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Rheological Properties According to the Hardness
of Dampening Solution for Lithographic Ink

Jin-Woo Cho

Dept. of Graphic Arls Engineering. Graduale School

Fukyong National University

Abstract

The emulsification of lithographic printing inks are very important {0 delermine printing quality. we
measuwred the variation of water pick-up according to the hardness of water in dampening solution. «
Therefore the purpose of this study was to determine if walter hardness actually affects the
emulsification rate of dampening solution and ink. And this studyv for the factors determining the
emulsion velocity, we have measured water pick-up and calculated emulsion velocity constant ‘k’
and activation energy

Also, in order {¢ observe the rheological properiies of the emulsified inks, we measured the viscosity,

the elastic return, the thixolropy area and vield stress value of the emuilsified inks.
In this paper, we found that the water pick-up of the ink increase the hardness of water with the
amounl of dampening solution. Also, The viscosity, the vield stress value and the thixotropy area were

increase by the water pick-up of the ink.



7171 A AR BAC FHE FREE
FAo AdHES U7 A8 B wHG MYt
Htelgel &ad o el SurlandE 8] %3519 Pineaux?d) &l

ojato]l dpHden ot FF Wi @A AT = MacPheed ol ol @)

oleldh 3 whig vl oz Z9JEe pHgolyd HHESY A wE

F8& FAe] o]lFo] Hod, {3t

P
il

Ar2 wAgE e g
Pincaux & B d7e 44 2UE9 HAxd & Jae dx W3E
wrg sk vl ook 2Eid AA Adsdedl A J=E7) roller nipg F3d Fof

w3l filamentation® BAbe|ul, 3 elsiAe] Mol® Fo A= creep

g4 dze 54 wetaly] el wesl J3e FHEUL &7
s Aozt PEsth 9azk Al XA e Bl 42
sotels] Slalas Qasl dezA 4dd ge) A% aiet ¢

*
A

= 918 otk ¥l Chou”®= lael=re] E

&~

)
e
Am
ox
tlo
j“:L
2

ol
o
>



ealol ol 717 #HeEx AgL Edto] A9 shear thinning F 59
thixolropy 7+32 2943 4} v}

BoaglA $4 £98e AEG u Agsle B BEE 2

rollor nipdl A ¥ $E€L W Fof I Ao Aoz, FAAH A
ol 3= gelo] AAHE AejelA WHE A

B oodFTo M= o9t 22 AAE Uiyl 9t ¥ shear stressol A
B & shear stress® AAZE W dulds doidE SAHT flow
measurement @} pre-shear A3 10Hz9] frequencyE FRES e} G’
G"& A3 oscillation measurement, 1231 pre-shear 2§ A%
shear stress® 718¢ o delds @485 S 43¢ creep measure

‘ment 52 EHA3te] 3R A4 e Fahgel wE HANA el

o
ru1o

Fote] dae] MG A A He Gl wE d2e B9

\.4___,
|
Lo

> LERE 7 o] 1} 9100

O_u
Al



2-1. 429 F3 A4

& (emulsification) ¥ M5 4delx] e F A7t A& el L&
st o]l @A AlE Ao BAEe] 9l AHE o) ® A (emulsion)o] 2

T g dEAdoE B A o] 7)Eo BEAEe] 9 W/O (water in oil)

=

O/W (oil in water)d 2]

Il
2
o)

e
d
ME
r>~
M
2,
%o,
!

ol ol Adxt 715

~

of A el glvt.

Fig. 1. W/O type emulsion{ x 500) Fig. 2. O/W type emulsion{ x 200)
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Table 1. The classification of hardness

Hardness L
Classification
CaCO; (ppm) pH
{5 < 0.8 very soft water
15~20 08~28 soft water
20 ~100 2.8~0.6 moderately hard water
100~200 hoe~11.2 hard water
> 200 > 11.2 very hard water
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2) Ammonia solution (NH3z)
Junsei Chemical Co. A 2F 5+ (28 wt.%)

3) EBT (Eriochrome black T)
Junsei Chemical Co. A2k 15

4) Calcium carbonate (CaCOz)
Junsei Chemical Co. AleF 19

5) Potassium cyanide (KCN)
Katayama Chemical Co. Al 2F 15

6 Ammonium hvdroxylamine (NH.OH - HCIH

Junsei Chemical Co. Al°F 19 (97 wi1.%)

