[lIM) Designation: D 6895 _ 03 An American National Standard
i’

INTERNATIONAL

Standard Test Method for
Rotational Viscosity of Heavy Duty Diesel Drain Oils at
100°C*

This standard is issued under the fixed designation D 6895; 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 In(shear stregs= In b + ¢ In(shear rate 2

1.1 This test method covers the determination of the rota- 3.1.1.1 Discussior—A rate index ofc = 1 signifies Newto-
tional viscosity and the shear thinning properties of heavy dutyian fluid behavior. Values less than one indicate increasing
diesel engine drain oils at 100°C, in the shear rate range ofon-Newtonian, shear thinning behavfor.
approximately 10 to 300°% in the shear stress range of 3.1.2 rotational viscosity—the viscosity obtained by use of
approximately 0.1 to 10 Pa and the viscosity range of approxithis test method.
mately 12 to 35 mPa-s. Rotational viscosity values can be 3.1.3 VIS100 DEG—rotational viscosity at shear rate of 100
compared at a shear rate of 100 Isy this test method3 s, decreasing shear stress or shear rate sweep.

1.2 This standard does not purport to address all of the 3.1.4 VIS100 ING—rotational viscosity at shear rate of 100
safety concerns, if any, associated with its use. It is thes, increasing shear stress or shear rate sweep.
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica?: Summary of Test Method

bility of regulatory limitations prior to use. 4.1 The sample is placed in a controlled stress or controlled
shear rate rheometer/viscometer at 100°C. The sample is
2. Referenced Documents presheared at 10*sfor 30 s followed by heating at 100°C for
2.1 ASTM Standards: 10 min. An increasing shear rate (approximately 10 to 360 s
D 4057 Practice for Manual Sampling of Petroleum andor shear stress (0.1 to 10 Pa) sweep is run followed by a
Petroleum Products decreasing sweep. The rotational viscosity for each step
D 5967 Test Method for Evaluation of Diesel Engine Oils in (increasing and decreasing) at 10bshear rate is interpolated
T-8 Diesel Engine from the viscosity versus shear rate data table. The rate index,

D 6299 Practice for Applying Statistical Quality Assuranceas a measure of shear thinning, is calculated from a plot of In
Technigues to Evaluate Analytical Measurement Systenfshear stress) versus In (shear rate).

Performance N
5. Significance and Use
3. Terminology 5.1 Rotational viscosity measurements allow the determina-
3.1 Definitions of Terms Specific to This Standard: tion of the non-Newtonian, shear thinning property of drain oil.
3.1.1rate index—the exponent,c, in these expressions Rotational viscosity values can be compared at a shear rate of
relating shear rate and shear stress: 100 s* by this test method2

shear stress: b(shear rat§ (1) 6. Apparatus

6.1 This test method uses rheometers/viscometers of the
* This test method is under the jurisdiction of ASTM Committee D02 on controlled S'[I‘(-}'SS or controlled rate mode of operation. The te_St
Petroleum Products and Lubricants and is the direct responsibility of Subcommittenethod requires the use of cone and pIate or concentric
Doém Ort‘ F('j‘?t‘{v Pfope“'esc-j Ve 10, 2005, Publiched Julv 2008 cylinder measuring geometries capable of operating in the
urrent edition approved May 10, . Published July . .
2 Selby, K., “Rheology of Soot-thickened Diesel Engine OIISAE 981369 rang?lOf approximately 0.1 to 10 Pa for Shear stress and 10 to
May 1998. 300 s for shear rate. Instrument data logging or software shall
® George, H. ., Bardasz, E. A., and Soukup, B., “Understanding SMOT througtbe capable of delivering shear stress versus shear rate data and
Designed Experimentation Part 3: An Improved approach to Drain Oil \ﬁscosityviscosity versus shear rate data in tabular form. Temperature

Measurements—Rotational RheologAE 97692May 1997. .
4 Annual Book of ASTM Standargfol 05.02. Y shall be controlled to 100: 0.2°C at equilibrium. Some

5 Annual Book of ASTM Standardgol 05.03.
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rheometers have a 99.9°C set point limit and would be 11.4 A specimen of the sample shall be taken for analysis
acceptable for this test method. promptly following the shaking and dissipation procedure of
11.3.
7. Reagents and Materials
7.1 Standard Newtonian Reference @iélibrated in viscos- 12. Procedure

ity in the range of 12 to 35 mPa-s at 100°C. 12.1 Run the procedure in accordance with the instrument
. . . geometry requirements and the manufacturers’ recommenda-
8. Sampling, Test Specimens, and Test Units tions to obtain shear stress versus shear rate data in the ranges

8.1 Ensure the test specimen is homogeneous. Engine sagf 0.1 to 10 Pa and 10 to 300*sThe order of steps is as
pling is generally specified in the test method, for examplefollows:

Test Method D 5967. Manual sampling from the container can 1211 Load sample.

be done in accordance with Practice D 4057. 12.1.2 Equilibrate at 100°C (maximum 10 min).

