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Mixing rice husk ash into asphalt can not only avoid resource waste, but also improve the performance of asphalt. 

However, the incineration temperature of rice husk ash affects its activity, which in turn affects the performance of its 

modified asphalt. To investigate the influence of rice husk ash (RHA) prepared at different incineration temperatures on 

its properties and the performance of its modified asphalt, the amorphous SiO2 content in RHA was determined using X-

ray fluorescence spectrometry (XRF) and X-ray diffraction (XRD). Additionally, the microstructure of RHA was analyzed 

through scanning electron microscopy (SEM). RHA obtained at different incineration temperatures was utilized in the 

base asphalt as an additive to produce rice husk ash modified asphalt (RHAMA), and the high and low temperature 

performance, temperature sensitivity, and creep recovery of RHAMA were evaluated by the dynamic shear rheology 

(DSR) test, the bending beam rheology (BBR) test, and the multi-stress creep recovery (MSCR) test. These results were 

combined with microscopic analyses of RHA to assess the impact of incineration temperature on the performance of 

RHAMA. The findings reveal that when the calcination temperature exceeds 600 ℃, the amorphous SiO2 in RHA 

transitions to a crystalline phase. The incorporation of RHA enhances the high temperature performance and creep 

recovery of the base asphalt but reduces its temperature sensitivity and low temperature performance. As the incineration 

temperature of RHA increases, the high temperature performance and creep recovery of RHAMA decline, while 

temperature sensitivity and low temperature performance improve. The optimal calcination temperature for RHA is 

600 ℃, at which the amorphous SiO2 content is maximized, resulting in the most significant improvement in the 

performance of the base asphalt.  

Keywords: rice husk ash, incineration temperature, rice husk ash modified asphalt, high and low temperature performance, 

creep recovery performance. 
 

1. INTRODUCTION 

The increasing vehicle axle loads, rising traffic volumes, 

and construction or design errors contribute to various forms 

of asphalt pavement damage, including rutting, fatigue 

cracking, low temperature cracking, and water damage, all 

of which significantly reduce pavement serviceability [1]. 

These pavement distresses not only escalate road 

maintenance costs but also shorten the service life of roads. 

Asphalt, serving as the binding material in asphalt mixtures, 

plays a critical role in determining the mechanical properties 

of these mixtures and is directly linked to the occurrence of 

asphalt pavement diseases [2]. However, conventional 

matrix asphalt increasingly fails to meet the growing 

demands for road performance, necessitating its 

modification to effectively enhance the mechanical 

properties of asphalt mixtures. In recent years, a wide range 

of asphalt modifiers, including recycled rubber products, 

fillers, fibers, catalysts, polymers, and various additives, 

have been employed to improve the performance of matrix 

asphalt [3]. 

Amidst the growing scarcity of natural resources and 

increasingly severe environmental challenges, greater 

attention is being directed toward the utilization of industrial 

and agricultural waste materials [4]. Incorporating these 
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waste materials into asphalt pavements not only promotes 

resource recycling and conserves natural resources but also 

reduces project costs and minimizes environmental harm. 

Research has demonstrated that various waste materials, 

such as shells, reclaimed aggregates, glass, waste bricks, 

discarded tires, and recycled asphalt mixtures [5 – 9], have 

been successfully repurposed as aggregates, fillers, and 

modifiers in asphalt mixtures. 

Rice is the most extensively cultivated crop globally, 

and rice husk, a significant by-product of rice processing, is 

often discarded due to its limited utilization potential [10]. 

Researchers have discovered that rice husk ash (RHA), 

produced after burning rice husk, contains 15 % to 20 % 

SiO2 by weight. Under specific incineration conditions, the 

majority of the SiO2 in RHA exists in an amorphous form, 

exhibiting high pozzolanic activity. This makes RHA an 

ideal candidate for use as a modifier or reinforcing agent in 

asphalt-based or cement-based materials [11, 12]. Despite 

its potential, the application of RHA in road engineering, 

particularly as an additive to asphalt, remains an emerging 

area of research. Alaaeldin et al. [13] demonstrated that 

RHA enhances the high temperature performance of asphalt. 

