[lIM) Designation: D 5800 — 00a el An American National Standard
un’

INTERNATIONAL

Standard Test Method for
Evaporation Loss of Lubricating Oils by the Noack Method 1
This standard is issued under the fixed designation D 5800; 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.

€' Note—Section 33 (Repeatability and Reproducibility) equations were corrected editorially in November 2001.

1. Scope DIN 12785 Specifications for Glass Thermometers

_ 1.1 This test r_nethod covers.thr(.ee prpcedurgs for deter_rmng_ Terminology

ing the evaporation loss of lubricating oils (particularly engine L » ) _

oils). Procedure A uses the Noack evaporative tester equip- 3-1 Definitions of Terms Specific to This Standard:

ment; Procedure B uses the automated non-Wood's metal 3-1.1 evaporation loss-of a lubricating oil by the Noack

Noack evaporative apparatus, and Procedure C uses Sew;p_ethod_that mass o_f volatile oil vapors lost when the oll is

Noack volatility test equipment. The test method relates to ond€ated in a test crucible through which a constant flow of air is

set of operating conditions but may be readily adapted to othé#rawn- » o

conditions when required. 3.1.2 volalitity, n—the tendency of a liquid to form a vapor.
1.2 The values stated in Sl units are to be regarded as thL{a Summary of Test Method

standard. The values given in parentheses are for information _ . :
only. 4.1 A measured quantity of sample is placed in an evapo-

1.3 This standard does not purport to address all of theration crucible or reaction flask that is then heated to 250°C
safety concerns, if any, associated with its use. It is th ith a constant flow of air drawn through it for 60 min. The

responsibility of the user of this standard to establish appro-©SS in mass of the oil is determined.
priate safety and health practices and determine the applica- 4-2 Interlaboratory tests have shown that Procedure A,

bility of regulatory limitations prior to useSee Sections 8 and Frocedure B, and Procedure C yield essentially equivalent
18 and 6.1.1, 7.1, 7.5, 9.1, 10.3, and 17.1 for specifi(fesu'ts’ with a correlation coefficient & squared = 0.996. See

precautionary statements. research report RR:D02-1462 for the Selby-Noack interlabo-
ratory study.
2. Referenced Documents

2.1 ASTM Standards: _ _ . , ,
D 4057 Practice for Manual Sampling of Petroleum and 5.1 The evaporation loss is of particular importance in

5. Significance and Use

Petroleum Producis engine lubrication. Where high temperatures occur, portions of
D 4177 Practice for Automatic Sampling of Petroleum and@ ©il can evaporate. , . o
Petroleum Products 5.2 Evaporation may contribute to oil consumption in an

D 6299 Practice for Applying Statistical Quality Assurance €N9ine and can lead to a change in the properties of an oil.
Techniques to Evaluate Analytical Measurement System °-3 Many engine manufacturers specify a maximum allow-
Performancd able evaporation loss. o _

D 6300 Practice for Determination of Precision and Bias -4 Some engine manufacturers, when specifying a maxi-
Data for Use in Test Methods for Petroleum Products andnUm allowable evaporation loss, quote this test method along

Lubricants with the specifications.
2.2 DIN Standards 5.5 Procedure C, using the Selby-Noack apparatus, also
DIN 1725 Specification for Aluminum Alloys permits collection of the volatile oil vapors for determination

of their physical and chemical properties. Elemental analysis of
the collected volatiles may be helpful in identifying compo-

1 This test method is under the jurisdiction of ASTM Committee D02 on nents such as phosphorous which has been linked to premature
Petroleum Products and Lubricants and is the direct responsibility of Subcommitte: '

D02.06 on Analysis of Lubricants. degradation of the emission system catalyst.
Current edition approved Aug. 10, 2000. Published October 2000. Originally

published as D 5800 — 95. Last previous edition D 5800 — 00. Procedure A
2 Annual Book of ASTM Standardgol 05.02.
3 Annual Book of ASTM Standardgol 05.04. 6. Apparatus

4 Available from Deutsches Institut fiir Normunge, Beuth Verlag GmbH, Burg- . s R,
grafen Strasse 6. 1000 Berlin 30, Germany. 6.1 Noack Evaporative Testecomprising the following:

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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6.1.1 Electrically Heated Block Unjtmade from a mal- 6.15 Silicone Rubber Tubingecut to size, with an internal
leable aluminum alloy (see DIN 1725, Sheet 1), insulated at thiameter of 4 mm.
jacket and base against loss of he®fa(ning—This block is 6.15.1 40-mm long; three pieces required,

heated to 250°C.) The block is heated electrically by a base and 6.15.2 300-mm long, and

jacket heater, having a total power consumption of 1 to 1.2 kW. 6.15.3 100-mm long.

In this respect the difference between both individual power N . : . ,
. ote 2—The use of automated equipment is permissible as long as it

consumptlon ShOU|d_ not _exceed 0.15 kW_' In the center of th?;ives equivalent results specified in this test method. All hardware

heating block, there is a circular recess to insert the evaporatingmensions, make-up of the block, crucible, heat capacity, and so forth,

crucible, the space between block and crucible being filled witland glassware must conform to the specifications given in this test

Woods alloy or a suitable equivalent. Two catches on the blocknethod.

prevent the crucible from rising in the liquid metal bath. Two .

additional circular recesses at equal intervals from the center J‘ Reagents and Materials

the block are provided for the thermometers (see Fig. 1). 7.1 Cleaning Solvert-A mixture of naphtha and toluene is

6.1.2 Evaporating Cruciblewith screw cover. The crucible recommended for the cleaning of the crucible/agning—

is made of stainless steel (see Fig. 2). Above the support ringl@mmable, vapor harmful.) Overnight soaking may be neces-

is the thread for the cover. The nickel-plated brass cover i§a'y: _ _

hermetically sealed to the crucible by an internal conical /-2 Datum Oil RL 172 (formerly RL-N) Reference Oil.

sealing surface (see Fig. 3). Three nozzles of hardened steel”-3 Insulated Gloves _ _

permit the air stream to pass through the cover. The extraction /-4 Paint Brush such as a tinnerps acid brush (15 to 25-mm

tube, which slopes downward, leads from a threaded and seal¥ddth).

connection in the center of the cover. 7.5 Woods Metdl or suitable heat transfer materiat
6.2 Balance capable of weighing at least 200 g to the (Waming—Woods metal contains lead (25 %), bismuth
nearest 0.01 g. (50 %), antimony (12.5 %), and cadmium (12.5 %); these have
6.3 Crucible Clamp and Spanner been found to be health hazardous. Avoid contact with skin at
6.4 Reamer 2-mm diameter. all times.)
6.5 Ball Bearing 3.5-mm diameter. 8. Hazards

6.6 ThermometerM260 (see DIN 12785) or temperature
sensing device capable of reading temperature to 0.1°C. Tr}%
thermometer should be calibrated with appropriate procedurﬁ
at appropriate frequency (generally every six months).

