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INTERNATIONAL

Standard Test Method for
Effects of Heat and Air on Asphaltic Materials (Thin-Film
Oven Test) *

This standard is issued under the fixed designation D 1754; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 4. Significance and Use

1.1 This test method covers the determination of the effects 4.1 This method indicates approximate change in properties
of heat and air on a film of semisolid asphaltic materials. Theof asphalt during conventional hot-mixing at about 150°C
effects of this treatment are determined from measurements ¢802°F) as indicated by viscosity, penetration, or ductility

selected asphalt properties before and after the test. measurements. It yields a residue which approximates the
1.2 The values stated in Sl units are to be regarded as thasphalt condition as incorporated in the pavement. If the
standard. mixing temperature differs appreciably from the 150°C

1.3 This standard does not purport to address all of the(302°F) level, more or less effect on properties will occur.
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro>- APparatus
priate safety and health practices and determine the applica- 5.1 Oven—The oven shall be electrically heated and shall
bility of regulatory limitations prior to use. conform to the performance requirements of Specification
E 145, Type IB (Gravity-Convection), for operating tempera-
2. Referenced Documents tures up to 180°C (356°F). During the tests for compliance to
2.1 ASTM Standards: Specification E 145 requirements, the oven shelf, properly
D 5 Test Method for Penetration of Bituminous Materfals centered as described in 5.1.2 shall be in place and rotating.
D 113 Test Method for Ductility of Bituminous Materi&ls 5.1.1 Constructior—The oven shall be rectangular, and
D 2170 Test Method for Kinematic Viscosity of Asphalts each interior dimension (exclusive of space occupied by the

(Bitumens¥ heating element) shall be a minimum of 330 mm (13 in.) and
D 2171 Test Method for Viscosity of Asphalts by Vacuum a maximum of 535 mm (21 in.). The oven shall have, in front,
Capillary Viscometer a tightly fitted hinged door, which shall provide a clear opening
E 1 Specification for ASTM Thermometérs substantially the same as the interior height and width of the
E 145 Specification for Gravity-Convection and Forced-oven. The door may contain a window with dimensions of at
Ventilation Oven$ least 100 by 100 mm (4 by 4 in.) and with two sheets of glass

separated by an air space, through which a vertical thermom-
3. Summary of Test Method eter, located as specified in 5.2, may be read without opening

3.1 Afilm of asphaltic material is heated in an oven for 5 hthe door; or the oven may be provided with an inner glass door,
at 163°C (325°F). The effects of heat and air are determinethrough which the thermometer may be observed on opening
from changes incurred in physical properties measured befortae outer door momentarily. The oven shall be adequately
and after the oven treatment. An optional procedure is providedentilated by convection currents of air and for this purpose
for determining the change in sample mass. shall be provided with openings for the entrance of air and for

3.2 Precision values for the method have been developed fahe exit of heated air and vapors. Openings may be of any size
viscosity, viscosity change, penetration change, mass changend arrangement provided the requirements of Specification
and ductility. E 145, Type IB, are met.

5.1.2 Rotating Shei-The oven shall be provided with a
single metal circular shelf having a minimum diameter of 250

and Paving Materials and is the direct responsibility of Subcommittee D04.46 onmm (9.8n.) and a maximum diameter of 450 mm (18 in.). The

1 This test method is under the jurisdiction of ASTM Committee D04 on Road

Durability and Distillation Test. shelf construction shall be such that it provides a flat surface
Current edition approved Aug. 10, 1997. Published February 1998. Originallyfor support of the containers without blocking all air circulation
published as D 1784 ~ 60 T, wast previous ediion D 1754 =94 through the shelf when the containers are in place. The shelf

nnual BOOK O andar .0a. : :
3 Annual Book of ASTM Standardéol 14.03, shall be suspended by a vertical shaft and centered with respect
4 Annual Book of ASTM Standardsbl 14.04. to the horizontal interior dimensions of the oven and shall be
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provided with a mechanical means of rotating it at the rate of7. Procedure
5.5 = 1.0 r/min. The preferred vertical position for the shelf is
150 mm (6 in.) above the bottom of the oven (exclusive of |
space occupied by the heating element), and the shelf shall
located as close to this position as permitted by compliance . .
with the requirements of 5.2 regarding thermometer placement. /-2 Place an empty sample container in each of the prede-
The shelf shall be constructed or marked in such a way that th€rmined sample container positions on the rotating shelf.
sample containers can be placed in the same position duri just the temperature control so the specified thermometer
each test. There shall be a minimum of two and a maximum ofS€€ 5.2) reads 163 1°C (325* 2°F) when the oven is at
six sample container positions. Each sample container positighduilibrium. Once adjustment is complete, the empty sample
shall be symmetrical with respect to the shaft and to any hole§ontainers may be removed at the discretion of the operator.
in the shelf. The number of sample container positions shall bElowever, the temperature control shall not be readjusted once
the maximum that will fit on the shelf without violating the any sample containers are removed.

