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INTERNATIONAL STANDARD © SO

ISO 12644:1996(E)

Graphic technology — Determination of rheological
properties of paste inks and vehicles by the falling rod

viscometer

1 Scope

This Interpational Standard specifies the procedure for determining the visc@sity and yield value of paste inks and

vehicles Which are unreactive under normal room conditions.

It is appli¢able to inks in the apparent viscosity range of 2 Pa-s to 200 Pa-s.

2 Definitions

For the plirposes of this International Standard, the following definitions apply.

2.1 visdosity: Measure of the internal friction.of & liquid in motion. The viscosity is generally defingd as the ratio

of the shear stress (2.2) to the shear rate (2.3):

2
n=1

2.2 shefar stress, o: Force per_area in a direction parallel to the applied force. Unit: Pa.

NOTES

(1)

1 For thg falling rod viseereter, the shear stress is proportional to the total weight of the rod and the pveight loads in

accordanck with the eguation

V_.me
U~ 2nrl

where (see figures 1 and 2)

is the shear stress;

is the total weight of the rod and the weight loads;
is the apparent shearing area;

is the gravitational acceleration;

s % > = Qq

is the total mass;
is the radius of the rod;

~ =

is the length of the aperture.

2 The shearing length of the aperture of a falling rod viscometer usually contains both a tapered and a parallel section;

therefore, it is understood that A is not the true shearing area but an apparent shearing area.
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2.3 shear rate, y: Velocity gradient through a stressed liquid in a direction perpendicular to the shearing area.
Unit: s=1.

NOTE — For the falling rod viscometer, yis inversely proportional to all fall time according to the equation

L .3
¥ r-In(R/r)-t

where

Y s the shear rate;

L s the falling distance of the rod;

r is thg radius of the rod;
R  is th¢ radius of the aperture;

t is the fall time.
If the ratio of the radii of the rod and aperture is close to unity, the term may be simplified to

Y=—"
st

where s is the fhickness of the ink in the nip determined by the difference between radii of the aperture and of the rpd.

2.4 apparent viscosity, 1n,: Ratio of the shear stress o to the shearrate yfor a given shear stress or ghear rate.
Unit: Pa-s.

2.5 Newtofian liquid: Liquid whose shear stress is propqttional to shear rate.

2.6 non-Newtonian liquid: Liquid whose shear stréss is not proportional to shear rate.

NOTES

1 There are two types of non-Newtonian liquids® With shear thickening liquids, the viscosity increases with sheaf rate; with
shear thinning [liquids, the viscosity decreases with shear rate.

2 If the viscosity of a liquid decreases-with application of steady mechanical stress from a value at the state of rept to a final
value and incrdases again if the stress ceases, the liquid is called thixotropic.

2.7 flow curve: Graph of’the’shear stress o as a function of the shear rate yor vice versa.

2.8 Casson|model\see A.1): Flow model which assumes a non-linear increase of shear stress o with [increasing
shear rate 7. ;A minimum stress op is required to initiate flow.

2.9 Bingham model (see A.2): Flow model which assumes a linear increase of the shear stress o with increasing
shear rate 7. A minimum stress oy is required to initiate flow.

2.10 Power Law model (see A.3): Flow model which assumes an increase of the shear stress o of a liquid
proportional to the Nth power of the shear rate ¥.

2.11 yield stress, op: Minimum stress required to initiate flow of a liquid. Unit: 1 Pa.

2.12 pseudo yield stress, oy: Shear stress at a defined low shear rate when applying the Power Law model,
typically to 2,5 s-1.
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2.13 reference temperature: Temperature (25 °C) for which all results are reported. Unit: °C.

NOTE —

2.14 te

Measurements made at temperatures different from this temperature are corrected (see 6.2.2).

st temperature: Actual temperature of the aperture ring during measurements. Unit: °C.

2644:1996(E)

2.15 shortness ratio: Ratio of yield stress or pseudo yield stress to the apparent viscosity. Unit: 1 s=1.