: 12.1.3 Preshear sample at 16 for 30 s.
9. Preparation of Apparat
paral pparatus 12.1.4 Stop preshear.

9.1 Prepare the apparatus in accordance with manufacturerslz.l_5 Preheat sample at 100°C for 10 min.
directions. The apparatus shall be capable of viscosity mea-
surement to within 5 % of the standard Newtonian reference 0%1
viscosity and a rate index value of 0.98 to 1.02 indicating a
Newtonian fluid.

12.1.6 Run increasing stress or rate sweep for duration of
pproximately 10 min to generate data of shear stress, shear
ate and viscosity followed immediately by the next step. The
run time will vary somewhat among different instruments and
procedures. Times as low as 2 min and as high as 20 min have
een utilized successfully to run this test method.

12.1.7 Run decreasing stress or rate sweep for duration of

proximately 10 min to generate data of shear stress, shear
te, and viscosity.

12.1.8 Clean sample from instrument in accordance with the

manufacturers’ instructions. Cone and plate systems may be
T - cleaned by wiping with a rag followed by an appropriate
ope = viscosity value within 5 % of certified value, mPa:s

Correlation coefficient, r2> 0.9998 solvent.

This calibration procedure should be repeated if any
criteria are not met

The instrument manufacturer should be contacted if the

10. Calibration and Standardization

10.1 A Newtonian viscosity standard in the range 12 to 3&3
mPa-s at 100°C shall be used to verify instrument calibration
Run the procedure as in Section 12. A plot of shear stress (P
versus shear rate & shall be linearly regressed to yield a
slope and intercept. Results shall be:

13. Calculation or Interpretation of Results

criteria cannot be met i i i _
The operator shall not proceed with this procedure if the 13.1 Analyze the Increasing and decreasmg Sweeps sepa
calibration criteria are not met fate'v-

10.2 New SAE 15W-40 oil shall be used as a daily control .13'2 Import the shear stress (Pa), shear rat§ @nd

chart standard. Run the procedure (see Section 12) and perfo?ﬂ?cos'ty (mPa-s_) into a spreadsheet program. This calcula’glon
an analysis (see Section 13). Results shall be a rate ind ay be done with a calculator. Delete data below the noise

between 0.98 to 1.02 and a viscosity value at 18prsPa-s, imit as determined in 10'3'.
VIS100. Control chart the values of VIS100 and rate index. 13-3 Calculate two additional columns for In (shear rate)

The procedure shall be checked and the instrument calibratigi'd In (Shear stress). See Appendix X1 for sample calculation.
rechecked if the reference oil does not fall within control _13.4 Plot the In stress versus In rate columns as a scatter plot
limits. Practice D 6299 shall be used as a guide in this area With In rate on thecaxis. _

10.3 Some instruments and geometries will exhibit signifi- 13.5 Fit a least squares linear regression to the data plot.
cant instrument/electronic noise at low shear stress or loi?btain the equation of the line. This line follows Eq 2. There
shear rate levels, or both. This may be determined by plottingf NO criterion for correlation coef_ﬁment of candidate oils. See
viscosity versus shear rate or viscosity versus shear stress fppendix X1 for sample calculation.
measurements of the standard oil. A horizontal line is obtained 13.6 Obtain the slope of the line,which is the rate index,
in regions far from noise. Annex A1 shows two examples ofto three decimal places and the intercept astm four decimal
this type of plot. The minimum shear rate or shear stress to ug@aces.
in the analysis of data can then be determined for the particular 13.7 Calculate the viscosity at 100" sby interpolation
instrument and geometry. between two data points spanning 10bas follows:

11. Conditioning VIS100= VIS1 + D (100— T1) (3)
11.1 Shake all new and used oil samples using the followingWhere:
procedure. Do not prepare more than two samples at one tim
for one instrument. VISZ andT2
11.2 Ensure cap is tight on container.
11.3 Shake vigorously by hand for 30 s. Wait 60 s for air
bubbles to dissipate.

