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Test Method for
Apparent Viscosity of Hydrocarbon Resins at Elevated
Temperatures !

This standard is issued under the fixed designation D 6267; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 4. Summary of Test Method

1.1 This test method covers the determination of the appar- 4.1 The viscometer described in this test method can be
ent viscosity of hydrocarbon resins having apparent viscositiegsed to determine the apparent viscosity of hydrocarbon resins
up to 2 000 000 millipascal seconds (mPa-s) (Note 1) aat elevated temperatures. Apparent viscosity is determined
temperatures up to 300 °C (572 °F). under temperature equilibrium conditions using a rotating
spindle type viscometer. The troque on a spindle rotating in a

N 1—The cgs unit of viscosity is the poise (dyne-secfcand is .
o g y P (dy o sthermostatted sample holder containing a small amount of

equivalent to 0.1 Pa-s. The centipoise (cP) is one millipascal seco

(mPa-s) and is frequently used as a viscosity unit. sample is used to measure the relative resistance to rotation. A
1.2 The values stated in Sl units are to be regarded as thf%lCtor is applied to the torque reading to yield the viscosity in

standard. The values given in parentheses are for informatioWPa'S'

only. . 5. Significance and Use
1.3 This standard does not purport to address all of the o, .o iost method is used to measure the apparent

responsbilty of the User of this standard to estabiish appro (3OS Of hydrocarbon resinat elevated temperatures
priate safety and health practices and determine the applica_Elevated temperature viscosities of hydrocar_bon resin may be
bility of regulatory limitations prior to use relate_d .to the propert!es of coatings, adhesives and the like,

' containing such a resin.
2. Referenced Documents 5.2 Mater?als of the type described in this p_rocedyre may be
2.1 E 1 Specification for ASTM Thermometérs Pon-l_\lewt?n;]an, and asdsuckr\] the aopl)_parentfvmco'soﬂ]wnlhbeha
E 691 Practice for Conducting an Interlaboratory Study to unction of shear rate under the conditions of test. Although the
Determine the Precision of a Test Metfod v[s:cometer de;cnbed in this test me.thod opergtes under con-
ditions of relatively low shear rate, differences in shear effect

3. Terminology can exist depending upon the spindle and rotational speed

3.1 Definitions: conditions selected for the test program. Comparisons between

3.1.1 viscosity—the ratio of shear stress to shear rate. non-Newtonian ViSCOSiFV v_alges ;hould be made only_ _for
3.1.1.1 Discussior-The viscosity of a liquid is a measure measurements made with similar viscometers under conditions

of the resistance to flow of the liquid. The Sl unit of dynamic ofseguxalent .S‘hef‘r' h i . . indl
viscosity is the pascal second. For a Newtonian liquid, the * pproximaté shear rates using various spindies are

viscosity is constant at a range of shear rates. For a nm?_hown in Table A1.1 in Annex Al. to this procedure.

Newtonian liquid, viscosity will vary depending on shear rate.g Apparatus
3.1.2 apparent viscosity-the viscosity determined by this
test method, expressed in millipascal seconds.
3.1.2.1 Discussior—Its value may vary with the spindle and
rotational speed selected because many resins are non-
Newtonian. Note 2—Caution: Care must be taken in the storage and handling of
spindles and assemblies. Protect them from scratches, dust, corrosive-
deposits, and mechanical abuse. Replace the spindle extension if it is bent.
Avoid touching the calibrated section of the spindle with hands. Clean the
* This test method is under the jurisdiction of ASTM Committee D-1 on Paint Spind|e and Samp|e chamber thoroughly after each use. A recommended
and Related Coatings, Materials, and Applications and is the direct responsibility of
Subcommittee D01.38 on Hydrocarbon Resins.
Current edition approved May 10, 1998. Published July 1998. —
2 Annual Book of ASTM Standardgol 14.03. 4Supporting data are available from ASTM Headquarters. Request RR:
2 Annual Book of ASTM Standardgol 14.02. D01-11009.