3 Testmethod

3.1 Principle

The prindiple of this test is the measurement of the relative velocity between a vertical vod and an| aperture ring.
The bottgm of the rod is inserted into the aperture. The gap is filled with the test fluid,)which is shegred when the
rod falls.

By loading the rod with different load weights, different shear rates are obtained. By applying linpar regression
methods| to the measured fall times as a function of load weight, the wiscosity and the yield ptress can be
calculated.

3.2 Apparatus

3.2.1 Falling rod viscometer

The viscgmeter consists of

— acyljndrical rod (figure 1) made from metal or any other hard material. In order to obtain comparpble values for
shear stress and resulting shear rate the mass of the steel rod should be (132 £ 1) g.

— a matal ring (figure 2) with a defined cylindrical or conical aperture. The ring is fixed on a support|and should be
tempperature controlled. Since thexdiameter of rod and aperture are critical they are manufactufed within low
tolergnces. These dimensions-shall be supplied by the manufacturer. To minimize possible gdp differences,
only|matching sets of rod andaperture ring shall be used.

— load|weights to be loaded-on top of the rod. Series of load weights are combined to sets. Sets df load weights
with|the following nmasses should be used:

A: 5000, \~4000, 3000, 2000, 1000
B: 3000, 2000, 1500, 500
C: 1500, 1000, 800, 500
D: 866, 6566 400 286
E: 400, 300, 200, 100
F: 200, 100, 50, 0

The tolerance for the masses of load weights shall be £ 0,2 g;

— a designated measuring distance marked on the strut. The tolerance shall be £ 0,2 mm. Sensors may be
placed at the marks.

— alev

elling device.

— atiming device. The tolerance shall be + 0,1 s (should be + 0,01 s).
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Figure 1 — Falling rod viscometer
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Figure 2 — Aperture ring

mperature control

Means shall be provided for measurement and control of the test temperature.

3.2.3 Others

Non-scrat
Standard

NOTE —
these oils

3.3 Ani

The test
viscomet

If workin
room cor

ching spatulas.
viscosity oils (at least 2) for calibration.

The viscosity of the standard visegsity oils shall be in the same range as that of the test samples.
shall be traceable to a standards.institution. An internal standard may be used for comparative studie

bient temperature control

shall be cariéd out under controlled ambient temperature. This can be achieved either
br in a thérmostatically controlled cabinet or by working under constant room temperature.

) ing Gabinet, the inner temperature should not vary from the test temperature by more tha

[he viscosity of
only.

by placing the

h +0,5°C. For

ditioning, a difference of +2 °C to the test temperature is allowed. The standard reference temperature

shall be (Zb £ T, 21 °C.

3.4 Preparation for testing

Prior to use, the test sample (about 5 g) shall be kneaded by a spatula and equilibrated to test temperature. The
sample shall be homogeneous and not contain any coarse particles.

The proper set of load weights is selected according to the expected results.

NOTE — The fall time with the highest load weight should normally be in the range 4 s to 10 s. For heat-set printing inks it
may be desirable to use a shorter fall time for the highest weight.
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An amount of the test sample sufficient to coat the rod and aperture is applied to the lower part of the rod. By
turning the rod, the sample is distributed uniformly. Running a single pass with the highest weight load, the rod and
the aperture ring are wetted by the liquid. The rod is inserted into the aperture and rests on the support before the
test run is started.

3.5 Test procedure

The sample is tested with the selected series of load weights in descending order. The fall time shall not exceed
60 s. After each run, the rod is scraped with the spatula and the liquid which was scraped off is reapplied on the
lower part of the rod. During the test, additional liquid shall not be added.

