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   1 PURPOSE

  Procedures for Standard test Methods for kinematic Viscosity ASTM D-445-04


    2 SCOPES
The time is measured for a fixed volume of the liquid to flow through the capillary viscometer under an accurately reproducible head and at a closely controlled temperature. The kinematic viscosity is then calculated from the measured flow time and the calibration constant of the viscometer.
3. REFERENCE

· ASTM D-445-12 STANDARD TEST METHOD FOR KINEMATIC VISCOSITY

· ASTM D-446 STANDARD TEST METHOD FOR THE SPECIFICATION AND OPERATING INSTRUCTIONS FOR GLASS CAPILLARY KINEMATIC VISCOSIMETERS

4. SAFETY

Is important always use protective equipment: laboratory coat, safety glasses and safety shoes. Refer to the corresponding safety data sheets (SDS) when handling chemical substances.
The cleaning solvents, Hexane and Acetone are very flammable and health hazard. These are deposits with a waste material in drums labeled and closed for the next disposition.
5 DEFINITION

5.1.1 Kinematic viscosity – a measure of the time for a fixed volume of liquid to flow by gravity through a capillary. The cgs unit of kinematic viscosity is the stoke which has the dimensions centimeters- squared per second. In the petroleum industry kinematic viscosity is usually expressed in centistokes, cSt, so that I St= 100 cSt

5.1.2 SDS – Safety Data Sheets

5.1.3 Sample Solvent - completely miscible with the sample.

      5.1.4 Viscosity - the resistance to fluid of a flow
6 RESPONSABILITIES
 6.1 Laboratory Analysts
              6.1.1 Establish appropriate safety and health practices and determine the applicability of regulatory regulations prior to use. 

6.2 Laboratory Manager, Supervisor of Designee

6.2.1   Ensure that this procedure is followed by the Olein Recovery Corp.  Laboratory personnel.

7 PROCEDURES 
7.1 GENERAL PROCEDURE for KINEMATIC VISCOSITY

7.1.1 Ascertain that the thermometer has been standardized recently; new thermometers may require checking every week. Adjust and maintain the viscometer bath at the required test temperature.

7.1.2 Select a clean, dry, calibrated viscometer which will give a flow time not less than minimum specified for the viscometer or 200s whichever is the greater.

7.1.3 Charged the viscometer in the manner dictated by the design of the instrument, this operation being in conformity with that employed when the instrument was calibrated. 
7.1.4 Viscometers used for silicone fluids, fluorocarbons, and other liquids which are difficult to remove  by the use of a cleaning agent, shall be reserved for the exclusive use of those fluids except during their calibration. Subject such viscometers to calibration checks at frequent intervals. The solvent washings from these viscometers shall not be used for the cleaning of other viscometers.
7.2 Procedure for transparent Liquids 
7.2.1 Charge the viscometer in the manner dictated by the design of the instrument.
7.2.1.1 With certain products which exhibit gel-like behavior, exercise care that flow time measurements are made at sufficiently high temperatures.

7.2.1.2 Allow the charged viscometer to remain in the bath long enough to reach the test temperature. Where one bath is used to accommodate several viscometers, never add or withdraw, or clean a viscometer while any other viscometer is in use for measuring a flow time.
7.2.1.3 Thirty minutes should be sufficient except for the highest kinematic viscosities.
7.2.1.4 Where the design of the viscometer requires it, adjust the volume of the sample to the mark after the sample has reached temperature equilibrium.

7.2.2 Use suction to adjust the head level of the test sample to a position in the capillary arm of the instrument about 7 mm above the first timing mark. With the sample flowing freely, measure, in seconds to within 0.1s, the time required for the meniscus too pass from the first to the second timing mark. If the flow time is less than the specified minimum (200 – 600s), select a viscometer with a capillary of smaller diameter and repeat the operation.
7.2.2.1 Repeated the procedure described in 7.2.2 to make a second measurement of flow time. Record both measurements.

7.2.2.2 If the two determined values of kinematic viscosity calculated from the flow time measurements agree within the stated determinability figure (see 17.1.1 of ASTM D445) for the product, use the average of these determined values to calculate the kinematic viscosity result to be reported. Record the result. 

7.2.2.3 If the material or temperature, or both, is not listed in 17.1.1, use 1.5% as an estimate of the determinability.