6.1 Rotational Viscometerrotating spindle type with lev-
eling stand’
6.2 Viscometer Spindlestainless stedl
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cleaning procedure is included in the procedure. TABLE 1 Suitable ASTM Thermometers

6.3 Temperature Controller Thermocontainer, and Sample  Temperature Immersion Soale oS
Chamber designed for use with the viscometer in 6.1, com- Range mm max Number
plete with locating ring, leveling screws, safety guard, spindle™ g5:c 170°c 51 0.2°C 35C-62
extension, insulating cap, upright rod, cooling plug (optional)  94°F - 338°F 51 0.5°F 35F-62
and extracting tool. The precision temperature controller pro-__145°C - 206°C 76 04°C 100C-68

vides control accuracy of1.0°C or better through the range
from 100 to 150°C (212 to 302°F) andt 2.0°C or better

through the range from 150 to 300°C (302 to 572°F). point to provide the desired temperatuRepeat this procedure
for any test temperature desired within the scope of this
7. Assembly of Apparatus procedure.

7.1 Assemble the apparatus according to the manufacturer

instructions. 9S Procedure

9.1 Selection of Spindie-From the estimated viscosity of
8. Calibration the sample and Table Al.1, Annex Al; select a viscometer and

_ . . _ _spindle combination that will produce readings in the desired
8.1 For dial reading viscometers, no zero adjustment i$;qqe.

provided since experience has shown that the zero point will

not vary due to changes in the spring. A digital viscometer Note 4—Use only spindles shown to be appropriate for the viscometer

should be zeroed according to the manufacturer’s instructiond? be used.

The viscometer and spindles are precision equipment and 9.1.1 Where more than one spindle is available for the range

should be kept from undue shock and mishandling. Physicaelected, choose the spindle that produces a dial or display

damage to the instrument will often reveal itself as erratic or ngeading between 10 and 100 &6 full scale The goal is to

oscillation of the pointer (dial reading models) when theselect a combination whose range brackets the estimated

instrument, with or without the spindle in place, is operated inviscosity of the sample.

air. When ope_rati_ng normally, the read_ing_ W"_I be stable and Note 5—Accuracy improves as the reading approaches 1@ %all

have free oscillation about the zero point in air. scale If the reading is over 100 %f full scalg select a lower speed and/or
8.2 The calibration of the instrument may be verified usinga smaller spindle. If the reading is under 1%ull scale select a higher

standard reference fluids. Suitable fluids are available igpeed or a larger spindle, or both. Whenever possible, when conducting

nominal viscosities up to 15 000 mPa-s at 149°C (308 F)e multiple comparative tests, the same spindle/speed combination should be

procedure for instrument calibration using standard referenc%sed for all tests. When a test must be performed at several speeds, select

. - . __a spindle that produces on-scale readings at all required speeds. This may
fluids is that encompassed by this test method. Results obtaingd ccsitate using a dial or display reading less than 1 %ll scale

using standard reference fluids should not deviate from th@nich is acceptable as long as the reduced accuracy of such a reading is

nominal viscosity by more than the following amount: recognized.
\/2 + b2 1) 9.2 Preparation of Sample-Weigh the amount of represen-

tative sample, which when melted will be equivalent to the test

where ‘a" is 1% of the full measurement range under the 5| me (see Table 2), into the sample chamber, Insert the
conditions of the test, and” is 1 % of the nominal viscosity

of the calibration fluid. If results deviate by more than this

value, the instrument should be removed from use and re- TABLE 2 Sample Size Guideline

paired. Spindle Approximate Approxim_ate Sample
8.3 The temperature controller is factory calibrated and has Volume, mL Weight. g

control capability of= 0.5 % of the control point£ 1.0°C at gg j:;ﬁ g-g 2'3

175°C). To check the controller and verify the calibration of the SC 427 105 6.4

controller settings, use the procedure in 8.3.1. SC 4-28 15 9.2
8.3.1 Place a sufficient quantity of silicone oil in the sample gg j:;i ig:g 12:3

container to permit immersion of the appropriate ASTM SC 4-34 9.5 7.6

thermometer to the proper depth. See Specification|Bskrt
the thermometer into the oil and hold it in place at the point
required for proper immersion deptiDo not permit the
thermometer bulb to rest on the bottom of the sample contain
Suitable thermometers are shown in Table 1.

esample chamber into the thermo-container, preheated to the
lesired test temperature.

Note 6—Use a fresh sample for each temperature for which a

Nore 3—Particular care must be taken not to overflow the samplegetermination is to be mad&he sample should be uniform in appearance
chamber when using the 100C, 76-mm immersion thermometer. and free of foreign material.

