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A Study for The Effect of Variation of The Resin Co ntent

on The Rheological Characteristics of Ink Vehicle

Jong-Kwan Bang

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

Printing inks are basically dispersions of solid pigment particles in a vehicle.
Pigment flocculation and/or colloidal aggregates created by thixotrope additives
form a three-dimensional network in the inks. This structure complicates the
flow behaviour of inks. However, if the internal structure is formed under
control, the printing process will benefit from it because the ink must satify
rheological requirements over a very wide range of shear conditions. The
presence of internal structure results in the following prominent non-Newtonian
rheological properties: viscoelasticity, yield stress, shear thinning and
thixotropy. If the components of printing inks were changed, the rheological
characteristics such as viscosity, yield stress, viscoelasticity and tack value
were considerably varied.

Thus, in this paper, the effects of changing the content of rosin modified
phenolic resin on rheological properties of the vehicle will be studied.

For that, the rheological properties were found by flow, yield stress, creep
and oscillation measurements using Bohlin C-VOR Rotational Rheometer. And
Emulsion rheology and its microstructure will be investigated.
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o BAZE AdsA He =AE TEH. o

u]
Modulus” (¥ “Young's Modulus” )&t &7 &t}
1 o=
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Fig. 1. Schematic Diagram showing Modulus of Hookean Solid by Shear.
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), modulus’7} & E2& U3 stresso] thal WdHo] AA dojyym=z,
modulusE W&o sl AFstE HE' 7} I, stress® v 7FA 2 modulus
% dyne/ar =¥ N/m'(sPa)s o @9 & zZrev. AIAAY 45 7tele &
Ho] A7]o #A flo] EE A(modulus)E A A A s

EAE dAARZA AT e B g2 JyAQEs Iyt BF EA U
o AZHAG7 S AAT Fol v I Hdn. BA AA Y dojyp Rk
A= Fopztrt.

2-1-2. A8 HAAH A (Linear Viscous Material == Newtonian Fluid)

FAe B e we w FA oW xR s2E7 e AL B
of T &t o B 9#o] JpSAH 1o t&stE AAE A
(stress)ol &+ 3}, Aol A e FIAE FHde= = 54
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Fig. 2014 B whsl o] WA Ael % g Abolol $aA7 A3, F B
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Fig. 2. Schematic Diagram showing Deformation of Newtonain Fluid by Shear.
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Fig. 3. Shear Rate — Shear Stress Behaviour for different Classes of Fluids.
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Fig. 5. Complex Modulus on Complex Number Plane.



G* =G +iG" 9)

1831 J* (complex shear compliance)= G 949} 2t}

J=1/G* (10)
JE=J —iJ" (11)

J =G /(G*+ G™) (12)
J =G"/(G*+G") (13)
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2 A AEHARE 22X WA HE FA= FHE I (F)lA FAE
Pom, Fig. 79 Perkin-Elmer series 200 HPLC® GPC (gel
chromatography) & AF&3le] 327} 7}x

3-1. 23 WA Hx FA g =3

permeation
A S FA438 At PL(Polymer

s2 olgale] ARHME #Asto] Tablel3 2
e zyow £49 FAFE Y0

7%,

laboratory)A} polymer standard

o
=
[e]

Fig. 7. The Photo of Perkin-Elmer Series 200 HPLC.
Table 1. Test Condition

Column PLgel 10 gm mixed-B Column
PLgel 5¢m 100 A Column
Solvent Tetrahydrofuran(THF)
Detector RI(Refractive Index) Detector
Flow Rate 1 ml/min
Injection Volume 100 wl
Temperature 35T

Concentration 05wt %
Test Time 20 min.
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3-2. Sample A &

Table. 20 YEFY 3= A o] X9 &S Este] samples Al x5}
b=
Table 2. The Formation of Sample

Sample Number
Sample 1 Sample 2 Sample 3 Sample 4
Component
Rosin Modified Phenolic Resin 30 40 50 60
Soya Bean Oil 10 10 10 10
D-290(Hydrocarbon Solvent) 60 50 40 30
Total 100 100 100 100
(unit: wt %)

© Hydrocarbon Solvent : Distillation Range 260 ~ 290 C
© Varnish Cooking Condition : 230 C /1 Hr

v

3-3. Sample?] F+HEgH EAH FH

SampleE 9 ¥ % 5EA5S ZAs6H7] 9dl Fig. 8 WEvA = Bohlin
C-VOR Rotational Rheometerg& A8 3} Tl Geometry = 4° /40 mm2] cone/plate
ol BE =Ao gJojd £x= 25 CE dAHFA AT A

e Aol 9ol samples ¥ HEE wE7] 98, pre-shear 5sec
1% %9 7}8} 3L equilibrium times 5min. o2 AA AT, 18 1L Fig. 99
ey e Fetdn]do] Ax® Thermo Haake Rheo-Scopel RheometerE Ab
43}lo], emulsion® shear rate 7} W& HE W3l nAFRE Ao
t}.