7.3 Procedure for Opaque Liquids

7.3.1 For steam-refined cylinder oils and black lubricating oils, ensuring a thoroughly representative sample is used. The kinematic viscosity of residual fuel oils and similar waxy products can be affected by the previous thermal history and the following procedure described in 7.3.1.1 – 7.3.1.2 shall be followed to minimize this.

7.3.1.1 In general, the viscometers used for opaque liquids are of the reverse-flow (type listed in Table A1.1, C. page 9 ASTM D445-12)
7.3.1.2 Heat in the original container, in an oven, at 60 ± 2°C for 1 h.

7.3.1.3 Thoroughly stir the sample with a suitable rod of sufficient length to reach the bottom of the container. Continue stirring until there is no sludge or wax adhering to the rod.

7.3.1.4 Recap the container tightly and shake vigorously for 1 min to complete the mixing.
7.3.2 Immediately after completing 7.3.1.4, pour sufficient sample to fill two viscometers into a 100 mL glass flask and loosely stopper.

7.3.2.1 Immerse the flask in a bath of boiling water for 30 min. (Warning—Exercise care as vigorous boil-over can occur when opaque liquids which contain high levels of water are heated to high temperatures.)

7.3.2.2 Remove the flask from the bath, stopper tightly, and shake for 60 s.

7.3.3 Two determinations of the kinematic viscosity of the test material are required. For those viscometers that require a complete cleaning after each flow time measurement, two viscometers may be used. A single viscometer in which an immediate, repeat flow time measurement can be made without cleaning may also be used for the two measurements of flow time and calculation of kinematic viscosity. Charge two viscometers.
7.3.3.1 Viscometers which are charged before being inserted into the bath may need to be preheated in an oven prior to charging the sample.

7.3.3.2 After 10 min adjust the volume of the sample to coincide with the filling marks as in the viscometer specifications.

7.3.3.3 Allow the charged viscometers enough time to reach the test temperature.
7.3.3.4 In the case of samples requiring heat treatment described in 7.3.1 through 7.3.2.1, completed the measurements of flow time within 1 h of completing 7.3.2.2. Record the measurement. 

7.3.3.5 Calculate kinematic viscosity, ν, in mm2/s, from each measured flow time. Regard these as two determined values of kinematic viscosity.
7.3.4 In case of used oil, if the samples contain high percent of water, follow the 7.3.1.2. Then repeated the procedure described in 7.2.2. 
7.3.4.1 In this case only to make a one measurement of flow time because if to make a second measurement the flow time has a biggest difference and not is representative.
7.4 Cleaning of Viscometer
7.4.1 Between successive determinations of kinematic viscosity, clean the viscometer thoroughly by several rinsing’s with the sample solvent, followed by the drying solvent. Dry the tube by passing a slow stream of filtered dry air through the viscometer for 2 min or until the last trace of solvent is removed.

7.4.2 Periodically clean the viscometer with the cleaning solution, for several hours to remove residual traces of organic deposits, rinse thoroughly with water and drying solvent, and dry with filtered dry air or a vacuum line. Remove any inorganic deposits by hydrochloric acid treatment before the use of cleaning acid, particularly if the presence of barium salts is suspected. (Warning—it is essential that alkaline cleaning solutions are not used as changes in the viscometer calibration can occur.)
*** Chromic Acid Cleaning Solution, or a no chromium containing, strongly oxidizing acid cleaning solution. (Warning—Chromic acid is a health hazard. It is toxic, a recognized carcinogen, highly corrosive, and potentially hazardous in contact with organic materials. If used, wear a full face-shield and full-length protective clothing including suitable gloves. Avoid breathing vapor. Dispose of used chromic acid carefully as it remains hazardous. Nonchromium containing, strongly oxidizing acid cleaning solutions are also highly corrosive and potentially hazardous in contact with organic materials, but do not contain chromium which has special disposal problems.)
7.5 CALCULATIONS AND REPORT

7.5.1 Calculate the kinematic viscosity as follows:

V 1,2  = C • t 1,2



(1)
Where:

V 1,2  =  determined kinematic viscosity values for V1 and V2, respectively, mm2/s,

C = calibration constant of the viscometer, mm2/s2, and

t 1,,2 = measured flow times for t1 and t2, respectively, s.

