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Background for the Study

AOxidative Aging
AAsphaltenes and Maltenes (P
NASs, Saturates)
ARejuvenators

AApplication of Rejuvenators
AEncapsulation of rejuvenator:

Initial State Plastic Deformations Micro-Damage Macro-Damage
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Ref. Navarro et al, 2016
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Concept of Microcapsule encapsulation
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Figure: (a) the structure of asphalt consistingof bitumen and aggregates (b)
microcrackgenerationand microcapsuledroken and (c) the selfhealingof aged
bitumen by leakedrejuvenatorwith the help of diffusionand capillarityactions

Ref. Jun-Feng Su et al, 2016



Methodology

Laboratory synthesis of
Microcapsule encapsulated
rejuvenator

Check for Thermo-mechanical
properties

Mo

satisfied

Preparation of Bituminous mixes
(0, 0.5 & 1% of capsules)

l Ageing (UA, STA & LTA)

Mz Performance Tests
(ITS, ISR, MR, Creep, SARA, Healing Index)

Steps for Microcapsule
Preparation

Step 1: Preparinghe SodiumAlginateSolution

Step 2: Mixingwith RejuvenatoiOll

Step 3: Droppinginto the Hardener(CaC))

Step 4: CrossLinking(BeadFormation)
Step 5: Collectinghe Capsules
Step 6: Drying

Figure: Laboratory Synthesized Calcium

Alginate Capsules.
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Physical Properties of Microcapsules
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Figure: TGA Analysis
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Figure : (a) PreheatedAggregates(b) blendingof bitumen with PreheatedAggregates(c)
Addition of microcapsulesto asphalt mix, and (d) compacted specimen containing

microcapsuleshitumen,andaggregates

Table: Properties of the bitumen used

ASTM D 3614
ASTM D 1137
ASTM D5M20

Reference Standard m

51.6
>100
42.44
1.06
463
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Figure: Gradation for Bdl Mix Used.

Table: Properties of the coarse aggregates used

Property Reference Standard m

Combined Index (FI+EI) IS 2386 (Part 1):1963 31.04
Aggregate Impact Value 1S 2386 (Part 4):1963 18.03
Los Angeles Abrasion IS 2386 (Part 4):1963 26.30

Value



Distribution of Capsules within Mix

Figure: FDXMIRCC Fotibimensional Xay
Microscopy (FDXM)

Figure: 3D rendering of asphalt mix sample



Performance Test Results
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Figure: Variation of ITS (in Kpa) @gZ5with a
percentage increase in microcapsules addition

Figure: Variation of TSR(in %) with a percentage

Increasein microcapsuleaddition




Performance Test Results
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Figure: Dynamic creep test results for unaged
asphalt mixes with 0%, 0.5%, and 1% of
microcapsules.

Figure: Dynamic creep test results for STAFigure: Dynamic creep test results for LTA
asphalt mixes with 0%, 0.5%, and 1% of asphalt mixes with 0%, 0.5%, and 1% of
microcapsules. microcapsules.



Performance Test Results

Resilient Midulus (MR), MPa
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Figure: Variation of Resilient Modulus with a percentage

Increase in microcapsules addition
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Healing Index

Avg. Healing Index, %
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Figure: Healinglndextest resultsfor STA& LTAasphaltmixeswith 0%
0.5% and 1%of microcapsules
HI=(F, /F,)x100

where:

F,isthe criticalload at fracture after the healingprocessand
Fisthe initial criticalload at fracture.




Conclusions

ACapsules (Calcium alginate with rejuvenator oil) showed: High thermal
stablility (up to 200C), Adequate strength (18 N) to survive mixing and
compaction

ANo significant impact on volumetrics or moisture resistance, Slight decrea
IN resilient modulus at higher dosages

ASARA analysiss howed i mproved bitumen ch
asphaltenes - better flexi bility

AMinimal effect on rutting despite a slight increase in permanent strain
AUpto 60% healing was observed in LTA samples with 1% dosage of capst
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Limitations & Challenges
ALack of longerm field performance data

AWorked on Limited Rejuvenators with Limited Dosage
ACost and scalability of advanced materials
AAgency acceptance and specifications

Way Forward

APilot test sections under Indian climatic conditions
ALife-cycle cost analysis for technology selection
ADevelopment of guidelines and specifications
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