Furthermore, they found that a composite modification of 

asphalt using RHA and rubber particles outperformed 



asphalt modified with either RHA or rubber particles alone. 

Lu et al. [14] utilized a mixture of RHA and styrene-

butadiene-styrene (SBS) as a bio-additive to prepare 

SBS/RHA composite modified asphalt. Their study 

revealed that the viscosity and softening point of the 

modified asphalt increased with higher RHA content, while 

ductility decreased. Based on these findings, they 

recommended that the RHA dosage should not exceed 15 %. 

Xue et al. [15] compared RHA with woodchip ash and found 

that RHA provided superior improvements in the physical 

properties of asphalt. Fareed et al. [16] confirmed that RHA 

contains a significant amount of highly reactive amorphous 

SiO2, which, when used in modified asphalt, significantly 

enhances the resistance of asphalt mixtures to water damage, 

with negligible adverse effects on fatigue properties. 

Arabani et al. [17] reported that the incorporation of RHA 

improves the rheological properties of asphalt. Additionally, 

RHA positively influenced Marshall stability, strength 

modulus, high temperature stability, and fatigue properties 

of asphalt mixtures. 

In summary, the use of RHA as an additive in modified 

asphalt has been shown to significantly enhance asphalt 

properties. To date, researchers have made substantial 

progress in the field of rice husk ash modified asphalt 

(RHAMA). However, limited attention has been given to 

the activity of RHA as a critical factor influencing the 

performance of modified asphalt. The activity of RHA is 

influenced by various preparation conditions, such as acid 

leaching treatment, heating rate, and incineration 

temperature [18, 19], and this activity directly impacts the 

performance of modified asphalt [20]. Among these factors, 

incineration temperature is the most significant [21]. 

Therefore, the study on the influence of incineration 

temperature of rice husk ash on its activity and the 

properties of modified asphalt is novel and necessary. 

Building on this foundation, this study aims to explore 

the influence of RHA incineration temperature on its 

activity and the properties of modified asphalt. First, RHA 

was prepared under varying incineration temperature 

conditions. The amorphous SiO2 content was determined 

using X-ray fluorescence (XRF) analysis and X-ray 

diffraction (XRD) patterns, while the microstructures of 

RHA were examined through scanning electron microscopy 

(SEM) images. Subsequently, RHA produced at different 

incineration temperatures was incorporated into base 

asphalt to produce RHAMA. The effects of RHA 

calcination temperature on the high- and low temperature 

performance, temperature sensitivity, and creep recovery 

properties of RHAMA were evaluated using dynamic shear 

rheology (DSR), bending beam rheology (BBR), and multi-

stress creep recovery (MSCR) tests. The underlying 

mechanisms were analyzed by correlating these results with 

the microscopic test data of RHA. This research provides 

theoretical support for further enhancing the activity of 

RHA, offering significant insights into promoting the 

sustainable utilization of RHA in cementitious materials. 

2. EXPERIMENTAL 

2.1. Raw materials 

The matrix asphalt used in this study was 70# base 

asphalt supplied by SK Energy in South Korea, with its key 

performance indicators listed in Table 1. The rice husks 

were sourced locally from Harbin, Heilongjiang Province, 

and the hydrochloric acid used was a 5 % mass fraction 

dilute solution produced by Shanghai Sinopharm Group 

Chemical Reagent Co. Ltd., China. 

Table 1. Main performance indicators of matrix asphalt 

Norm 

Penetration at 

25 ℃, 

0.1 mm 

Elongation at 

10℃, cm 

Softening 

point, ℃ 

Density at 

15℃, 

g/cm2 

Test 

results 
66.2 24.1 47.0 1.027 

2.2. Preparation of RHA and its modified asphalt 

The preparation process of RHA is illustrated in Fig. 1. 

First, rice husks were immersed in a hydrochloric acid 

solution under constant stirring and soaked for 1 h to 

thoroughly remove impurities. The acid-treated rice husks 

were then rinsed repeatedly with distilled water until the 

rinsing solution reached a neutral pH. After rinsing, the rice 

husks were dried in an oven. Subsequently, the dried rice 

husks were calcined in a muffle furnace for 2 h at 

temperatures of 600 ℃, 700 ℃, and 800 ℃. To prevent the 

transformation of amorphous SiO2 into a crystalline state, 

the calcined rice husks were rapidly cooled in an ice-water 

mixture at 0 ℃. Finally, the cooled rice husks were dried 

and ground into a fine powder, yielding RHA samples 

calcined at 600 ℃, 700 ℃, and 800 ℃, respectively. 