Calculate the kinematic viscosity result, ν, as an average of ν1 and ν2 

Calculate the dynamic viscosity, η, from the calculated kinematic viscosity, ν, and the density, ρ, by means of the following equation:

η = ν * ρ *10-3 



(2)

where:

η = dynamic viscosity, mPa·s,

ρ = density, kg/m3, at the same temperature used for the determination of the kinematic
7.6 PRECISIONS AND BIAS
 7.6.1 Comparison of Determined Values:

7.6.1.2 Determinability (d)—The difference between successive determined values obtained by the same operator in the same laboratory using the same apparatus for a series of operations leading to a single result, would in the long run, in the normal and correct operation of this test method, exceed the values indicated only in one case in twenty:
Base oils at 40 and 100°C9 

 0.0020 y
 (0.20 %)

Formulated oils at 40 and 100°C1

 0.0013 y 
(0.13 %)

Formulated oils at 150°C11 

0.015 y 

(1.5 %)

Petroleum wax at 100°C12
 

0.0080 y 
(0.80 %)

Residual fuel oils at 80 and 100°C13

 0.011(y + 8)

Residual fuel oils at 50°C1


3 0.017 y
 (1.7 %)

Additives at 100°C14 


0.00106 y1.1

Gas oils at 40°C15

 

0.0013 (y+1)

Jet fuels at –20°C16 


0.0018 y

(0.18 %)
7.6.2 Comparison of Results:

7.6.2.1 Repeatability (r)—the difference between successive results obtained by the same operator in the same laboratory with the same apparatus under constant operating conditions on identical test material would, in the long run, in the normal and correct operation of this test method, exceed the values indicated only in one case in twenty:

Base oils at 40 and 100°C9


0.0011 x 

(0.11 %)

Formulated oils at 40 and 100°C10
              0.0026 x
            

 (0.26 %)

Formulated oils at 150°C11 

0.0056 x 
             (0.56 %)

Petroleum wax at 100°C12 


0.0141 x 1.2
Residual fuel oils at 80 and 100°C13

 0.013 (x + 8)

Residual oils at 50°C13 


0.015 x


 (1.5 %)

Additives at 100°C14


 0.00192 x 1.1
Gas oils at 40°C15 


0.0043 (x+1)

Jet fuels at –20°C16


 0.007 x


 (0.7 %)

where: x is the average of results being compared.
7.6.2.2 Reproducibility (R)—the difference between two single and independent results obtained by different operators working in different laboratories on nominally identical test material would, in the long run, in the normal and correct operation of this test method, exceed the values indicated below only in one case in twenty.

Base oils at 40 and 100°C9 


0.0065 x

(0.65 %)

Formulated oils at 40 and 100°C10


0.0076 x

(0.76 %)

Formulated oils at 150°C11 


0.018 x 

(1.8 %)

Petroleum wax at 100°C12 



0.0366 x1.2

Residual fuel oils at 80 and 100°C13
             

0.04 (x + 8)

Residual oils at 50°C13


             
0.074 x

 (7.4 %)

Additives at 100°C14 


             0.00862 x1.1

Gas oils at 40°C15 

                         
0.0082 (x+1)

Jet fuels at –20°C16


            
0.019 x

 (1.9 %)

Where: x is the average of results being compared.

7.6.3 The precision for used oils has not been determined but is expected to be poorer than that for formulated oils. Because of the extreme variability of such used oils, it is not anticipated that the precision of used oils will be determined.
7.6.4 The precision for specific automated viscometers has not been determined. However, an analysis has been made of a large data set including both automated and manual viscometers over the temperature range of 40 to 100°C. The reproducibility of automated viscometer data is not statistically significantly different than the reproducibility of manual viscometer data. It is also shown that there is no bias of the automated data in comparison to the manual data.
8 CHANGE CONTROLS
	SECTION
	VERSION
	FECHA DE REVISION
	DESCRIPCION DE CAMBIOS

	
	
	
	

	
	
	
	


9 ATTACHMENTS
All analysis is reported in the following documents. FD-LB-B-01 & FD-LB-B-02, TABLE 5: VICOSITY AT 40˚C Y 100˚C ANALYSIS REPORT SHEET 
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