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Abstract

According as gradually increasing the demand for eco-friendly at the printing
process, it has been progressed fairly development. Especially, the inks are used by
soy oil beginning of ink industry for preventing environment, it is possible to make
eco—friendly inks with vegetable ester. So it is not necessary to use petroleum-based
solvents at all for preventing environment. These eco—friendly inks have a benefits
they are able to use the renewable resource. But basically vegetable oils have that
reduce the VOC(Volatile Organic Compound) and high viscosity, high solubility
properties. So if the vegetable oils use in the ink, set off problem occur on the paper
because of slow drying time. In case of vegetable ester, it has similar the molecular
weight and Kkinetic viscosity with hydrocarbon solvent, it is able to control the power
of dilution about the resin. So, it has benefit that solve the problem of the existing

eco—friendly inks. In this study, different types of ester were made by six types of
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vegetable oils and used ester in the varnishes and inks properties are comparison
with hydrocarbon solvent based ink. By considering the intrinsic properties of
vegetable oil, ester used to analyze the changes in ink properties, using ester varnish
is applied to study the rheology characteristics and emulsification with inks.
Keywords: Vegetable oil estersr, offset ink propertie, eco—friendly ink, viscosity,

rheology, hydrocarbon solvent.
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2-1. Al®

2-1-1. Vegetable oils

Alge FUdA AxzE A7Hacid value)7F 1.2 o]kl AAFZ 22 =7Hiodine value)d
2 655 AHgEgY. A3 AFEE vegetable oils®] acid value, iodine value, A<=
(gardner number)= Table 13} Zt}.

Table 1. Type and Properties of Vegetable oils

Linseed | Soybean Cone Rice Bran| Rapeseed Palm

Oils Oils Qils Oils Oils Oils

Acid Value 0.799 0.591 0.607 1.083 0.558 1.015
Iodine Valie 182.3 1316 118.1 108.0 89.5 49.4
Gardner 4.2 2.3 35 3.8 0.8 6.9

2-1-2. Vegetable esters A X

B AFo| A= Figure 13 2o] 05L 39 W75 o] 8319 vegetable esterg A
%3+ 3L alcohol® methanol, vl KOHZE AM&3&dch H Ao wrs =4S 2] 9
ofe] zdle AtA AEFS APstH L Table 29 2] alcohol moleB] S 1:6, vl
< 02%, ¥F& &% 60T, ¥h& AFs IAIRPe R e uf mRkg 245 HAstshal

glycerol®] #&& &olgtA & 5 AT}

ol

E 3] vegetable oil esterE A %3}7] 918 vegetable oilse 60C7HA 7} &l 30%
b FA A7l 3 alcohold catalyst(KOH)9] &3 &N wkS7]o] T8t 1A7F 98-
= A5tk WSl FREW oA WAg & 24A13 wA|ste] glycerol®] 3 &
g2 AygsAet. EAE estersol 500g(100%)2] & FHato] FAzAS W3ysPn
3AIZEe] st AYS g & sFe FRTE wHsta 23] o sYd HHoR
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Figure 1. 0.5L scale reactor.

Table 2. Vegetable Esters Reaction Condition

Item Condition
Reactor 0.5L
Alcohol Methanol (99.9%)
Catalyst KOH 0.2 mol%
Mole Rate (Vegetable oil : Alcohol) = 1:6
Temp. 60 C
Mixing Speed 300 rpm
Reaction
Time L hr

2-1-3. Varnish(vihicle) A%
et A 98t Alx5 S Th Vegetable

==

Alzol AR&® varnishe thgol
ester?] 2% L&A FHL nelshol viscosity® FASA S9N FAFFL T
TN 7)1 3L esterF S A A AZsHA L)
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Table 3. Varnish Formulation and Cooking Condition