3-1-2. 4% 4 ¥

oA A Cast Mgl 942 AAEEE S on, 43 ¥wer
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havdness(ppm) = bx % *1.001 > f
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a: AAe Agd =ol Hmb
b Aol A€ EDTA &He] %(ml)
£ EDTA 49 factor (f = 1.000)
AN Alzell A & 34 TR fHon AEE

T2 e e Wies
Z3A8 Y, Oppme] Ak #s ZHZ T o 7)o Ca
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Mete ke ojziHleln T, AAoldd 5 FeE AWMl o st A

d7tst st
3-2-1. Al o

1) Magnesium nitrate (MgNO3)

Junsei Chemical Co. A 9F 13 (98 wt.%)
2) 7Zinc nitrate (ZnNQOz)

Katavama Chemical Co. Al2F 15 (95 wt.%)
3) Phophoric acid (H3POa)

Katavama Chemical Co. Al9f 55 (98 wt.%)
4) CMC

Junsei Chemical Co. AleF 19
5) Arabic gum powder

Junsei Chemical Co. AleF 15

6) Ammonium dichromate {({(NH4)2:Cr:0O7)

5

Sab oFEFYEA N AL A
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X o= Table 20149} o] Az FIES ofdu|ofaiy £

Table 2. Dampening solution (gum arabic)

Additive agents Volume

magnesium nitrate 60 g

A solution ammonium dichromate 11 g

) phosphoric acid 85% 6 cc

distilled water 1,000 cc

Darnbening A solution 17 cc
dar > . . o

PEIng gum arabic solution(14 "Be) 8 cc

solution ..
distilled water 1,000 cc
eln ¢St e o Bel ARE 2Fstn, YR AgH: x

Table 3. Dampening solution (C.M.C)

Additive agents Volume
Zinc nitrate S50 g
A solution phosphoric acid 85% 12 cc
distilled water 1,000 cc
; CMC 30g
B solution | g tied water 1,000 ce
n . A solution 12 cc
Ei:]]l);’.mr?g B solution 12 cc
SOUe distilled water 1,000 cc
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W.P=-5 x100(%) (5)
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Fig. 4. The water pick-up rate according to the emulsification

time(10min).

L oM CMC Hd8dd daiide 9o e wioz {38

S7438to] ofgtnletnf 2AEFH CMC EYE HAxo we {38

_19_



3-4. %3 £% 459 A

Table 4. The water pick-up rate with C.M.C dampening solution(Oppm) at 20C

Fsed | a0 | t+dsed) | A0
3.00 2.9292 57.00 32.2969 3.4678
6.00 5 8585 60.00 32.9434 3.4327
9.00 87878 63.00 335899 3.3944
12.00 11.7171 66.00 34.2363 3.3525
15.00 14.6464 03.00 34.8828 3.3061
18.00 ; 175757 72.00 354151 3.2513
35
5t
e y =-0.0143x + 35179
25 | \\ R? = 0.9936
'f 34 -
2
g’ 2.35 .
3.0 \
305 \
O’I\' 1 e 4. i i 1 i L. 'l i
n 2 4 6 8 0 12 14 15 18 20
Time (sec}

Fig. 5. Plot of water pick-up rate with CM.C dampening solution

(Oppm) at 20T,
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Fig. 6. Photo of Bohlin rheometer model C-VOR.
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oF # Zo 10Hz9Y frequencyE 500s E<F FoiA A7t £ elastic

modulus(G’ )&} viscous modulus (G")¢] WEE &4 st .

3-5-4. Creep Measurements

o

vk WAl ol Fo Yojuhz =Y BHE EEI leveling &
A5ty Yste] B ¢l Fol A= creep measurement® ¥ ol FA
Sl

g8 oz 20 s'9 pre-shear® 120s £t & %9 0, 2, 20Pa%]
shear-stressZ 500s &9+ LA A 7hstol At gk dHE =433

o

3-5-5. Yield Stress Mcasurements
Satel ol=19 vield stressE ZAE7] Yt Y-S FoeE AP
o A

0Paoll 4 end stressZ 200Pa 742 B A st 600% FF 4<% Al#A shear

o

702 20CA pre-shear® 7}51A] @31, start stresss

stressol W shear ratest =SS 24 2) 7619

Fig. 7o) YeEbd 5 54 FolM otele] F4L shear rated YERE =
Ao 7 shear stress? F7hol wet A& Frtsks FAE debd odvh
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1-3. %% &% 45