8.3.2 Insert the thermometer through the insulating cover of 9.3 System Alignment and Spindle InsertioRaise the
the sample container, and hold it in place at the point requirediscometer to clear the top of the thermo-container. Connect
for proper immersion depth. Adjust the therntaintroller set  the spindle extension to the spindle and to the coupling nut.
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Connect the coupling nut to the viscometer shaft (note leftan appropriate solvent. Care must also be exercised to avoid
handed thread). With the viscometer aligned and leveled, lowescratching or deforming the spindles.

the entire assembly until the spindle touches the sample in thf0 Calculation

chamber. Do not force the spindle into the sample; this may ' ) )

result in bending the spindle extension or causing it to detach 10-1 Determine the average of the three consecutive scale
from the spindle shaft. Allow the sample to melt completely, readings that d!ff_er by no more than 0.5 scale unit. If necessary,
but avoid prolonged heating to minimize thermal and oxidativel® convert to millipascal seconds, multiply the scale reading by

changes to the test material. Lower the assembly so that the ti§a€ @Ppropriate factor taken from either the instrument instruc-
of the alignment bracket are 2 mn¥:6 in.) above the tion manual or Table Al1.2 in the Annex Al. Repeat this for

horizontal surface of the locating ring, making contact with the€ach temperature.

vertical curve. An etched line on the back of the vertical curve Note 8—If desired, the viscosity at intermediate temperatures may be
is the 2 mm ¥ie in.) reference point. Do not forcibly displace calculated by fitting 1/T versus log viscosity to a straight line or by use of
the alignment bracket. Verify that the viscometer and thermo¢urve fitting software.

container are level. Place the insulating cap over the samplg). Report

chamber |nlgt. o o 11.1 Report the apparent melt viscosity at a given tempera-
9.4 Viscosity Determination-Ensure that the material in the tyre along with the particulars of the instrument model, the

sample chamber is completely molten and that temperaturgpindle number, and rotational speed.
controller se_ttings are proper. Turn on the viscom_ete_r, a|_1d Note 9—If it is desired to report the shear rate corresponding to the
f"‘”O.W the Sp'f‘d'e to rotate. When tempera’_[ure equilibrium IS|nstrument/spindle/speed combination, refer to Table Al.1 for the appro-
indicated, typically after about 10 to 15 min., turn off the priate calculation.

viscometer, remove the insulating cap, and inspect the liquid . )

level on the spindle shaft. The liquid leven the spindle shaft 12 Precision and Bias

should be about 3 mn¥4 in.) above the upper con&o not 12.1 Precision—An interlaboratory study of the viscosity of
overfill. Replace the insulating cap, and allow the unit toa standard oil at one temperature and the melt viscosity of three
reestablish temperature equilibrium. Continue spindle rotatiofiesins each at 2 different temperatures was run in 1997 by 10
for 15 min after apparent equilibrium. Increase the spindlidaboratories. The precision, characterized by repeatalsiity,
speed tanaximize the reading at the test temperatter dial ~ and reproducibilitySRandR, as specified in Practice E 691, is
reading viscometers, engage the pointer clutch and stop tH#own in Table 3.

viscometer motor when the pointer is in view. Record the dial

reading. For digital viscometers, record the display reading. TABLE 3 Interlaboratory Precision Study Results
For digital viscometers, record the display reading. Repeat this Material Average, cP Sr SR r R
operation until 3 consecutive readings differ by no more tharstandard oil 4657.3 230 582 644 1629
0.5 units Resin A, Temperature 1 9657.6 1916 925.9 536.4 2592.6
’ ’ Resin A, Temperature 2 764.8 12.8  64.2 35.8 179.8
. . . . . Resin B, Te 1 1513.4 26.2 4. 73. 4.4
.NOTE 7_—Cagt|on: The spindle gxtensmn Ilnk_shoulq not be in contact' Rzz:z B: Timgiﬁi 5 2882 2_6 21.2 1:_3 628_3
with the insulating cap when rotating. The rotating spindle must not be inkesin ¢, Temperature 1 4420.0 586 172.8 1642 4388

contact with the inside wall of the sample chamber. Resin C, Temperature 2 149.1 45 710 126 19.9

9.5 Cleaning the ViscometerRemove the insulating cap
and turn off the motor. Unhook the spindle extension from the 15 5 Bias—Since there is no accepted reference material,

coupling nut and remove the spindle from the sample chambemethod or laboratory suitable for determining the bias for the

Lift the sample chamber from the thermo-container using thyrocedure in this test method for measuring softening point, no
extracting tool and discard the sample in an appropriat@iatement on bias is being made.

manner. With the sample chamber removed, cool the thermo-

container by inserting the cooling plug into the sample chaml3. Keywords

ber well and circulating a cooling medium (tap water) through 13.1 Brookfield viscometer; rotational viscometer; apparent
it. Clean the stainless steel spindle and sample chamber usingscosity; viscosity; thermosel
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ANNEX

(Mandatory Information)

Al. VISCOMETER RANGE DATA AND VISCOMETER-SPINDLE FACTORS

Al.1 Table Al.1 and Table A1.2 illustrate viscometer range

data and viscometer-spindle factors.

