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ABSTRACT

A process for the production of the methyl ester of waste vegetable oil (WVQ) for use as a
biodiesel fuel has been studies. The essential part of the process is the transesterification of waste
vegetable oil with methanol in the presence of a catalyst, to yield the methyl ester of WVO as a
product and glycerol as a by product. Experiments have been performed to determine the optimum
conditions for the preparation of methyl ester from WVO. The process variables, such as
temperature , rate of agitations and time of reaction, were used for the production of the methyl ester
of WVO. Then the selected condition was applied to produce biodiesel from WVO by using solar
energy. Viscosity and total acid number were measured according to ASTM D445 and ASTM D664,
respectively.

From the experimental, The optimum conditions were temperature is 60 degree celsius , rate
of agitations is 400 rpm and time of reaction is 15 minutes. The yield of typical process is about
75%.Then the selected condition was applied to produce bicdiesel from WVO by using solar energy.
The percentage of methyl ester is about 75% .Viscosity is 7.447 ¢St and total acid number is

0.63 mg KOH/g
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0 l |C|>

CH, — OH H—O—C—=R3 CHy—0—C—=3

Glycerol Fatty Acids Triglyceride
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Fatty Acid C8:0 | C10:0 | C12:0 | CI4:0 | C16:0 | CI18:0 | C18:0 | C18:1 | C18:2 | Ci8:3 [ C20:0 | C20:1 Other
fat or oil C22:0 C22:1
Yellew Grease - - - 1 23 1 10 50 15 - B - -
Tallow - - 0.2 2-3 25-30 2-3 21-26 39-42 2 - 0.4-1 03 0.5
Lard - - - 1 25-30 2-5 12-16 41-51 4-22 - 2-3 0.2
Butter 1-2 2-3 1-4 8-13 25-12 2-5 25-32 22-29 3 - 0.4-2 0.2-15 1.2
Coconut 5-9 4-10 44-51 13-18 4-10 - 1-4 5-8 1-3 - - -
Palm Kemal 2-4 3-7 45-52 14-19 6-9 0-1 -3 10-18 1-2 - 1-2 -
Palm - - - 1-6 32-47 1-6 40-52 2-11 -
Safflower - - - - 5.2 - 2.2 76.3 16.2 -
Peanut - - - 0.5 6-11 1-2 3-6 39-66 17-38 - 5-10
Cottonseed - - - 0-3 17-23 - 1-3 23-41 34-55 - - 2-3
Comn - - - 0-2 8-10 1-2 1-4 30-50 34-56 - - 0-2
Sunflower - - - - 6 - 42 187 69.3 0.3 1.4
Soybean - - - 03 7-11 0-1 3-6 22-34 50-60 2-10 5-10
Rapeseed - - - - 2-5 02 1-2 10-15 10-20 5-10 09 50-60 -
Linseed - - - 0.2 5-9 - 0-1 9-29 8-29 45-67 - - -
Tung - - - - - - - 4-13 8-15 72-88 - - -
A 4 o ¢
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M35 2-2 naasauiave luTefwan/Svusudininiudera [1]

Fuel Property Diesel Biodiesel
Fuel Standard ASTMD975 ASTMD6751
Lower Heating Value, Btu/gal ~129,050 ~118,170
Kinematic Viscosity.@ 40° C 13-4.1 4.0-6.0
Specific Gravity kg/1 @ 60" F 0.85 0.88
Density, 1b/gal @ 15° C 7.079 7.328
Water and Sediment, vol% 0.05 max 0.05 max
Carbon, wt% 87 77
Hydrogen, wt% 13 12
Oxygen, by dif. Wt% 0 11
Sulfur, wt% 0.05 max 0.0 - 0.0024
Boiling Point, C 180 - 340 315 - 350
Flash Point,” C 60 - 80 100 - 170
Cetane Number 40— 55 48 - 65
Lubricity SLBOCLE, grams 2,000 - 5,000 >7,000
Lubricity HFRR, microns 300 - 600 <300
Acid number, mg KOH/g N/A <0.8

2.3 nizvumswan lulefwadsl fasemudieames3indu (Transesterification) [9,10]
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CH, —OCOR! CH.OH RICOOCI,
C Catalyst .

CH—OCOR? + 3CHOH === CHOH + RCOOCH,
| !