above requirements and without excessive overhang. N . . . ,
ote 2—Removing sample containers will affect convection patterns

5.2 ThermometerAn ASTM Loss on Heat Thermometer in the oven, and may cause the thermometer reading to change from the
having a range from 155 to 170°C and conforming to thedesired level. This is normal, and occurs because the thermometer is not
requirements for Thermometer 13C, as prescribed in Specifin the same location as the temperature control sensor. Replacing the
cation E 1 shall be used for determining the test temperaturépntainers should cause the thermometer reading to return to the original
The thermometer shall be supported from the shaft of théfve!
circular shelf in a vertical position at a point equidistant from 7.3 With the oven preheated and adjusted as described in
the center and outer edge of the shelf. The bottom of thg. 2 quickly place the asphalt samples in the predetermined
thermometer bulb shall be 40 mm (1.5 in.) above the top of thgample container positions on the circular shelf (Note 3 and
shelf. _The therr_nometer shall be radially centered over a samplgote 4). Fill any vacant positions with empty sample contain-
container position.. ers, so that every sample container position is occupied. Close

5.3 Containe—A cylindrical pan, 140 mm (% in.) in  the oven door and start rotating the shelf. Maintain the
inside diameter and 9.5 mn¥«in.) deep with a flat bottom. specified temperature ranger 6 h after the sample has been
Fifty millilitres of the sample in this size container give a film introduced and the oven has again reached that temperature.
thickness of approximately 3.2 mris(in.). Pans shall be made The 5-h period shall start when the temperature reaches 162°C
of stainless steel and shall have a metal thickness of approx{323°F) and in no case shall the total time that a sample is in
mately 0.64 mm (0.025 in.). the oven be more thari/s h. At the conclusion of the heating

Note 1—Pans have a tendency to become warped or bent with us eriod, r?move the.samples from -the oven. If the mass change
Although tests indicate that a small amount of warping does notS not being dej[erml_ned, proceed in accordance with 7.5. If the
significantly affect results, frequent inspection to eliminate warped oSS change is being determined, cool to room temperature,
damaged pans is advisable. The indicated metal thickness has been fou@igh to the nearest 0.001 g, and calculate the mass change on
to provide adequate rigidity without excessive weight. Stainless steel parthie basis of the asphalt in each container (Note 5).
manufactured from 0.6-mm thick (No. 24) stainless sheet gage steel
comply with the recommended thickness. Pans made from 0.48 mm-thick NoTe 3—Materials having different mass change characteristics should
(No. 26) stainless sheet gage metal are also acceptable but have a gredtet generally be tested at the same time due to the possibility of

7.1 Level the oven so that the shelf rotates in a horizontal
ane. The maximum tilt during rotation shall be not more than
from the horizontal.

tendency to warp during use. cross-absorption.
Note 4—This test method does not prohibit placing an asphalt sample
6. Preparation of Samples in the position under the thermometer. However, it is recommended that

. . . . this position not be used for a sample, and that an empty pan remain in this
6.1 Place sufficient material for the test in a Su'tableposition, in order to minimize the risk associated with thermometer

container and heat to a fluid condition. Extreme care should bgreakage.

taken so that there is no local overheating of the sample and Nore 5—when complete tests cannot be made in the same day, and if
that the highest temperature reached is not more than 150°@e mass change is being determined, weigh the residues and store them
(302°F). Stir the sample during the heating period, but avoidvernight before reheating. If the mass change is not being determined,
incorporating air bubbles in the sample. Weight50.5 g into  transfer the residue to the 240-mL (8-0z) container as described in 7.5
each of two or more tared containers meeting the requiremenf§fore storing overnight.

of 5.3. 7.4 After weighing the samples, place them on a refactory-
6.2 At the same time, pour a portion of the sample into theboard and then on the shelf of the oven maintained at 163°C

containers specified for measurement of original asphalt prog325°F). Close the oven and rotate the shelf for 15 min, remove

erties. Complete the tests by appropriate ASTM test methodshe samples and board(s), and immediately proceed as de-