((VIS2 = VIS1)/(T2 - T1)),

viscosity and shear rate respectively at the
first data point above 100%s and

VIS1 and T1 = viscosity and shear rate respectively at the
first data point below 100°%
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14. Report y = mean value of VIS100 in mPa-s.
14.1 Report the rate index value as the viscosity as 15.2 Sample Precision Calculations
VIS100 and intercept as In. Label increasing and decreasing 15.2.1 The maximum value for rate index is 1.000. This

sweep data using INC and DEC. occurs for fluids which exhibit Newtonian behavior as ob-
14.2 Rate index = dimensionless, three decimal places,served for fresh diesel oils within the shear rate range of

X.XXX. measurement in this test method. The rate index, INC repro-
14.3 VIS100 = mPa:s, two decimal places Xx.xx. ducibility for fresh oils would be:

14.4 Inb = Pa, four decimal places, X.XXXX. 0.607— 0.59G1.000 = 0.017

15. Precision and for a drain with a value of 0.900:

15.1 Precision was found to be dependent on the mean value 0.607— 0.5900.900 = 0.076
of the measured property. The data in this section was derived
from a six laboratory/six sample interlaboratory study and a .-" ! .
three laboratory/seven sample interlaboratory study. All daté’tv!:Em trl?lssfgge l?\lféh's EeSt mfetlhsogblz Igo 35 mP?as.hA drain
was pooled to generate the repeatability and reproducibilit ' 6: bilit f_’ vaiue o 20 mPa-s wou ave a
data. VIS100 range was 14.99 to 36.28 mPa-s and rate ind gpeatabiiity ot:

15.2.2 The VIS100 precision values are valid for viscosities

range was 0.623 to 1.002. —1.38+0.1215.20 = 0.44
r R and a reproducibility of:
Rate index, INC 0.159 - 0.151x 0.607 - 0.590x
Rate index, DEC 0.037 - 0.028x 0.90 - 0.90x 0.20+ 0.1915.20 = 3.08
VIS100, INC -1.38 + 0.12y 0.20 + 0.19y
VIS100, DEC -1.00 + 0.11y 0.43 +0.19y 16. Keywords
where:

16.1 drain oils; heavy duty diesel; rotational viscosities;

X = mean value of rate index, and shear thinning

ANNEX
(Mandatory Information)
Al. TYPICAL EXAMPLE TO DETERMINE NOISE LEVEL AND MINIMUM SHEAR RATE VALUE
Al.1 The data are plotted as shown and the minimum noise : ‘
level determined in the low shear region. Data below this level Figure 1_Calibration }m
are deleted for analysis. The examples in Fig. A1.1 and Fig. .4

Al.2 are from two different cone and plate systems.

o =0 O G S OO ©

Viscosily, Pa-s

0.015

0 10 20 0 a0 50 &0 70 80 [0 100
Shear Rate, sec-1

FIG. A1.1 Example 1



022

A0y D 6895 — 03
“afl

02

o <
- o
=) &

Viscoslty at 100 deg C (p)
=]
=

© oc nas s ..
o conta

012

Shear Rate (1/5)

FIG. A1.2 Example 2

APPENDIX

(Nonmandatory Information)

100

X1. ANALYSIS EXAMPLE OF DATA TABLE

X1.1 Table X1.1 follows the directions in Section 13. See

also Fig. X1.1.
TABLE X1.1
Shear Stress, Pa Shear Rate, 1/s Viscosity, Pa:s In(Shear Rate) In(Shear Stress)

1.034 15.79 0.06551 2.759376828 0.033434776
1.673 31.58 0.05299 3.452524009 0.514618422
2.183 47.37 0.04608 3.857989117 0.780700078
2.634 63.16 0.04171 4.145671189 0.968503603
3.04 78.95 0.03851 4.368814741 1.111857515
3.436 94.74 0.03627 4.551136297 1.234308004
3.814 110.5 0.03451 4.705015521 1.338678507
4.166 126.3 0.03298 4.838660029 1.426956343
4515 142.1 0.03177 4.956531035 1.507405187
4.859 157.9 0.03077 5.061961921 1.580832655
5.184 173.7 0.02985 5.157329673 1.645576959
5.51 189.5 0.02908 5.244389025 1.706564623
5.83 205.3 0.0284 5.324472324 1.763017
6.15 221.1 0.02782 5.398615088 1.816452082
6.478 236.8 0.02735 5.467215903 1.868411821
6.777 252.6 0.02683 5.53180721 1.913534526
7.08 268.4 0.02638 5.592478405 1.957273908
7.374 284.2 0.02595 5.649678216 1.9979603
7.676 300 0.02559 5.703782475 2.038098578
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y=06769x - 1 A3TE
A" - 09007

In shear strass

4 ]

In shaar rate

VIS100= 36.27+ D(100-94.74 = 36.27+ D(5.26)
D = (34.51-36.2Y/(110.5-94.74= -0.1117

VIS100= 36.27+ (—0.111%(5.27
= 36.27-0.59
= 35.68 mmPa:s

rate indexc = 0.677

Intercept Inb = —1.8376 Pd = 0.1592
FIG. X1.1 Example 1

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).



