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ABSTRACT

A couette flow inclined glass plate was devised for 
determining batch-to-batch variations of liquid petroleum 
asphalts and printing inks in the viscosity range of 4000 
to 1 ,0 0 0 , 0 0 0  centipoise.

A dimensionless quantity known as the Batch Index Value 
(BIV) was defined. This quantity is a measure of the resist
ance of the fluid to flow at low shear rates in the order of 

-2 -110 sec . It m  turn is a measure of shortness (relative 
tendency for lack of flow between different inks) in print
ing inks, and structural build up in liquid asphalts.

Tests were made on sixteen different samples of four 
types of web-offset black printing inks at 42.5 ± 0.6°C and 
tilt angle of 90°. Resulting BIV's varied from 147 to 16.4 
and apparent viscosities from 192 to 38,700 centipoise, 
which followed an increasing shortness pattern. Five differ
ent batches of liquid petroleum asphalts were also tested at 
21.0 ± 0.4°C and tilt angle of 30°. The obtained BIV's 
range from 27.1 to 17.4, and the apparent viscosities from 
1600 to 207 centipoise, which followed an increasing struc
tural build-up pattern. Replicate runs resulted in very 
close reproducibility in the case of asphalt samples, and 
reasonably good agreement for printing ink samples. Tempera
ture dependence of BIV and the apparent viscosity was also
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studied at 32.5, 42.5, and 52.5°C. An increase in 
ture resulted in an increase in BIV and a decrease 
ent viscosity.

Cavity size and shape in the glass flow plate 
varied to obtain optimal flow regimes.

tempera- 
in appar-

should be

iv
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NOMENCLATURE

6 = film thickness in cm
h = film thickness in cm
v = velocity in cm/sec
u = velocity in cm/sec
v q = initial velocity in cm/sec

3p = density in gr/cm
y = Newtonian viscosity in poise
r) = viscosity in poise
n = apparent viscosity in c.p.
t = time in sec

2t = shear stress dynes/cm
P = pressure dynes/cm^
g = gravitational acceleration cm/sec'
x,y,z = cartesian coordinates
0  = tilt angle in radians

3Q = volumetric flow rate in cm /sec
D = distance in in.
a = slope in sec ^
BIV = Batch Index Value

= distance of 1 in.
= distance of 9 in.

x
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INTRODUCTION

The flow characteristics of very viscous heterogeneous 
and homogeneous fluids have been the subject of many inten
sive s t u d i e s ^ ^ ^  Materials in this category are print
ing inks, asphalts, and other heavy residual petroleum

(5)products. Recent procedures have centered around the use
of a Saybolt-Furol Viscometer for liquid asphalts and a
Laray Viscometer for inks. However, the consumed time for
testing asphalt samples is unsatisfactory and the structural
breakdown of the printing ink samples is unavoidable. The
need for a so-called routine type of quality control test
resulted in an attempt by a number of investigators to fur-

(2 )ther pursue the matter. Hoffman et al. followed a differ
ent approach for testing very viscous fluids. Their objec
tives were to develop a technique for detecting shortness 
in printing inks. Simplicity of the operation, cost, and

(2)shorter run times were their main design criteria. Hoffman 
suggested that a finite sample of material be placed on a 
smooth surface, then tilted to an inclined position as a 
means for evaluating these types of materials (as shown in 
plate 1). Since the only applied stress are caused by the 
gravitational induced forces, the flow will proceed under a 
semi-couette flow condition. Viscous forces are combined to 
an extent where they prohibit excessive rate of shear. So



T 1775

Plate 1. Flow down a vertical plate. The ink on the right 
side is shorter.
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it appears that the fluid can exhibit its flow characteris
tics under a condition of minimum external disturbances.

A. Petroleum Asphalts
Petroleum asphalts are characterized as homogeneous

fluids. They occupy a viscosity range of one to ten billion
(10^ )  poise over their useful operating range Their
main categories are liquid petroleum asphalts, asphalt cements,
and emulsified asphalts.

Liquid asphalts are broken into three categories, slow
c u r e ^ , medium c u r e ^ , and rapid c u r e ^ . Each group covers
a certain viscosity range.