8.1 Safety Hazards-It is assumed that anyone using this
st method will either be fully trained and familiar with all
ormal laboratory practices, or will be under the direct super-
vision of such a person. It is the responsibility of the operator

6.7 Contact Type C‘?””O' Thgrmometéior manual). ... to ensure that all local legislative and statutory requirements
6.8 Glass Y-piecean internal diameter of 4 mm. The upright 5.6 met.

arms, each 45-mm long, should form an angle such that the armg > \arming—Though the test method calls for a draft free
connected to the crucible extraction tube and the Y-piece form;a5 the exhaust fumes from the evaporating oil must be

a straight line. The vertical arm is 60-mm long and beveled ajentijated to an outside source. Precaution shall be taken to

457 ) ) i avoid any possibility of fire or explosion.
6.9 Glass Delivery Tubesan internal diameter of 4 mm,

each arm length 100 mm, beveled at 45° at ends entering argl Preparation of Apparatus

leaving the bottles. . 9.1 Astandard assembly of the apparatus is shown in Fig. 5.
6.9.1 Bent at an angle of approximately 80°. To avoid disturbing the thermal equilibrium, the apparatus
6.9.2 Bent at an angle of approximately 100°, length to 2Gshal| be assembled in a draft free area and comply with Fig. 5

mm of bottle base. in dimensions and apparatusV#érning—see 8.2.)

6.9.3 Bent at an angle of approximately 90°. 9.2 Add sufficient Woods metal or equivalent material to the

6.10 Two Glass Bottlesapproximately 2-L capacity, fitted recesses of the heating block so that, with the crucible and
with rubber bungs bored to receive inlet and outlet tubes (sethermometer in place, the remaining spaces will be filled with
Fig. 4). the molten metal.

6.11 Manometey inclined form, water-filled, precision 0.2 9.3 Using the highest heating rate possible, raise the tem-
mm H,O or suitable pressure sensor capable of measuring 20erature of the heating block until the Woods metal is molten.
+ 0.2 mm of HO (a 0 to 50-mm HO pressure transducer has Insert the thermometers with their bulbs touching the bottom of
been found to be satisfactory). the recesses, and ensure that the contact thermometer is

_ lugged in the back of the heating block. Adjust the power

Nore 1—Some manometers use water as the reference fluid, othelg, )hjiaq 1o the heating block so that the temperature can be

may use a lower density fluid correlated to read in millimetres of water.

Users should ensure that the manometer is filled with the correct densiﬂna'ma'ned at 250 0.5°C.
reference fluid.

6.12 Glass T-Piecewith bleed valve attached.
5 Woods metal, available from Aldrich Chemical Co., has been found satisfactory

6.13 V_acuum _Pump for this purpose. An equivalent may be used. Subcommittee D02.06 is evaluating
6.14 Timer, with accuracy of 0.2 s. less toxic alloys as alternatives.
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FIG. 1 Heating Block
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Note 1—All dimensions in millilitres.
FIG. 2 Crucible

9.4 Assemble the remaining apparatus, less the crucible, abrasion from a glass beader under pressure.
shown in Fig. 5. 10.3 Pass the reamer through each of the three nozzles in the
9.5 Place an empty crucible in the heating block, securingover to ensure that they are cleaklgrning—Using a reamer
the flange under the screw heads against the buoyancy of théth a diameter larger than 2 mm can enlarge the nozzles. This
Woods metal. The level of the molten metal should be such thaan lead to higher losses because of increased air flow.)
a trace of it can be seen at the flange of the crucible and the top 10.4 Run the ball bearing through the extraction tube to

of the heating block. _ . ensure that it is clear of dirt.

9.6 Check that the readings can be obtained on the manom- 1 g Weigh the empty crucible without its cover to the
eter scale, or other measuring device, by connecting thgegrest 0.01 9.
crucible to the assembled apparatus. A reading of 200.2 10.6 Weigh into the crucible 65.6¢ 0.1 g of the Reference
mm shall be obtained. i

9.7 Disconnect and remove the crucible from the assemble 1'0 7 Screw on the cover using the clamp and spanner
apparatus. ' . : :

9.8 Switch off the pump and the heating block and raise the éPC8 II:E‘Insuretzr;[he temg?ra_tur_f of the heatlr;?] b'ﬁCk;_S atif)?Ok
crucible and the thermometers from the molten Woods metaP-2°C- Place the crucible in its recess in the heating block,

Using the brush, return any Woods metal clinging to theSecuring the flange under the screw heads against the buoyancy

crucible to the heating block. of the Woods metal. Switch the .control of the .heating bIoc_k to
9.9 Clean the Y-piece and glass tubing to prevent a build uFg'ompensate for the heat capacity of _the crucible. Imme@ately

of condensate. (in less than 5 s), connect the extraction tube of the crucible to

o the arm of the glass Y-piece, making a butt joint. Simulta-

10. Verification neously, start the pump and the stopwatch and adjust the bleed
10.1 Switch on the pump and the heating block and ensurealve to give a pressure differential of 20 0.2 mm.

that the apparatus is assembled, minus the crucible, as show

in Fig. 5. . flush with the top of the heating block. Any protrusion of the crucible
10.2 Check that the crucible and cover are free from lacquefiange above thepheating blockgmay suggeitpa build-up of Woods metal

