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Motivation and objective

Nowadays, the main challenge for the road construction companies is to produce performant, durable and safe road pavement materials which resist to traffic solicitations. Road pavement is submitted to thermo-oxidative ageing which is one of the main factors affecting durability [START_REF] Airey | State of the Art Report on Ageing Test Methods for Bituminous Pavement Materials[END_REF][START_REF] Lu | Effect of ageing on bitumen chemistry and rheology[END_REF]. Without a regular maintenance, it leads to a local deterioration of the surface layer including cracking, raveling and potholes. It is also necessary to gain knowledge on the evolution of materials properties after ageing to better predict durability and ageing resistance of road pavement materials for pavement design. During the pavement service life, bitumen ageing is quite complex and depends on several parameters like the void content [START_REF] Al-Qadi | Reclaimed asphalt pavement -A literature review[END_REF], the pavement layer depth or the layer composition [START_REF] Dony | MURE National Project : FTIR spectroscopy study to assess ageing of asphalt mixtures[END_REF]Wang et al., 2014). On surface courses, bitumen is particularly exposed to climatic conditions (UV, temperature) and oxygen from air. This chemical ageing leads to the increase of carbonyl (C=O) and sulfoxide (S=O) functions in bitumen, to a general composition modification as well as to an increase of rheological properties. Therefore, to assess the bitumen properties after ageing, the common method consists in extracting the hydrocarbon binder from the asphalt mixture using a chlorinated solvent [START_REF] Ziyani | Bitumen extraction and recovery in road industry : A global methodology in solvent substitution from a comprehensive review[END_REF]. Binder properties are then measured through several approaches including consistency approach , rheological approach as well as chemical approach [START_REF] Hofko | Effect of short-term ageing temperature on bitumen properties[END_REF][START_REF] Lopes | Characterization of aging processes on the asphalt mixture surface[END_REF][START_REF] Lu | Effect of ageing on bitumen chemistry and rheology[END_REF]. Among these tests, the determination of carbonyl and sulfoxide indices is largely used [START_REF] Mouillet | Identification et dosage des fonctions oxygénées présentes dans les liants bitumineux. Analyses par spectrométrie infrarouge à transformée de Fourier[END_REF] because carbonyl and sulfoxide functions are relevant infrared markers of the bitumen ageing using Fourier Transform Infra Red spectroscopy [START_REF] Poulikakos | Influence of short and long term aging on chemical, microstructural and macromechanical properties of recycled asphalt mixtures[END_REF]. However, this method needs an extraction step that is solvent-consuming and may, by dissolution, modify binder internal structure [START_REF] Stimilli | New method to estimate the "re-activated" binder amount in recycled hot-mix asphalt[END_REF] and induce structural modification in molecular weight [START_REF] Themeli | Molecular structure evolution of asphaltite-modified bitumens during ageing ; Comparisons with equivalent petroleum bitumens[END_REF]. The objective of the paper is also to develop a novel method to in situ assess the ageing state in road pavement asphalt mixtures. The selected approach consists in characterizing local chemical properties of compacted asphalt mixtures by measuring microscopic oxidation properties with infrared microscopy in imaging ATR (Attenuated Total Reflectance).

Materials and method

Materials

To simulate different oxidation states, asphalt mixtures incorporating RAP (Reclaimed Asphalt Pavement) were produced in laboratory using a BBmax MLPC® according to the EN 12697-35 standard. A first asphalt mixture, H40, was manufactured according to a hot mix process and contains 40 % RAP. As a higher RAP content leads to a higher oxidation, two other asphalt mixture formulations, H100 and W100, were then tested. 100 % RAP materials were mixed to a virgin binder amount according to hot (H) and warm (W) processes. All formulations were mixed during 120 seconds and compacted to obtain slab samples. Several slab cuts were performed under a cold water flow, up to the core to obtain a non-polluted asphalt mixture specimen displaying specific 20 × 5 × 20 mm 3 dimensions.

