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INTERNATIONAL

Standard Test Method for

Viscosity by Dip-Type Viscosity Cups’

This standard is issued under the fixed designation D4212; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of viscosity
of paints, varnishes, lacquers, inks, and related liquid materials
by dip-type viscosity cups. This test method is recommended
for viscosity control work within one plant or laboratory and
should be used to check compliance with specifications only
when sufficient controls have been instituted to ensure ad-
equate comparability of results.

1.2 Viscosity cups are designed for testing of Newt:

and near-Newtonian 11qu1ds If the test material is non-
Newtonian, for example, she mg or troplc another
method, such as Test d be used. Under
controlled condlt pa ‘ii's}of the viscosity of non-
newtonian materl pful but viscosity determina-
tion methods usm&ﬂ&?f}olled shear rate or shear stress are
preferred.

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

priate safety and health practic erm applica-
bility of regulatory lzmztatlorkgﬁo
'i,.

A\
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! This test method is under the _]Lll‘lSdlCthH of ’%
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3. Terminology

3.1 Definitions:
3.1.1 near-Newtonian liquid, n—a liquid in which the varia-
tion o ﬁ’ty wit ear rate is small and the effect on
:ig‘ﬁb ec aBBa disturbances such as stirring is negli-
i@l\hﬁﬁewmman liquid, n—a liquid in which the viscosity is
pendent of the shear stress or shear rate. If the ratio of
shear stress to shear rate is not constant, the liquid is non-
Newtonian.

4. Summary of Test Method

4.1 The cup is completely immersed in the material to be
tested, withdrawn, and the time for the material to flow through
a hole in the base % is mgasured
5. Signifi \ﬁﬁ

5.1 VlSCOSltylh'iS-‘:'d measure of the fluidity of a material.
VISCOSI ,Eih&"' are useful in the determination of the ease of
Sti %umpmg, dip coating, or other flow-related properties
of "paints and related fluids.

5.2 This type of cup is used to measure viscosity because it
is easy to use, robust, and may be used in tanks, reservoirs, and
reactors.

cosity in the laboratory t bett: ision and bias,
including the Ford vi
rotational visco

5.3 There are other types O%Earatus for measuring vis-

od D1200), and the

est %qq\iﬁmw

5.4 Certain hig ﬁq@ﬁbar rate devices such as cone/plate
viscometers ﬁg ethod D4287) provide more information
about sprayability, roll coatability, and other high-shear rate
related properties of coatings.

6. Apparatus

6.1 Zahn Viscosity Cup—No. 1 through No. 5 Zahn viscos-
ity cups made of corrosion- and solvent-resistant materials.
The nominal capacity of the cup is 44 mL, but may vary from
43 to 49 mL, depending on the manufacturer. A diagram of a
Zahn cup is given in Fig. 1. The dimensions, including orifices,
are only approximate because the cups are not made to a
uniform specification. Each manufacturer produces a different
cup and considerable variation between batches from some
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Note 1—Dimensions are approximaleﬁ;\nd may E% with the manufacturer and from batch to batch.

e
E&b S
manufacturers has b l&-ﬁl the past. This is a major

reason why Zahn c uld not be referenced in specifica-
tions between er and user only when controls sufficient
to ensure adequate cup-to-cup and operator-to-operator com-
parison are included. (See Appendix X1 for additional infor-
mation on Zahn Cups.)

Norte 1—The various cup numbers are for identification of the viscosity
ranges within the series only and should not be used for comparison
between different kinds of cups, that is, a No. 2 Zahn cup has no

relationship whatsoever with a No. 2 Shell cup.
%ﬁste?@ le
etermm-

Nao 2 i¢ for uge

PR LA NS I

6.1.1 Nominal Zahn cup orifice dia
X2.1. Cup No. 1 with the smallesﬂ‘

ino the vicencity of thin_hodi
ng ne Viscosiy of mn-004d18

with clears, lacquers, enamels; aﬁ\p s side adjustment of
flexographic inks; cups 4 are for use with more
viscous paints and ink 3 for manufacturing of flexog-
raphic inks); and cup No. 5 is used for silk screen inks.