10.2.1 After every test, clean the crucible and cover withsjag at the bottom of the heating block recess. The heating block and the
solvent and allow to dry. Stubborn lacquer can be cleaned bghermometer recesses should be cleaned and the Woods metal replaced on

r’\lOTE 3—When the crucible is in the test position, its flange should be
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Note 1—All dimensions in millilitres.
FIG. 3 Cover

PRESSURE
TRANSDUCER

VERTICALLY ADJUSTABLE BOTTLE STANDS
FIG. 4 Glassware

a regular basis to avoid the accumulation of slag. Oxidized Woods metaiure is reestablished within 3 min of the start of the test.
will affect the heat transfer to the crucible and hence may have a

deleterious effect on the results obtained. Note 4—Temperature and pressure will be controlled automatically
10.9 Adjust the control on the heating block to maintain theWhen automated equipment is used.

block temperature approximately 5°C below the test tempera- 10.10 At the start of the test, constant attention shall be paid

ture. Readjust the temperature control so that the test tempere maintaining the correct pressure. Once this becomes steady,
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FIG. 5 Test Apparatus

usually within 10 to 15 min, check periodically that the of the test sample to a precision of 0.01 g.

temperature and pressure differential remain constant through-

out the period of the test. ) )
10.11 After 60 min=5 s, lift the crucible from the heating ~ 11.2 Proceed as described in 10.7 to 10.12. _

block, remove any adhering alloy, and place the crucible in a 11.3 Calculate to the nearest 0.1 % M/M the evaporation

warm water bath to a depth of at least 30 mm. The time periodPss of the sample.

from the end of the test to immersion of the crucible shall n0t12. Calculations and Results

Note 7—Sample in accordance with Practice D 4057 or D 4177.

exceed 60 s. . . ) . .
10.12 After 30 min, remove the crucible from the water, dry 12.1 Evaporation loss is obtained from the difference in
the outside, and carefully remove the lid. weight before and aftel h at250°C.
10.13 Reweigh the crucible without the lid to the nearest ) B-—A-(C-A
0.01 g. evaporation loss- — B A X 100 1)

10.14 Calculate to the nearest 0.1 % mass/mass (M/M) the
evaporation loss of the Reference Oil. where ble weidh
10.15 Compare the result obtained against the given valucg grmugitglgruﬁg gavr\;\a?e t/'vei ht and
for the Reference Qil. If the result is within 6 % of the value, crucible Blus samBIe afrte? h’of heating
repeat the procedure from 11.1, using the test sample. '
10.16 If the result is not within 6 % of the given value, 13 Report
check that the apparatus complies with that shown in Fig. 5,
and that the procedure has been adhered to. Check the
calibration of the thermometer and pressure sensing device.
10.17 Recheck the evaporation loss of the reference oil.

Note 5—Condensate should not be allowed to build up in the 2-L glassl4- Precision and Bias
bottles. These should be washed out with solvent before a maximum1cm 14 1 The interlaboratory round robin used manual, semi-
of condensate collects. automated, and automated equipment. The precision values

Note 6—The equipment should be referenced approximately every te P S . )
tests if the test is used frequently. If the testing is infrequent, theV/vere calculated on the statistical examinations of interlabora

equipment should be referenced before the first sample is run. tory test results aS.f_OIIOWS' o .
14.1.1 Repeatability—A quantitative measurement of preci-

11. Procedure sion associated with single results obtained by the same
11.1 Weigh into a tarred crucible 65 0.1 g representative operator with the same equipment in the same laboratory

13.1 Report the following information:
13.1.1 The nearest 0.1 % M/M as evaporation loss (Test
Method D 5800).
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within a short interval of time. In the normal and correct cover. The extraction tube (see Figs. 11 and 12), which slopes
operation of the test method, the following values weredownward, leads from a threaded and sealed connection in the
exceeded in only one case in twenty. center of the cover.

Repeatability= 5.8 % x average M/M evaporation loss ) 16.1.3 Temperature Probe-The specimen temperature
measuring device shall have an accuracy of 0.5°C, or better,

. 14.1._thgpr?duubll::y—Abtq.uar(]jtlt_atné.eﬁ meatslurt()a Oft PreCl”  and a resolution of 0.1°C, or better. The probe is provided with
sion with Singie results obtaineéd in difierent faboratones on, .y ation certificate of 250.0°C with a precisionZ00.1°C.

identical test material. In the normal and correct operation o ts diameter is 4 mm, and its position is as indicated in Fig. 8
the test, the following values were exceeded in only one €as§ <hould be calibrated with appropriate procedure at appropri-

in twenty. ate frequency (minimum once a year).
Reproducibility= 18.3 %X average M/M evaporationloss  (3)  16.2 Balance capable of weighing at least 500 g to the

14.2 The procedure in this test method has no bias becauséarest 0.01 g.
the value of the volatility is defined only in terms of this test 16.3 Crucible Clamp and Spanner

method. 16.4 Reamer 2-mm diameter.
16.5 Ball Bearing 3 to 5-mm diameter.
Procedure B Non-Woods Metal Apparatus 16.6 Glassware Assemhiltrictly identical to the descrip-
tion in 6.6 to 6.12 and 6.15 of Procedure A.
15. Introduction 16.7 Vacuum Pump

15.1 The following procedure describes an automated test 16.8 Central Processing Unit (CPU), capable of control-
method that uses the same principle, and the same crucible B8g the specimen temperature, the vacuum, the time, the
Procedure A. Only the heat transfer to the sample is differentieating, and the printing. The specimen is heated to 245.2
It does not use Woods alloy, and the sample temperature @5°C with the temperature profile recorded in the specimen

directly monitored. when tested with a Woods metal apparatus (1 h at 250°C) with
automatic test duration compensation. The automatic test

16. Apparatus duration compensation is used because a test may be started
16.1 Noack Evaporative Testefsee Fig. 6), comprising the with a heating block at room temperature or at hot temperature
following: when several tests are carried without cooling phase. The CPU

16.1.1 Heating Block Unit electrically heated by base and automatically adjusts the pressure differential 0f20.2 mm.
jacket heaters, having a total power consumption sufficient td hese conditions can be checked with the printed report.
ensure a specimen temperature profile similar to the one 16.9 Printer, to print the graphs of the specimen tempera-
recorded in the specimen when heated with the Woods met#ire and the vacuum recorded during the test.
heater block. In the center of the heating block, there is a7. Reagents and Materials
circular recess to insert the evaporative crucible. The jacket
heater is configured to ensure a direct contact with the crucibk;e
A mechanism is provided to open the jaws for crucibIeFl
insertion. Two catches on the block prevent the crucible fro
rising, and the base heater is spring loaded to ensure a direct
contact with the crucible.

