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This thesis studies the feasibility of using fly ash (FA) geopolymer to stabilize
recycled asphalt pavement (RAP) to be a pavement material. Liquid alkaline activator
(L}, a mixture NaOH and Na;SiO; was used to synthesis RAP-FA geopolymer, while
RAP-FA blend, a mixture of RAP, FA, and water, was prepared as a control material.
The investigation consists of three main laboratory engineering programs to cover
requirements for the base/subbase material. First, the strength development of these
materials was investigated. Second, a durability against wetting-drying (w-d) cycles
of these materials was studied. The strength characteristic of these materials was
determined by unconfined compression strength (UCS) test. X-ray diffraction (XRD)
and scanning electron microscopy (SEM) analyses is used to analyze the UCS and
microstructural changes of these materials. Finally, the leachability of the heavy
metals is measured by Toxicity Characteristic Leaching Procedure (TCLP) to verify
the risk of using the stabilized pavement materials. The UCS results show that RAP-
FA blend can be used as a base course material as its UCS meets the strength
requirement specified by road authorities, Thailand. The UCS of RAP-FA blend

increases with time because the reaction between high calcium in RAP and the silica
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and alumina in FA form Calcium Aluminate Silicate Hydrate (C-A-S-H). At 7 days
and room temperature curing, XRD and SEM analyses show that Jlow
geopolymerization products in RAP-FA geopolymer are detected when only NaOH is
used as L, hence its UCS is lower than of RAP-FA blend. With mcreasing curing time
and temperature, NaOH solution dissolves more silica and alumina from FA in the
geopolymerization reaction, hence the UCS development. The highly soluble silica
from Na;SiO; incorporates with leached silica and alumina from FA into a N-A-S-H
gel and co-exists with C-A-S-H, hence the UCS values of RAP-FA geopolymer
increase with decreasing NaOH/Na)SiOs ratio. The durability test results show the
UCS of these materials increase with increasing the number of w-d cycles (C),

reaching its peak at 6 w-d cycles. The microstructural analyses indicate the increased

UCS of thése materials is duc to stimulation of the chemical reaction during w-d
cycles leading to generate more C-A-S-H and N-A-S-H. The macro- and micro-cracks
when C > 6 cause strength reduction of these materials. A better durability
performance is observed when RAP-FA geopolymers are prepared with higher NaOH
content that can be attributed to formation of a stable cross-linked alumino-silicate
polymer structure. TCLP results demonstrated that there is no environmental risk for
both RAP-FA blends and RAP-FA geopolymers in road construction. Moreover, the

geopolymer binder reduces the leaching of heavy metal in RAP-FA mixture. This

research study confirms the viability of using RAP-FA blends and RAP-FA

geopolymers as an alternative stabilized pavement material.
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