 

Fig. 1. Preparation process of RHA 

Research has demonstrated that the application of RHA 

in modified asphalt is not optimal at higher dosages; rather, 

a dosage ratio of approximately 7 % (by mass of the matrix 

asphalt) results in RHAMA with superior performance 

[10, 13, 14, 16, 17]. Therefore, in this study, RHAMA was 

prepared using an RHA dosage of 7 % (by mass of the 

matrix asphalt). The preparation process of RHAMA is 

illustrated in Fig. 2. First, the matrix asphalt was heated to a 

flowing state, and a measured amount was poured into a 

beaker. The beaker was then placed in a 160 °C oil bath for 

temperature control. Next, the pre-weighed RHA was added 

to the beaker, and the mixture was thoroughly stirred. High-

speed shearing was initiated at a rate of 5,000 rpm for 

30 minutes, followed by a 1 h solubilization period. Finally, 

the RHAMA was obtained. The matrix asphalt and RHAMA 

mixed with RHA calcined at 600 °C, 700 °C, and 800 °C 

were labeled as samples a, b, c, and d, respectively. 



 

Fig. 2. Preparation process of RHAMA 

2.3. Experimental methodology 

2.3.1. X-ray fluorescence spectroscopy (XRF) 

The chemical composition of RHA at different 

calcination temperatures was determined using an X-ray 

fluorescence spectrometer (ZSX primus Ⅱ) manufactured 

by Rigaku, Japan. 

2.3.2. X-ray diffraction (XRD) 

The crystal structure of RHA was characterised using 

an X-ray diffractometer (D8 ADVANCE) from Bruker, 

Germany, in order to analyse the effect of calcination 

temperature on the amorphous SiO2 content of RHA, with a 

scanning range of 2θ = 5° ~ 80° and a scanning speed of 

5°/min. 

2.3.3. Scanning electron microscope 

The microscopic morphology and structure of RHA 

were observed by a field emission scanning electron 

microscope (Inspect S50) manufactured by FEI, USA, with 

an accelerating voltage of 20 kV, and the surface of the 

sample was sprayed with gold. 

2.3.4. Dynamic shear rheology test 

The high temperature rheological properties of 

RHAMA samples were investigated using a DHR-2 

dynamic shear rheometer manufactured by TA, USA. The 

test method refers to AASHTO T315-2008, a circular rotor 

with a diameter of 25 mm and a spacing of 1 mm between 

the plates was used. The sample was first heated to a fluid 

state and then poured into a polytetrafluoroethylene mould, 

and then the sample was cooled to a solid state and taken out 

for use, as shown in Fig. 3. 

 

Fig. 3. DSR test samples 

The sample was then placed between the plates of the 

instrument, and the temperature scanning test was started 

after the heat preservation was completed. The temperature 

interval was from 46 ℃ to 76 ℃ with a temperature 

gradient of 6 ℃. 

2.3.5. Bending beam rheology test 

The low temperature properties of RHAMA were 

determined using a WXBBR-3Pro type bending beam 

rheometer produced by Hunan Wangxuan Technology Co. 

Ltd., China. The test method was based on the relevant 

provisions in AASHTO T313-2009, and the test 

temperatures were set at –12 ℃, –18 ℃ and –24 ℃. 

2.3.6. Multi-stress creep recovery test 

A dynamic shear rheometer of the same type as the DSR 

test and the sample preparation method were used, and the 

test method was referred to AASHTO T350-2014, a circular 

rotor with a diameter of 25 mm was selected, the clearance 

between the rotor and the steel plate was 1 mm, the shear 

stresses were taken as 0.1 kPa versus 3.2 kPa, and the 

temperature intervals were set from 46 ℃ to 76 ℃, with an 

interval of 6 ℃. The rheological behaviour of RHAMA was 

tested for 10 cycles of shear stress. Each cycle was 10 s, 

including 1 s of creep phase and 9 s of recovery phase. 

