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Rejuvenating Fog Seals - Overview
• Rejuvenating Fog Seals

• Fill voids and small cracks at surface of the pavement.
• Protect pavement surface from oxidative aging.
• Rejuvenator allows for more penetration and improves flexibility of pavement surface.

Rejuvenating Fog Seal Expectations | RoadResource

https://roadresource.org/treatment_resources/rejuvenating_fog_seal/about_expectations#tqm-main


Rejuvenating Fog Seals - Products
NCAT Test Track Rejuvenating Fog Seal Study

Evaluation of Rejuvenating Fog Seals

https://eng.auburn.edu/research/centers/ncat/newsroom/2019-spring/fogseals.html


Rejuvenating Fog Seals - Specifications
FAA P632: Asphalt Pavement Rejuvenation • Evaluation based on extracted 

binder properties from the top 
9.5 mm of pavement core.

• Extraction – ASTM D2172 
Method A (Toluene)

• Recovery – ASTM D1856 
(Abson) or ASTM D5404 
(Rotary Evaporator)

• Supplier required to provide 
documentation that softening 
effect remains in place for two 
years.



Rejuvenating Fog Seals - Specifications
FAA P632: Asphalt Pavement Rejuvenation

• Acceptance cores taken 30 to 45 days after 
treatment.

• Warranty allows owner to take cores up to 2 
years after treatment. 

Evaluation of Rejuvenating Fog Seals

https://eng.auburn.edu/research/centers/ncat/newsroom/2019-spring/fogseals.html


Rejuvenating Fog Seals - Challenges 
• Specification emphasizes softening.

• Softening ≠ Rejuvenation

• Primary goal of rejuvenating additives is to improve durability.
• Asphalt research community has proposed many different properties to 

assess durability.  (GRP, ΔTc, δ at constant G*, etc.)

• Lack of direct method to identify aging resistance.
• What properties provide the best performance?

• Softening? Aging Resistance? Combination?



Additive Aging Resistance Study
• Objective

• Evaluate aging resistance of various additives using a laboratory produced 
“RAP Binder”

• Published in 2016 E&E Congress (320_paper_con_abstract.pdf)

• Additives
• Plant sterols, three commercially available bio-based rejuvenating oils.

• Conditioning
• Blends were tested at 0-, 20-, 40- and 60-hour PAV aging

• Primary evaluation parameter
• T-m critical = Failure temperature of low temperature m-value.

https://www.eurasphalt.org/wp-content/uploads/2023/02/320_paper_con_abstract.pdf


Additive Aging Resistance Study
• Manufactured RAP Binder

• PG 58S-28 aged for 72 hours at 135°C and at equivalent film thickness of PAV 
aging method.

• Oven aging used to produce sufficient quantity of material.



Additive Resistance Study – 4mm DSR
Direct 

Measurement – 
4mm PP

Effect of Aging
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1. Anderson, et al., “Binder Characterization and Evaluation – Volume 3:  Physical Characterization.” SHRP A-369 
Report, National Research Council, 1994.

2. Farrar, Sui, et al. 4 mm Plate Development – TRB 2011, 2012, Eurobitume 2012 and others.



Additive Resistance Study – 4mm DSR
Test Data Transferred to ABATECH ® RHEA 

Software
Data is reduced to construct master-curve.  For LT 
PG evaluation, G(t) and m-value determined using 
reference temperatures:
• Target BBR Temp -6
• Target BBR Temp.
• Target BBR Temp +6

4mm DSR to BBR Conversion Factors (based on 
WRI work)
• S(60) = 300 Mpa, G(60) = 143 MPa
• m(60) BBR = 0.300, m(60) DSR = 0.275



Additive Aging Resistance Study
Effect of %Sterol 
(2.5% to 12.5%)

• Slope determined from 
linear fit of data set.

• At ~7.5% Sterol aging 
sensitivity reduced by 
100%.



Additive Aging Resistance Study
Sterol vs. Bio Additives

• 3 Additives Coded: Gamma, 
Sigma, and Zeta

• Bio-Additives aged at a rate 
equal or greater than 
untreated asphalt.

• Zeta/Sigma higher dose to 
achieve grade. High dose 
ages faster (0.5 deg/PAV hr).

• 10% Sterol aging curve 
virtually flat.



Additive Aging Resistance Study
Sterol  + Bio Additives

• Products used in 
combination reduced 
aging rates.

• Potential to further 
optimize.



Rejuvenating Fog Seal Study
• Objective

• Evaluate aging resistance of conventional fog seal and fog seal containing 
sterols. 

