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The Variation of Rheological Properties
depend on the Calcium Carbonate
Concentration and Particle size of Pigment

Jeong—-Min Park

Dept. of Graphic Arts Engineering, Graduate School of Industry,

Pukyong National University
Abstract

The inks for printing are mainly composed of pigment and vehicle. Among these
components, the rheological properties of the ink are more affected by the vehicle than the
pigment. However, the contents or characteristics of the pigment might change the fluidity of
the ink.

fn this study, Samples were made by using different pigment contents. Also the variation of
the rheological properties were tested by changing the particle size of the pigment. The
fluidity was measured by using rheometer.

As the result of the study about pigment contents, at the low shear rate region, the
viscosity was increased with increasing of the pigment contents. The difference in viscosity
tends to decrease gradually with increasing shear rates. The yield stress and thixotropy tend
to increase with increasing the pigment contents of inks. As the pigment contents increases,
the structure of inks has less breakdown and deformation. And it took less time to recover

the structure of inks

Also the result of the study about the particle size of the pigment, In the low shear rate
region, the viscosity was increased with decreasing of the pigment size. But the difference
in the viscosity tends to be maintained with increasing shear rates. The tendencies of yield
stress, thixotropy and recovery of ink's structure with decreasing the particle size were

similar with the earlier result of pigment content.
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Table 1. The characteristic of CaCQO3
Raw Type of Precipitated
materials Calcium Carbonate Manufacture|Crystal form Use
Rubber
Hexagonal Plastic
. Paint
CalClt? Hexagonal PVC-Tile
(?atrrt?df:;e Milk of Time Sealant
Hexagonal Sealant
Precipitated Hexagonal Sealant
Limestome |  Calcium Hexagonal Plastic
Carbonate Hexagonal Ink
. Paper
AL ” Orthorhombic Rubber
agoni .
(Intermediate| Milk of lime|Orthorhombic| Dentifrice
. Gum
particle)
Orthorhombic | Window—-flame




Table 2. The physical properties of CaCQOz

Type of Precipitated Calcium
Carbonate

Crystal form

Electron photomicrograph

Precipitated
Calcium
Carbonate

Calcite
(Ultra fine
particle)

Hexagonal

Aragonite
(Intermediate
particle)

Orthorhombic
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Fig. 1. Viscosity profile curve showing rheological requirements of

printing inks at various stages of the process.
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Fig. 2. The yield stress measurements of a process offset ink at
207C
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3.2 3
3-1. ¢tsgg 2 d3 o &2x Aol WUz}
3-1-1. A&
(1) St&(AArs)
Particle size7} 0.06um$] fatty acid coating® 2} 3t ¥abzHE(CaCO)& A2
st ok
(2) Varnish(Vihicle) A=

Alsol AFR¥ varnish® a3 o] Alze .
o] ZA]& heatset type?] offset ink8& varnish =g upstc},

Tahle 3. The formation of vanish (unit : %3)
Rosin modified phenolic resin 45
Linseed oil 20
Hydrocarbon solvent 33
Gel agent (AL~ Chelate) 0.7
Total 98.7

* Hydrocarbon solvent : /%9 260 ~ 290T
* Rosin modified phenolic resin : %A% : 100,000

* Varnish cooking #&71 © 230C / iHr

_10_



(3) A= A=

2 Aol AbgE das tEe 2 ofste} Alzsdd

Table 4. The ink formulation of the sample inks.

(unit : g)
sample nurnber
component sample 1|sample 2|sample 3|sample 4|sample 5
Varnish 60 60 60 60 60
CaCQOs 20 25 30 35 40
Hydrocarbon sclvent 10 10 10 10 10
Total 90 95 100 105 110
(4) Als(d=n)Azx =4
& Al AAgE das dFe 22 23les AxRFHAT
Table 5. The condition of three roll mill (3pass)
Roll temperature : 3012T
Roll pressure : 10bar
Knife pressure @ 8bar
Roll diameter :© 6 Inch
Manufacturing company @ Kyoung Yong machine. Korea

-11 -
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ot SHitol WE dz29 FEAE Ayl st #bzkel Alse s
o] wviscosity profile curve® el L, 4 A5 vyield stress®t
thixotropy indexZ ZA3sIct el ¢t o] wlE a9 F£ 3
BADE atetdtr] Astel step change testS ZHZF A g skl

2+ Addd9 A= Bohrin C-VOR rheometerell 4°/40 cone plate® A} &<

4498 stk diesE 20Tl

Iig. 3. The photo of Bohlin rheometer{model C-VOR.)