Component A B
Resin 50 40
Soy Oils 15 15
Ester 35 -
Solvent - 45
Total 100 100
Varnish Cooking Condition 200C / 30min
Formulation A Using the Oils Ester
Formulation B Using the Hydrocarbon Solvent

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

* Varnish Cooker: Novamatic Themotronic Varnish Cooker

2-1-4. Y= (ink) AZ
ool o) AlgH daE theo XA oste] AXHJT A=A AF A E tack
HEZS FAMeAl 2A317] 998 hydrocarbon solvent®] Al-& %S vegetable estersell H]

3 5%F 7t Abgshe] Alxskad

Table 4. Inks Formulation

Component A B
Varnish 50 50
Pigment 15 15
CaCOs 10 10
Esters 15 -
Solvent - 20

Total 90 95

Condition 3 Roll Mill/ 3 Pass

Formulation A Using the Oils Ester
Formulation B Using the Hydrocarbon Solvent

* Pigment : Phthalocyanine Beta Blue(CI Pigment Blue 15:3)
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Table 5. 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

2-2. Vegetable esters9 4 =3

Vegetable ester?] HFS =% 2] 5}o] agilent technologies 1,200 series HPLCE A&
gto] e BEEE A 183 HACH LANGEARS] LICO 150 A4 =47]
o 23] vegetable oils¢} esters} WS w Ao WHILE W UFI L Novarna‘mcs*}%
chemitronic cloud point testerE ©] &3} cloud pointE =733t} Acid value, iodine
value®] 7% Mettler-Toledo DL22 analyzer(Z 4 7])& o] &3lo] =435

g

2-3. Varnish 84 =34
2-3-1. Tack, viscosity, yield value
=9 tack(H2A)S Thwing Albert, USAAFS] inkometerol] & =3 =) 1L, laray

viscometeroll ]3| plastic viscosity®} yield valueE =43} t}.

2-3-2. w3 AA

7t N g9 3 HAL vtetstr] el NovomaticAhe] lithotronice AH&3Fe] vegetable
esters®} hydrocarbon solventE AF&3S wl varnish® &4 WHIE HEFIT. Alm
25g% cupel ¥ il spindleE 1,200rpmo. 2 114314 Al 7|HA 20g/ming & dAL3 o
2 7S W, Algkel W& torques S sEAH

2-3-3. Rheology &4

7z} Al&9] rheology 54 S 59}5l7] 918 shear rateo] W& shear stress®} viscosity
W3ls =439 3l shear stress®t frequencyol "WE loss modulus(G'') % storage
modulus(G")¢] W35 =43}t Rheology34 -2 Hakke Mars II rheometerE ©]-£-3}
of AlES AU AHE geometry= C60/4°Tiol At

2-4. Ink9 B4 &4
2-4-1. Tack, flow, viscosity, yield value
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2-4-2. 3 FHA
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2-4-3. Rheology &
2-3-39] Agy FA WHA o FAFFHA)

2-4-4. 439 A4 HA

2-4-4-1. Ink film thickness®] ™ & density, gloss ¥ 3}

=19 film thicknessel ™& density, gloss®3E =2A387198 IGT C-1 modelS
f3to] %27] JdAaFS 0.15g0 2 dto] 10474 143 & density 9t gloss W3S =
3} t}h. Density:= Gretag D-196 densitometero] 23] =A &3l glossi= BYK

gardener glossmeterdl] 2|3 =4 %A

o]
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2-4-4-2. A7t WE density, gloss ¥ 3}
A zbel] w2 W 9] density E glosse W3S =As7] Y& R-1 testers ©]-&3f
of AAF T 2l Z7|oE 1~58 YR 0E)EEE 108 ~30% dYE density ¥