3. TEST RESULTS AND ANALYSIS 

3.1. Compositional analysis of RHA 

3.1.1. Chemical composition of RHA 

The chemical composition of RHA prepared at different 

calcination temperatures is shown in Table 2. 

Table 2. Chemical composition of RHA (mass content, %) 

Calcination 

temperature 
SiO2 Al2O3 Na2O P2O5 CaO MgO 

600 ℃ 94.57 1.21 0.21 0.22 0.35 0.92 

700 ℃ 94.74 1.41 0.22 0.21 0.33 0.85 

800 ℃ 94.78 1.24 0.21 0.22 0.36 0.80 

From the XRF test results, it is evident that the primary 

component of RHA is SiO2, constituting approximately 95 % 

of the total mass of the rice husk. The SiO2 content remains 

unaffected by variations in calcination temperature. 

Additionally, RHA contains trace amounts of metal oxides 

and phosphides, indicating that the acid leaching 

pretreatment effectively removes impurities, leaving 

minimal residual contaminants. 

3.1.2. Crystal structure analysis of RHA 

The XRD patterns of RHA prepared at different 

calcination temperatures are shown by Fig. 4. As shown in 

curve a of Fig. 1, a broad and relatively flat raised peak 

appears between 2θ = 18° and 28°, which is the 

characteristic peak of amorphous SiO2. This indicates that at 

a calcination temperature of 600 ℃, the SiO2 in RHA 

predominantly exists in an amorphous form [22]. Near 

2θ ≈ 22°, curves b and c exhibit a narrow and sharp peak of 

similar height, representing the characteristic peak of 

crystalline SiO2. This suggests that at calcination 

temperatures of 700 ℃ or higher, the amorphous SiO2 in 

RHA undergoes a crystalline transformation, converting 

into crystalline phases such as cristobalite and tridymite 



[22, 23]. Additionally, near 2θ ≈ 37°, curves b and c display 

a sharp peak with relatively low intensity, which may 

correspond to the crystalline transformation of other 

impurities present in the rice husk. 

 

Fig. 4. XRD patterns of RHA at different incineration temperatures 

Based on the XRF test results and XRD pattern analysis 

of RHA at different calcination temperatures, it is evident 

that at a calcination temperature of 600 ℃, the majority of 

SiO2 in RHA exists in an amorphous state, with a content of 

approximately 94.57 %. However, when the calcination 

temperature exceeds 600 ℃, the amorphous SiO2 in RHA 

undergoes a crystalline phase transition. To maximize the 

content of highly active amorphous SiO2 and align with 

energy-saving and emission-reduction goals, the optimal 

calcination temperature for RHA should be 600 ℃. 

3.1.3. Microstructural analysis of RHA 

SEM images of RHA prepared at calcination 

temperatures of 600 ℃, 700 ℃, and 800 ℃ are shown in 

Fig. 5. From the SEM images of RHA after calcination, it is 

observed that at a calcination temperature of 600 ℃, RHA 

exhibits a large specific surface area with a distinct laminar 

structure. When the calcination temperature increases to 

700 ℃, the laminar structure of RHA transforms into 

depressions and aggregates, with some depressions forming 

a cross-linking structure. As the calcination temperature 

rises further to 800 ℃, the laminar structure in RHA 

completely disappears and is replaced by irregularly shaped 

spheres. The surfaces of these spheres are covered by dense 

SiO2 films, indicating that the amorphous SiO2 in RHA 

gradually transitions into crystalline SiO2 as the calcination 

temperature increases. 

3.2. Performance analysis of RHAMA 

3.2.1. High temperature performance 

The DSR test simulates the forces exerted on asphalt in 

real pavement conditions by measuring the torque required 

during rotation and the shear strain of the asphalt. From 

these measurements, the complex modulus (G*) and phase 

angle (δ) of the asphalt can be calculated to evaluate its 

rheological properties. G* and δ together characterize the 

viscoelastic behavior of the asphalt. The complex modulus 

G* comprises the storage modulus (G' = Gcosδ), 

representing the elastic component, and the loss modulus 

(G'' = Gsinδ), representing the viscous component. 