3-1-2-1. Viscosity profile curve
Y22 shear rate F7F W& AW E ey st Almd dst

o e 2727 viscosity profile curve2® 2 JER I
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Fig. 4. The viscosity profile curve of a process offset ink at 20T,
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3-1-2-2. Yield value

Ao &£3& hetA J9 FAE wgsr) AR AxE dolx) A
Ak e} vield stress® Zb= G Al vield stress ©]AFe] Lo A5
B #A7F 71Esk7] Az olef ek Fal 9 yield stress® @& A9
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FAY A AFste #AAhe B FQ) yield stressE 4387 915t
o] &9 A FAHsUH

Aol pre-shearg 7}atA & AdelolA 10% F<t shear stressE 0
Paol Al 100 Pa 7tA A& Z7HAZh olml shear stress® S7bol]l WE

Ae W3S 27439 vield stressE T3 4+ ATt
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Fig. 5. The yield stress measurements of process offset ink at 20C
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3-1-2-3. Thixotropy index
obg 3Fteke] ZF7bel w2 =19 thixotropy indexZlE A7 93l
el s ol 88ttt Aol pre-shears 7ESEAl b2 AEfol A
shear stress& 0 PaollA 200 Pa 7HAl 5% E<F S7FA1Z 1, 800 PacllA
0 Pa 77 5% %<t shear stress& thA] ZAaAlzlth

ojnf shear stress® shear rate®] HAlE YERLL, o714 vERd loop

curved ©]£35}4] thixotropy indexE& tha-2l Z1golAe} o] & 4= gt}

SHEAR STRESS, T

THIXDTROPY INDEX

LOOP AREA
AREA UNDERNEATH UPCURVE

o e e e e M e o = = ma wm mn ey e

SHEAR RATE. Y

Fig 6. Schematic illustration explaining the definitions of thixotropy index.
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3-1-2-4. Step change test

Zt 3 dg FAEEE A fstd dEd 2E WHLE step
change test& A8t}

M 9= pre-shear® z+7} 50, 500, 1000 Pad 120s 5ot 7}sbed Y=
o] FZ2EZ I (break down)AlZl ¥ 2 Pa9l shear stress& dASA F
of 43¢ F2E A IFAA oW JA 2] Az ME shear rate
o] WstE Yehllo] a9 & 3EHE fofTd 5 ok

Fig7& A@dNHe] shear stresse ®lztE vEhlE Z122  shear

stress® W37} ehA A o dojuie AL o F Uth

re———  BREAKDOWN RECOVERY ————

SHEAR STRESS

TINE

Fig.7. Schematic illustration of step change technique for studying
structure recovery of inks.
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3-2. kYA Ayl Be g3 Aewx JAe] e}

3-2-1. A&

(1) tu(AHILE)

ohelst we e, el

0.06, 0.08um¢! VA2 FS ALE

"
o

Table 6. Chemical properties of Calcium Carbonates

12k37)7F ZhzE 003, 0.04,

Primary Particle Size(um) 0.03 0.04 0.06 0.08
DOP absorption{ml/100g) 295 28.0 245 20.8
Whiteness(96) 95.0 98.0 985 98.8
Moisture(%6) 0.4 0.4 0.4 0.4
Screen retention 325 mesh(%46) 0.1 0.1 0.1 01
. Rosin
Coating agent Aied F/A F/A F/A
Table 7. Physical properties of Calcium Carbonates
Items 0.03um 0.04dum 0.06um 0.08pm
Calcium oxide(%) .3 54.2 54.2 54.3
Magnesium oxide(%) 0.13 0.14 0.13 0.13
Silicon dioxide(26) 0.14 0.12 0.17 0.10
Aluminium & Ferric oxide(%) 0.11 0.10 0.10 0.15
Ignition loss(%6) 45.32 45.44 45.44 45.32