Kinematic viscosity measurements are made to determine
(3)the flow properties of these mixtures. For viscograding

of liquid and emulsified asphalts ASTM requirements are based
on the use of a Saybolt viscometer equipped with the Furol or

(5)Universal orifice used m  the appropriate viscosity range .
(9)For asphalt cements the use of a penetration test

under very specified conditions is r e c o m m e n d e d ^ . The use
of cone and plate viscometer for asphalt cements in the range
of 1 0  ̂ to 1 0 ^  poise is also reported and used by A S T M ^ ^  .

(12)Another type of viscometer is the capillary type , 
extensively used for kinematic viscosity measurements of liquid 
asphalts or asphalt cements at elevated temperatures.
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B. Inks
Ink is a complex colloidal system of pigment particles 

and binder resin in a fluid carrier, or vehicle such as var
nishes, oils or solvents forming a viscous heterogeneous fluid. 
Ink is rheologically categorized as a thixotropic Bingham 
fluid with a certain yield value. Because of its importance 
on press performance, three main rheological measurements are 
performed; these are tack, length, and "viscosity."

(13)The tack is usually measured in an Inkometer , which 
is a system of three rollers. The resistance to film splitting 
is directly measured in this instrument. The length is meas
ured by allowing a specified quantity of ink to flow down an 
inclined p l a n e . Length is defined as the distance tra
versed in a given time and it is best represented as being the 
opposite to a quantity known as "shortness" (apparent yield 
stress at very low shear rates less than 3 to 4 sec . The
viscosity is measured with a typical synchrolectric or Laray

4. (14)viscometer
As shown in plate 2, the pigment particles are oriented 

along non-uniform surfaces such that the shearing of the 
fluid results in a sliding movement of the particles. This 
non-uniformity also results in structural deformation, upon 
an applied shear stress. In order to evaluate a printing 
ink sample, excessive shear stress should be avoided, in order 
to minimize the structural deformation.

This study presents a standard test for determining
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Plate 2. Magnified structure of ink (i.e., magnification 
of 5000).
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batch-to-batch variations for printing inks and liquid petrol
eum asphalts. The main objective is to assign certain values 
to each sample based on its flow behavior at extremely low 
rates of shear whereby little or no structural deformation is 
encountered. These values are defined as the batch index 
value (BIV) and the apparent viscosity.

The BIV is an indication of any structural buildup en
countered by a fluid flowing at a condition of decreasing 
rate of shear. It is mathematically defined as:

where tn = time for sample to flow to the one inch mark 
D1

tn = time for sample to flow to the nine inch mark. 
9

By letting BIV = t /t^ then equation 1 becomes
9 1

The apparent viscosity has the highest obtained viscos
ity value for a fluid flowing down an inclined plate. Its 
value is obtained from the following empirical equation, pre

log tD^/tD = slope (D9 -D1) + log D9 /D1

log BIV = 8 a + log 9
dT (2)where a is the slope of the plot of log ^  vs D.

(la)

(2 )sented by Hoffman, et al.
log napp = log t/D + 0 + 0.60 (2)

where t = time in seconds
D = distance in inches
0  = tilt angle of the plate in radians
napp = apparent viscosity in centipoise.
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THEORY

A. Concept of Shortness
The concept of shortness is a qualitative one. (A short 

ink is characterized by lack of flow at small shear stresses.) 
When a few grams of the fluid are held at the tip of a spatula, 
the stress generated due to the weight of the ink may not be 
sufficient to cause flow. In such a case, the ink will not 
drip from the spatula but will stay there indefinitely as a 
"glop". This could not be done with a long fluid such as 
honey.

An experiment commonly used in the ink industry to deter
mine relative degrees of shortness between two inks, is to 
allow specified quantities of the two inks, usually a few 
grams, to flow down a vertical plate. Typically, the ink 
flows rapidly at first but the flow ceases or becomes imper
ceptibly slow within several minutes. The ink that traverses 
the shorter distance is considered shorter.

