WATERLESS, REDUCED
TEMPERATURE MIX
TECHNOLOGY

NOT WARM MIX
BUT
HOT MIX AT A COOLER
TEMPERATURE



® PROCESS IS A CO-DEVELOPMENT OF
MATHY TECHNOLOGY &
ENGINEERING SERVICES AND

PARAGON TECHNICAL SERVICES, INC

e A PATENT APPLICATION HAS BEEN
FILED ON THE TECHNOLOGY



FACTORS CONSIDERED

e WE DEVELOPED A SURFACTANT SOLUTION
INJECTION TECHNOLOGY IN 2004 AND BEGAN
FIELD TRIALS IN 2005 —AS A RESULT OF THAT
WORK SEVERAL OBSERVATIONS RESULTED

— AMOUNT OF MOISTURE IN MIX AT PLANT
DISCHARGE HAS TYPICALLY BEEN <1% AND YET

GOOD FIELD DENSITIES HAVE BEEN OBTAINED
REGARDLESS OF TEMPERATURE

— MOISTURE IN MIX BROUGHT BACK TO LAB HAS
BEEN < O.5% (OFTEN <0.2%) AND YET DAYS LATER
MIX CAN BE ADEQUATELY COMPACTED AT 230°F.

— MIXES MADE IN LAB AT 230°F WITH COMPLETELY
DRY AGGREGATE COATED AND COMPACTED

ADEQUATELY.
® [T WAS OUR BELIEF THAT IF YOU COULD
COAT THE MIX YOU COULD COMPACT THE
MIX GIVEN CURRENT ROLLER TECHNOLOGY



QUESTIONS ASKED

e JUST WHAT IS ACTUALLY
HAPPENING IN THESE MIXES?

e [F THE WATER IS NOT
NEEDED FOR COMPACTION, IS
IT NEEDED FOR MIXING AND
COATING?

e [F THE WATER ISN'T NEEDED,
THEN WHAT IS THE
MECHANISM?



WHAT DO WE THINK IS OCCURRING?

WATER IS NOT ESSENTIAL TO THE PRODUCTION OF REDUCED
TEMPERATURE MIXES

VISCOSITY REDUCTION IS NOT ESSENTIAL. FOR EXAMPLE
WAXES DON'T REALLY REDUCE THE BINDER VISCOSITY
SUBSTANTIALLY, NOR DO SURFACTANT ADDITIVES AT LOADINGS
TYPICALLY BEING USED IN CURRENT WARM MIX PROCESSES

THE ADDITIVES (BROADLY ENCOMPASSING SURFACTANTS,
POLYMERS, ACIDS, PROCESSING AIDS, WAXES, ETC) RESULT IN A
BINDER WITH REDUCED RESISTANCE TO COATING AND
SPREADING OVER AGGREGATE SURFACES EVEN AT REDUCED
TEMPERATURES

WATER IN MANY PROCESSES IS ONLY A DELIVERY SYSTEM AND
NOT A NECESSARY ONE

ADDITIVE DOSE LEVELS FOR WARM MIX HAVE PROBABLY BEEN
TOO HIGH FROM WHAT WE HAVE SEEN

THE PROCESS WE DESCRIBE POTENTIALLY EXPLAINS OTHER
FACTS SUCH AS LOWER MIXING AND COMPACTION
TEMPERATURES FOR PMA'’S EVEN THOUGH VISCOSITY PREDICTS
HIGH VALUES

DECREASE IN DRY TENSILE STRENGTHS WITH SOME MIXES
WHEN ANTI-STRIP IS USED IN MIX, EVEN THOUGH OVERALL TSR
VALUES INCREASE



CHRONOLOGY OF FIELD TRIALS USING
WATERLESS TECHNOLOGY

300 TONS (20% RAP) OF MIX PLACED ON PRIVATE ROAD
PG 58-28, 0.3% S1, 0.3% Al. Mixed at 230°F,
compacted <220°F. Core densities 93.3 to 93.8%
of max. Mixed in a counter flow plant.