-1

o

T

3-3-1. Flow Measurement
Shear rate® 3o WEE sample? FEAL AHR7] Y& 102 %S¢t shear

rateE 0~10"sec "9 2712719, flow measurementE 2 A5} 9 T},

_13_



3-3-2. Yield Stress Measurement
Sample?] vyield stressE =A3}7] 98] pre-shears 7}8FA] &3l equilibrium
time2 10 min.& 2 &} T}
I % stressE F7MA17A shear rate®t viscosity ®3E = yield stressE T8}

Ak,

3-3-3. Creep Measurement
A A stress ol Al sample?] strain ¥3E AHB7] Y&, stress 50 Pa,
500 Paslol A 9] Z+7te] straing 108 &9 SA3ted AMZ Y& stress 5Fol A <

sample?] W3 5A & Hluwd] H Sk

3-3-4. Oscillation Measurement
Sampled] HEA S AH w7 Y, straingx 05 %= 31 frequencyES 1Hz
2 dAEA HFAAIIE single frequency sweep A S E3  G'(storage

modulus), G"(loss modulus), §(phase angle)& 23 H 9k

F3ee g3® da F, Jdawre AFA)Y FIE 2B Ay

(Water pickup ratio, WP)E A= A (18) 2 ettt

W.P==x<100(%) (18)

FA 9 FgF Wzl W2 sampleE9 #F3&S 5437 Y3 sample 25¢g
I FHS 30ccE: 100mt B ACAA 108 T nHE=E wEkr7](Max 1,000 rpm,
AC 220V, 50 W)E Al&35to 300 rpme 2 uwtslo] f#3}A 7 o,
ol w vl 1Evit; HGFF(eF 02g)9 ANRE AFHF] AFE A, o=
105 C AAz7]ol A 2A1ZFo]d @3] dxAz &, A dxd vs 2o A%

s 24stel 4 (19)e] UYstel fa&e THA.
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Fig. 8 The Photo of Bohlin C-VOR Rheometer.
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Table 3. Molecular Parameters of Rosin Modified Phenolic Resin

M, My M. / M,

gl

Rosin Modified Phenolic Resin 646 41,343 64 217,189

42, %A FF Msto] BE v FUNH 54
4-2-1. A9 TF Wl @& v F9 Flow Curve

Fig. 112 A8 &kl wE Hs 9 flow curvedE HEbdl Zojth. o &
sampleE ¥} vlws] %9 ko] 30%< A4, H]3)FE shear rated F7}ol
uel He st Ao dASA UEtu = Newtonian 71E & YEFW AT 84
o A o] gheFol A F7hetel whel shear thinning 71l @A A dEbd
S 2 ¢ A ol FA #E uEAY F I ¥ A(entanglement)F I

B2 ggko] Z7lo wE s W EYA FF(network structure)d A wE

1.0E+05
——30%
—a—40%
1.0E+04 [f —+—50%
‘2" 1.0E+03
o
2
(2]
8 1.0E+02
@
S
1.0E+01
1.0E400 ‘

0.0E+00 4.0E+02 8.0E+02 1.2E+03

Shear rate (1/sec)

Fig. 11. Flow Curves of Vehicles according to the Content of Resin.
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223 low shear rate  Gol A& A9 gFo] F714= Newtonian 4 9
o] WA uelgS 3ols 4 9lom, shear rate 1000 sec ‘0]l 9d o A=

sampleE 9] Tx7} @A I3 H o3

4-2-2. FA 9 FF W3lo] wE v 3] F9 Yield Stress ¥ 3}
Fig.12%= A9 5 WH3ld w2 83 F9 yield stressE& UEH ZHo|t},
FA o gheFo]l 30 %= A vk ws =] A9 vig AL stressolAE 4
A WY S e on, o) v Z&e nka A&7e MESA F27t 7t
FAA BEEH ol 2 7xE Bl 2aR s Po] A7 Wil o]
@ Aol Y Aow AaHv, £x9 FFo| FrletA HW o] %d u
tEE57189 MEANT 729 72 8 EYA 729 HIEgS do
7% W Fed Yol o ZAHAE Aoz AAAY W £A9 o
30, 40, 50, 60 %= UAHA HPoR F7tEA = 247 yield stress Fig.