2-4-4-3. Setting times, drying times, rub resistance

Zy AR uE setting timesE Z7d3F7] 913 R-1 tester® coated paper’doll #2sk
T 293 A2 A5 3% (sec)THA SR set-offE A AT 4 A2 drying
timesZ =43d7] 98] glass plate Aol 37um FA9 #L3 =4S FAPI} T 60T
ovenol| Al EHto] ¢hd3d] HxH= AIZbS FASAT. 2 Al59 rub resistance™ R-1
tester® A M3 AJHE 244 7F WXl 3 Prufbau rub resistance tester® 203] ZHOE
A = AT

3. 4% ¢ u&

3-1. Vegetable oilso] W& ester 24 W3}
6% 9] vegetable oils®] W&} methyl esters® A F3dte] EA4S =43 A jodine
[e=]

value(o]sl I. V)7} %24 oilsoll A esters® W3 A acid value”’t 713t L V7t
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Table 6. Properties of Vegetable Oil Esters

LSE | SBE CE RBE | RSE PE H.S

Acid | Ester | 1.051 1.062 1.045 0.578 0.568 0.576 -
Value | Qils 0.799 0.591 0.607 1.083 0.558 1.015

Ester 4.0 1.8 24 2.4 04 2.1 -

Color
Oils 4.2 2.3 35 3.8 0.8 6.9 -
Cloud Point -3 2 1 4 0 12~13 27

* L.S.E: Linseed oil Ester, S.B.E: Soybean oil Ester, C. E: Corn oil Ester, P. E: Palm oil Ester,
R.S.E: Rapeseed oil Ester, R.B.E: Ricebran oil Ester, H.S: Hydrocarbon Solvent

Color(M) 9]l A 1. V7 =245 oilsoll A esters A3lol= ZaZo] HAwtk [ V7t
ol A 4= colore #A4A7F ZA yESETE Cloud point®] 7% hydrocarbon solventoll
H| 3] vegetable esters7} w0z Aws oy ol £x L34 HEd] %5}
s AS ougt, gl palm oilse 4 I T thh =2 #Held o]

T X3} A WAke] Folel mep ¢Aof tigh vk

Relative Amounts

High Molecular Weight Low

Figure 2. GPC chromatography of vegetable oil esters.
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Table 7. Molecular Weight of Vegetable Oil Esters

LSE SBE CE RB.E RSE PE

Mw 337.21 334.99 345.32 336.54 352.44 331.54

Agilent technologies 1,200 series HPLCE A}&3lo] Exl# BEXTE ZH3 Ax A
5 g FEo] 330~350At0] o] EAHS 7HA]=H o] vegetable oils®] tri-gleceride®l A
fatty acid=¢] &7} &HstA dojutithes A& & ¢ Ji EAE peakd A = v NS

no] Ao Vet gl

3-2. Vegetable oil esterso] @& varnish 4 ¥3}
3-2-1. Varnish9 tack, viscosity, yield value

Z} A8Z varnish3t < W, hydrocarbon solvent®} H]I A] vegetable esters?]
tacks =24 H|F viscosity ¥ yield value7} 433 w24 o] vegetable esters?]
=& 835 (solvency power)el 791%™ corn oil, rice bran oil, rapeseed oilel] H]3|
linseed oil, palm oile] &3] & Aoz FHAr}t it rapeseed oil, palm oilS Y
< Aol vlE) yield valueZb tha 26 o= X3} AWito] F7hghel] wel fE A

(pour point)o] kel g2 5 S0l o] A= Aor dddAr

Table 8. Basic Properties of Varnishes according to Vegetable Ester

LSE SBE CE RBE R.SE PE H.S
Tack 23.2 23.9 25.2 25 25 23 165
Viscosity 383 434 453 525 438 372 887
Yield
7933 6315 8730 9145 10305 9293 38762
Value(B)

3-2-2. Varnish9 3 HA

Z} A2 % varnishdt & w F3 A4S 43 2 ZI hydrocarbon solvents %=
TE AEFHoR WolEo] Frgo] AP Srtste AEdFS et o= A Al
27t HYd #3372 ThsAel AR A ougit oo B3] vegetable esters®
A AAE st EAS A= o= vegetable esters®] al-&3sjAde] o&] #3lo] #
Hy A Bzie] #w Aol A4St varnishWlel IHA AHES F7HA7 A=
et o}
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Figure 3. Torque curves of varnishes according to vegetable ester.