_17_




(2) Varnish(Vihicle) A%
A Zol AF8¥E Varnisht™= 3-1-19 2743 2dst4 AxHQo

(3) 9= A=
B e e d3e bz gRavsh e eadEa e ol gad o
ol 24 ostel AxEA

Table 8. The ink formulation

Component Content(%)
Varnish 60
CaCOs 30
Hydrocarbon solvent 10
Total 100

(4) AR DAZR £7

AIAAFZE 3-1-19 243 5d&A Az=00

3-2-2. 9329 /FEH R +xIR_AY F

by YAl e Amel FEAS Hobs] Aste] zzte) A wol
et viscosity profile curve® YERWHI oW, ZF AlE 9 vield stressZ
24agn. 2o dm B aE P26 Tz AW sjelsis]
Hetol step test, oscillation % creep 35 Sol diste 74zh d@svh
2 A3 A= Bohlin C-VOR rheometer®] 4°/40 cone plateE Al-&3}o
dg st ddlL e 20T A
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3-2-2-1. Viscosity profile curve

3-1-2-19) AYst SA@ el oa SAHA.

3-2-2-2. Yield value

3-1-2-22] A3 FUF el o3 FHH A

3-2-2-3. Step change test

3-1-2-49 4383 F4§ Yo ofs ZAHL At

3-2-2-4. Oscillation tests
oA7IA = e g g e g4 AP 8L dolsie a9 IJEAS

B7Ee7] et Ao st obge] = o= oscillation testsS A A

olgJ3 ZAHol MHo g JdAd 5 s 'Y pre-shear® 120s B9 &= Fo|
5Hz9 frequency & 500s&<Qt FolA Al7be] w2 dynamic storage shear
(elastic) modulus(G*)9} dynamic loss shear (viscous) modulus (G")9] 9

3 FAst At

3-2-2-5. Creep tests

GA7E AJAA A Hold Fo] dojuh= A9 B4 H 5T leveling S
23317 fdte] 2 AF e creep testsE U3 2o AAsdth
dAe 10 s'e pre-shear® 120s §¢+ &= Fd 0, 2, 20Pa®] shear

stressE 500s Q9 YAsHA 7hsla] Al 7ol oje HME S ZAH5nt .
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4-1-1. ¢t= FFd 0-Z Viscosity curve

m 0m  shear rate (1/s) ! 10 ¢

Fig. 8. The viscosity profile curve of ink depend on the pigment
concentration

Fig.8& shear rate®] F7be] m& Z} A5 9 Ax ¥3E el 4
shol] A

e

% 9%o] shear ratet F7bEol uwhel Hwsh dAH oz e
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4-1-2. ¢t5 ol & yield value 54 4%
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Fig. 9. The vield stress variation of inks depend on the pigment
concentration

Fig9ol M= =9 CaCOs ¢ts 3ol wE yield stress® W& L1}
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Fig. 10. The thixotropy index variation of inks depend on the pigment
concentration
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Fig.11. The structure recovery of inks depend on the time
at pre-shear applied 50 Pa
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Fig. 12. The structure recovery of inks depend on the time
at pre-shear applied 500 Pa
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Fig. 13. The structure recovery of inks depend on the time
at pre—shear applied 1000 Pa
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Fig 14. The viscosity profile curve of ink depend on the pigment
particle size
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Fig. 15. The vield stress variation of ink depend on the pigment
particle size
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Fig.16. The structure recovery of inks depend on the time
at pre-shear b0 Pa
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Fig.17. The structure recovery of inks depend on the time
at pre-shear 500 Pa
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Fig.18 The structure recovery of inks depend on the time
at pre-shear 1000Pa
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4-2-4 QOscillation tests
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Fig.19 The G’ variation of inks depend on the time
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Fig.20 The G" variation of inks depend on the time
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Fig.21. The elastic return rate of ink after pre-shear and applied
0 Pa at 20C.
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Fig. 22. The elastic return rate of ink after pre-shear and applied
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