At the beginni

For highly thix

3.6 Cleanin

After the test,

4 Calibrat

When installin
levelling devig
are calibrated

The calibration

4.1 Calibra
Assuming tha

From (1), (2) a

is the

Ng and at the end of the test, the temperature ot the sample 1S checked.

btropic samples, it may be necessary to make a dummy run first.

e to obtain proper vertical alignment. The timing device and the distance between the tw
Huring initial installation. The timing device shouldibe recalibrated regularly.

tion for the Casson and Bingham models (see A.1 and A.2)

9

the instrument shall be cleaned immediately with a lint-free wiper and. @ suitable solvent.

on

g the viscometer, locate the instrument on a sturdy-®ench in a draught-free environment

shall be performed by testing the standardviscosity oils according to the procedure describ

the standard viscosity oils ‘are strictly Newtonian, the calculation is as follows:

nd (4) follows:

"8 _
mrl

st
L

Use the
Sensors

ed in 3.5.

Viscosity;

is the shear stress;

is the shear rate;

is the mass;

is the gravitational acceleration;

is the radius of the rod;

is the length of the aperture;

is the thickness of the ink in the nip;
is the fall time;

is the measuring distance.
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Fixed parameters and constants are combined as device factors cand
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L
o= . (6)
A
and
8
= A7)
h 2nrl
The unit of aris 1 and the unit of Bis Pa/kg.
Since thershear+rate
&
Y=+ . (8)
and sheaf stress
o = PBm .(9)
the viscogity of a Newtonian fluid can be calculated from the slope of a plot of y'versus o for different masses. The
measured viscosity is the reciprocal slope of the linear regression line.
If a certaih set of rod and aperture ring shows viscosity variations of >20 % from the specifications df the standard
viscosity pil it shall be discarded. Smaller differences are compensated by using a correction factor @
D = Nlrue / Mmeasured ... (10)
The corrdction factor @ is specific for a single set of re@dsand aperture. It is recommended that a cafibrated set of
aperture and rod be kept as an internal standard.
4.2 Caljbration for the Power Law model
For detefqmination of the device factor B (stress constant) defined in equation (7) it is necessary t¢ measure the
radius r df the rod and the length-of the aperture. Both dimensions shall be measured to 0,01 mnp. Given these
data the dlevice factor B is calculated according to equation (7).
The valug of the device-factor a defined in equation (6) shall be computed from fall time runs of the standard
viscosity |oils. For that(purpose, measurements shall be taken with at least two such oils, covering the viscosity
range of nterest, and~at least four fall times. The known viscosity of the oils is divided by the fall ime ¢ for each
weight lopd with the’mass m and this quotient is plotted versus the mass for each standard viscosity| oil. According
to equati¢n (1 1);the slope of the regression line is the quotient f/a of the two device factors.
A
Astd =7 1)
t o
where
Nstqg s the viscosity of the standard viscosity oil;
t is the fall time;
m is the mass of the weight load.

Having calculated B from the geometric dimensions of rod and aperture according to the above method, a can
easily be calculated. With the device factors a and B determined, values for the shear rate yand shear stress o can
be calculated from the fall time ¢ and the mass m used as shown in equations (8) and (9).
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5 Calculation

5.1 Calculation for Casson and Bingham models (see A.1 and A.2)

Calculation for Casson and Bingham models requires:

—

t

| PR Te )
cquations (o)

model, the lin
linear regressi

The correlatio

coefficient val

5.2 Calculation for Power Law model (see A.3)

Calculation for

the devic

Equations (8)
regression of
and N. These
stress (07,5),

better for relig

6 Correcti

6.1 Corrections for Casson and Bingham models

6.1.1 Viscos

According to t

N = Nmeas

(see 4.1).

he test te

at least fg

mperature at the beginning and the end of the test.