Infrared microscopy method

An infrared microscope (Spotlight 400 from Perkin Elmer) was used with an ATR (Attenuated Total Reflectance) accessory. A description of the apparatus is available in (Vassaux et al., 2018a). The chemical characterization was performed on a refined zone (200 × 100 µm²) of the intergranular bituminous mastic. For the analysis of the H40 sample, the bitumen spatial repartition (1A) and the aged binder spatial repartition (1B) were obtained by respectively integrating the ethylene function area (between 2995 and 2760 cm -1 ) and the carbonyl function area (between 1720 and 1665 cm -1 ). On figure 1A, spectra 2 and 3 confirm namely differences in bitumen concentration (Peak area = 0,042 > 0.003) whereas spectra 4 and 5 confirm the differences in the carbonyl function concentration (1B) (Peak area = 12.7 10 -4 > 5.4 10 -4 ). To assess the bitumen oxidation on the 2D infrared map, a specific methodology has been developed to discuss oxidation variations for a same bitumen concentration (Vassaux et al., 2018b): the bitumen map (figure 1A) was firstly divided into three zones of 20 × 20 µm² (black dotted lines) displaying a similar ethylene function absorbance (equals to 0.040 ± 0.002), these defined zones were similarly focused on the carbonyl spatial repartition (figure 1B). The reduced zones on figure 1B were converted into micro carbonyl absorbance matrixes where each carbonyl absorbance value was integrated from a spectrum defined on a 1.56× 1.56 µm² pixel. A statistical treatment was performed to classify micro carbonyl absorbance values into defined intervals. From this treatment, statistical curves were computed and compared. A CPA (for Curves Peaks Average) indicator was finally calculated from carbonyl absorbance maxima observed on the statistical curves. For the H40 analysis, CPA equals to (8.5 + 9.5 + 10.5) 10 -4 divided by 3, that is to say 9.5.10 -4 . It allows characterizing the averaged oxidation state of analyzed zones.

B

Findings and perspectives

Figure 2 shows statistical curves and respective curves peaks averages (CPA) for the analysis of H40 (2A), H100 (2B) and W100 (2C) asphalt mixture specimens. show that three tested asphalt mixtures formulations aren't equivalent in term of oxidation properties. For a similar incorporated RAP content (2B and 2C), the difference between respective CPA values highlights variations in the degree of blending: the CPA indicator also allows indirectly assessing the degree of remobilization of the aged RAP binder which is available in the mix. Thus, the hot-mix process (2B) improves the RAP aged binder ability to interact and mix with the virgin binder.

Therefore, this statistical "chemomap" methodology leads to better assess the interaction degree between RAP and virgin materials in recycled asphalt mixtures.

As the method is solvent-free, the study opens also novel research perspectives to characterize the oxidative ageing state on fresh extracted compacted materials and to assess the influence of some additives (rejuvenators, bio-oils...) on the ageing resistance of asphalt mixtures. New research ways can be also developed concerning the coupling between microscopic oxidation properties and micro-cracks which may lead to a reduction of fatigue resistance and durability at long term.

Figure 1 :

 1 Figure 1: Spatial repartitions of the ethylene (A) and the carbonyl (B) functions for the infrared analysis of a H40 compacted asphalt mixture surface

Figure 2 :

 2 Figure 2: Statistical curves comparison referring to the analysis of H40 (A), H100 (B) and W100 (C) asphalt mixture surfaces On figure 2, some differences are observed in the quantification of microscopic carbonyl function absorbance in the mixes. For the H40 specimen (2A), all statistical curves are Gaussian and centered around a CPA value of 9.5 10 -4 . Statistical curves are more enlarged for the H100 specimen (2B) which presents a similar average oxidation (CPA of 10.8 10 -4 ). For the 100 % warm-mix asphalt mixture, W100, statistical curves are always enlarged and are more oriented to low micro carbonyl absorbance values than H100 ones, what is confirmed by the low CPA value of 4.7 10 -4 (figure 2C). Based on curves shapes and CPA values, resultsshow that three tested asphalt mixtures formulations aren't equivalent in term of oxidation properties. For a similar incorporated RAP content (2B and 2C), the difference between respective CPA values highlights variations in the degree of blending: the CPA indicator also allows indirectly assessing the degree of remobilization of the aged RAP binder which is available in the mix. Thus, the hot-mix process (2B) improves the RAP aged binder ability to interact and mix with the virgin binder.