B. Plastic Flow and Shortness
A plastic material is one in which the properties of

viscosity and elasticity may be manifested simultaneously but
(13)in different portions of the body being sheared . The por

tion in which the shear stress exceeds the yield stress 
behaves as a viscous fluid. The portion in which the yield
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stress is not exceeded does not experience a rate of shear 
but merely an elastic deformation and behaves as a solid plug.

C. Flow of a Plastic Substance Down an Inclined Plate
Consider a layer of plastic fluid of thickness w spread

on an inclined surface as shown in Figure 1. Flow of such a
(15)layer in gravity has been .considered by Fredrickson . The 

assumptions involved are:
(16)a) The flow shall be laminar. Bird, et al. have

evaluated the Reynolds number for a falling film on a vertical
plate as Re = 46<u >p/y and has specified three flow regions:z

laminar flow without rippling Re <4 to 25
laminar flow with rippling 4 to 25<Re<1000 to 2000
turbulent flow Re >1000 to 2000
b) the free liquid surface is parallel to the surface 

of the plate,
c) the plate is a planar surface,
d) the liquid possesses Newtonian flow properties,
e) the only forces operating are viscous and gravita

tional (i.e., for viscous flow, surface tension and wettabil
ity of the plate are dominated by other forces).

In the Cartesian coordinate system for the flow in the
(17)Z direction, the equation of motion can be written as
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In Equation 3 , p is the fluid density, v , v , v are veloci-x y z
ties in the s, y, and z directions, P is pressure, t is time,
and g is the component of the gravitational acceleration in
the z direction. Since z was defined in the direction of
flow, g = g sinG. As in open channel flow there can be no
pressure gradients in the direction of flow. At steady state
9v /9t and 9v /3z are zero. Since the flow is in the Z z z
direction the magnitudes of vx and v are negligible. The
magnitude of t and t as compared to x are also neg- y z z z xz
ligible. Equation 3 then simplifies to

-d* ■ = pg sine. (4)

The stress distribution is linear over x. Integration of 
Equation 4 yields

Txz = pgx sinG + A
where A is the constant of integration. If we let u = vx

^^xz duand —-=—  = n -3—  then we obtain: dx dx
dun = gpx sin© + A. (5a)

When x = 0 (free surface) the flow rate is maximum, conse
quently, du/dx = 0 at the free surface. Therefore, when x = 
0, A also is zero, giving

du . ^ / »
n dx = Pg X S 1  *5b *

for any value of x.
du.Equation 5b still contains a differential term, 

Performing a second integration we obtain:
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2
nu = ff-jp- sine + B (6 )

where B is the constant of integration.
At the wall (where x = -h), u must be zero, since the infin- 
itesimally thin layer of liquid adjacent to the wall is not 
moving. Therefore, B is equal to - sin9 and equation 6

becomes

nu = If— (x2 - h2) sin©. (6 a)

Equation 6a is not in a form in which all quantities are 
measurable. Further adjustments are necessary in order to 
develop an equation representing only measurable quantities.

At this point, the volume rate of flow Q (cc/sec) is 
introduced.

0
Q = b / udx (7)

h
where b is the width of the flowing liquid. Substituting 
for u from equation 6a

Q = sine f (x2 - h2) dx. (8 )n h

Q = sine. (9)

Defining the average velocity v as Q/bh (flow per unit cross- 
sectional area):

v = [pgh2 sine]/3n« (1 0 )
Equation 10 was developed with the assumption that no shear 
stress is applied from the gas to the liquid at their inter
face. Equation 10 can be reformed as:
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I  =  ¥   (11)pgh sin©
where t is time in seconds, and D is distance in inches.

log ^ = log n - 2 log h - log sin© - log pg + log 3. (12)
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EXPERIMENTAL APPARATUS

An inclined plate viscometer (Plate 3) produced by the 
Rocky Mountain Instrument Company of Longmont, Colorado,
U.S.A., was used as the flow plate. It consists of a flat 
glass plate with two identical precision-made cavities at the 
top section. Each cavity has an approximate volume of 12.20 
cubic centimeters. The plate is mounted on an adjustable 
base. A stainless steel precision-made gage manufactured by 
the Precision Gage & Tool Company of Dayton, Ohio, U.S.A., is 
used with this plate for leveling purposes. During each run 
the plate is mounted on its base, but it can be dismounted 
for cleaning purposes. The base can be set at different angles 
and has a calibrated (0 . 1  in.) face that allows pattern length 
measurements to be made.

