50 100 150 0 50 100 150
Frequency(Hz) Frequency(Hz)

Figure 6. Storage and loss modules curves of varnishes according to frequency.

3-3 Vegetable fatty acid esterso] WE& ink 4 3
3-3-1. Ink® tack, flow, viscosity

7t AlgE dastdlS Al tack 2 oviscosity?] A9 varnishol Aol Azl thEA
FABE®] viscosity”t FAME, FAEER T #& #S Uetlidrh ols a5t Aol A
Diluent solvents®] o] F7}ghel]l wet d=ae] B4 +4 3% Bue 34 5989
Pl o A FEoe= AE G F ATk

Hydrocarbon solvent®] 7-¢- v+ 4 &gl SHo= Qlaf 4] ko] A5
= B3 tack 2 viscosityE ®2 Wb flowrt 35L& A= YeER AT

Table 7. Basic Properties of Inks according to Diluent Solvents

FAME FAEE FABE H.S

Tack 5.6 5.6 5.9 6.7
Flow 37.0 38.0 40.5 37.0
Viscosity 63.4 68.7 86.3 1154

3-3-2. Inks9 #3 FHA

Zt A 8E Jdastate] f31 A Mgk A3 varnishes$t FASE A S 7HA =

tlo
Me




Vegetable Fatty Acid Estersoll W& H3t J3o] B4 Walo] #3t A

AS & 4 Uk uvh FAMES 7% varnishel ¥]3] ink® #3&0] ¥ Holu
FAEE, FABE, hydrocarbon solvent®] 74-%- ink3}dlS wl f3}&o] A3 F7ists 4
5 YER AT

MW

o
1
™

Normalized Lorque 4
g s

# .

8

o 5 a0 Fii o0 25 150 174 A0
Tirme [rin]

Figure 7. Torque curves of inks according to Diluent solvents.

3-3-3. Inks9] rheology &4
3-3-3-1. Viscosity, shear stress profile curve

Zb Al5E inkst dS W FEHQd 58S Fofstr] #18] shear rateel wE
viscosity @} shear stress profile curveZ Figure 8o YeWHAch Ink3dt #ANA A=
€] Diluent solvents®] o] S7hetel wel 21 540 & tf H&stA detv= A
S 4 g A =4 g8 4] 7HF ¥ hydrocarbon solvent®] A-§- A skEo] 713
Ao fA o] Weo|x B3Il viscosity ¥ shear stress7t 293 =4 el
t}. Vegetable esters 7ol A= x| &2Fo] & FABEZ} &2 34 FTHo] 7]203}4]
viscosity @} shear stress”’} ¥9tal FAEES 7% Zdbo= FAMES H|3] tha ok
S} shear rate7t F7bshel whel HApF o2 Fro] AHdH= AS & F AUk
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Figure 8. Viscosity, SS surves of inks according to shear rate.

3-3-3-2. Oscillation measurement

Figure 99 4% 7} inke| shear stressol & elastic modules®} viscous modules2]
W3lE Uelfidth. FAMES FAEES A9 92 shear stressol A9 G, G''7} 233
Z7Fsl=d ol e Hxe a3 oAM= pigmentite] A A7 A QFHo] kA =
&ato] dAalHow oo digt Aol FrtetE Aoz dAdEn W, hydrocarbon
solvent®] 7§ & shear stress®9elA -2 shear stress® A7 A &2 o= dH

79 G, GUE fABTE A2 & F Ao

120 250
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-+FABE © 100 +-FABE
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0
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Figure 9. Storage and loss modules curves of inks according to shear stress.

Figure 109] A% Z ink® frequency®l "2 elastic modules®t viscous modules?]
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Figure 10. Storage and loss modules curves of inks according to frequency.

3-4 Vegetable fatty acid estersd] @WE inke <14 FHA W3}
3-4-1. Ink film thickness®l] W& density, gloss ¥ 3}
Zt Azel o HAS A7) 98] ink film thicknessol WE density$} gloss ¥
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Figure 11. IFT VS density of inks according to Diluent solvents.
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Figure 12. IFT VS gloss of inks according to resin Diluent solvents.

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

2t AlgE Y 7SR R-I tester® Q2$ & density®} glossE A3 23
Table 83 7+o] hydrocarbon solvent?] 4% A3 "o]x|=t] H|3| vegetable esters
oAl A= A Aozt A %

Setting time2] 4% T3k ZFX]% A}8-3-& o] Diluent solvent®] &304 Bt
To JFE AA we Aoz w74 Ase X FFoly A {4
glol A=Y L& FAME, FAEEZF A2 © & setting timee] WEA eyt
Rub resistance®] 749~ vegetable esters’} hydrocarbon solventel]l ®]3] 435 3td o]+
Az YiHo Aoz =& x| &I vegetable esters® double bondol A At3tE
o] dojuyp JAarwt HFre dEFS vA= AowE FeEh

Vegetable esters7tol A= FAMEY] 7% o= m=uto] ©re I
S 7 Y& rub resistanceE WEFWH AL Diluent solvent®] 573 %=
A gheFe] JulH o2 =2 FAEEZF FABEY H|&| &3 rub resistance® WER AT,

L rr
o off
o

fr 2

_14_



Vegetable Fatty Acid Estersoll W& H3t J3o] B4 Walo] #3t A

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

FAME FAEE FABE H.S

Density 2.41 243 2.40 2.21

Gloss 51.5 54.7 52.4 314
Setting times(Sec) 18 23 28 27
Rub Resistance 6.0 4.5 5.0 85

* Rub Resistance ( 1.0 : Good < 10.0 : Bad)
4. 24 &

E Ao A vegetable estersE ¥ &3 Diluent solvente]l W& varnish®} =9
Ak 1 A s AES A9 o 22 2ES 45 T ATk

1. FAME°|A FAEE, FABEZ Z4% Ex1% 9 Fd5+= 718ty =4 &34
I #A#E 9 cloud pointy A Zol7F YA gkl
2. Vegetable estersol 4] alcohol}t+#9] Ex} F+Z7F AAFE FX|d

|
o] Wolx] varnish/Y 3 3}A] tack, viscosity’} E7Fst= AL &Ad £+ 9
A =1

3. Diluent solvent®] 3} ZHAL FAd izt &4 L 34 S =A H$Hd
a8, 1A TEHoR AFE F3 HAo] dEsithE AS AT AT
4. varnish®] shear rate?l 2 viscosity % shear stress W3E Wiz ow

newtonian flowel 7}7t% f& 545 UEUNAZ X2 FFo] =3 Diluent
solvent®] &4 Fgo] US55 F718ko o
5. Varnish: viscously fluidel 7F7F¢ E4S YEFAA AL shear stresst frequencyell
£ viscous modules(G'')¢} elastic modules(G') G Al X2 g#Fo] E3 Diluent
solvent®] 3|4 s¥o] 45 Frhsl
6. Y=2] shear rateo] WE viscosity ¥ shear stress ¥ 3}i= Diluent solvents?] 3

A Sdgo] o= Z7}0} 3 viscous modules(G’')¢} elastic modules(G')2] 7

gloss, ink mileage’} 43 WFH vegetable esters7tolA & 34
A Fdo] dEgt AS g0 T 5 Al
8. Setting timea Diluent solvent®] E3HH = FH =

El
=
resistance®] 45 SR =7F Wi AW ¢4 FEFo] =SFH ek
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