16.1.2 Evaporative Cruciblewith screw cover (see Fig. 7).
The crucible is made of stainless steel (see Fig. 8). Above the
support ring is the thread for the cover. The nickel-plated brass
cover (see Fig. 9) is hermetically sealed to the crucible by ad8- Hazards
internal conical sealing surface. Three nozzles of hardened 18.1 Safety Hazards-It is assumed that anyone using this
steel (see Fig. 10) permit the air stream to pass through thiest method will either be fully trained and familiar with all

17.1 Cleaning Solvert-A mixture of naphtha and toluene is
commended for cleaning the crucibleWdrning—
ammable, vapor harmful.) Overnight soaking may be neces-

17.2 Noack Reference Fluid-Qil having a known evapora-
tive loss, the value of which is provided by the manufacturer.
17.3 Insulated Gloves

17.4 Drying Paper

Heating control
Specimen temperature control
Vacuum control

|

Evaporating
crucible
_l [7
P =t= = = = =
Graphic CPU Vacuum Glassware with manometer Noack crucible
Printer Pump and vacuum gage and heating system

FIG. 6 Automated Non-Woods Metal Noack Evaporative Apparatus
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1-Cup

2 - Cover

3 - Extraction tube seal

4 - Extraction tube

5 - Extraction tube nut

6 - Temperature probe locking device
7 - Temperature probe

~.

FIG. 7 Crucible with Temperature Probe

M62 X 150 403
d 59.4+0.2 ’
10802 d 57502 2405
Fy I —]
zulfo.z v 450 o j
| FIG. 9 Crucible Cover (Detail 2 of Fig. 7)
59+0.2 3+0.2 d 52401 44102
56402 19. Preparation of Apparatus
19.1 A standard assembly of the apparatus is shown in Fig.
d 58+0.1 6. To avoid disturbing the thermal equilibrium, the apparatus
» d 59.80.1 shall be assembled in a draft free area and shall comply with
Filling Mark ) 379402 Fig. 6 dimensions and apparatug/grning—see 18.2.)
Depth:0.5mm =] 19.2 Prepare the automated apparatus for operation in ac-
cordance with the manufacturer’s instructions for calibrating,

checking, and operating the equipment.
] y 19.3 Clean the glass bottles, the glass tubing, and the
Y-piece to prevent a build up of condensate.

Note 8—Condensate should not be allowed to build up in the 2-L glass
bottles. These should be washed out with solvent and dried before a

maximum 2 cm of condensate collects.
36400 | 3602

FIG. 8 Noack Cup (Detail 1 of Fig. 7)

20. Verification

20.1 Switch the instrument on a minimum of 30 min before
normal laboratory practices, or will be under the direct superrunning the test to allow temperature stabilization of measure-
vision of such a person. It is the responsibility of the operatoment circuitry.
to ensure that all local legislative and statutory requirements 20.2 Make sure that the glassware assembly and the vacuum
are met. pump are cleaned and all the connections are sealed.

18.2 Warning—Though the test method calls for a draft 20.3 Thoroughly clean and dry all parts of the test cup and
free area, the exhaust fumes from the evaporating oil must hiés accessories before starting the test. Check that the crucible
ventilated to an outside source. Precaution shall be taken @nd cover are free from lacquer. Stubborn lacquer should be
avoid any possibility of fire or explosion. removed by light abrasion with fine carborundum powder on a
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FIG. 9 Crucible Cover (continued)

pad of cotton wool soaked in solvent or with a fibrous abrasiveDuring this phase, make sure that the specimen will never
pad, followed by a rinse with solvent. splash on the inside part of the cover. If this occurs, even only
20.4 Pass the reamer through each of the three nozzles in tbee time, the test shall be repeated from 20.3.
cover to ensure that they are cledigrning—Using a reamer 20.11 Connect the specimen temperature probe to the in-
with a diameter larger than 2 mm can enlarge the nozzles. Thistrument.
can lead to a wrong losses result due to increased air flow.) 20.12 Press down on the locking lever located on the front
20.5 Run the ball bearing through the extraction tube toof the heating block. Place the crucible in the heating block.
ensure that it is clear of contaminants. Rotate the crucible, securing the flange under the screw heads.
20.6 After the 30 min stabilization period, calibrate the Adjust the final position of the extraction tube so that it is
temperature measuring device in accordance with the maniscated in front of the arm of the glass Y-piece, and release the
facturer’s instructions. locking lever.
20.7 Calibrate the vacuum measuring device in accordance 20.13 Connect the extraction tube to the arm of the glass
with the manufacturer’s instructions. Y-piece, and secure the connection with the clamp. Be sure that
20.8 Weigh the empty cup without its cover to the nearesthe stainless extraction tube, the male connection, and the right
0.01 g. arm of the Y-piece are properly aligned.
20.9 Weigh into the tared crucible 65:00.1 g of Reference 20.14 Start the test by pressing the ON key of the CPU. In
Fluid to a precision of 0.01 g. This mass is called. default configuration, the printer is activated. If not, refer to the
20.10 Screw the cover, using the clamp and the spannenstruction manual to activate the real time printing of the
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FIG. 9 Crucible Cover (continued)

specimen temperature and the vacuum curves. Note 9—Itis very important during the manipulation of the crucible, at
20.15 When the audible alarm signals the last 3 min of théhe start and the end of the test, to not splash the internal face of the cover

test, stop the audible alarm by pressing on the OFF key. Sta ith the specimen in the cup. When this occurs, it leads to higher losses

. - - ndthe test must be rerun

in front of the equipment, and be prepared to disconnect th

extraction tube. 20.20 Reweigh the crucible without the lid to the nearest
20.16 After 60 min, the test is automatically stopped, and).01 g.

the end of the test alarm sounds. Remove the specimen 20.21 Calculate th&1, mass by subtracting the empty cup

temperature probe. Disconnect the extraction tube within 15 mass from the mass measured in 20.19.

maximum. Press down the locking lever. Remove the crucible. 20.22 Calculate to the nearest 0.1 % M/M the evaporation

Stop the audible alarm by pressing on the OFF key. loss of the Reference Fluid, using the following equation:
20.17 Stand the crucible in a cold water bath to a minimum [(M; —M,)/M,] X 100 )
depth of 30 mm.