The above assembly is contained in a constant temperature 
box. Two glove compartments on the sides of the enclosure 
allow for manipulations to be made under a constant tempera
ture environment. A temperature sensing device records the 
temperature adjacent to the plate in the course of each run 
(Plate 4). A constant temperature bath is also used for the 
ease of sample preheating, prior to their placement in the 
enclosure.

Figure 2 illustrates the functional relationships between 
the various pieces of equipment.
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Plate 3. Inclined glass plate viscometer.
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Glass plate and guage.

Plate 4. Photographs of experimental apparatus
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A detailed description of the various pieces of equip
ment shown in Figure 2 is as follows:

The regulator is a CENCO No. 099005 thermo-regulator.
This regulator has a single-pole, single-throw contact. A 
capacitor, 0.04 pF, is connected across the output terminals, 
to prevent arcing. As an operating indicator a pilot lamp, 
CENCO No. 084482 is used.

The fans are two Fasco 50745-IN, 115 volts, 60 cycle 
electric fans which are used for circulating and mixing pur
poses .

The heating element is a RODALE, 600 watts heating coil, 
which is mounted on a regular light bulb holder.

The recorder is an AUTOGRAPH model 7100-B strip chart 
recorder. There are 7 discrete DC voltage spans from 1 mv 
full scale to 100 mv full scale. The chart paper is 10 in. 
wide with 10 divisions per inch. The chart speed can be var
ied from 2 inches per second to 1 inch per hour. The vendor 
reports an accuracy of ±0.25% of span.

A Haake temperature controller, model E51 is used to 
maintain the desired temperature in the water bath. This 
unit is supplied by the Haake-Brabender Corporation of 
Rochelle Park, New Jersey. It consists of a 5000 watt heat
ing element, a temperature sensor, a magnetic switching device 
and a pump to circulate the water. The pump is rated at 
±0.01°C for the temperature controller.
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EXPERIMENTAL PROCEDURE

A. Sampling
Sampling is as important as testing, and every precau

tion should be taken to prepare samples that would show the 
true nature and condition of the materials. Two different 
procedures are followed for asphalts and inks.

Asphalts
Asphalt samples are stored by the producers according to 

"ASTM D140-70 Sampling Bituminous Materials" . Liquid 
asphalt samples were obtained in sealed cans from the Asphalt 
Division of Continental Oil Company Refinery in Denver, 
Colorado, U.S.A. Three different types of liquid asphalts 
were tested.

Sample containers were placed in a 145 t  5°F (63 t  3°C) 
water bath. The enclosed samples were then thoroughly mixed 
by stirring. Care was taken to avoid the entrapment of air 
in the samples. Approximately 40 ml of each sample was trans
ferred into four clean dry containers and were immediately 
sealed. The samples were allowed to reach room temperature 
(21 ± 0.4°C) for a period of 24 hours. Tests for liquid 
asphalts were made at room temperature. However, if runs at 
higher temperature are required, the temperature of the liquid 
samples should be elevated to the required test temperature.
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Printing Inks
Ink samples contained in sealed cans were supplied by 

the Flint Ink Corporation, Detroit, Michigan, U.S.A. Four 
samples were tested at 42.5 ± 0.6°C in a constant temperature 
box. Prior to testing, each container was placed in a con
stant temperature bath at 42.5 ± 1°C. Mixing was performed 
periodically with a spatula and with extreme care (mechanical 
disgrading of ink samples results into a structural deforma
tion as was previously discussed). After approximately two 
hours the container was transferred to the constant tempera
ture box.

B. Testing
Temperature of each sample was checked for consistency 

with the surrounding temperature, by the use of a thermocouple. 
The flow plate initially was set at a horizontal position. 
Samples were placed in the cavities using a spatula and were 
leveled off with the leveling gauge.