3-2-3. Varnish9 rheology &4
3-2-3-1. Viscosity, shear stress profile curve

7t Al5E varnishst & o F5dtad 5A4& 7937l 918 shear ratee]l wE
viscosity 2} shear stress profile curveE Figure 4°] WEl Tl Varnisholl A= A wWkA
© % newtonian flowol] 7178 % EAS Ygl=dY FX4 £35°] 2 vegetable
estersE AFEPS w OS olglst Aol AA YERWTE Viscosity9} shear stress™=

e resin} ] AH8A4S 712 hydrocarbon solvent?} A4@3 =A =AE Ak

180 ‘ 1200
160 1000
140 LSE = “ | | SE
—_ e 8= il
E ) _S.B.E % 800 :__ -=SBE
3 “RBE # 600 “RBE
é ot § % ~RSE
| =
i 200 i
20 H.S
0 0
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Shear rate(1/S) Shear rate(1/5)

Figure 4. Viscosity, SS curves of varnishes according to shear rate.
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Vegetable estersa ol A+ soybean oil, rice bran oilo]l ¥®]3] linseed oil, palm oil9]
viscosity ¢} shear rate7} tha SHA SAHE AT o]= 7} vegetable oil®] A[¥AF Aol
e A4 Fe] AolE FeE ™ oleic(Cl81)0]H inoleic acid(C18:2)2] H|Fo] ¥
soybean oil, rice bran oil, rapeseed 0il®] viscosity®} shear rate’} =& WHH, palmitic
acid(C16:1)9] H]F o] E2 palm ol AR @& AAES Yehhdo. ol ExFwko]
T Akl B esterd T E SHETE wol FA O e Aol FAce AoE W

e,

—

3-2-3-2. Oscillation measurement
Figure 59} Figure 69 A9 Z}7Z} shear stress®} frequencyol W& elastic modulus
9} viscous modulusE YWEFHATE WA <1 viscous modulus® Fkol elastic modulus
o] ZrEtk & Al ol viscously fluidel 7M7h¢ A4S vUedtz & &
Shear stressoll W2 elastic modulus®} viscous modulusE #2413 A3 & resind
o] X844 7}A hydrocarbon solvent’} A9 3] A A ¥ W vegetable esters? 7
L EE FAEE =0y viscosity$t shear stress profile curve? ZA e} o] AH
AbFAd o] Zpole] 98l soybean oil, rice bran oil, rapeseed oil¢] B¢ tha =

linseed oil, palm oil2 %2 73S el

ok ol

rlo
i)
ne)

gud

180 900
160 800
120 “SBE 600
E 100 =CE E 500
o 80 i ST R : J
9 #-REF 0 e
300 e 4
PE S
HS 200
100
0 0
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Shear Stress(Pa) Shear Stress(Pa)

Figure 5. Storage and loss modulus curves of varnishes according to shear stress.
Frequency®l ™2 viscous modulus$} elastic modulus® ¢ A] hydrocarbon solventi

A8 = FFEoR =S4 E A vegetable estersitol = A HEAF A o] Zfolo] o s

soybean oil, rice bran oil, rapeseed oil® ¢ YA = WA linseed oil, palm oil
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Figure 6. Storage and loss modulus curves of varnishes according to frequency.