= 2
%ol wad AF BAL okl AFFFE FHZ W FAdA

M
2
>~

1.6E+03 -

1.2E+03 -

8.0E+02

Yield Stress (Pa)

4.0E+02

0.0E+00

20 30 40 50 60 70
Content (%)

Fig. 12. The Vanation of Yield Stress of Vehicles according to the Content of Resin.
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4-2-3. A9 = W3l WE H 35 ZF9 Creep curve

Fig. 132 YA shear stress 50 Padloll A2l 422 s WH3lo] & #H]3]
£ 9] complaince < YELWH Holth, X9 g aFo] F7lgo] wEl compliance
ghol Al A Aol AA AA dEhgdSs & F AT ole FAY kol
S7FeAl = nE Ze] A AR Qo] Frrste] ANRH o R MFF Ao
<97 W3 vl BEEY2(Modulus)7t T7kste] W] A Yty FH=
Ao g Aztery,

Fig. 14 A2 t& stress 50, 500 Pastoll A o] 2] gk wstel] wp& w3
9] compliance < Y| g A o]},

H| 5| 9] gaFo] F71go Wl stressE 5789 S W compliance?] =)ol 7}
79 JEbA a d#o] 30%, 40 %21 79 complianced] o] 7} creep Al 7t
o] A¥gtel wet F7hES AT F AATh o2l AL oA AT AA
H, 8 Skel FUkeA HW ol iAo At Y AA Ha HY
P& e/ AA Ad HEHI T2V FAHAAY] WREoR AZ4E =

gl =, 500 Partt AR 2 stressE JlE|FojofF HEA UEJIATFERE

1.0E+03

1.0E+01

1.0E-01

1.0E-03

Compliance (1/Pa)

1.0E-05

1.0E-07

200 400 600
Time (sec)

Fig. 13. Creep Curves of Vehicles according to the Content of Resin at 50 Pa.
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4.0E+00
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—a— 40 %(500 Pa) —a— 40 %(50 Pa)
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2.0E+00

Compliance J (1/Pa)

0.0E+00 - T
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Time (sec)

Fig. 14. The Comparison of Creep Curves according to the Content of Resin at 50, 500 Pa.

4-2-4. A9 FF Wl e v F FEA W3

Fig.15,16,17% vi$ 22 straing Y4 frequency FEHI 2 7}3}&= single
frequency sweep §Hle] F4 ZSAWH g n3F AF AF(Storage
modulus) ¢t =4 715 (Loss modulus) 2] i $]4*F(Phase angle)E& YERWH 2
°lt}. Fig. 1565 & A9 @Fo] T7tZs= wsIAMd AF As
(Storage modulus)7t S7HeS &0 = AATh o= FF F7IE ds UE
A Fx7F 2dstA A H
& AAsHA Ha stFol AAHINS W & dUAE BEsH7] WELRE AR
Hr}.

Fig. 16 &3 A o] F71&F5 v SolA e &4 A (Storage
modulus)”7t S7FgS 2 4 At} o= 1EA ALE 9 ¥ E]E bead-and-spring
o0& A7ty #$ 2 o] Z(Rouse theory)oll o] Aste] B uwf 3o FFo]
o] v ALEA A& F7F SRR 9 Fo

A 7be el i bead FEolA el HAA G om i dUAES EA H

2
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&9 Fig. 172 FA9 ¢F wste] M2 s3] A4S vepd Aol
FA e Fe] 30%= 7 e HE o AS, A AATE 719 0=
Newtonian 4 Aol 7}7b2& Q0D 4= A spARt, =249 gFo] F7hetel
upek o ol

Made @ 5 g

4
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jai)
ja2)
)
o,
2
r o
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o|N
N
N,
ols
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e
il

HHoz (°Fo=R
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Fig. 15. Storage Modulus of Vehicles according to the Content of Resin.
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Fig. 16. Loss Modulus of Vehicles according to the Content of Resin.
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4-3. A9 ¥ F s wE v I #F3& W3