The flow plate was then tilted to the desired angle. The 
flow regime was timed after it crossed the zero line (2 in. 
from the center of each cavity) and at each consecutive 1 in. 
interval. Typical data are shown in Table 1.
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RESULTS

Using an inclined glass plate, a correlation between the 
velocity of the flow regime and the shearing stress is ob
tained. This correlation is not theoretically transferable 
into a typical shear stress versus shear rate relationship. 
However, it is an indication of the flow characteristics of 
the testing fluid.

Five different asphalt samples were used in the experi
ment. The viscosities ranged from 800 to 1600 Centestokes at 
60°C, consisting of two Medium Cure - 800, and three Rapid 
Cure - 800 asphalt samples.

The ink samples used are four different formulations of 
web offset black printing inks, covering a range of Laray read
ings from 33.0 to 19.5 (sec), and an Inkometer reading from 
4.50 to 5.75. Inkometer and Laray viscometer readings for the 
above ink samples were obtained from the manufacturer. 
Information regarding shortness, or "glop" of these samples 
is as follows: Sample D is the gloppiest one, followed by
samples A, B, and C. Sample A is slightly gloppier than 
sample B, but it has a somewhat less elastic nature. Sample 
C is the least "gloppy" sample, with relatively high elas
ticity.

Treatment of data for both homogeneous and heterogeneous
(2 )fluids is presented in similar fashion of Hoffman, et al. .
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For each sample the time to flow a certain distance was
plotted against distance (Figure 3). The instantaneous veloc
ity, dD/dt, at each point was obtained by measuring the slope
of a tangent to the curve at that point. This velocity was
plotted against distance (Figures 4 and 5).

The inverse of the instantaneous velocity was plotted 
against distance on a two cycle semi-log paper. For the 
asphalt samples, runs were made at 21.0°C (room temperature). 
Since the viscosity of the samples were low, tilt angle of 30° 
was selected for testing purposes. The effect of tilt angle 
was studied at 30°, 45°, and 60°. Results are presented in 
Table II and Figures 6, 7, and 8. Table III and Figure 9 
present the results of the analysis for five different asphalt 
samples, tested in four replicants, as bands of results. This 
is to show the regions where individual runs would fall.

Figures 10 through 25 and Tables IV, V, VI and VII sum
marize the results of the analysis for different formulations 
of printing ink samples. All runs were made at 42.5°C and 90° 
tilt angle. The temperature of 42.5°C was chosen because of 
reasonable timings for the least and the most viscous samples. 
The tilt angle of 9 0° was chosen in order to obtain the max
imum gravitational induced forces, again for timing purposes. 
Runs were made in triplicates and the mean readings were 
reported. The band representation for four randomly selected 
ink samples are also presented in Table VIII and Figure 26.
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The cavity effect was studied in order to investigate 
any significant flow regime disturbances. Sample C (formula 
tion 3) was further tested at 32.5°C, 42.5°C, and 52.5°C so 
that temperature dependence of the BIV and the apparent 
viscosity of a sample ink could be observed.
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DISCUSSION OF RESULTS

A. The Batch Index Value
When a limited quantity of fluid is allowed to run down 

a plate, the film thickness will decrease as the fluid spreads 
itself over larger and larger areas. The gravity-induced 
stress decreases progressively, causing the structure to 
rebuild and the viscosity to increase. Thus, if the con
trolling factor of structure buildup is stress, it would be 
expected that the experimental flow decay curve would be lin
ear. Therefore if the slope is a measure of structural build
up, a function is developed which indicates the effect of 
stress on the structural buildup. This function is defined 
as the Batch Index Value (BIV) which in turn is a measure of 
shortness.

B. Treatment of Data
The flow decay curves for asphalt samples, and printing

dT (2)ink samples were plotted as log ^  vs D . Straight lines
were obtained within the experimental errors with variety of
slopes and intercepts with the log axis. The slopes appear
to be the function of both viscosity and tilt angle. Hoffman, 

(2)et al. have explained that the slopes of the flow decay 
curve are not a function of viscosity or tilt angle for all 
Newtonian fluids, but only the interceptions are the function
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of both viscosity and tilt angle. For non-Newtonian fluids
they have observed changes in slopes for a variety of samples.