6.3 If the quantitative value of the mass change is desirecscribed in 7.5.
cool the samples for the oven test to room temperature and 7.5 Transfer the material from each pan into an 240-mL
weigh each sample separately to the nearest 0.001 g. If tH&-0z) ointment tin. Remove substantially all of the material
mass change is not required, allow the samples to cool térom the pans by scraping with a suitable spatula or putty knife.
approximately room temperature before placing in the oven aStir the combined residues thoroughly, placing the 240-mL
directed in 7.2. (8-0z) container on a hot plate to maintain the material in a
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fluid condition if necessary. Complete the tests on residue by high percentage of volatile components will usually exhibit a mass loss.

appropriate ASTM test methods within 72 h of performing this o )
test. 9. Precision and Bias

Note 6—Care should be taken if the sample is reheated more than 9-1 Criteria for judging the acceptability of the viscosity at
once, since excessive reheating can affect the apparent severity of the t€80°C (140°F) and 135°C (275°F), viscosity ratio at 60°C
(140°F), change in penetration at 25°C (77°F), and mass
8. Report change test results obtained by this method are given in Table
8.1 Report the values of the original asphalt propertiesl. The figures given in Column 2 are the standard deviations
measured in 6.2 and the residue property values as measuredlirat have been found to be appropriate for the materials and
7.5. Viscosity change may also be expressed as the ratio of ttenditions of test described in Column 1. The figures given in
residual asphalt viscosity to the original asphalt viscosityColumn 3 are the limits that should not be exceeded by the
Penetration change is evaluated as the penetration of thdifference between the results of two properly conducted tests.
residue expressed as the percentage of the original penetratidrhe figures given in Column 4 are the coefficients of variation
8.2 Report ductility or other test results in accordance withthat have been found to be appropriate for the materials and
the appropriate ASTM test methods. conditions of test described in Column 1. The figures given in
8.3 When determined, report the average mass change of ti@lumn 5 are the limits that should not be exceeded by the
material in all containers as mass percent of the originadlifference between the results of two properly conducted tests
material. A mass loss shall be reported as a negative numbesxpressed as a percent of their mean.

while a mass gain shall be reported as a positive number. g 2 Criteria for judging the acceptability of ductility data at
Note 7—This test can result in either a mass loss or a mass gainl®.6°C (60°F) are given in Table 1. Each test result is the

During the test, volatile components evaporate (causing a decrease &verage of three ductility measurements.

mass), while oxygen reacts with the sample (causing an increase in mass).

The combined effect determines whether the sample has an overall magg) Keywords

gain or an overall mass loss. Samples with a very low percentage of

volatile components will usually exhibit a mass gain, while samples with  10.1 aging; asphalt cement; Thin-Film Oven Test (TFOT)

TABLE 1 Precision of Test on Residue

Standard Coefficient of Variation Acceptable Range of
. . Acceptable Range of
Material and Type Index Deviation Two Results (d2s) (percent of Two Results (percent
(1s) mean) (1s%) of mean) (d2s%)
Single-operator precision:
Percentage of retained penetration 1.43 4.0
Change in mass percentage:
Not more than 0.4 % (max) 0.014 0.04
Greater than 0.4 % 2.9 8.0
Viscosity at 60°C (140°F) 3.3 9.3
Viscosity at 135°C (275°F) 2.0 5.7
_ viscosity at 60°C (140°F) after test 5.6 16.0
Ratio: viscosity at 60°C (140°F) before test
Ductility at 15.6°C (60°F), cm* 7 20
Multilaboratory precision:
Percentage of retained penetration 2.90 8.0
Change in mass percentage:
Not more than 0.4 % (max) 0.055 0.16
Greater than 0.4 % 14.0 40.0
Viscosity at 60°C (140°F) 11.6 33.0
Viscosity at 135°C (275°F) 6.4 18.0
Ratio:® 9.1 26.0

viscosity at 60°C (140°F) after test
viscosity at 60°C (140°F) before test
Ductility at 15.6°C (60°F), cm” 12 34

A This is based on the analysis of data resulting from tests by 60 laboratories on four asphalts with average ductilities ranging from 20 to 40 cm.
B Multilaboratory precision applicable to asphalt cements having viscosity ratios lower than 3.0. Precision for ratios greater than 3.0 have not been established.
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APPENDIX
(Nonmandatory Information)