3-3. Vegetable oils®] @& ink &4 W3}t
3-3-1. Inks9] tack, viscosity, yield value

7} AgE d3AstdlS Al tack, viscosity, vield value®] 79 varnishe A}l A<
AR S UElAT. o= varnishes®| & 5A4ol inkdlsttdte = A
drk= A ol

L

tlo o

[e)
=

Table 9. Basic Properties of Inks according to Vegetable Ester

LSE SBE CE RB.E RS.E PE H.S
Tack 4.7 49 5.3 55 5.0 4.8 6.2
Flow 45 445 445 445 45 455 40.5
Viscosity 34.7 37.3 43.1 45.6 40.1 35.0 107.3
Yield
6446 6474 5854 6636 6431 6368 23760
Value(B)

3-3-2. Inks9 3 FHA

Z} ANRE JdAgste] §3F FAdS BA% Ad o] 9A] varnishes®t 2} fA}SH
AL A= AL & F Ark. ek vegetable esters7toll A varnishes®] 2 3}el H]
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& m Mgk o]zt U= RS & 4 Q& iodine value’t =2 linseed oil, soybean oil
o] M]3} iodine value’} Y2 rapeseed oil, palm oil2] Trﬁ‘r%ol A& =4 e o]
= esterification ¥ B 2t= vegetable oilsth 2] free fatty acid’} #+&3}e] Q=9 #3}o
FIFS VA= AoZ Ferd

102
Timg [min]

Figure 7. Torque curves of inks according to vegetable esters.

3-3-3. Inks9] rheology &4
3-3-3-1. Viscosity, shear stress profile curve
b AlRE inkst dS W FEAd 5SS geotstr] 9@ shear rateo] wE
viscosity 2} shear stress profile curveZ Figure 8o YWEFSTE Inksol Aol Awkzel
flow A%&°] A8 4 pseudoplastic flow YEIH = AES & 4 Atv}. o]= vehicleW o
EAkH pigment7te] A 7] Al o 93t thixotropy 54 °] S shear ratel A =
71] Zgste As & 7 AU

Shear rate®] W& viscosity®l shear stress®] W3+ varnishol| 419 23t} FAFSHA

hydrocarbon solvent’7} A3 A =A% vegetable esters® A% WiE FAFSH

Fo]u soybean oil, rice bran oil ¢ A-$ thA ¥ W rapeseed oil, palm oil2 Y

% A4S YElWlth o]= vegetable estersZ TASIL Qe fatty acide] v]&o wWE

THE 2 AFe Aol ddEv Cl6 Hth C189 fatty acid’} T7FE4= = 4
Bl AS & F ATk
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Figure 8. Viscosity, SS curves of inks according to shear rate.
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modulus® 7% hydrocarbon solvent: =& z+S eI AL vegetable esters® 7%
& F-AFSE =50l rice bran oile] thA %S WM palm oile] AiAH o w e Z
& YE .
1800 LSE-T 6000 ~LSE-1
1600 ~ = SBE-1
--GBE-1 5000 s
1400 : wCE-1 e CE-1
1200 : ~RBE-1 4000 ~RBE-I
& 1000 ~+RSE-1 T ¥ i H-RSE-
3 \ iy £ 3000 P Cpeel
9 800 i ‘ ¢ i =
2 i | T © g g L-HS-1
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1000 | /A
0
0 20 40 60 8 100 120 0 20 40 60 8 100 120
Frequency(Hz) Frequency(Hz)
Figure 10. Storage and loss modulus curves of inks according to frequency.
3-4. Vegetable oilsell @& ink<] A3 HA #Hs}
3-4-4-1. Ink film thickness®] @& density, gloss ¥ 3}
zb ol HAS A7) 98] WA ink film thicknessol W& density W3S =43
A3} Figure 113} %] hydrocarbon solventoll B]&l vegetable estersZ Ab&3F =9

Aol 2 density’} 433 =ue AL & 4 Aok theh vegetable estersol] wWEkA =
density7} Z A zkol7t vA] et A4S 4 & IAL

T3k Figure 129} Zo] Ink film thicknessel] W& gloss ¥ 3% densitye} A9 FA}F
3l A3= yel+=d teh iodine value’b Y2 rapeseed oil, palm oil®] iodine value
7} =& linseed oil, soybean oil®] H] :SH gloss7t © & w2 A4S ey o= 2
g A = FJAHA Aol ink filme] A E ul rapeseed oil, palm oil E2 &3
ol iAo r wWEA ddg =S Pt AoRE dAdEr