20.18 Check the printed report to ensure that the specimenvhere:
temperature and the vacuum plotted curves stayed within thé; = specimen mass before the test, and
indicated limits. If one of the graph is not within the specified M, = specimen mass after the test at 245.2°C.
limits, check that the apparatus complies with the manufactur- 20.23 Compare the result obtained against the given value
er's instruction and that the procedure has been adhered tt®r the Reference Fluid. If the result is within limits, proceed to
After these checks, rerun the test from 20.2. Section 21.

20.19 After 30 min, remove the crucible from the water 20.24 If the result is not within the limits, check that the
bath, dry the outside, and carefully remove the lid. This phasepparatus complies with the manufacturer’s instruction and
is very critical. Make sure that the sample is never in contacthat the procedure has been adhered to.
with the inside part of the lid. 20.25 Recheck the evaporation loss of the Reference Oil. To

10
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where:

M, = B-A,

M, = C-A,

A = empty crucible weight,

B = crucible plus specimen weight, and
C = crucible plus specimen after the test.
23. Report

23.1 Report the following information:
23.1.1 The nearest 0.1 % M/M as evaporation loss (Test
Method D 5800, Procedure B).

24. Precision and Bias

Note 11—Equipment available from ISL, BP 40, 14790 VERSON -
France was used to develop the precision statement for Procedure B.

24.1 To estimate the precision of Procedure B, the test
. results from the interlaboratory study were analyzed following
T Practice D 6300.

24.2 The interlaboratory study included eight oils, two base
oils, and six finished oils, tested in twelve laboratories.

24.3 The precision of this test method, as determined by the
7 statistical examination of the interlaboratory study test results,
is as follows:

24.3.1 Repeatability—The difference between two tests re-
1 sults obtained by same operator with the same apparatus under
constant operating conditions on identical test materials would,
in the long run, exceed the following value in only one case in
twenty.

s
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P
g
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™
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] Repeatability= 0.095¢%® (6)

FIG. 10 Specimen Temperature Probe Positioning where

X = average of the two determinations under consideration.
24.3.2 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test materials would, in
the long run, exceed the following value in only one case in

21.1 Weigh into a tared crucible 65 0.1 g representative twenty.
of test specimen to a precision of 0.01 g.

do so, proceed as described in 20.2.

21. Procedure

Reproducibility= 0.26x%® (7)

Note 10—Sample in accordance with Practice D 4057 or Practice

D 4177, where
X = average of the two determinations under consideration.

21.2 Proceed as described in 20.3-20.20. 24.4 Bias—Since there is no accepted reference suitable for

21.3 Calculate to the nearest 0.1 % M/M the evaporatiordetermining the bias for this procedure, no statement on bias is
loss of the specimen, using Eq 4. being made.
22. Calculation Procedure C Selby-Noack Volatility Test

22.1 Evaporation loss is obtained from the difference inyg Apparatus ’
weight before and after test. The specimen is heated in
accordance with the temperature profile recorded in the speci- !
men when tested with a Woods metal apparatus (1 h at 2500&are and other'parts as follows: .
with automatic test duration compensation. The automatic test 25.1.1 Reaction Flask Bottom, C:Z\pable of heating a sample
duration compensation is used because a test may be startd jCKly 1o test temperatures of 250°C.
with a heating block at room temperature or at hot temperature 0.1.2 Reac“"f.‘ Flag,k Top.
when several tests are carried without cooling phase. The 25.1.3 Coalesc_mg Filter.
checking of these conditions can be done with the printed 25.1.4 Pump Filter.
report. Calculate evaporation loss, using the following equa-
tion:

25.1 Selby-Noack Instrument, (see Fig. 13) including glass-

© Available from ASTM International Headquarters. Request RR:D02-1462.
[(M;=M,)/M;] X 100 (5) 7 Available from Tannas Co., 4800 James Savage Rd., Midland, MI 48642.

11
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FIG. 12 Extraction Tube Nut (Stainless Steel) (Detail 5 of Fig. 7)

25.1.5 Orifice Tube.

25.1.6 Orifice Cap, of a set of incremental sizes.
25.1.7 Thermocouple Sheath.

25.1.8 Magnetic Stir Bar.

25.1.9 Thermocouple.

25.1.10 Measuring Rod, of known length.
25.1.11 Viton o-rings.

25.1.12 Coalescing Filter Cartridges.

25.1.13 Pump Filter Cartridges.

25.2 Balance, capable of weighing at least 300 g to the

nearest 0.01 g.
25.3 Beaker, 600 mL.

25.4 Cork Ring, capable of supporting collection flas

during weighing.
25.5 Digital Timer.
25.6 Tapered Glass Adapter.

26. Reagents and Materials

FIG. 11 Extraction Tube (Stainless Steel) with Its Seal (Details 3 and 4 of Fig. 7)

27. Preparation of Apparatus

27.1 Locate the instrument where there is minimal pressure
fluctuation or draft. Vent the vacuum pump outlet to a suitable
exhaust.

27.2 Set the height of the outlet of the orifice tube 11.4 cm
above the inside bottom of the reaction flask.

27.2.1 Measure the length of the measuring rod and the
length of the orifice tube (without the cap) in centimetres.

27.2.2 Add the measured length of the orifice tube without
the orifice cap to 11.4 cm.

27.2.3 Use the value obtained in 27.2.2 to set the length of
the measuring rod by affixing the collar at that height. This will
give the desired value from the lower tip of the measuring rod
up to the bottom of the collar.