Fig. 182 & A2 = Wsle] w2 n|3F9 F3& HIE ved Aol

100
——30 %
g0 || —=—40%
——50 % (
_. 60 |
g
0-. = = o —
; 40 |+
20 -
0
0 2 4 6 8 10
Time (min.)
Fig. 18 The Varation of Water Pick-up Rate of Vehilces according to the Content of Resin
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gFol 309%91 emulsion®] 4= w/oBH7F obd o/wH H ¢ emulsion®] ¥
AEo iAo gkl S7bgel met v I FIES Fade & o U
Ax PPl ek Azko] FAHAPE B & Atk @A FA9 @
ol 60 % 7%, HlEF shol AH 1 &I (Weissenberg effect)”” = 2le]
AfdMes FadAgol dojux] otk o e H] X ¥ ekA (Non-linear

viscoelasticity)?} #HE FEL FF AF9 FAZ Az I},

4-4. Emulsiond A% W3 e} v AL Xx
4-4-1. A9 g WH3lo W2 Emulsiond J%E W3

FA ] g Wele w2 Ff3 HY e emulsiond ™ F shear
rate 37t WE A= WHIE vEld RAolth. 49 ko] 30 %2 emulsion?

B AWrA o ®  shear rate®] TVt we} HAE7E A dASA HEUE

Newtonian A%< HE P01 o]+ emulsion®] #Eo] EAMujel Eo] o5 =95 7]
1.0E+04
—e—emulsion (resin 30 %)
—=— emulsion (resin 40 %)
—a— emulsion (resin 50 %)
1.0E+03 |
)
©
a
> L.O0E+02
‘0
o
(8]
2
>
1.0E+01
1.0E+00 ‘ ‘ ‘ w

0.0E+00 2.0E+02 4.0E+02 6.0E+02 8.0E+02 1.0E+03
Shear rate (1/sec)

Fig. 19. Flow Curves of Emulsions according to the Content of Resin.
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o2 Azt A9 ko] 40% YU AF, emulsion?] =& AAHo=Z 7H
92 low shear rate 3 9ollA] 2F7ke] Newtonian & 9 o] YUER M, shear
thinning A =7} F7Fetdvh. 28]a A9 o] 50 %Y 4, low shear rate
Aol A HE7t okt F7bslE Aol vER o shear rate % 9 0] high shear rate

Q) P2 M neat AH O] WEFe] HE Wah FA Aol vhehbA ekskeh

DY)
P

ol

4-4-2. A9 FFF wiglo ME Emulsion? vA F+x= ¥3}
Fig. 20,21, 22%= shear rate 1 sec 'stoll 2] $:x]9] e wsje] me F3 3
ZElel 9= emulsion®l ek mAlFE2E YERA Aol
Low shear rated] 1sec 'olA: alze] daaixadro] A% 9288 o 4
AJAth A 30%9 #3 HY HEl= water in oil FEI7}F obd oil in water & El
2 Fig. 2001 YEl Slxo] &5l v 3ol Wa(drop) B = EAH A A=
& AT 2 FA 9 ko]l MY =2 Fig. 229 Aol Ao A 7zt
3}

3}
A=
A FAEeA 9ee FAT = Al

Fg. 20. Microstructure of Emulsion with 30 %.  Fig. 21. Microstructure of Emulsion with 40 %.

Fig. 2. Microstructure of Emulsion with 50 %.
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Fig. 23,24, 25% shear rate 10 sec '8toll Al 9] emulsion®] v Al Tz &S et
@ Aot Fig.239] 4%, Wlel29 W& (drop)s 2 A4S dadAA &&
W e A EE 9% sheard] 93 okzre]l A WA HEEE el
T & AT Fig. 24014 22 2022 APl A fAHAAL AT,
2 ooge mAw FUz WYL B+ AUk AW FA9 FFo] 50

%9l emulsion® "< (drop)& %3 shearo] 9IS Wx &L S Fig. 25

r w @
Fg. 23. Microstructure of Emulsion with 30 %.  Fig. 24 Microstructure of Emulsion with 40 %.

Fg. 2. Microstructure of Emulsion with 50 %.

Fig. 26, 27, 282 shear rate 100 sec "ol Al emulsion®] W AlF+Z¥31E el 7 o]
t} 30 % emulsion®] 7% AH& BAT 4 gled, o= shear rate kol 23
HeHod dd F A
W o® AR Eth g

g g0l AS & = AAJT A9 50 % emulsion®] ¢ shear rate F7FA HF

= A=}

| shvpe] o w ¥ o4 3sk(homogenization) @e] oo

o

40 % emulsione L3 =719 EAFAEo] W # A3

&

o AW oJFHolA B, A AP BAHIAA R,
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Fig. 2. Microstructure of Emulsion with 30 %.  Fig. 27. Microstructure of Emulsion with 40 %.

Fig. 28 Microstructure of Emulsion with 50 %.
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