1 Zahn Cup Nominal Dimensions

6.2 Shell Viscosity Cup*—
cosity cups made of stai
and a 25-mm (1-in ﬁpl lar
ing to the dlanSI
6.2.1 Nominal S

rough 6 Shell vis-
I\Qc":lty of 23 mL
ottom and conform-

oW

ﬂh?e dlameters are listed in Table
X2.1. Cup Nos gh 2'% are recommended for use with
reduced rotog re inks; No. 2 is for use with flexographic
inks; Nos. 3 through 4 are used for industrial enamels,
lacquers, flexographic, and gravure inks; Nos. 5 and 6 are used
for heavy materials.

Are

- DllCll Lup\ llldy UC UUIdlllCU lfUIII lllC AVU]’LIUSS \,urp PAR) lVéWlUllVlllC AV!:
Newton, MA 02158. This committee is not aware of any other source for flow cups
having properties similar enough to the Shell cup to be included in this test method.
If you have knowledge of a cup that should be considered, please provide details to
ASTM International Headquarters. Your comments will receive careful consider-
ation at a meeting of the responsible technical committee," which you may attend.
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6.3 Calibration Thermometer—ASTM Saybolt Viscosity
Thermometer 17F having a range of 66 to 80°F and subdivi-
sions of 0.2°F, or 17C having a range of 19 to 27°C and
subdivisions of 0.1°C, both conforming to the requirements of
Specification E1. Thermometers having subdivisions other
than these may be used depending on the sensitivity of the

material to be tested, the demands of, applicati{q, and the
agreement between the purchaiﬁ%h%@ﬂn addition,
temperature measuring dexi ! Eﬂﬂr ercury liquid-in-
glass thermometers, th upksP or platinum  resistance
thermometers that pro&eeaﬁﬂvalent or better accuracy and
precision, that co emperature range for thermometer

17C and 17F, may be used.

6.4 Timer—Any timing device may be used provided that
the readings can be taken with a discrimination of 0.1 s or
better.

7. Test Materials

7.1 The material to be tested should be yvisibly homgge-
neous and free from any foreign materi ‘Eﬁl@
Al
D

8.1 Measurements should be é“at 25°C (77°F) unless
otherwisc specificd. TcmpT‘h rift during the tcst should be
kept to a minimum. The" viscosities of paints and related
materials are highly dependent on temperature. Differences in
temperature between measurements can give substantially
different viscosities (up to 5 % per °F). For careful work, the
temperature should be taken in the efflux stream, but for
process control (such as monitoring a dip tank), this is not
necessary.

8. Temperature of Testing

e
_3/8 DIA

9.5

1 (9.5)

p—
I_‘/4 DIA
(6.1)
1.000 Y16 L SEE TABLE X1.1
T s4) U (16)
Shell Cup

1:{‘ ‘gﬁl ‘_‘Eﬂ"’b
82 A ten@at re Hon curve may be constructed for

each liquid by 1@‘2 viscosity (seconds) against temperature
over th ﬁ.‘p ed temperature range. With this curve, a
v1s$' etermined at one measured temperature may be
converted quickly to a viscosity at another temperature.

Note 2—When dip cups are used for original purposes, that is thinning
or monitoring of materials in tanks, coaters, etc., temperature is not
important. This is because the key to good operation is to maintain the
fluid within a certain range of dip cup-seconds regardless of the tempera-
ture of the fluid.

9. Checking and Cal %}ﬂfps 13{#15
9.1 Cups shoul ed %@%ﬁance with the proce-
dure described in A X%+ The frequency of this depends

ibrat
dix
upon the amount Eﬁg‘hnd care that the individual cup
receives, and %ﬂ of precision required.

9.2 Cups may be calibrated with standard fluids according
to the procedure in Appendix X3. However, because the
viscosity of standard fluids can vary significantly with tem-
perature and due to difficulty in obtaining adequate temperature
control with dip cups, calibration is a difficult procedure that
must be done with great care and knowledge.

10. Procedure

10.1 Choose the proper cup so that the time ot efflux will be
between 20 and 80 s. See Table 1 for viscosity ranges for the
various cups.

Note 3—The formulas used in this test method to describe the
conversion from Zahn seconds to stokes are linear, the actual cup response
is not. The range of 20 to 80 s covers the most linear portion of each cup.
In addition, below 20 s, turbulent flow may cause additional inconsisten-
cies. Above 80 s, factors that may impact on the precision include; loss of
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TABLE 1 Approximate Viscosity Ranges, cST (mm?/s) (Roughly
Corresponding to 20 to 80 s Flow Time)

Cup Number Zahn Cup Shell Cup
14 5-60 2-20
2 20-250 10-50
22 20-80
3 100-800 30-120
3% 40-170
4 200-1200 70-270
5 400-1800 125-520
6 320-1300

A The lower limit for the Zahn No. 1 cup is 35 s rather than 20 s.

solvent (and therefore varying viscosity),
cup, intermittent flow.