 

a 

 

b 

 

c 

Fig. 5. SEM images of RHA with different calcination 

temperatures: a – 600 ℃; b – 700 ℃; c – 800 ℃ 

A smaller δ indicates that the asphalt exhibits more 

elastic behavior, suggesting greater resistance to 

deformation at high temperatures. Conversely, a larger δ 

reflects higher viscosity in the asphalt. Additionally, higher 

G* values combined with lower δ values indicate superior 

rutting resistance of the asphalt [24, 25]. The results of the 

DSR test for RHAMA are presented in Fig. 6. As shown in 

Fig. 6 a and b, at the same test temperature, the complex 

shear modulus of RHAMA is significantly higher than that 

of the base asphalt, while the phase angle of RHAMA is 

notably lower. This indicates that the incorporation of RHA 

enhances the high temperature performance of the asphalt. 

The improvement can be attributed to the porous structure 

of RHA, which absorbs the asphalt, strengthens the bonding 

between asphalt particles, and acts as a filler and reinforcing 

agent. These mechanisms collectively enhance the asphalt's 

resistance to high temperature deformation. 

Additionally, as observed in Fig. 6 a and b, the high 

temperature performance of RHAMA decreases as the 

incineration temperature of RHA increases. This 

demonstrates that the incineration temperature of RHA 

significantly influences the high temperature performance 

of the modified asphalt. As the incineration temperature 

rises, the amorphous SiO2 in RHA gradually loses its 

activity and transforms into crystalline SiO2. This transition 



weakens the adsorption capacity of RHA on the asphalt, 

thereby reducing the high temperature performance of the 

asphalt. 

 

a 

 

b 

 

c 

Fig. 6. DSR test results of RHAMA: a – complex modulus; 

b – phase angle; c – rutting factor 

The rutting factor (G*/sinδ) is used in the Superpave 

specification as an indicator of the resistance to permanent 

deformation in asphalt materials, serving as a key parameter 

to characterize high temperature performance. Fig. 6 c 

illustrates the relationship between the rutting factor and 

temperature for RHAMA. The results reveal that the rutting 

factor of RHAMA is significantly higher than that of the 

base asphalt at the same test temperature. This further 

confirms that RHA enhances the high temperature 

rheological properties of asphalt and improves its resistance 

to rutting. Moreover, within RHAMA, the rutting factor 

decreases as the incineration temperature of RHA increases. 

This indicates that higher incineration temperatures reduce 

the activity of RHA, diminishing its interaction with the 

asphalt and consequently lowering the high temperature 

rutting resistance of the modified asphalt. 

3.2.2. Temperature sensitivity 

The temperature sensitivity of asphalt refers to the 

extent to which its properties change with variations in 

temperature. When asphalt exhibits low temperature 

sensitivity, it indicates relatively minor changes in its 

properties across different temperatures, reflecting better 

thermal stability and temperature adaptability [26]. To 

evaluate the temperature sensitivity of RHAMA, the 

complex modulus index is used. This index is calculated by 

taking the logarithm of the complex modulus twice and then 

determining the slope of the curve representing the 

logarithmic change with respect to temperature. A smaller 

absolute value of the complex modulus index corresponds 

to lower temperature sensitivity in the asphalt. The complex 

modulus index was calculated as 

CTGTSG += lglglg , (1) 

where GTS is the complex modulus index; G* is the complex 

modulus, Pa; T is the test temperature, K; C is the constant. 

The results of the asphalt temperature sensitivity analysis at 

each RHA dosage are shown in Table 3. 

Table 3. Complex modulus index of RHAMA 

Groups GTS C R2 

a -3.4590 9.3523 0.9998 

b -2.4811 6.9524 0.9995 

c -2.8395 7.8271 0.9949 

d -3.1705 8.6372 0.9996 

As shown in Table 3, the R² value for asphalt at each 

RHA dosage exceeds 0.99, indicating a strong correlation 

between the complex modulus and temperature. The 

incorporation of RHA reduces the absolute value of the GTS, 

suggesting that the slope of the complex modulus versus 

temperature curve for RHAMA decreases, resulting in lower 

temperature sensitivity. This is attributed to the physical 

filling effect of RHA particles, which act as microaggregates 

within the asphalt, increasing its density and strength. This 

effect enhances the asphalt's resistance to high temperature 

deformation, thereby reducing its temperature sensitivity. 