© iSO

iNa (J) togetner witn the aevice 1aClors « ana p are usea 10 calculate yand o values. rorin

bn of yas a function of o leads to 1 as described in A.2.

les of 0,999 or better the results are reliable. In case of lower correlations thetést shall be r

Power Law model requires:

ur fall times as a function of different mass of the weight lodds;
factors aand j3,

and (9) are used together with the device factors « and 8 to calculate y and o values
these values plotted double logarithmically accerding to equation (18) in A.3 is used to de
values are used with equation (18) in A.3-to calculate apparent viscosity (n7500), the pse
ind optionally, the shortness ratio. Correlation coefficients for the regression line shall be
ble results. Temperature corrections.niay be applied as described in 6.2.

lons

ty corrections,
he calibration procedure, the viscosity is corrected by

ured(D

bar regression of Yy as a function of Yo leads to 1 as described in A.1. For the Bingham-

h coefficient should be calculated as a measure of the repeatability of the test. For ¢

e Casson
hodel the

prrelation
bpeated.

A linear
ermine k
udo yield
0,999 or

... (12)

6.1.2 Temperature corrections

Viscosity is strongly temperature dependent. Therefore the temperature shall be checked before and after the test.
The test temperature is defined to be the arithmetical average of these values.

Principally, if the test temperature varies from reference temperature (25 °C) by more than 0,2 °C before the runs
the thermostatic equipment shall be reset. If the temperature during the test varies more than 1 °C, the test shall

be repeated. If the variation is less, the following equation is used to correct the fall time to the reference
temperature of 25 °C:

! = Imeasured [1 +8(v- 25)]

... (13)
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t is the fall time;

¥ is the test temperature, in degrees Celsius;

é is proportional to the temperature gradient of viscosity.

A value of 6 = 0,1 °C-1 may be assumed for printing inks unless more precise data are available.

6.2 Corrections for Power Law model

6.2.1 Viscosity corrections

Asin6.1.].

6.2.2 Te

Viscosity

The test temperature is defined to be the arithmetical average of these values.

Principally, if the test temperature varies from reference temperature (25 °C), by-more than 0,2 °C b
the thermostatic equipment shall be reset. If the temperature during the test\varies more than 1 °C,

mperature corrections

s strongly temperature dependent. Therefore the temperature shall be checkedbefore and

after the test.

bfore the runs
the test shall
the reference

.(14)

le. The same

be repeated. If the variation is less, the following equation is used td correct the fall time to
temperatiire of 25 °C:
N = Ncalculated [1 +6 (0 - 25)]
where
n i the viscosity;
¥ i the test temperature, in degrees Celsius;
0 ik proportional to the temperature gradient of viscosity.
A value ¢f & = 0,1 °C-1 may be assumed-for printing inks unless more precise data are availab
equation may be used to correct pseudotyigld stress, but with § = 0,05 °C-1.
7 Report
The following information-shall be reported:
— Viscqgsity data’referring to the reference temperature of 25 °C;
— Sample designation;
— Test ftemperature (if not 25 °C);
— Flow model used for calculation;

— Viscometer model;

— Rod material (if not steel);

— Any deviations from this International Standard;

— Date
— Oper

of testing;
ator.
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Annex A
(normative)

Flow models
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All models mentioned in this annex are suitable for describing the rheological behaviour of inks. The selection of a
specific model should be determined by practical experience.

The values of each of the rheological quantities strongly depend on the selection of the flow model. There are no
equations to transform the results from one model to any other.

Three main flq

A.1 Cassd

This model as

— anon-ling

— aminimu

This is called

n=-—-
where

n isth

y isth

o isth

oo is th

In practice, o

JE (see figu

n model

sumes

ar increase of shear rate ywith increasing shear stress o;

M stress required to initiate flow.

hon-linear plastic flow and follows the function

Y

P viscosity;
b shear rate;

b shear stress;

10

R

. minimum stress (yield stress).

w models are used to describe the rheological behaviour of paste inks and vehicles (A.1 1o+

Vo,

Figure A.1 — Casson model

S

\.3).

is obtained from the abseissa intercept /oy of the linear regression line when \/? is plotfed versus

e A.1). The slope of thislline is 4/ 1/1 .
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