CH, —OCOR? CH,0H RCOOCH,
Triglyceride Methanol Glycerol Methyl esters

qinz-2 mafadATemswdioanossiindu [11]

23.1 manlgisenlaal¥nsaiudusal §izen [9, 12]
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J - ¢ —
R OR” R* TOR R+ TOR
OH
j’i _R 0,” -H/R"OH o
+ 0 — R-+ W, ——=
1] . " \ -
RT - OR H or X R “OR

R"= EgH ; glyeeride
H

R’ = carbon chain of fatty acid

R = alky] group of the alcohol

1l 2-3 ralnmsifad RS vmsdieamesTiadu Tavlddusal§fsonsa (1]
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2.3.2 mailgnsenlaelfivmibhudusal§iden [9, 12]
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Pre-siep OH + ROH =——= RO+ H,0
or NaOR === RO + Nu
Step. 1, -
4, A
R + RO — R—C— OR
|
(I)g-- OR”
st )
Step. 2. ?_ o
I
A—C— QR + ROH —/—= R‘——({—OR + RO
ém,, RTOH *
Step. 3.
o

| )
R—C—OR == R'COOR + R"OH

|
R"OH*

Where R = CH,—
‘H —OCOR'
CH, —QCOR'
R' = Curbon chain of fatty acid
R = Alkyl group of alechol

Ui 2-4 na lnmsifnl§Asvmsudlemmesifingu Tasldanssgasonua [11)
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pwlsifidonldidudus s §asoluljasemsudioamassindu 18un Candida
antarctica (SP-435), Mucor meihei (Lypozyme), Geotrichum candidum , Pseudomonas cepacia (PS-30)

10% Burkhoderias cepacia (IM-BS-30)

23,5 moil§idmilaglaldeusal§iden [, 12]
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2.4 Wil umswaaluTediesa [10]
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M99 2-3 uanegas Inssaianazautiivensa lulfusiadieg 6]

Fatty Acid No.of Chemical Structure Melting | Boiling
carbons point point
and double deg C deg C
bonds
Caprylic C8 CH,(CH,),CO0H 16.5 239
Capric C10 CH,(CH,),COOH 313 269
Lauric Ci12 CH,(CH,),,COOH 43.6 304




M7 2-3 (@B) uaasgns Insaadanazauifvoansa lufusianie (6]
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Fatty Acid No.of Chemical Structure Melting | Boiling
carbons point point
and double deg C deg C
bonds
Myristic Cl14 CH,(CH,),,COOH 58 332
Palmitic Cl16:0 CH,(CH,),,COOH 62.9 349
Palmitolelc Clé:l CH,(CH,),CH=CH(CH,),COOH 33 -
Stearic C18:0 CH,(CH,),,COOH 89.9 371
Oleic C18:1 CH,(CH,),CH=CH(CH,),COOH 16.3 -
Linoleic C18:2 CH,(CH,),CH=CHCH,CH=CH(CH,),COOH -5 -
Linoleric C18:3 CH,(CH,),CH=CHCH,CH=CHCH,CH=CH(CH,),COOH 11 -
Arachidic C20:0 CH,(CH,),,COOH 75.2 -
Eicosenoic C20:1 CH,(CH,),CH=CH(CH,),COOH 23
Benenic C21:0 CH,(CH,),,COOH 80 -
Eurcic C21:1 CH,(CH,),CH=CH(CH,),,COOH 34 -
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Methyl ester Viscosity Density Flash point HHYV
(cSt) (g/L) (K) (MJ/kg)
Cottonseed oil 3.75 871 455 41.18
Corn oil 3.62 873 427 41.14
Crambe oil 5.12 848 463 41.98
Hazelnut oil 3.59 875 425 41.12
Linseed oil 2.83 883 4135 40.84
Mustard oil 4.10 866 442 41.30
Olive oil 4,18 860 447 41.35
Palm oil 3.94 867 434 41.24
Rapeseed oil 4.60 857 453 41.55
Safllower oil 4.03 866 440 41.26
Sesame oil 3.04 880 418 40.90
Soybean oil 4,08 865 441 41.28
Sunflower oil 4.16 863 439 41.33
Walnut oil 4.11 864 443 41.32
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vmiin KHP (n¥%) | KHP (uoiuea) NaOH #1¥Inmsa NaOH (4p380)
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MANHIN A

HIAIFTIHIATINNTIN

fi-1 Standard Test Method for Acid Number of Petroleum Products by Potentiometric Titration
- Scope

1. This test methed covers procedures for the determination of acidic constituents in petroleum
products and lubricants soluble or nearly soluble in mixtures of toluene and propane- 2-ol. It is
applicable for the determination of acids whose dissociation constants in water are larger than 10_9;
extremely weak acids whose dissociation constants are smaller than 10 ° do not interfere. Salts react if
their hydrolysis constants are larger than 10 °.