27.2.4 Turn the tapered plastic piece on the orifice tube
toward the top of threaded section and be sure the orifice cap
is removed.

27.2.5 Temporarily assemble the top and bottom pieces of
the reactor and put the orifice tube in position.

27.2.6 Insert the measuring rod through the orifice tube.
When the lower end of the rod is in contact with the reactor
bottom, the lower surface of the collar should be above the
upper end of the orifice tube.

27.2.7 Adjust the tapered plastic piece on the orifice down
to achieve very light contact between the upper end of the
orifice tube and the lower surface of the collar on the
measuring rod to establish the proper position.

27.3 Insert the two thermocouple connectors into the ther-
mocouple receptacles on the cabinet.

27.4 Insert the heater cable into the heater connection on the

kcabinet.

27.5 Be sure that the inside of the reactor bottom is clean
(see 30.5) and that the other glassware, hardware, and tubing
are free of any oil residue.

27.6 If collection of the volatilized oil is desired, clean the
coalescing filter housing with a hydrocarbon solvent, dry, and

26.1 Cleaning Solvent, such as VarCleen, capable of remoJPstall new filter cartridge.

ing varnish from glassware
26.2 Hydrocarbon Solvent, such as hexane.
26.3 Average Volatility Reference Oil.
26.4 High Volatility Reference Oil.

27.7 Turn on the main power switch located on the front
panel.
27.8 Before operating the instrument close the shield door.

26.5 Pump Oil, suitable for vacuum pump installed in28. Calibration

instrument.

28.1 Calibrate the thermocouple at 100°C or higher against
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FIG. 13 Selby-Noack Test Equipment

a certified thermometer or other standard temperature measur-28.8 Join the reaction flask top and bottom and insert the
ing device and, if necessary, adjust the calibration offset on thassembly into the flask clip provided.

temperature controller according to the manufacturer’s instruc- 28.9 Raise the stirrer platform to stabilize the reaction flask
tions. bottom.

28.2 Preheat reaction flask bottom by placing the clean flask 28.10 If collection of volatiles is desired, weigh the clean
(with magnetic stirrer inside) on the reaction flask platform.coalescing filter assembly including the filter cartridge and
Place the thermocouple inside the flask and be sure that the tipcord the results to the nearest 0.01 g.
is firmly touching the inside wall. Set the temperature control- 28.11 Mount to bracket with the arrow pointing in the
ler for 100°C and turn on the heater switch. When thedirection of air flow (toward the vacuum pump).
temperature reaches 100°C, start the timer for 5 min. 28.12 Connect the inlet coalescer tubing to the barbed end

28.3 After the 5 min has expired, turn off the heater switchof the tapered glass adapter (which will be later connected to
and wait for the flask to cool below 50°C. After cooling, check the reaction flask top sidearm).
the dry weight of the reaction flask bottom against the weight 28.13 Connect the tubing to the input side of the coalescing
of previous weighings. filter and connect the tapered glass adapter to the reaction flask

Note 12—The sequential weighings should be reasonably constant[Op sidearm and secure with a glass joint clamp. .

(that is, withint 0.02 g) although the weight will decrease in a regular  28-14 Connect the vacuum hose from the pump filter (above
way over days and months of use. Any sudden increase in weight or erratffie coalescing filter) to the output connection on the coalescing
fluctuation is an indication that the outside insulating coating of thefilter.

bottom reaction flask has been contaminated and the flask should be 28.15 Connect the hose from the pressure sensor to the
repeatedly baked according to 28.2 until constant weight is reestablishegigrhed connection on the reaction flask top next to the sidearm.

28.4 Weigh the flask with the stirring bar and record theAfter connections are made, check that the reaction flask top is

value to the nearest 0.01 g. horizontal with the reaction flask bottom and that the O-ring
28.5 Pour 65 g+ 0.02 g of reference oil into the reaction seal between them is in proper position.
flask. Record the mass of the oil to the nearest 0.01g. 28.16 Slide the thermocouple into the thermocouple sheath

28.6 Insert the appropriate orifice cap size into orifice tubén such a manner that the plastic tubing seals the joint between
making certain there is a good seal. Insert the orifice tube (withhe thermocouple and the thermocouple sheath. This will
the orifice cap) into the center glass tapered joint on thensure no leaks.
reaction flask top and make certain it has seated properly. 28.17 Make certain that the thermocouple contacts the wall.

28.7 Insert the thermocouple sheath, without the thermoThis can be viewed by looking down through the top of the
couple, into the thermocouple connection on the reaction flaskeaction flask top. It is important that the thermocouple touches
top with the bend facing away from the glass sidearm. the inside wall of the reaction flask at least 0.5 in below the

13
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surface of the oil for proper results. fluid check that the procedure has been followed and that the
28.18 With the vacuum control Open/Close switch set to theapparatus is set up properly with no leaks. Check the calibra-
middle or Flow position, turn on the Vacuum On/Off switch on tion of the temperature controller and pressure sensing device.
the upper console. I
. Note 14—Procedures for calibration of the temperature controller and
28.19 Press down the Gauge Factor/Flow/Set Pt. switCRessyre controller can be found in the Operations Manual for the
and, using the Set Point dial, adjust the vacuum to 2.00 cm (28elby-Noack Volatility test.

mm) of water on the meter readout. When at a reading of 2.00, : : .
release the Gauge Factor/Flow/Set Pt. switch, 28.32 If no errors in setup or procedure are identified,

' : . . roceed to changing the size of the orifice cap. The size should
28.20 Press one finger tightly over the hole in the orifice ca| e changed in increments of 0.001, with each change corre-
and toggle the vacuum control Open/Close switch to the close

i . o :
position. The vacuum reading should increase to a stable vahf:‘ondlng to a directly related change of 0.3 % evaporation loss,

; o e orifice chosen should be of the smallest size givin
(this must be below 19.00 cm of water). Once stabilized an ccurate results. Rerun the test on the reference quig aftger
with finger still in place, turn the vacuum pump off and monitor - )

. oo making any changes.
the vacuum to observe how well it maintains the vacuum.
Remove finger from the orifice cap and again monitor the Note 15—If using new glassware, or approximate orifice size is
vacuum; it should quickly decrease to a zero reading. unknown, begin with an 0.084 orifice and increase until good results are

28.21 If there is a leak, recheck all of the glass fittings, the*chieved:
orifice tube and the thermocouple sheath for proper seating. 28.33 If problems persist, contact the instrument manufac-

Repeat step 28.20. If there is no leak then continue to 28.22turer.