“skinning” of the liquid in the

10.2 Immerse the cup in the container, which may be a can
or beaker, but is more likely to be a thinning or mixing tank or
even a resin reactor. Stir or agitate the fluid well to glve

only. However, when comparisons between locations are made,
cups from the same manufacturer must be used or other action
taken to ensure compatibility of results. The following criteria
can be used for judging the acceptability of results at the 95 %
confidence level:

13.1.1 Zahn Cups—Precision was determined on the basis
of an interlaboratory test in which six laboratories used new
Zahn cups (all from the same set from the same manufacturer)
to test eight paints covering a broad range of viscosities. The
within-laboratory coefficient of variation was 3.7 % and the
between-laboratories coefficient of variation was 11.5 %.
Based on these coefficients the following criteria should be

used fi ng the.{\sceptablhty of results at the 95 %
4\
1’2-
“:,Ea’ .‘-_K?g'eatabzlzty—Two results, each the mean of two
nts obtained by the same operator should be

dered suspect if they differ by more than 11 % of their

uniform temperature and density. Allow the cup to remai ﬁq:. mean value.

the fluid for 1 to 5 min to attain thermal equilibrium. (Bec
of their greater mass, Shell cups should remain in the fluid for
the full 5 min.) A

&

Note 4—Dip cup: r use with thixotropic (time
dependent) materlalﬁf (such as gravure or flexographic
inks), more vigorous*agit.
before the measure

be necessary to break up the structure

10.3 Llftﬂt cup vertically out of the material in a quick,
steady motion. As the top edge of the cup breaks the surface,
start the timer. During the time of flow, hold the cup vertically
no more than 15.2 cm (6 in.) above the level of the liquid. Stop
the timer at the first definite break in the stream at the base of
the cup. The efflux time in seconds constitutes the viscosity. It

is common to make only a single measurement, but for greater
precision and accuracy the mean of t%more miﬁurements

should be taken. .’E&
Note 5—The cup shou kheld e}loop handle during the

measurement process. Mos ufa ﬁ equip the cup with a ring
through the loop handle Ho! ﬁiﬁl‘ cup by this ring will help to ensure
that the cup hangs vertj

11. Care of Cups

11.1 Following each determination, clean the cup with a
suitable solvent and a soft brush. Use no metal tools in contact
with the instrument as nicks or wear of the drilled orifice affect

the accuracy of the cup.

{ﬁ[ﬁ'hn or
Shell cup No. , manufactur e case of
Zahn cups) the temperature of t \!(h € measured) and

whether the result is from a sing eﬂe‘%urement or the mean of
two of more measuremenﬁﬂ

made

12. Report
12.1 Report the efflux time to the n‘e

13. Precision and Bias

13.1 The most satisfactory results when using dip cups are
obtained when viscosity is being controlled at a single location

13.1.1.2 Reproducibility—Two results, each the mean of
two measurements, obtained by operators in different labora-
tories should be considered suspect if they differ by more than
33 % of their mean value.

Note 6—The values use determine the precision were obtained
under ideal conditions f cups: reproducibility in practice can
g trué Is and good techniques.

be just as good. bi&
13.1.1.3 }J—Bla@p‘bﬂb not apply to this test method as no
acceptable stan exist.

ﬁ}nce the precision values were obtained under ideal condi-
tioff¥ ¥a smgle set of cups), reproducibility in practice probably is poorer
than that given (perhaps as bad as 50 %).

13.1.2 Shell Cups—Precision was determined on the basis
of an interlaboratory test in which four laboratories tested
seven paints covering a broad range of viscosities. The
within-laboratory coefficient of yariation was 3.2 % and the
between-laboratories coefficj \%‘matlo wis 6.3 %. Based
on these coefficients t 1n Cr. ould be used for
judging the acce f r&qklﬂﬁlat the 95 % confidence
level:

13.1.2.1 Repeatﬁw'!-yETwo results, each the mean of two
measurement ained by the same operator should be
considered suspect if they differ by more than 9 % of their
mean value.