2. The test method may be used to indicate relative changes that occur in an oil during use
under oxidizing conditions regardless of the color or other properties of the resulting oil. Although the
titration is made under definite equilibrium conditions, the test method is not intended to measure an
absolute acidic property that can be used to predict performance of an oil under service conditions. No
general relationship between bearing corrosion and acid number is known.

3. The values stated in acceptable SI units are to be regarded as the standard.

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 appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

- Referenced Documents
- ASTM Standards:
D 974 Test Method for Acid and Base Number by Color-Indicator Titration
D 1193 Specification for Reagent Water
D 3339 Test Method for Acid Number of Petroleum Products by Semi-Micro Color

Indicator Titration
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- Terminology

1. Definitions

2. acid number, n—the quantity of base, expressed as milligrams of potassium hydroxide per
gram of sample, required to titrate a sample to a specified end point.

3. Discussion—This test method expresses the quantity of base as milligrams of potassium
hydroxide per gram of sample, that is required to titrate a sample in the solvent from its initial meter
reading in millivolts to a meter reading in millivolts corresponding to a freshly prepared non-aqueous
basic buffer solution or a well-defined inflection point as specified in the test method.

4. Discussion—This test method provides additional information. The quantity of base,
expressed as milligrams of potassium hydroxide per gram of sample, required to titrate a sample in the
solvent from its initial meter reading in millivolts to a meter reading in millivolts corresponding to a
freshly prepared nonaqueous acidic buffer solution or a well-defined inflection point as specified in the
test method shall be reported as the strong acid number.

5. Discussion—The causes and effects of the so-called strong acids and the causes and effects
of the other acids can be very significantly different. Therefore, the user of this test method shall
differentiate and report the two, when they are found,

- Summary of Test Method

1. The sample is dissolved in a mixture of toluene and propan-2-ol containing a small amount
of water and titrated potentiometrically with alcoholic potassium hydroxide using a glass indicating
electrode and a calomel reference electrode. The meter readings are plotted manually or automatically
against the respective volumes of titrating solution and the end points are taken only at well defined
inflections in the resultingcurve. When no definite inflections are obtained, end points are taken at
meter readings corresponding to those found for freshly prepared nonaqueous acidic and basic buffer
solutions.

- Apparatus
1. The cell assembly used for the potentiometric titration is shown in Fig. 1.

2. Manual Titration Apparatus
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FIG. 1 Cell for Potentiometric Titration

2.1 Meter, a voltmeter or a potentiometer that will operate with an accuracy of + 005V
and a sensitivity of + 0. 002 V over a range of at least + 0.5 V when the meter is used with the
electrodes specified in 6.1.2 and 6.1.3 and when the resistance between the electrodes falls within the
range from 0.2 to 20 MC2 The meter shall be protected from stray electrostatic fields so that no
permanent change in the meter readings over the entire operating range is produced by touching, with a
grounded lead, any part of the exposed surface of the glass electrode, the glass electrode lead, the
titration stand, or the meter.

- Procedure for Acid Number and Strong Acid Number

1. Into a 250-mL beaker or a suitable titration vessel, introduce a weighed quantity of sample as
prescribed in Table 1 and add 125 mL of titration solvent .Prepare the electrodes as directed Place the
beaker or titration vessel on the titration stand and adjust its position so that the electrodes are about
half immersed. Start the stirrer, and stir throughout the determination at a rate sufficient to produce
vigorous agitation without spattering and without stirring air into the solution. If feasible, adjust the
meter so that it reads in the upper part of the millivolt scale, for example 700 mV.

2. Select the right burette, fill with the 0.1-mol/mL alcoholic KOH solutien, and place the
burette in position on the titration assembly, ensuring that the tip is immersed about 25 mm in the liquid
in titration vessel. Record the initial burette and meter (cell potential) readings.

3. Manual Titration Method

3.1 Add suitable small portions of 0.1-mol/L alcoholic KOH solution and wait until a
constant potential has been established, record the burette and meter readings.