The following empirical equation, developed by Hoffman,
(2 )et al. is used for the determination of the apparent vis

cosity.
log t/D = aD + log ri - 0 - 0 . 6 0  (13)

For obtaining apparent viscosity at D = 0
log n = log t/D + 0 + 0 . 6 0  (14)app

where t = time in seconds
D = distance in inches
© = tilt angle in radians
n = apparent viscosity in centipoise.app

Comparing equation 13 with equation 12, the same dependence
of t/D on viscosity is observed. The linear term in D is
matched by the log term in h; 0 is approximated by long sin©

(2 )(empirical data fits log sin© almost as well as they fit 0) 
and the constant 0.60 is broken down in theory into log pg, 
log 3, and log 2.54 for steady flow.

The reason why inclined plate offers possibilities of 
structural build up measurements can be found in equation 12. 
In case of the Newtonian fluids, all the terms on the right 
hand side of the equation are constant except h (thickness), 
which decreases as the fluid spreads itself. On the other 
hand, t/D increases monotanically. This is predictable 
because the material appears to flow more slowly.



T 1775 23

It should be noted that the initial velocity Vq is deter
mined primarily by viscosity n / tilt angle 0, and the posi
tion chosen to let D equal zero. Since viscosity is embodied 
in V , determinations of viscosity on a flow-plate using 
velocity at some arbitrary distance may be in error. Viscos
ity can be obtained only from the intercept, and then by a

(2)doubtful extrapolation
Using equation 14 by extrapolating the flow decay lines 

to D equal to zero, the apparent viscosity values are obtained.
A second key parameter is a measure of the slope which 

can be simply obtained between two arbitrary points. For this 
analysis the slope is measured between two points, and Dg 
(D^ = 1 in., Dg = 9 in.). The ratio of the 
times required for fluid to flow 1 inch and the time to flow 
9 inches is taken as the second key parameter for represent
ing each sample.

log tD /tD = slope (Dg - D±) + log D g A ^

let BIV = t_ /t
u9 U1

log BIV = 8a + log 9. (15)
Hoffman and Meyer have reported a constant slope value of

0.022 for Newtonian fluids on an inclined glass plate with no 
cavity. This slope can be used for comparison purposes.* In 
the case of every ink or asphalt sample the slope was higher

*The effect of cavity can be neglected because the actual data 
are obtained on the flat surface.
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than the reported value for Newtonian liquids. This indi
cates that the samples contain or generate structure during 
the flow.

A slope of 0.022 is an indication of no structural 
changes. This value corresponds to a BIV value of 13.50 
(from equation 15). The obtained BIV values for printing 
inks and the liquid asphalt samples are higher than 13.50 
indicating a structural build up.

C. Tilt Angle Effect
Runs for three randomly selected asphalt samples were 

made at 21°C in triplicates in order to determine the effect 
of the tilt angle on BIV and apparent viscosity of individual 
samples. As it appears in Table II and Figures 6, 7, and 8, 
there seems to be an effect due to the tilt angle alteration.

D. Cavity Effect
It has been noted that for some samples with very high 

BIV, such as sample C Formulation 1, a curved pattern rather 
than a straight line on the Log(dT/dx) versus Distance plot 
is obtained. This is explained by referring to Figure 27.
As shown in Figure 27, the measurements should be made in the 
region where the flow pattern appears to be parallel, in 
other words, the cavity effect is terminated. Going back to 
sample C-l, one can draw a straight line through the points 
measured at 4 in. and higher points. The cavity effect was



T 1775 25

observed for almost all the samples in a distance of approx
imately five inches or more from the center of the cavity.
This is why the data is presented from the 3-inch interval 
on, down the plate.

E . Temperature Effect
In order to determine the temperature dependence of BIV 

and the apparent viscosity, runs were made on printing ink 
sample C (formulation 3) at 32.5°C, 42.5°C, and 52.5°C. Table 
IX and Figure 2 8 summarize the results of this study. As 
temperature increases the viscosity of the fluid decreases, 
so it is expected that the fluid approaches a longer structural 
state. This is seen from Table IX. The obtained BIV's appear 
to increase as temperature increases. This indicates that the 
fluid tends to increase its structural buildup to higher mag
nitude at a higher temperature. The apparent viscosities are 
also following the expected trend, meaning that they decrease 
as temperature increases.