Table h. Emuisification velocity constant(k) value according

gum arabic and CM.C dampening solution

to hardness of

temperature gum arabic CMC
(o Oppm | S50ppm| 100ppm| 150ppm| 200ppmj Oppm | 50ppm| 100ppm| 150ppm| 200ppm
15 0.0105| 00114 00124 | ©0129 | 0.0137 | 00138| 00147 | 00152 | 00156 | 0.0169
20 00113 00123 0013 C.0136 00147 [ 0.0143| 00156| 0.0159 0.0168 0.0175
25 0.0128| 00131 00142 | 00160 | 00176 | 00152] 00161 | 00163} 00181 00142
30 0.0137] 001 0.0168 C.0179 00190 | 00166| 0.0175| 0.0184 0.0197 0.0201
2 .
19
18

50

100

Hardness{ppm)

150

200

Fig. 13. Emulsion velocity according to hardness of gum arabic dampening solution.
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Fig. 15. Arrhenius plot for gum arabic dampening solution.
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Fig. 16. Asrhenius plot for CM.C dampening solution.

Table 6. Activation energy for hardness of gum arabic & C.M.C dampening solution

Gum arabic

hardness 0 50 100 150 200
(ppm)
activation energy o= 0 4 o
(keal/mol) 3.25 343 3.42 403 408
CMC
hardness -
Taraness 0 50 100 150 200
(ppm)
activation energy 224 71 913 285 217
{keal/mol) - ) - ’ B
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4-5-1. Flow Measurements
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Fig. 17. The viscosity variation dependent on shear stress in neat

ink and emulsified ink at 20C.

Fig. 1791 A% shear stress& T4AAIZE W] #3992 ¢ A A(neat

k)2t 38 das ¥E Wk e
as)

Ly
oX
iihd
i)
=
o
=y
o
=
2
=
o
L
Jo
a
i
08
o
™l
M1
X
W
X
]
ot
R}
%2
io
3

& =9e9 AR SErE A% w8eo Fitatn a7 st
2 el H9Ee] APl S8 Weld 4ztdn

J ZollA B £ glko] ¥ shear stress FoME FUE Hx9

_39_



T8so wE HExelZh A veuA ek Zievk 2 shear

stress®l FHelM e P2 Fxol e F3t8E a9 Fx Aozt W

BaAGA H5 dAFPANM dAEHME T Foll HolHv Aol A
Aol 93t HlE

I A)FFst=d, o] W A= ¥E shear stress?7F A& " 2y 4

L
i)
I
o
2
i
v
L.
=)
e
A
o2
1
H
e
[
flo
o
o
n

Ao 731z ¥-2 shear stressol 93l da= T A0 WYz
F3t& e dgrtsE Jdad 7l A shear stress® Qo g Qlsle] e
HEgs 7 A "

Roller nipg& E#3% YA nipdelAd 718HE %L shear stress?}
HF AAHA= o] e E fatged B2 Hxol Aeol7t HA Ty}
A dedoh 2elal dazk g A delHH v § W2 shear stress
7b 7Vl A=l Fig, 173 Zo] %2 shear stress G M= 538189 2
ofel whet HErE WES| Aoyl AW, FAMA oM E ojdF Hx
o] Aolz ]Qlated &9 Fexrt HaFE ] wge dFE vAA =2

Hoe g2 Azr=E)

_40_



4-5-2. Oscillation Measurements
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Fig. 18. The G of neat ink and emulsified ink according to the
time at 20°C.
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4-5-3. Creep Measurements
Fig. 20, 21, 22 A= pre-shear 2 ¥ z}z} 0, 2, 20 Pa®] shear stress
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Fig. 20. The elastic return rate of neat and emulsifed ink after pre-shear
and applied 0 Pa at 207C.
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Fig. 21. The elastic return rate of neat and emulsified ink after
pre-shear and applied 2 Pa at 20TC.
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Fig. 22. The elastic return rate of neat and emulsified ink after
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4-5-4. Yield Stress Measurements
Fig. 23l M & A&7t vbe 9] =
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Fig. 23. The yield stress of emulsified ink according to the hardness

of dampening solution at 207C.
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4-5-5. Thixotropy Measurements
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Fig. 24. The thixotropy of emulsified ink according to the hardness

of dampening solution at 20C.
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