Additionally, Table 3 reveals that the incineration 

temperature of RHA also influences the GTS value of the 

modified asphalt. As the incineration temperature of RHA 

increases, the absolute value of the GTS for the modified 

asphalt gradually rises, indicating higher temperature 

sensitivity. This occurs because RHA incinerated at 600 ℃ 

contains a significant number of active components, such as 

amorphous SiO2, which undergo chemical reactions with the 

asphalt colloids to form more stable macromolecular 

compounds. These compounds have high melting points and 

strong adhesion, making RHAMA less prone to flow and 

deformation at high temperatures, thereby reducing 

temperature sensitivity. However, as the incineration 

temperature of RHA increases, the amorphous SiO2 within 

RHA gradually transforms into a crystalline phase, which 

only interacts with the base asphalt through physical 

adsorption. This reduces the effectiveness of RHA in 



improving the temperature sensitivity of RHAMA. 

3.2.3. Low temperature performance 

The asphalt low temperature bending beam rheology 

(BBR) test, developed under the U.S. Strategic Highway 

Research Program (SHRP), is a widely used method to 

evaluate the low temperature performance of asphalt 

materials. This test typically employs two key parameters: 

the creep stiffness modulus (S) and the creep rate (m). The 

creep stiffness (S) reflects the flexibility of asphalt materials 

at low temperatures, with lower values of S indicating 

greater flexibility. The creep rate (m) describes the rate of 

change in stiffness over time and characterizes the stress 

relaxation capability of asphalt materials at low 

temperatures, where higher values of m indicate better stress 

relaxation capacity [27]. The results of the BBR test for 

RHAMA are presented in Fig. 7. 

 

a 

 

b 

Fig. 7. BBR test results of RHAMA: a – creep stiffness modulus; 

b – creep rate 

As illustrated in Fig. 7, at identical test temperatures, 

the creep stiffness modulus of RHAMA is significantly 

higher than that of the base asphalt, while its creep rate is 

markedly lower. The incorporation of RHA tends to 

compromise the low temperature performance of the asphalt. 

This phenomenon can be attributed to the fact that the 

addition of RHA reduces the fluidity of the asphalt through 

adsorption. The interaction between RHA and asphalt forms 

a mesh structure that increases the ash content, thereby 

enhancing the brittleness of the asphalt and consequently 

diminishing its low temperature performance. 

Furthermore, Fig. 7 reveals that the low temperature 

performance of RHAMA improves as the incineration 

temperature of RHA increases. This improvement is due to 

the presence of a substantial amount of amorphous SiO2 in 

RHA incinerated at 600 ℃, which exhibits excellent 

volcanic ash activity. This amorphous SiO2 is effectively 

adsorbed into the asphalt matrix, further impairing the 

asphalt's low temperature performance. However, as the 

incineration temperature of RHA rises, the amorphous SiO2 

gradually transforms into a crystalline phase structure, 

leading to a loss of RHA activity. This transformation 

weakens the interaction between RHA and asphalt, reduces 

the ash content, and ultimately restores the low temperature 

performance of the asphalt. 

3.2.4. Creep recovery performance 

The creep recovery performance of asphalt refers to its 

ability to revert to its original shape after the removal of an 

external force following creep deformation under a constant 

load. This property is crucial as it directly influences the 

durability and stability of asphalt pavements. The MSCR 

test is a widely used method to assess the strain recovery 

capability of asphalt materials under specific temperature 

conditions and varying stress levels. The MSCR test results 

for RHAMA are presented in Fig. 8. 

 

a 

 

b 

Fig. 8. MSCR test results of RHAMA: a – 0.1 kPa; b – 3.2 kPa 

The average unrecoverable creep compliance (Jnr3.2 and 

Jnr0.1) reflects the cumulative deformation of asphalt 

pavement under high temperature traffic loading within a 

single cycle. Higher values of Jnr3.2 and Jnr0.1 indicate poorer 

creep recovery performance, while lower values signify 

better creep recovery performance of the asphalt pavement 

[28]. 