F. Correlation of Liquid Petroleum Asphalts
Data presented in Table II summarizes the results of 

the tests made on different asphalt samples. The obtained 
apparent viscosities are lower than the ones obtained by cap
illary tube viscometers. However, the general decreasing 
trend is observed. This indicates how approximate the 
obtained apparent viscosity values are. The obtained BIV
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values yet indicate that the most viscous asphalt sample has 
a relatively longer structure than the least viscous. Although 
the BIV's for different samples are very close, but the appar
ent viscosity values are far enough to indicate differences 
between the samples.

G. Correlation of Printing Ink Samples
Data presented in Tables IV, V, VI, and VII are compared 

with the obtained values from Inkometer and Laray viscometer. 
Operation of Laray and Inkometer are mainly based on resist
ance measurements (resistance of fluid to flow) and to mechan
ical disgrading. The more viscous the material, the higher 
the readings.

The flow plate measurements are based on a decrease in 
mechanical disgrading or deduce stresses. This results in a 
decrease in obtained readings as fluids approach more viscous 
type. It has to be noted that for BIV very close to 13.50 
the fluid is acting as a long fluid and has Newtonian behavior.

In the case of sample C or D this general decreasing 
pattern is not observed. Comparing the results of Laray with 
the Inkometer reading, one can conclude that there is complex 
combination of viscosity and elasticity involved. This com
bined effect is not uniquely defined by either Laray or Inko
meter, but it can be partially noted from their combined read
ings. Yet, this behavior appears to be predictable by the 
inclined plate readings (i.e. BIV and the apparent viscosity).
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For example in the case of ink sample D the Inkometer fails 
to determine any differences between samples D-2 and D-3.
Laray predicts a very slight difference, yet the inclined 
plate shows a significant difference.

Considering the apparent viscosity alone, as was explained 
before the Laray predictions are directly an applied stress 
measured at a constant rate of shear. Since on an inclined 
plate the structural viscosity is manifested according to the 
decreasingly applied rate of shear, a general increasing 
viscosity pattern should be observed as more viscous samples 
are tested. However, shortness has a more important effect 
on very viscous samples such as the ones in batch D. So the 
general increasing apparent viscosity follows the Laray read
ings except for very short samples, which is expected.

From Tables IV, V, VI, and VII it appears that in general 
long samples have lower apparent viscosities than short 
samples. In other words, in most cases only the BIV is suf
ficient enough to represent a sample. If two samples have 
approximately the same BIV, then the apparent viscosities 
should be considered as the second parameter for their dis
tinction.

H. Reproducibility for Asphalt and Ink Samples
Tables III and VIII and Figures 9 and 26 represent the 

results of multiple runs performed on randomly selected 
asphalt and ink samples.
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It appears that for asphalt samples replicant runs fall 
within some narrow bands. This indicates that representing 
each sample with a BIV and apparent viscosity, is a suffi
cient means of indicating batch-to-batch variations.

However, the experimental errors for printing ink samples 
are higher because of the heterogeneity of their structure.
As is shown in Figure 26, replicant runs for each sample fall 
in a wider band than the one obtained for an asphalt sample. 
Although apparent viscosities are overlapped in some cases,
BIV values are different enough for a sufficient distinction 
between different samples.
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CONCLUSIONS

1. The inclined plate can be used for the detection of 
structure in asphalts and shortness in inks.

2. An increase in Batch Index Value is an indication of
an increase in structure buildup.

3. For ink samples, the Batch Index Value appears to have
a general increasing pattern as fluids become less viscous.

4. For asphalt samples the Batch Index Value appears to 
have a general increasing pattern as fluids become more vis
cous .

5. Apparent viscosity of a fluid can be obtained by 
extrapolating its flow decay curve, but not with any degree 
of confidence.

6. Batch-to-batch variations for quality control pur
poses can be obtained if the sampling and testing procedures 
presented in Appendix 1 are followed.

7. The presented technique is far less time consuming 
and more convenient for any routine quality control deter
minations .