13.1.2.2 Reproducibility—Two results, each the mean of
two measurements, obtained by operators in different labora-
tories should be considered suspect if they differ by more than
18 % of their mean value.

13.1.2.3 Bias—Bias does not apply to this test method as no
acceptable standards exist.

14. Keywords

14.1 dip cup(s); flow cup(s); Shell cup(s); viscosity; Zahn
cup(s)
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APPENDIXES

(Nonmandatory Information)

X1. ZAHN CUP DESIGN, MANUFACTURE, AND USE

X1.1 Zahn cups were designed (and manufactured by Gen-
eral Electric) as simple flow property devices for use in dip
tanks, flow coat reservoirs, etc. They were not designed to be
viscometers or to be used as such. Zahn cup use usually
involves thinning or maintaining a coating, adhesive, or ink at
a certain consistency (so many Zahn-seconds) regardless of
temperature. This is the beauty of dip cups. The operator
knows that his or her tank, bath, or coater runs well over a
certain range of Zahn-seconds whether the plant temperature is
50°F or 100°F. The operator does whatever is necessary to keep
the fluid within the range. In such an application the viscosity
at 25.0°C (77.0°F) is not important.

X2. DIP CUP C

X2.1 The viscosity ver%@tlm ﬂhﬁlas published

here are in wide use, {3 ahn-type cups are
designed to co {11 ‘5 formulas. Techniques for
ensuring continue c?:{xa on of cups that do not claim

compliance wi ormulas include; comparison of current
flow times fog*+ standard fluid against the original flow time,
and comparison against a verified standard cup. The same
calibration verification methods of comparing a cup against
one in known condition applied to Zahn-type cups can be used
with Shell cups.

X2.2 Monitoring Cup Characteristics—A useful checking
technique is to measure the efflux time for a new cup with a
given standard fluid, then check t ﬁg i0di 1th the
same oil at the same temperat e efﬂux time
has changed. If the time ﬁ%‘s n 0 % (or more than
your process tolerance p up should be replaced. If
the change is small, it mqué' appropriate to use the cup as is,
or by applying a ¢ ion factor to subsequent efflux times,
depending on the degree of precision required. The correction
factor is equal to original standard—fluid efflux time divided by
the current one. Recommended viscosities for standard fluids
for such tests are given in Table X2.1.

X2.3 The viscosity of many standard fluids is very sensitive
to temperature variations, therefore, the temperature of the
fluid must be controlled closely during ca %estm
recommended that the fluid (and th test
temperature for at least 15 min @ ting:

Note X2.1—Silicone fluid vi50051 not recommended.
Although they exhibit very little viscos &Maﬂge with temperature, they

X1.2 Zahn cup patents have expired and Zahn-type cups are
available from several sources. Each manufacturer makes cups
that are somewhat different from those made by others.
Considerable batch-to-batch difference has been noted in the
past from some manufacturers. Cup variations are not a
problem for consistent control of a bath or tank as long as
appropriate comparisons are made with old cups, if required, to
maintain continuity of data. However, cup differences can
cause gr culty if; Gyps are used to set producer-user
spe h ons under such conditions require

ablql_q;t 1on to detail and practiced expertise.

éu‘-‘-‘:

KIN G PROCEDURES

TABLE X2.1 Viscosity Standards Recommended for Checking
Cups

Cup Number Nominal Orifice Diameter, Apz:oznggtgg"ﬂv 'ig’TS'ty
ﬁj) (mm?/s)
- — -
Zahn - ‘ﬂ,‘.‘- K=
1 L'L)(" é.gﬁﬂ 20
2 ‘.‘,1"- v 120
-{\-
3 .‘;L 3.8 480
4 o W 43 480
5 .ﬁt"‘ 53 900, 1600
ek
1 1.8 9
2 24 9,20
21 27 35
3 31 35, 120
31 35 120
4 38 120
5 46 120, 480
6 5.8 % A5 480

1“"-1'

have a tendency to co g

drainage characteristics of c

X2.4 Comp @‘ups—lt sometimes is necessary to com-
pare one Zahn-type cup with another in order to settle a
dispute, determine whether a new cup will give similar times to
an old one, etc. The most usual technique is to dip both cups
into the same container of standard fluid at the same time and
once the temperature of both cups has stabilized, pull them out
together, timing both of them. The efflux times are compared
and a correction factor can be calculated. Sometimes paint or
another material 1s substituted for the oil.

contamers and to change the
01a11y cups with capillaries).