X1. RECOMMENDED OVEN

X1.1 Research conducted in 1992 indicates that the severityidth of 480 mm (19 in.), and interior depth of 460 mm (18
of this test is affected by thermometer position, number ofin.). These dimensions are exclusive of space occupied by the
sample containers used, oven geometry and shelf geometiyeating elements and the door. All heating elements shall be
These factors were inadequately controlled in earlier versioncated in the bottom of the oven. The oven shall have, in front,
of this test, and the 1993 revision addresses these issuestightly fitted hinged door, which shall provide a clear opening
Factors relating to oven and shelf geometry are being handleslibstantially the same as the interior height and width of the
in this appendix as a recommendation rather than a requirgven. The door shall contain a window with dimensions of at
ment, in order to avoid obligating labs to purchase new ovengeast 200 mm (8 in.) high and 300 mm (12 in.) wide. The
window shall consist of two sheets of glass separated by an air
85 % of the 106 labs surveyed in 1992. This oven is describe Iggciﬁ’éhzr?lrf:y\/\égiz ;dvvi::;]c;lltﬂ;%g?]?nrgetfg (;%%?T?hgstsg E(z)?

below, and is now the recommended oven for this test. Whilx?he test chamber shall have exactl .

i ) , X : y two vent openings, one on
this oven Is not required, its use would be expected to 'MPTOV&ach side of the oven. Each opening shall have a diameter of
reproducibility when compared to alternate ovéns. 25 mm (1 in.). Each opening shall be located 75 mm (3 in.)

X1.3 Recommended Oven Type and Cortdhe oven from the side, and centered between the front and back of the
shall be electrically heated and shall conform to the perfortest chamber. These openings shall remain unobstructed when-
mance requirements of Specification E 145, Type IB (Gravity-ever the oven is in operation. There shall be no openings on the
Convection), for operating temperatures up to 180°C (356°F)sides of the test chamber. Other openings may be of any size
During the tests for compliance to Specification E 145 requireand type provided the requirements of Specification E 145,
ments, the oven shelf shall be in place and rotating, with adype IB, are met.
empty sample container in each of the four sample container
positions. The oven temperature shall be regulated by a X1.5 Recommended Rotating Skelfhe oven shall be
proportional temperature controller, using a platinum resisprovided with a single cast aluminum shelf, with a diameter of
tance temperature detector or a thermistor sensor mounted 330 mm (13.5 in.), as shown in Fig. X1.1. The top of the shelf
mm (1 in.) below the roof of the test chamber, and beneath onghall have four raised ribs which define four sample container
of the vent holes. This temperature sensor shall not be used ffositions. Fig. X1.2 shows an overhead view of the shelf, with
place of the test thermometer described in 5.2. four sample containers properly positioned. The shelf shall be
suspended by a vertical shaft and centered with respect to the
horizontal interior dimensions of the test chamber. The shelf
shall be provided with a mechanical means of rotating it at a
rate of 5.5+ 1.0 r/min. The vertical position of the shelf shall

5 An oven meeting the requirements of the recommended oven is available frof?€ 150 mm (6 in.) above the bottom of the oven (exclusive of
Blue M Electric 138th & Chatham, Blue Island, IL 60406. space occupied by the heating elements).

X1.2 A single type of oven was used by approximately

X1.4 Recommended Oven Constructiemhe oven shall be
rectangular with interior height of 380 mm (15 in.), interior
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USE 1/4 -20 X I/8
SOCKET SET SCREWS
/ FOR MOUNTING

SECTION A-A

MATERIAL
CAST ALUMINUM

FINISH
WHITE ENAMEL

ATTENTION: Pattern maker — &
Dimensions shown are finished piece. —eoRTAE NOTEN e efletnof [t
Add proper shrinkage allowance. MPO!
kg A —~ FINISHED PIECE, WHEN RESTING ON

A FLAT SURFACE, MUST BE FLAT TOA
MAXIMUM DEVIATION OF 1/16 in.

SI Equivalents
in. mm in. mm ‘ rad Item Dimensions SI
1/16 1.6 34 19 14 0.004 #7 drill hole 0.2010 in. 5 mm
332 24 ” 222 3 0.05 D=0.25in. 6 mm
e 32 i 254 9 0.16 W-20X38 | _0375in, | 9.5mm
set screw

1/4 6.4 1 sns 333 45 0.8 20 threads per in. | Pitch =1
516 7.9 1 476 90 1.6
21/64 83 434 120.6

112 8.7 5 1516 150.8

378 9.5 1312 3429

Note 1—There is no direct Sl equivalent for screw threads and drill holes, therefore they have been omitted. The controlling dimensions of the screw

and the drill hole, however, have been converted to Sl units.
FIG. X1.1 Recommended TFOT Shelf
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FIG. X1.2 Recommended TFOT Shelf With Four Pans

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).