As shown in Fig. 8, at the same test temperature, the 

incorporation of RHA reduces the average unrecoverable 

creep compliance of asphalt and enhances its creep recovery 

performance. This improvement can be attributed to the role 

of RHA as fine particles that fill the voids within the asphalt, 

increasing its density and thereby improving its resistance 

to creep deformation. Additionally, RHA particles act as 

physical barriers, restricting the free movement of asphalt 

molecules and reducing the likelihood of creep deformation. 

When the test temperature reaches 64 C, the creep recovery 

performance of the asphalt material reaches a turning point. 

This is because, under high-temperature conditions, the 

molecular chain mobility of the asphalt material increases, 

the internal frictional resistance decreases, and the material 

becomes more prone to irreversible plastic deformation. 

Furthermore, Fig. 8 indicates that the creep recovery 

performance of RHAMA decreases as the incineration 

temperature of RHA increases. This is due to the high 

reactivity of RHA incinerated at 600 ℃. The active 

components in RHA can chemically react with certain 

components in asphalt, forming new chemical bonds that 

enhance intermolecular interactions and improve creep 

resistance [29]. However, as the incineration temperature 

rises, the reactivity of RHA diminishes, reducing its ability 

to chemically interact with the asphalt and consequently 

weakening the creep recovery performance. Some studies 

[30, 31] suggest that for pavements subjected to extremely 

heavy traffic, the Jnr value should be less than 0.5 kPa-1. As 

seen in Fig. 8, RHAMA prepared with RHA incinerated at 

temperatures below 700 ℃ meets the requirements for 

extremely heavy traffic at high temperatures of 64 ℃. 

4. CONCLUSIONS 

The purpose of this study is to investigate the effect of 

RHA incineration temperature on its activity and its 

modified asphalt properties. Firstly, RHA under different 

incineration temperature conditions was prepared, and the 

amorphous SiO2 content was calculated by using the results 

of XRF analysis and XRD patterns, and the microstructure 

of RHA was observed by SEM images. Then the RHA with 

different incineration temperatures was blended into the 

matrix asphalt to obtain the RHAMA. The effects of RHA 

incineration temperature on the high and low temperatures, 

temperature sensitivity and creep recovery properties of 

RHAMA were investigated by DSR, BBR and MSCR tests. 

The main research conclusions are as follows: 

1. The XRF test results and XRD patterns reveal that when 

the calcination temperature is 600 ℃, the majority of 

SiO2 in the RHA exists in an amorphous state, 

accounting for approximately 94.57 %. However, when 

the calcination temperature exceeds 600 ℃, the 

amorphous SiO2 in the RHA undergoes a phase 

transition to a crystalline structure. 

2. SEM images of RHA revealed that when rice husk was 

calcined at 600 °C, the SiO2 in RHA predominantly 

exhibited an amorphous form with a distinct laminar 

structure. As the calcination temperature increased, the 

amorphous SiO2 in RHA underwent a crystalline phase 

transition, resulting in a transformation of its 

microstructure from a laminar structure to irregular 

spherical particles. Additionally, the surface of these 

particles was covered by a dense SiO2 film. 

3. The incorporation of RHA significantly improves the 

high temperature performance and creep recovery 

properties of the base asphalt. However, in RHAMA, as 

the incineration temperature of RHA increases, the 

amorphous SiO2 within RHA gradually loses its 

reactivity and transforms into crystalline SiO2. This 

transition weakens the adsorption capacity of RHA on 

the asphalt, thereby reducing both the high temperature 

performance and creep recovery performance of the 

modified asphalt. 

4. The incorporation of RHA reduced the temperature 

sensitivity and low temperature performance of the 

base asphalt. However, in RHAMA, as the incineration 

temperature of RHA increased, the activity of RHA 

gradually diminished. This led to a weakening of the 

interaction between RHA and asphalt, a reduction in the 

ash content, and a subsequent recovery of the asphalt's 

temperature sensitivity and low temperature 

performance. 

5. Based on the experimental analysis, it is evident that the 

optimal calcination temperature for rice husk is 600 ℃. 

At this temperature, the resulting RHA contains the 

highest proportion of amorphous SiO2, which 

significantly enhances the high temperature 

performance, thermal stability, and creep recovery 

properties of the base asphalt 
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