3.2 At the start of the titration and in any subsequent regions (inflections) where 0.1
mL of the 0.1-mol/L KOH solution consistently preduces a total change of more than 30 mV in the cell

potential, add 0.05-mL pertions.
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3.3 In the intermediate regions (plateaux) where 0.1 mL of 0.1-mol/L alcoholic KOH
changes the cell potential less than 30 mV, add larger portions sufficient to produce a total potential
change approximately equal to, but not greater than 30 mV.

3.4 Titrate in this manner until the potential changes less than 5 mV/0.1 mL of KOH and the
cell potential indicates that the solution is more basic than the freshly prepared nonaqueous basic buffer.

3.5 Remove the titration solution, rinse the electrodes and burette tip with the titration solvent,
then with propan-2-ol and finally with reagent grade water. Immerse the electrodes in water for at least
5 min before using for another titration to restore the aqueous gel layer of the glass electrode. Store the
electrodes in reagent water when not in use. If the electrodes are found to be dirty and contaminated,
proceed

4. Automatic Titration Method

4.1 Adjust the apparatus in accordance with the manufacturer’s instructions to comply
with the potential equilibrium mode requirements established for the manual titration as explained in
3.1 or to provide a variable continuous delivery rate mode of titration of less than 0.2 mL/min during
the titration and preferably 0.05 mL/min through the region of inflections and at the end point
corresponding to that found for the freshly prepared standard nonaqueous basic buffer solution.

4.2 Proceed with the automatic titration and record potentiometric curves or derivative
curves as the case may be.

4.3 Titrate in this manner with the 0.1-mol/L alcoholic KOH solution until the
potential becomes constant, for example, changing less than S mV/0.1 ml. (automatic end point) or until
the potential reading indicates that the solution is more basic than the freshly prepared nonaqueous
basic buffer solution (preselected end point).

4.4 On completion of the titration, rinse the electrodes and burette tip with the titration
solvent, then with propan-2-ol, and finally with reagent grade water. Keep the electrodes immersed in
water for at least 5 min before reusing for another titration to restore the aqueous gel layer of the glass
electrode. If electrodes are found dirty and contaminated proceed. Store the electrodes in reagent grade

water when not in use.
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5 Blanks

5.1 For each set of samples, make a blank titration of 125 mL of the titration solvent.
For manual titration, add 0.1-mol/L alcoholic KOH solution in 0.05-mL increments, waiting between
each addition until a constant cell potential is reached. Record the meter and burette readings when the
former becomes constant after each increment, For automatic titration proceed as in 4.

5.2 For each set of samples, make a blank titration of 125 mL of titration solvent,
adding 0.1 mol/L alcoholic HCI solution in 0.05-mL increments in a manner comparable to that
specified in 5.1.

- Calculation

1. Manual Titration—Plot the volumes of the 0.1-mol/L alcoholic KOH solution added against
the corresponding meter readings (see Fig. 2). Mark as an end point, only well-defined inflection point
that is closest to the cell voltage corresponding to that obtained with the freshly prepared nonaqueous
acidic and basic buffers. If inflections are illdefined or no inflection appears (see Fig. 2, Curve B), mark
the end point at the meter reading corresponding to that obtained with the appropriate freshly prepared
nonaqueous buffer.

1.1 For all acid titrations on used oils, mark as an end point, the point on the curve that
corresponds to the freshly prepared nonaqueous basic buffer end point.

2 Automatic Titration Method—Mark the end points on the curves obtained in 4, in
the same way as for the manual titration method.

3 Method of Calculation—The method in 3.1 is applicable to both manual and automatic
methods.

3.1 Calculate the acid number and strong acid number as
follows:

Acid number, mg KOH/g =(A-B)xMx 56.1/W

Strong acid number, mg KOH/g = (CM + Dm) x 56.1/W
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FIG. 2 Illustrative Titration Curves

Curve A—Blank on 125 mL of titration solvent. Curve B—10.00 g of used crankcase oil plus
125 mL of titration solvent. Since no sharp inflections are apparent, the end points are chosen at the
meter readings obtained with the two nonaqueous buffer solutions. Curve C—10.00 g of oil containing
a weak acid plus 125 mL of titration solvent. The end point is chosen as the point at which the curve is
most nearly vertical. Curve D—10.00 g of oil containing weak and strong acids plus 125 mL of titration
solvent. The end points are chosen as the points at which the curve is most nearly vertical.
where:

A = alcoholic KOH solution used to titrate sample to end point that occurs at the meter reading
of the inflection point closest to the meter reading corresponding to basic nonaqueous buffer, or in case
of ill-defined or no inflection point, to the meter reading corresponding to the basic nonaqueous buffer,
mL,

B = volume corresponding to A for blank titration, mL,

M = concentration of alcoholic KOH solution, mol/L,

m = concentration of alcoholic HCI solution, mol/L,

W = sample, mass, g,
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f-2 Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (the

Calculation of Dynamic Viscosity)
- Scope

1.This test method specifies a procedure for the determinationof the kinematic viscosity,V, of
liquid petroleum products, both transparent and opaque, by measuring the time for a volume of liquid to
flow under gravity through a calibrated glass capillary viscometer. The dynamic viscosity, 1], can be
obtained by multiplying the kinematic viscosity V, by the density, (3, of the liquid.

2.The result obtained from this test method is dependent upon the behavior of the sample and is
intended for application to liquids for which primarily the shear stress and shear rates are proportional
(Newtonian flow behavior). If, however, the viscosity varies significantly with the rate of shear,
different results may be obtained from viscometers of different capillary diameters. The procedure and
precision values for residual fuel oils, which under some conditions exhibit non-Newtonian behavior,
have been included.

3. The range of kinematic viscosities covered by this test method is from 0.2 to 300 000 mm’/s
at all temperatures. The precision has only been determined for those materials, kinematic viscosity
ranges and temperatures as shown in the footnotes to the precision section.

4. The values stated in SI units are to be regarded as thestandard.

5. 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 appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

- Referenced Documents
1. ASTM Standards

D 446 Specifications and Operating Instructions for Glass Capillary Kinematic Viscometers

D 1193 Specification for Reagent Water

D 1217 Test Method for Density and Relative Density(Specific Gravity) of Liquids by

Bingham Pycnometer

D 1480 Test Method for Density and Relative Density(Specific Gravity) of Viscous Materials

by Bingham Pycnometer

D 1481 Test Method for Density and Relative Density(Specific Gravity) of Viscous Materials

by Lipkin Bicapillary Pycnometer
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D 2170 Test Method for Kinematic Viscosity of Asphalts (Bitumens)

D 2171 Test Method for Viscosity of Asphalts by Vacuum Capillary Viscometer

D 6074 Guide for Characterizing Hydrocarbon Lubricant Base Oils

E 1 Specification for ASTM Thermometers

E 77 Test Method for the Inspection and Verification of Thermometers
2. ISO Standards:

ISO Guide 25—General Requirements for the Calibration and Testing Laboratories

ISO 3104 Petroleum Products—Transparent and Opaque Liquids—Determination of

Kinematic Viscosity and Calculation of Dynamic Viscosity [SO 3105 Glass Capillary

Kinematic Viscometers—Specification and Operating Instructions

ISO 3696 Water for Analytical Laboratory Use-— Specification and Test Methods

ISO 9000 Quality Management and Quality Assurance Standards—Guidelines for Selection

and Use
- Terminology
1.Definitions of Terms Specific to This Standard

1.1 automated viscometer, n—apparatus which, in part or in whole, has mechanized one or
more of the procedural steps indicated in 10 or 11 without changing the principle or technique of the
basic manual apparatus. The essential elements of the apparatus in respect to dimensions, design and
operational characteristics are not changed. The measured result from the apparatus does not require
correction to bring it into correlation with the basic manual apparatus. The precision of the apparatus
shall be of statistical equivalence to, or better (has less variability) than the manual apparatus.

1.1.1 Discussion—Automated viscometers have the capability to mimic some
operation of the test method while reducing or removing the need for manual intervention or
interpretation. Apparatus which determine kinematic viscosity by physical techniques that are different
than those used in this test method are not considered to be Automated Viscometers.

1.2 density, n—the mass per unit volume of a substance at a given temperature.
1.3 dynamic viscosity, n—the ratio between the applied shear stress and rate of shear of a

liquid.
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1.3.1Discussion—It is sometimes called the coefficient of dynamic viscosity or,
simply, viscosity. Thus dynamic viscosity is a measure of the resistance to flow or deformation of a
liquid.

1.3.2 Discussion—The term dynamic viscosity can also be used in a different context
to denote a frequency-dependent quantity in which shear stress and shear rate have a sinusoidal time
dependence.

1.4 kinematic viscosity, n—the resistance to flow of a fluid under gravity.