713 tons (20% RAP), Goodhue Cty, MN CTR 11,, PG
58-28, 0.3% S1, 0.3% Al. Mixed at 230°F,
compacted <220°F. Same counter flow plant as
above. County Engineer and staff on project.
Field monitoring of total organics at paver =
66% reduction compared to same mix produced at
normal temps

200 tons (30% RAP), WI STH 33, La Crosse cty, PG
58-28, 0.3% S1, ©.3% Al, density 95.4%, 94.7%
(92.5% over aggregate shoulder), mixed in Double
Barrel® hot mix plant



700 tons (30% RAP), WI STH 33, La Crosse

cty, PG 58-28, ©.3% S1, 0.3% Al, Tom

Brokaw and Judy Ryan from WI DOT present on
job. Double Barrel® plant. Mixed 225-235°F

250 tons (30% RAP), WI STH 33, La Crosse
cty, PG 58-28, 0.5% Wax 1, 0.3% Al, WI DOT
present on job. Double Barrel® plant. Mix
produced at 235-245°F When mix temp behind
paver dropped to around 200°F we had trouble
with mix dragging on screed, at 220°F and
above no difficulties.

250 tons (30% RAP), WI STH 33, La Crosse
cty, PG 64-28 Elvaloy PMA + 0.5% A2. Mixed
at = 235°-240°F. Paved turning lanes and
approaches, much hand work.



250 tons, Columbia, Mississippi batch plant
test. PG 64-22 + 0.3% S1 + 0.5% A2. Mixed at
240°F compacted at as low as 210°F, air temp
was in the 30’s°F. Because of air temp and
hand work, mix temp raised to 250°F and laydown
was in the 225°F range.

1500 tons, 15% RAP, Near Algood,TN, Chattanooga
Dist, PG 67-22, ©0.3% S2, 0.5% A2, Mix produced
in a parallel flow drum plant, 40 mile haul to
job. Mix coated as low as 240°F, but because of
job haul most was produced at 250°-255°F.

As we speak 12/11-12/07-??? tons, 15% RAP, Near
Tupelo, MS job. PG 67-22 + 0.3% S2 + 1%
hydrated lime in mix. Mix produced in Estee
counter flow drum plant with an external pug
mill. Typical HMA temps 330°F mix & 295°F
compaction, burner at 7% to 7% capacity. Current
project 260°F average mix temp, compacting at
225° - 230°F, burner at % capacity. 40 mile
haul to project, mix being dropped on road and
paved through pickup machine.



WHY DO WE THINK THIS
WORKS

e RHEOLOGY OF MATERIALS IN THIN FILMS ARE
DIFFERENT THAN BULK RHEOLOGY

— TyprPicaL DSR usges A 1000 vy FILM
— MINERAL FINES ARE SMALLER THAN 50 p

— AGGREGATES HAVE ASPERITIES THAT VARY IN
SIZED, BUT NONE ARE TRULY SMOOTH

— WE BEGAN OUR TESTING AT 100 v AND ARE
NOW WORKING AT 25p

— OUR INVESTIGATIONS BEGAN BY LOOKING AT
TRIBOLOGY TESTING CONDUCTED BY THE
LUBRICATING AND MEDICAL PROSTHETICS
INDUSTRIES AND INVESTIGATIONS PERFORMED BY
PEOPLE STUDYING RHEOLOGY OF PLATE
TECTONICS



viscosity (Pa.s)

O O PG 58-28, neat, 25x0-05 mm, cup, 125°C, Stdy Shr, AR1-0001f, Steady state flow step 1
@ @ PG 58-28, neat, 25x0-05 mm, cup, 100°C, Stdy Shr, AR1-0001f, Steady state flow step 1
1 PG 58-28, neat, 25x0-05 mm, cup, 90°C, Stdy Shr, AR1-0001f, Steady state flow step 1
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1.000
0.1000 <

+1.00

120C =248 F

x 130 C= 266 F

0.01000 1.000; o T T
0.1000 1.000 10.00 145 C=293 F 101

velocity (rad/s) 150 C =302 F




SUMMARY

SEVERAL DIFFERENT ADDITIVES EVALUATED IN
THE FIELD, MORE IN THE LAB

TEMPERATURE REDUCTIONS RANGE FROM 60 TO
80°F BELOW TYPICAL HOT MIX TEMPERATURES
FOR THE SAME MIX, ACTUAL VALUES VARY
DEPENDING THE TYPE OF BINDER AND MIX BEING
USED

ALL ADDITIVES NECESSARY TO PRODUCE THE
REDUCED TEMPERATURE MIX ARE TYPICALLY
ADDED AT THE ASPHALT TERMINAL. ADDITIVES
CAN BE ADDED AT THE HMA PLANT. BINDER
PREFERABLY COMES TO CONTRACTOR READY TO
USE— ALL HE DOES IS RUN THE PLANT AS HE
NORMALLY DOES BUT AT A LOWER TEMPERATURE