3-4-4-2. Azt W& gloss W3}
b Azl Altel mE glossg® A7 A Figure 133 #Zo] 7¢ E5F #FAHE 4
FAS UdERATE vk A E3Ee] ApolE EAlE] B IFTO wE glossZ ¥} fAket

s GA 2AHHS A vegetable esters?toll A& iodine

Al hydrocarbon solvent®
value7} $2 oils7} Awkd oz =7 SH A
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Figure 11. IFT VS density of inks according to vegetable esters.
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Figure 12. IFT VS gloss of inks according to vegetable esters.
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Figure 13. Variation of gloss according to times.
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3-4-4-3. Setting times, drying times, rub resistance

ZF A &9 setting timesS =43 A3 Table 107} Zo] hydrocarbon solventel] H]3j
vegetable esters®] 433 Wk HAwrA o7 jodine value’l =S E setting times”}
w2 A Vel

T3l drying timesE &34 3% A3 hydrocarbon solventel] H]3] vegetable esters©] A

=21 iodine value®ti= 719 zolE YEMATE ©]= vegetable estersE& Al&

=9 A% iodine valued] &3+ AH3=3d R tE 3)wAd xjolo] o3 Axe JIgFL
o e Zog dedr

3

et oft

Rub resistanceE =43 Z 3} hydrocarbon solventol] H] 3l vegetable esters’} 43 3]
45 3H 1 iodine value’l £&TF YAk s 2345 YERYA

Table 10. Printing Properties of Inks according to Vegetable Ester

LSE SBE CE RB.E RSE PE H.S
Setting 15 15 18 18 21 18 24
Times(Sec)
'Drylng 56 62 49 56 45 38 8
Times(hr)
.Rub 5.0 45 5.0 6.0 6.5 6.0 85
Resistance

* Rub Resistance( 1.0: Good <> 10.0: Bad)

4. A

varnish® 32 S} &Aoo s

E Ao A vegetable oil estersel] W&
A T AT

I} v 22 AES de

=

1. Vegetable oils®] iodine value’} S-S5 esterification $¢ Ab7F<e} A
Zo] AA Yers

2. Hydrocarbon solvento] H]3l vegetable esters®] cloud point’} 433 StA YEbd

[e] S S =~
< AL 5 g

i

o

3. Vegetable esters®] a-g&dfAo] <o&] varnish, Y=23A] tack ©H| viscosity =
1+
~

~
vield value’} A%3] kil vegetable esters®] ¥3} x| HbAL ko] ZrtE 4=
fEHo] =olx] varnish, Y ZNAY vield valueE: Z7HA7]1E AS s
[} Kez]
PN AR
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2)
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8)

9

Hydrocarbon solventell B]3] vegetable estersE A& 3t varnish, & =29 3} A A
o] sttt S g F F AT
Vegetable esters®] 1L&34do] 93] varnishe}
profile curves= hydrocarbon solvento] H|3| “J% 3]
A AW A g 2ol E gl 4 ik

Varnish®} AU =29] shear stress, frequency®] ™E viscous modulus(G'’)¢} elastic
modulus(G’) 9 A] vegetable esters’} hydrocarbon solventel]l ¥v]a] A3 Yk
A Ao wE AolE T F AU

IGTol 23k <la) ZHA Ao o3l vegetable estersE AF-&3F varnish, =27} A
o] density, glossHelAl $-F3tthe gl & 5 9lolth

Iodine value7t & oilsES AFE3F vegetable esters¥d % gloss= %353 ¥k

setting time< 33l rub resistance”’} T4 FshA UERGE

39| shear stress 2 viscosity
u
N

¢kil vegetable esters?koll
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