1.4.1 Discussion—TFor gravity flow under a given hydrostatic head, the pressure head
of a liquid is proportional to its density, r. For any particular viscometer, the time of flow of a fixed
volume of fluid is directly proportional to its kinematic viscosity, v, where v =1yp, and h is the dynamic
viscosity coefficient.

- Summary of Test Method

The time is measured for a fixed volume of liquid to flow under gravity through the capillary of
a calibrated viscometer under a reproducible driving head and at a closely controlled and known
temperature. The kinematic viscosity is the product of the measured flow time and the calibration
constant of the viscometer.
- Significance and Use

Many petroleum products, and some non-petroleum materials, are used as lubricants, and the
correct operation of the equipment depends upon the appropriate viscosity of the liquid being used. In
addition, the viscosity of many petroleum fuels is important for the estimation of optimum storage,
handling, and operational conditions. Thus, the accurate determination of viscosity is essential to many
product specifications.
- Apparatus
1.Viscometers—Use only calibrated viscometers of the glass capillary type, capable of being used to
determine kinematic viscosity within the limits of the precision given in the precision section.

1.1 Automation Viscometers—Automated apparatus may be used as long as they mimic the
physical conditions,operations or processes of the manual apparatus they replace. Any viscometer,
temperature measuring device, temperature control, temperature controlled bath or timing device

incorporated in the automated apparatus shall conform to the specification for these components as
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stated in 6 of this test method. The automated apparatus shall be capable of determining kinematic
viscosity of a certified reference material within the limits stated

- Calibration and Verification

1.Viscometers—Use only calibrated viscometers, thermometers, and timers as described

2.Certified Viscosity Reference Standards—These are for use as confirmatory checks on the procedure
in the laboratory.

2.1 If the determined kinematic viscosity does not agree within + 0.35 % of the certified value,
recheck each step in the procedure, including thermometer and viscometer calibration, to locate the
source of error. Annex Al gives details of standards available.

2.2 The most common sources of error are caused by particles of dust lodged in the capillary
bore and temperature measurement errors. It must be appreciated that a correct result obtained on a
standard oil does not preclude the possibility of a counterbalancing combination of the possible sources
of error.
3.The calibration constant, C, is dependent upon the gravitational acceleration at the place of calibration
and this must, therefore, be supplied by the standardization laboratory together with the instrument
constant, Where the acceleration of gravity, g, differs by more that 0.1 %, correct the calibration

constant as follows:

C=(g,/8)xC,

- General Procedure for Kinematic Viscosity
1. Adjust and maintain the viscometer bath at the required test temperature within the limits given
taking account of the conditions given in Annex A2 and of the corrections supplied on the certificates of
calibration for the thermometers.

1.1 Thermometers shall be held in an upright position under the same conditions of immersion
as when calibrated.

1.2 In order to obtain the most reliable temperature measurement, it is recommended that two

thermometers withvalid calibration certificates be used.
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1.3 They should be viewed with a lens assembly giving approximately five times magnification
and be arranged to eliminate parallax errors.
2. Select a clean, dry, calibrated viscometer having a range covering the estimated kinematic viscosity
(that is, a wide capillary for a very viscous liquid and a narrower capillary for a more fluid liquid). The
flow time shall not be less than 200 s or the longer time noted in Specifications D 446.

2.1 The specific details of operation vary for the different types of viscometers listed in Table
Al.1. The operating instructions for the different types of viscometers are given in Specifications DD 446

2.2 When the test temperature is below the dew point, fill the viscometer in the normal manner
as required in 10.1. To ensure that moisture does not condense or freeze on the walls of the capillary,
draw the test portion into the working capillary and timing bulb, place rubber stoppers into the tubes to
hold the test portion in place, and insert the viscometer into the bath. After insertion, allow the
viscometer to reach bath temperature,and the remove the stoppers. When performing manual viscosity
determinations , do not use those viscometers which cannot be removed from the constant temperature
bath for charging the sample portion,

2.2.1 The use of loosely packed drying tubes affixed to the open ends of the
viscometer is permitted, but not required. If used, the drying tubes shall fit the design of the viscometer
and not restrict the flow of the sample by pressures created in the instrument.

2.3 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.



	1  Title Page
	2  Abstracts
	3  Contents
	4  Lists of Illustrative
	5.1  Chapter 1
	5.2  Chapter 2
	5.3  Chapter 3
	5.4  Chapter 4
	5.5  Chapter 5
	6  Bibliography
	7  Appendix