A MIX DESIGN IS NECESSARY TO ADJUST
ADDITIVE LOADING AND CHECK TSR PROPERTIES



SUMMARY CONTD

® FIVE DIFFERENT TYPES OF HOT MIX PLANTS EVALUATED

DoUBLE BARREL®--AGGREGATE DRIED IN INNER DRUM PRIOR TO
MIXING IN OUTER DRUM

TYPICAL BATCH PLANT, ALL AGGREGATE PRE-DRIED AND STORED
IN HOT BINS

COUNTER FLOW DRUM MIX PLANT

PARALLEL FLOW DRUM MIX PLANT

REMIXER PLANT— MIX ENTERS EXTERNAL PUG MILL AFTER
LEAVING DRUM AND PRIOR TO GOING UP SLAT CONVEYER

° WE FELT IT IMPORTANT TO DEMONSTRATE THAT IRRESPECTIVE
OF PLANT TYPE OR POSSIBLE MOISTURE CONTENT LEFT FROM
AGGREGATE AND/OR RAP THAT THIS APPROACH WOULD
WORK

i COMPLETELY DRY AGGREGATE IN THE LAB HAD BEEN
EVALUATED WITH EACH MIX TYPE AND ADDITIVE PACKAGE
PRIOR TO FIELD PRODUCTION
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SUMMARY CONTD

PMA mixes wiTH PPA ApbDITION (FIELD & LAB)
AND PPA oNLY MODIFIED BINDER (LAB ONLY)
EVALUATED WITH LIMESTONE AGGREGATE. DATA OF
BINDER RECOVERED FROM MIX SHOWED NO
DEGRADATION IN RECOVERED BINDER DSR
COMPARED TO SAME MIX PRODUCED WITH AQUEOUS
SOLUTION ADDITION



CONCLUSION

WE HAVE PRESENTED A TECHNOLOGICAL APPROACH FOR
PRODUCING REDUCED TEMPERATURE PAVING MIXTURES THAT
DOES NOT RELY ON THE PRINCIPLES OF FOAMING OR OTHER
METHODS OF VISCOSITY REDUCTION. A VARIETY OF
SURFACTANTS, WAXES, PROCESSING AIDS, POLYMERS, ACIDS AND
OTHER MATERIALS MAY BE USED SUCCESSFULLY AT THE
REDUCED TEMPERATURE CONDITIONS WE DESCRIBE. OUR
TECHNOLOGY IS BASED ON THE REALIZATION THAT THE
AFOREMENTIONED TYPES OF ADDITIVES PROVIDE REDUCTION IN
THE INTERNAL FRICTION BETWEEN AGGREGATE PARTICLES AND
THE THIN FILMS OF BINDERS USED TO PRODUCED BITUMINOUS
MIXTURES WHEN SUBJECTED TO HIGH SHEAR RATES, AS IN
MIXING, AND HIGH SHEAR STRESSES, AS IN COMPACTION. THE
DATA THAT WE HAVE SHOWN ON THE REDUCTION IN NORMAL
FORCE PROVIDED BY THESE ADDITIVES UNDER THESE HIGH SHEAR
AND STRESS CONDITIONS IS A MEANS OF EXPLAINING THE
TECHNOLOGICAL UNDERPINNINGS OF OUR APPROACH TO
PRODUCING REDUCED TEMPERATURE MIXTURES.



WHAT NEEDS TO BE
DONE NEXT

NEED TO EVALUATE MAXIMUM LEVEL OF RAP THAT CAN
BE USED (AS HIGH AS 30% SO FAR)

NEED TO EVALUATE THE RATE AT WHICH RAP BINDER
INTERACTS WITH NEAT BINDER

MOISTURE SENSITIVITY STUDY NEEDED TO EVALUATE THE
NEED FOR CONTINUING ADDITION OF ANTI-STRIP GIVEN THE
FACT THAT NO ADDITIONAL WATER IS ADDED.

AGING STUDY NEEDED TO EVALUATE THE RATE AT WHICH
MIX STIFFNESS MODULUS INCREASES RELATIVE TO INITIAL
MODULUS AND COMPARED TO SAME MIX PRODUCED AT
TYPICAL HOT MIX TEMPERATURES

— WE HAVE BEGUN THIS LOOKING AT WET & DRY HAMBURG
RESULTS ON MIXES AGED AT 85°C IN FORCED DRAFT OVEN.
FIVE DAYS HAS RESULTED IN SUBSTANTIAL REDUCTION IN
RUTTING AT 58°C COMPARED TO MIX TAKEN DIRECTLY FROM
PLANT. BINDER NEEDS TO BE EXTRACTED AND PG GRADED.
FEWER DAYS OF AGING NEED TO BE INVESTIGATED