Note 13—High temperature vacuum grease may be used to seal leakd9. Sample Procedure

if necessary. Vacuum grease should not be used on components that arexg 1 Perform steps 28.4-28.28 substituting a test sample for
weighed during the test procedure. the reference fluid.

28.22 With the vacuum switch already on and controlling at 29.2 Calculate the percent evaporation loss of the test
2.00 cm of water, turn on the stirrer. Visually verify the stirring. sample to the nearest 0.1 %.

28.23 Set the temperature controller to 250°C and turn on 29.3 Collect the volatilized oil (if desired for further analy-
the heater switch. An automatic timer will activate when thesis) from the coalescing filter by placing a small container
heater switch is turned on. The timer will turn off the heater,under the filter petcock and opening it to release the oil.

vacuum, and stirring motor after 1 h. . . ,
28.24 All th it t ld t ¢ t fe f Note 16—It is recommended that a reference fluid be tested to confirm
’ ow the unitlo cool down 10 a temperature sale 101, inration at the beginning of each series of sample tests and at the

handling (approximately 20 min). Gloves may be used tOyeginning of every other day of continuous testing. If testing is not

handle while hot. conducted on a daily basis, test the reference fluid at the beginning of each
28.25 Weigh the volatilized oil (if desired). test day. If the percent evaporation loss of the reference fluid is not within
28.25.1 Remove the tubing from the coalescing filter assemniimits, check the instrument for operating precision or re-calibrate before
bly and remove the assembly from the bracket. samples are tested, or both.

28.25.2 Weigh the entire coalescing filter assembly andg  cleaning
record the results to the nearest 0.01g. Subtract previous dry
assembly weight from 28.10 to obtain the weight of volatilized
oil.

30.1 Clean all of the glassware and hardware, with the
exception of the reaction flask bottom, with a suitable hydro-

28.25.3 Save the volatilized oll, if desired, by draining outCarbon solvent (for example, hexane, heptane, cyclo-hexane).

X . ' 30.2 If the coalescing filter is to be used for collecting
throu.gh the petcock in the bottom of the coalescing 1E'ltervolatilized oil, it can be cleaned while disassembled. Unscrew
housing. the collection cup, remove the filter cartridge, and clean with a

28.26 Remove the pressure sensor tube and the thermo-: . '
Suitable hydrocarbon solvent (for example, hexane, heptane,

couple, and then remove the reaction flask top. The orifice tUbgyclo-hexane). Upon re-assembly the filter cartridge can be

and t'hermocouple sheath may b.e _Ieft_ In_position durlngreplaced with a new, clean cartridge. The filter can also be
cleaning and re-assembly. (If any oil is clinging to the sheath

. i ; -~ removed from the bracket, if necessary, for cleaning.
tip, touch_ it to the side wall of the reactor bottom to return it to 30.3 In order to prevent oil from coming into contact with
the reaction flask.)

. : the outside of the reaction flask bottom, wrap the outside lip of
28'.2? Welg.h and. record the reaction flask. botto.m plusthe reaction flask bottom with clean toweling and quickly pour
remaining re§|dual c.)'l o the nearest O'ng and either discard Qut the contents into a beaker in order to catch the stirrer bar.
sa;g ;r;ge é?j;ui‘luo'lIl:gsfugreeraigalgzz are as described While still holding the flask upside down remove the towel,
: glassw W : \Nipe the lip dry, and then carefully rinse the inside of the flask

30.1-30.7. : o S
- hah I . When th I
28.29 Calculate the percent volatility loss of the referencq%::h anifrcfm;? solvent en the unitis clean, wipe it dry

fluid to the nearest 0.1 % (see Section 31).
28.30 Compare the result to the given value of the reference Note 17—If the insulating covering of the reaction flask bottom
fluid. If results are within limits, proceed to the Sample becomes contaminated, follow the directions in Note 12.
Procedure. 30.4 If oil is spilled on the outside insulation of the reaction
28.31 If the result is not within the limits of the reference flask bottom, immediately rinse the oil off with a suitable

14
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hydrocarbon solvent. Exercise care not to spread the oil tsmeasured in the study were engine oils covering the range of

other areas of the insulation. When all oil has been removed,1.84 % loss to 20.18 % loss.

dry the reaction flask bottom with an air source. The flask 33.2 Repeatability—The difference between successive re-

should be allowed to completely; dry at room temperaturesults obtained by the same operator with the same apparatus

before continuing with the test procedure. under constant operating conditions on identical test materials
30.5 Place 10 mL of a varnish removing solvent into thewould, in the long run, in the normal and correct operation of

reaction flask bottom. Insert clean paper towel into the solventhe test method, exceed the following value in only one case in

and wipe inside of flask thoroughly, removing any varnish thatwenty:

may be present on the wall. Rinse carefully with hot water and Repeatability, % evaporation loss = 0.81

dry. 33.3 Reproducibility—The difference between two single
30.6 If other glass parts develop a varnish film, clean thesand independent results obtained by different operators work-

with the same procedure as indicated in 30.5 or put the partsig in different laboratories on identical test materials would, in

into a half/half water or full-strength solution of varnish the long run, in the normal and correct operation of the test

remover overnight. method, exceed the following value in only one case in twenty:
30.7 With a towel dampened with varnish removing solvent, Reproducibility, % evaporation loss = 1.62

clgan the end of the thermocouple. Wipe with tqwel dampe_ne§4_ Quality Control for Procedures A, B, and C

with hot water and dry to remove any remaining cleaning

solvent. 34.1 Procedures A, B and C require confirmation of the
performance of the apparatus by analyzing a quality control
31. Calculation (QC) sample.