TABLE Al1.2 Viscometer-Spindle Factors

Note Al.1—For each range, the first number represents the minimum

recommendedheasurable viscosity (10 % of the lowest full scale of each

viscometer).
TABLE Al1.1 Viscometer Range Data
LV Series Viscometers
Viscosity Range (cP)
Shear Sample
Rate Volume
Spindle LVT LVF SXLVT (sec™)  (ml)
SC4-18 5-10 000 5-500 25-50 000 1.32N* 8.0
SC4-31 5-100 000 50-5 000 250-250 000 0.34N 10.0
SC4-34 100-200 000 100-10 000 500-1 000 000  0.28N 9.5
RV Series Viscometers
Viscosity Range (cP) Shear Sample
Spindle Rate Volume
RVT RVF RVF-100 (sec™  (ml)
SC4-21 50-1000 000 250-25 000 50-5 000 0.93N 8.0
SC4-27 250-500 000 1 250-125 000 250-25 000 0.34N 10.5
SC4-28 500-1 000 000 2 500-250 000 500-50 000 0.28N 115
SC4-29 1 000-2 000 000 5 000-500 000 1 000-100 000 0.25N 13.0
HA Series Viscometers
Viscosity Range (cP) Sample
Spindle Shear Rate  Volume
HAT HAF (sec™) (ml)
SC4-21 10-200 000 1 000-100 000 0.93N 8.0
SC4-27 500-1 000 000 5 000-500 000 0.34N 10.5
SC4-28 1 000-2 000 000 10 000-1 000 000 0.28N 11.5
SC4-29 2 000-4 000 000 20 000-2 000 000 0.25N 13.0
HB Series Viscometers
Viscosity Range (cP) Shear Sample
Spindle Rate Volume
HBT HBF (sec™) (ml)
SC4-21 400-800 000 3 000-400 000 0.93N 8.0
SC4-27 2 000-4 000 000 200 000-2 000 000 0.34N 10.5
SC4-28 4 000-8 000 000 40 000-4 000 000 0.28N 115
SC4-29 8 000-16 000 000 80 000-8 000 000 0.25N 13.0
AN = RPM

LVF and LVT Viscometer

Spindle Number

5XLVF and 5XLVT Viscometer
Spindle Number

Speed
(RPM) 18 31 34 18 31 34
60 0.5 5 10 25 25 50
30 1 10 20 5 50 100
12 25 25 50 12.5 125 250
6 5 50 100 25 250 500
3 10 100 200 50 500 1MA
15 20 200 400 100 1M 2M
0.6 50 500 1M 250 2.5M 5M
0.3 100 M 2M 500 5M 10M
RVF and RVT Viscometer
Speed Spindle Number
(RPM) 21 27 28 29
100 5 25 50 100
50 10 50 100 200
20 25 125 250 500
10 50 250 500 M
5 100 500 1M 2M
4 125 625 1.25M 2.5M
25 200 M 2M aM
2 250 1.25M 2.5M 5M
1 500 2.5M 5M 10M
0.5 1M 5M 10M 20M
HAT Viscometer
Speed Spindle Number
(RPM) 21 27 28 29
100 10 50 100 200
50 20 100 200 400
20 50 250 500 1M
10 100 500 1M 2M
5 200 M 2M aM
25 400 2M AM 8M
2 500 2.5M 5M 10M
1 1M 5M 10M 20M
0.5 2M 10M 20M 40M
HBT Viscometer
Speed Spindle Number
(RPM) 21 27 28 29
100 40 200 400 800
50 80 400 800 1.6M
20 200 M 2M aM
10 400 2M AM 8M
5 800 am 8M 16M
25 1.6M 8M 16M 32M
2 2M 10M 20M 40M
1 aM 20M 40M 80M
0.5 8M 40M 80M 160M

AM = 1000 To calculate viscosity in centipoise (cP) multiply the dial reading by
the factor corresponding to the viscometer spindle and speed combination utilized.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



