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The standard tests fo r

s i mu l ation of asphalt hot-mix

aging are the Rolling Th i n - Fi l m

O ven Test (RT F OT,ASTM D

2872) and the Th i n - Film Ove n

Test (TFOT, ASTM D 1754).

The RT F OT and T F OT have a

number of deficiencies wh e n

used for viscous or modifi e d

a s p h a l t s , s u ch as uneven agi n g,

film fo rm at i o n , and diffi c u l t y

with cleaning lab o rat o ry

equipment. The purpose of this

p roject was to develop a new

p ro c e d u re for simu l ating asphalt

s h o rt - t e rm aging that occurs at a

hot-mix asphalt cement plant.

This pro c e d u re ove rcomes the

s h o rtcomings of the ex i s t i n g

p ro c e d u re s , while duplicat i n g

the ch a n ges that occur duri n g

RT F OT aging at improved cost

and with more effi c i e n t

o p e ration. 

The resulting Stirred A i r- F l ow

Test (SAFT) is designed based

on fundamental studies of the

p rocess of air- bl owing asphalt

m at e rials.  Asphalt air- bl owing is

used commerc i a l ly to pro d u c e

ro o fing and paving asphalts by

oxidizing the bottom crude oil

A New Method for Simulating Hot-Mix Plant Asphalt Aging
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Figure 1. The stirred air-flow test apparatus



p roducts with air, t h e reby alteri n g

the asphalt chemical composition

and physical pro p e rties. The pro c e s s

conditions and binder composition

h ave a direct impact on the

p ro p e rties of the resulting mat e ri a l s .

What We Did . . .

Development of a replacement

apparatus and procedure for the

RTFOT occurred in several stages.

After a literature review on short-

term aging methods, we conducted

preliminary studies of the air-

blowing technique. Next, we

evaluated several designs of pilot

test equipment and test operating

parameters, such as air flow rate

and rate of mixing, for their

effectiveness at reproducing RTFOT

aging. In the final development

stage, we evaluated the apparatus

by performing test trials.

Paralleling this development

effort, we conducted fundamental

studies of asphalt air blowing, as a

basis for developing the SAFT

aging procedure, but also to

investigate the effect of air-blowing

conditions and asphalt composition

on Superpave performance grade

properties and road-temperature

aging properties. Several asphalt

fractions were air blown at different

temperatures. Their physical

• The proposed pro c e d u re ach i eve s

p recise control of the ox i d at i o n

time by using nitrogen or other

i n e rt gas during the wa rm - u p

s t age, and by using the same inert

gas to quench ox i d ation at the end

of the aging pro c e s s .

• The sample temperat u re in the

SAFT is controlled dire c t ly and

thus more pre c i s e ly.

• The SAFT ap p a ratus (Fi g u re 1)

a l l ows for dire c t ly collecting and

weighing the vo l atiles driven fro m

the asphalt during the test. This is

c o n t ra ry to either the RT F OT or

the T F OT wh i ch provide only a

m e a s u re of mass ch a n ge, wh i ch is

a combination of mass loss by

vo l at i l i z ation and mass gain by

ox i d ation.  The vo l atiles collected

can be further analy zed fo r

molecular size and composition.

• The SAFT ap p a ratus costs

s i g n i fi c a n t ly less and re q u i re s

mu ch less bench space than the

RT F OT, and it can be

m a nu fa c t u red from re a d i ly

ava i l able mat e rials and supplies.

Fundamental Studies of Air Blow i n g

and Th i n - Film A gi n g

• As defined by Superp ave

s p e c i fi c at i o n s , ve ry good gra d e
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properties were analyzed with respect

to Superpave performance grade, and

their composition was determined by

the Corbett method (ASTM D4124).

Such aging properties as hardening

susceptibility, hardening rate, and

oxidation rate were determined for

each air-blown asphalt.

What We Found . . .

S t i rred A i r- F l ow Test (SAFT)

• The proposed test rep roduces the

RT F OT and T F OT pro c e d u res with

respect to ch a n ges in chemical and

p hysical pro p e rties of asphalt

m at e ri a l s .

• The SAFT eliminates the

s h o rtcomings of standard methods,

i n cl u d i n g :

inconsistent or unre l i able test

results due to skin fo rm ation at      

the surface of the asphalt; 

d i fficulties with re m oving the  

asphalt for testing, with cleaning 

the ap p a rat u s , and with handling 

the hot equipment and asphalt; and 

d i fficulties with processing 

p o ly m e r- m o d i fied mat e ri a l s .

• The SAFT pro c e d u re re q u i res only

45 minutes to age an asphalt

m at e ri a l , i n cluding 15 minu t e s

re q u i red for pre - h e ating the sample

in the ap p a ratus.  This total is ab o u t

half the time re q u i red by the RT F OT.

• Consider adopting the SAFT

apparatus and procedure as a

nationwide standard.

s u s c eptibility is a more complex

function determined by kinetics

of seve ral competing re a c t i o n s .

• Blowing fl u xes with a high

s at u rate content may result in a

higher grade but can cause

subsequent susceptibility to

ox i d at ive hard e n i n g. Optimizat i o n

of both chemical composition of

air bl own mat e rial and pro c e s s

p a ra m e t e rs is re q u i red in order to

p roduce binders of superi o r

p hysical and aging pro p e rt i e s .

• The ox i d ation mechanism is the

same for asphalt films of va ry i n g

t h i ckness. Decreasing fi l m

t h i ckness to 0.5 mm helps

i n c rease rate of ox i d ation and

reduce aging time to 50 minu t e s

to obtain degree of aging equal to

the RT F OT.

The Researchers
Recommend . . .

• Conduct testing of the SAFT

apparatus to establish inter-

laboratory precision and

consistency statistics. 

• Replace the RTFOT and TFOT

test methods with the SAFT

method for short-term (hot-mix

plant simulation) asphalt binder

aging.
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asphalts can be produced by air

bl ow i n g. The bl owing temperat u re

does not seri o u s ly affect the gra d e

s p a n , although there is some

d e t e ri o ration of the low - t e m p e rat u re

grade when a mat e rial is air bl own to

i n c rease the high-temperat u re gra d e.

A l s o , the low - t e m p e rat u re stiff n e s s ,

s t ress re l a x ation (rep resented by m-

va l u e ) , and the fa i l u re strain tend to

d e t e ri o rate with increasing air-

bl owing temperat u re.  The low -

t e m p e rat u re perfo rmance grade fo r

a i r- bl own mat e rials tends to be

limited by the m-value rather than by

the stiff n e s s .

• Asphalt composition has a

s i g n i ficant effect on a mat e ri a l ’s

grade span. Mat e rials with a higher

c o n c e n t ration of asphaltenes and

s at u rates have a higher perfo rm a n c e

grade span.

• Air bl owing an asphalt mat e rial tends

to increase its subsequent aging and

h a rdening rates at 88 ˚C.  Th i s

i n c rease is expected to have an

a dve rse impact on long-term

p avement perfo rmance bu t

S u p e rp ave grading is not affected by

this phenomenon.

• The subsequent 88 ˚C hardening and

ox i d ation rates are higher fo r

m at e rials bl own at higher

t e m p e rat u res. Hard e n i n g
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Figure 1. The stirred air-flow test apparatus
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