8. Cavity exit effect tends to set a limitation on the 
starting line, so the measurements are valid along the so- 
called semi-parallel flow region only, which can be deter
mined after the data based on an initially set starting point 
has been obtained.
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_39. The highest obtained Reynolds number (3.2 x 10 
falls within the region of laminar flow without rippling

10. It appears that as temperature increases, BIV 
increases and the apparent viscosity decreases.
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RECOMMENDATIONS

1. The intersurface of the cavity(s) should be minimized 
with the maximum possible volume. Since some instrumental 
limitations are involved the use of pre-fabricated disposable 
plexiglass plates for preliminary optimization is suggested.

2. The effect of surface tension at the solid-liquid 
interface needs to be studied by using different solid sur
faces made of metals, plastics, Teflon, etc., in order to 
optimize the flow pattern formation as related to wettabil
ity of the surface.

3. The need for further development of the constant tem
perature box is essential in order to obtain closer repro
ducibility.
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FIGURE 1
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FIGURE 6
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TILT ANGLE EFFET DETERMINA
TION FOR ASPHALT SAMPLES 

Temp.z:21.±.40C
Til

t 
An

gl
e

B
at

ch

Re
pl

ic
at

io
n

Inclined Plate

C
apillary

(C
st)

BIV n  (c.p.)
app

C 3 2 0 .5 2 4 0 6 0 0 0

OoCO D 3 2 5 .8 5 1 7 6 7 0 0

E 3 27.1 1 6 0 0 7 2 0 0

C 3 15.1 3 0 0 6 0 0 0

CJ
I o D 3 21.0 3 4 6 6 7 0 0

E 3 2 3 9 5 5 9 7 2 0 0

C 3 17.8 3 4 3 6 0 0 0

oOCO D 3 21 .0 6 1 4 6 7 0 0

E 3 2 3 .4 6 2 0 7 2 0 0
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TABLE 111

BAND DETEMI NATION FOR
LIQUID PETROLEUM ASPHALTS 

TEMP. = 21 ± 0.4 °C TILT ANGLE = 30°

BATCH REPLICATION BIV T U P(C.P.)
A 4 17.4 ±0.9 207 ± 6
B 4 25.3 ± 0.9 350 ± 16
C 4 20.5 ± 0.7 240 ± 3
D 4 25.8 ±0.3 517 ± 8
E 4 27.1 ±0.5 1600 ± 3 4
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TABLE IX

TEMPERATURE EFFECT FOR 

PRINTING INK SAMPLE C 

FORMULATION 3

TEMP. °C B 1 V Tl (C.P) 
app

32.5 96.7 14,540

42.5 103.4 5,840

52.5 770 980
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APPENDIX 1 
SAMPLING AND TESTING PROCEDURES

A. Sampling
Two different procedures are suggested for asphalts and

inks:
Asphalts
1. Place the sample containers in a 145 ± 5°F (63 t  3°C) 

water bath.
2. Thoroughly mix the sample by stirring (avoid air 

entrapment).
3. Transfer approximately 40 ml of the sample to a 

clean dry container and seal immediately.
4. Preheat the sealed sample to the desired test tem

perature in the water bath for approximately one hour.
5. Transfer the sealed containers to the constant tem

perature box for testing.

Printing Inks
1. Mix the sample in its original container by stirring 

it very slowly with spatula at room temperature.
2. Transfer 40 ml of the sample to a clean dry container.
3. Preheat the sample to the desired test temperature

(carefully stir the sample periodically).
4. Constantly record and monitor the temperature of the 

sample using a thermocouple, until it reaches the desired 
temperature.
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5. Once the operating temperature has been attained, 
transfer the sample, in its container, to the constant tem
perature .box.

B. Testing
Testing for both asphalts and ink follows the same pro

cedures:
1. Check the temperature of the sample for consistency 

with the surrounding test temperature, with a thermocouple.
2. Set the flow plate at a horizontal position.
.3. Slightly overfill the cavity with the sample by using 

a spatula.
4. Level off the cavity with the leveling gauge.
5. Tilt the plate to the desired tilt angle.
6. Time the flow regime after it crossed the zero line 

and at each consecutive one inch interval.