31.1 Percent volatility is determined by mass loss found by 34.2 Prior to monitoring the_measurement process, the user
subtracting the combined weight of the flask bottom and oilef the method needs to determine the average value and control

after testing (see 28.27) from their combined weight before thdimits of the QC sample. (See Practice D 6299 and MN).7.
test (see 28.4 and 28.5). 34.3 Record the QC results and analyze by control charts or
other statistically equivalent techniques to ascertain the statis-
Note 18—The percent volatility is obtained by taking the mass loss oftjca| control status of the total testing process. (See Practice
the reaction flask and dividing that by the exact mass of the test oiIsampIE) 6299 and MNL7.) Any out-of-control data should trigger
recorded earlier: that is if weight of the oil sample is 65.1 g and weight of. o ’ . (29
the oil lost is 10.2 g, then (10.2 g/65.1 &) 100 = 15.67 %. investigation for root cause(s). The results of this investigation

. . . may, but not necessarily, result in instrument recalibration.
31.2 The mass of volatiles collected is obtained by subtract- 3)2_4 The frequency yof QC testing is dependent on the

?89 1tge fcoalgscmg_ f|kl]ter aisemt:jly \f/vek:ght before t;Se Zt‘;St (Se§emonstrated stability of the testing process, customer require-
10) from its weight at the end of the test (see 28.26).  ants and the recommendations of the equipment manufac-

Note 19—The percent of volatiles collected is obtained by dividing the turer. The QC sample precision should be periodically checked
mass of volatiles collected by the mass loss: that is, If the weight of theagainst the ASTM method precision to ensure data quality.
empty coalescing filter assembly is 163.2 g and the weight of the filter 34 5 |t is recommended that, if possible, the type of QC
assembly after volatilization gained 9.8 g, and if the weight Iogs shown b%ample that is regularly tested be representative of the samples
31.1is 10.2 g, then (9.8 g/10.2 &) 100 = 96.08 % of the volatiles were routinely analyzed. An ample supply of QC sample material
collected. ! ) ; .

should be available for the intended period of use and must be

32. Report homogeneous and stable under the anticipated storage condi-

32.1 Report the evaporation loss to the nearest 0.1 %.  tOns.
35. Keywords

35.1 evaporation loss of lubricants; Noack volatility; vola-
Note 20—The equipment listed in RR: D02-1462, was used to develogi"ty of lubricants
this precision statement. This is not an endorsement or certification by

ASTM.
. . . . 8 ASTM MNL7 Manual on Presentation of Data Control Chart Analysis, 6th ed.,
33.1 The lnterlaboratory StUdy included six test oils teStecgection 3, Control Chart for Individuals, available from ASTM International

on eight apparatus with eight different operators. The sampleseadquarters.

33. Precision
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APPENDIXES
(Nonmandatory Information)

X1. HELPFUL HINTS FOR NOACK VOLATILITY (PROCEDURE A)

X1.1 Rubber tubes used for connections should be changed X1.11 Check all connections to be sure they are tight before
periodically because oil-mist causes rubber swelling aftetest. Alignment of all connections without any restrictions
extended period of service. should be maintained.

X1.2 Cleaning at regular intervals of foreign material X1.12 On automatic machines, if pressure reads different
adhering on exhaust system parts, particularly on Y-glass piecrom zero before testing, recalibrate the pressure.
is necessary.

) _ X1.13 If extraction tube is loose, tighten or check the
X1.3 There is a drop in metal bath temperature whenyasket.

inserting the sample. Monitor that the temperature recovers in
approximately 3 min. X1.14 Wood’'s metal bath must be full and overflowing

. around crucible and thermal sensor wells.
X1.4 Do not place the apparatus in a draft area; however,

the exhaust fumes from the evaporating oil shall be ventilated x1.15 Timing—Place the crucible in the bath, connect the
to an outside source. vacuum and start timer in quick succession, as nearly simul-

X1.5 Clean the crucible and the cover thoroughly with taneously as possible.

solvent between tests and allow to dry. Remove stubbom yq 16 start the pump before starting the stopwatch for the
lacquer by immersing in hot detergent solution, by light ,qi
abrasion with fine carborundum powder, or a fine abrasive pad.

X1.6 Vacuum must be accurately set and maintained or th X1.17 Monitor calibration thermometer versus recorded

Noack values can be greatly altered. Run the pump for 30 migemperature occasionally during run.

before testing. X1.18 End of Test-Disconnect vacuum at the end of the

X1.7 Condensed liquid collecting in tubes and atjunctionsteSt time and place the crucible in cooling bath within 1 min.

is also a common source of problem. X1.19 Be careful not to tilt the crucible in handling during

X1.8 The CEC Reference Oil, RL-172, should be analyzedhe test, particularly at the end.

each day the samples are analyzed. X1.20 Final weighing should not be done until the crucible

X1.9 Cleanliness of the extraction tube, glass and siliconds at room temperature. Do not use extra force (for example,
tubing, and air jets should be assured prior to all tests. hammers) to open or close the crucible.

X1.10 Possible contamination of the thermal sensor well X1.21 At the end of the test, check the pressure and
with slag and Wood’s metal should be monitored. Slag shouldemperature scans from automatic machines to see that proper
be checked and removed periodically after a series of runs. parameters were maintained during the runs.

X2. HELPFUL HINTS FOR SELBY-NOACK VOLATILITY (PROCEDURE C)

X2.1 Be sure that the thermocouple is touching the side of X2.4 For accurate results, make certain that the test runs as
the reaction flask bottom. This can be accomplished by lookinglose b 1 h aspossible (within 15 s).
down through the reaction flask top when positioning the
thermocouple. X2.5 At the end of the test, the glassware may be removed

. . for the 20-min cool-down period using thermal gloves. This
X2.2 To reduce potential flow problems, make certain that o . . .
the hose from the unit to the exhaust hood or vent is nofz)ermns immediate starting of another run with a second set of

pinched anywhere. glassware.

X2.3 To prevent leaks, securely seat all glassware, the X2.6 Alternatively, two sets of top and bottom flasks may
thermocouple sheath, and the orifice tube. be used each with its own orifice tube and cap.

16



A8y b 5800

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).
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