• Materials
• Control:  Untreated mixture surface
• CQS-1h (D2397) lab produced with PG 64-22 asphalt.
• CQS-1h + 5% Sterol (D2397). Lab produced. Sterol was blended with base 

asphalt prior to emulsification.



Rejuvenating Fog Seal Study
• Asphalt Mix Design

• 12.5 mm NMAS, Medium Traffic (3-8 Million 
ESALs). Designed to Wisconsin DOT 
Specifications.

• Total opt AC content = 5.6%, 20% Binder 
Replacement from RAP.

• Sample Preparation
• Compacted to 6-8% air void target in Gyratory 

Compactor.
• Sample Height = 95 mm



Rejuvenating Fog Seal Study
• Fog Seal Applied at 0.91 L/m2 (0.2 gal/SY)
• Samples inserted into PVC pipe sleeves to 

maintain sample geometry during aging.
• Oven Aging at 75°C up to 152 days.

• Sampled at 27, 60, 90, and 152 days of aging.

• Top 12.5 mm extracted and recovered:
• 25mm DSR:  High temperature grade
• 4mm DSR: LT PG, ΔTc, R Value



Rejuvenating Fog Seal Study  - High 
Temperature Grade
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Rejuvenating Fog Seal Study  - High 
Temperature Grade
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Rejuvenating Fog Seal Study  - M-critical
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Rejuvenating Fog Seal Study  - ΔTc
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Rejuvenating Fog Seal Study  - R Value
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Rejuvenating Fog Seal Study – ΔTc vs. R Value

y = -10.238x + 25.553
R² = 0.905
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• Strong relationship is 
expected, both are shape 
parameters.

• ΔTc = 5°C ~ R Value = 3.00



Rejuvenating Fog Seal Study  - Approach to 
Evaluating Treatments
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1. Define Quality Indicators for 
Properties:
• HT PG:  88°C. 1.5 grade increase 

from starting point (80.5°C).
• M-critical = -22°C, one grade 

warmer than PG 58S-28 climate.
• ΔTc = -5.0°C, established limit.
• R-value = 3.0, corresponds to ΔTc 

= -5.0
2. Evaluate result of treated sample at 

152 days aging to corresponding 
aging time of untreated sample.



Rejuvenating Fog Seals – Evaluating 
Treatments

Parameter Limit
Oven Aging Time to Limit, hrs

Untreated CQS-1h CQS-1h + 
Sterol

HT PG (2.2 kPa Limit) 88°C 66 68 (+2) 76 (+10)
M-Critical -22°C 48 52 (+4) 70 (+12)
ΔTc -5.0°C 50 50 90 (+40)
R-Value 3.00 48 60 (+12) 100 (+52)

• Values in brackets represent the increase in oven aging time relative to the 
untreated samples.

• More oven aging time may correspond to longer effectiveness.



Rejuvenating Fog Seals – Evaluating 
Treatments

Treatment

HT PG (2.2 kPa Limit) m-critical ΔTc R Value

152 Days 
Aging

Aging 
Time

152 Days 
Aging

Aging 
Time

152 Days 
Aging

Aging 
Time

152 Days 
Aging

Aging 
Time

Untreated 111.8 N/A -5.7 N/A -14.9 N/A 3.94 N/A

CQS-1h 104.5 125 -10.1 128 -11.8 125 3.66 124

CQS-1h + Sterol 101.9 115 -12.8 113 -9.1 101 3.30 90

• Aging time is equivalent time on the untreated curve.
• CQS-1h ~ 25 hour aging, CQS-1h + Sterol from 40 to 60 hours aging.



Conclusions
• Material selection based on softening may not be sufficient for 

rejuvenating fog seals.
• Binder aging study: Additives age at different rates/effect of concentration.
• Rejuvenating fog seal study: Change in HT PG was least discriminating.

•  Age retarding benefit of sterol chemistry was evident in both 
studies.

• Non-traditional recycling agent from the perspective of initial reduction in 
PG.

• Sterol treated emulsion improved top 12.5 mm of mixture.
• Improvements observed at both intermediate and long-term aging stages.



Recommendations
• Integrate recent research findings into rejuvenating seal 

development.
• Focus of these treatments is to improve durability (i.e. flexibility) of the 

pavement.
• New durability parameters have been defined and implemented.

• Consider aging resistance into future materials selection protocols.
• Opportunity to differentiate market between softening additives and those 

that provide additional benefit.

• Expand investigation to other treatments and/or combinations of 
additives.



Thank you!
Andrew Hanz, PhD, PE

MTE Services
Andrew.hanz@mteservices.com

mailto:Andrew.hanz@mteservices.com
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