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DISCUSSION OF DATA

Derivation of Certified Values

Cannon Instrument Company certifies that the kinematic viscosities were determined by the Master Viscometer Technique?!
using CANNON laboratory standard viscometers. All temperature measurements were conducted according to The
International Temperature Scale of 1990 (ITS-90) using SPRTs with fixed point calibrations. The provided viscosity data are
based upon the primary standard, water at 20 °C, with a kinematic viscosity of 1.0034 mm?/s and an assigned accuracy of =
0.17% as per ISO 3666. See also ASTM methods D2162, D445, D446, D2161, and I1SO methods 3104 and 3105.

Kinematic viscosity (v) measurements in mm?/s at temperatures of 20, 25, 37.78, and 40 °C were generally made using
CANNONZ® and/or Cannon-Ubbelohde (long capillary) Master viscometers, as described in ASTM methods D2162, D445, and
D446. Measurements at other temperatures have been made using Cannon-Ubbelohde laboratory standard viscometers.
The kinematic viscosity at temperatures between 20 and 25 °C was determined through regression of all measured data
using industry standard equations. These equations include the linear or quadratic viscosity/density-temperature equation
derived from the ASTM viscosity—temperature charts for petroleum products as well as the NBS viscosity-temperature
equation for petroleum products. See ASTM method D341 and NBS equation.

Viscosity cup flow times were calculated using the following equations:

Cup No. Equation _"_n_,,:.._m._“:._m _._S_nm”._om_.._"amu Cup No. Equation m_o”_._.__m._.:_:._m _._E_nmu_wwz

Source: DIN 53211 Source: ASTM D4212*

DIN 4 mm3/s (cSt) = 4.57t - 452/t 30 110 Shell No. 1 mm?/s (cSt) = 0.226 (t - 13) 20 80

ShellNo.2 | mm?/s (cSt)=0.576 (t-5) 20 80

Source: ISO 2431 Shell No. 2% | mm?%/s(cSt)=0.925 ({t-3) 20 80

ISO 3 mm mm?/s (cSt) = 0.443t - 200/t 30 100 Shell No. 3 mm?/s (c¢St) = 1.51 (t - 2) 20 80

1SO 4 mm mm?/s (cSt) = 1.37t - 200/t 30 100 Shell No.3% | mm?/s(cSt)=2.17 (t- 1.5) 20 80

ISO 6 mm mm?/s (cSt) = 6.90t - 570/t 30 100 Shell No. 4 mm?/s (cSt) = 3.45 (t- 1) 20 80

Shell No. 5 mm?/s (cSt)=6.5 (t-1) 20 80

Source: ASTM D1200* Shell No. 6 mm?/s (cSt) = 16.2 (t - 0.5) 20 80

Ford No. 1 mm?/s (cSt) = 0.48 (t - 35.0) 55 100 Zahn No. 1 mm?/s (cSt) = 1.1 (t - 29) 35 80

Ford No. 2 mm?/s (cSt) = 1.44 (t - 18.0) 30 100 Zahn No. 2 mm?/s (cSt) = 3.5 (t - 14) 20 80

Ford No. 3 mm?/s (cSt) = 2.31 (t - 6.58) 20 100 Zahn No. 3 mm?/s (cSt)=11.7 (t- 7.5) 20 80

Ford No. 4 mm?/s {cSt) = 3.85 (t - 4.49) 20 100 Zahn No. 4 mm?/s (cSt) = 14.8 {t - 5) 20 30

Ford No. 5 mm?/s (cSt) = 12.1 (t - 2.00) 20 100 Zahn No. 5 mm?/s (cSt) = 23t 20 80

*The form of the equations used in ASTM D1200 and ASTM D4212 is not of the preferred form (kin vis = Ct - B/t) and may lead to significant errors especially
at the minimum flow times.

Traceability

All data are traceable to intrinsic standards and National Institute of Standards and Technology (NIST) calibration or
calculated by ASTM or NIST methods. Kinematic viscosity values are traceable to the viscosity of water. Temperature
measurements were conducted with SPRTs that have NIST traceable fixed-point calibrations. A complete traceability
statement is available for purchase from CANNON Instrument Company.

Uncertainty
Cannon Instrument Company has determined and reported the uncertainty for the provided certification, which includes
contributions for the measurement system, bottle-to-bottle variability due to standard homogeneity, and long-term standard
stability throughout shelf life. The expanded uncertainties at the 95% confidence interval are as follows:

Kinematic Viscosity (15 °C to 45 °C)

Range of Kinematic Viscosity Expanded Uncertainty
(mm?/s) (%)
<10 0.16
16:100 i *An expanded uncertainty U is determined by multiplying the combined
100-1000 0.29 standard uncertainty u. by a coverage factor k: U = k uc where k=2. See
1000-10,000 0.38 NIST Technical Note 1297, 1994 edition®
Tested and certified in the USA. Certification under supervision of:
Laboratory Vice President of QA \\\k
Technical Director: and Technical Services: \.
Joseph T. Mastropierro M.T. Zubler \

iSwindells, JF, RC Hardy, and RL Cottington. “Precise Measurements With Bingham Viscometers and Cannon Master Viscometers.” Journal of Research of
the National Bureau of Standards 52, no. 3 (March 1954): 105-20. https://doi.org/https://nvipubs.nist.gov/nistpubs/jres/52/jresv52n3p105_A1b.pdf.
2Taylor, Barry N., and Chris E. Kuyatt. “NIST Technical Note 1287.” NIST, November 25, 2018. https://www.nist.gov/pml/nist-technical-note-1297.
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