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Abstract :Fiber blending in asphalt can effectively improve asphalt performance, improve aspha

lt pavement life. Cotton straw fiber, basalt fiber and polyester fiber fiber were made into diffe

rent kinds of modified asphalt, its softening point, penetration, ductility of a series of experime

ntal research, compared with different kinds of 3% fiber dosage on the asphalt modification eff

ect. The study proved that cotton straw fiber, basalt fiber and polyester fiber fiber are to a cer

tain extent to enhance the performance of asphalt, the integrated degree of penetration, softenin

g point, ductility data can be seen, cotton straw fiber straw fiber modified asphalt has a more

 excellent overall performance. 
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1 Introduction  

Asphalt as the most basic road construction materials, in recent years, with the asphalt paveme

nt in the actual use of the process of constantly undergoing the complex climatic environment 

and heavy traffic load and other conditions of the combined effect, accelerated asphalt aging, v

iscosity decline and deformation of the pavement structure, resulting in asphalt pavement in the

 expected use of the life of the pavement before the occurrence of a greater number of roadw

ay diseases, shortening the service life of the asphalt pavement[1]. At the same time, the waste

 of resources and environmental pollution caused by the burning of crop straw is becoming m

ore and more serious, the utilization of straw is getting more and more attention, crop straw c

an be used as feed, fuel, but also can be used in the preparation of biomass composites, due t

o the performance of straw directly affects the performance ofthe composites it prepares, theref



 

ore, the research on the composition and properties of straw has a significant meaning[2-7]. 

 

For fiber materials added to asphalt mixtures, can effectively improve the performance of asph

alt mixtures. At present, the commonly used fiber types are polymer fibers, mineral fibers and

 natural fibers. Lignin and corn stover and other natural fibers due to its environmental qualiti

es, become the project commonly used modified fiber. In recent years, agricultural by-products

 such as cotton stalks have become emerging road fibers, which are more economical than tra

ditional fibers such as lignin.Jianguo Ma optimized the mixing ratios of basalt fibers and boud

unite asphalt, and used the hierarchical analysis method to prove that the mixing of basalt fibe

rs and boudunite asphalt can improve the road performance of asphalt mixtures effectively [8]; 

Chen Zining analyzed the asphalt adsorption test based on the adsorption test of corn stalk fib

ers, and analyzed the asphalt adsorption test based on the adsorption test of corn stalk fiber w

ith different dosages. The ability of corn stover fiber adsorption asphaltene under different dosa

ge, revealing the dynamic three-stage adsorption mechanism of corn stover fiber adsorption asp

haltene, and the study proved that the role of corn stover fiber within the asphalt mechanism

[9]. 

Cotton straw fiber belongs to straw fiber, the main components include cellulose, hemicellulose,

 lignin, pectin and protein and other impurities. According to the study, the cotton straw conte

nt of each component of the ratio were 46% cellulose, hemicellulose 18%, lignin 23%, its cell

ulose in the asphalt play an important role, so the removal of cellulose in addition to the othe

r components of the straw fiber application test become the top priority[7]. 



 

In this paper, through quantitative analysis to select the appropriate cotton straw fiber pretreatm
ent method, the extraction of cellulose and made of fiber-modified asphalt comparative analysis
 of basalt fiber and polyester fiber modification effect on asphalt[10-16]. 

2 Raw material and cotton straw fiber preparation 

2.1 raw materials 

Selection of an asphalt products company produced by the 70#1 A road is made of asphalt, te

chnical performance as shown in Table I. Basalt fiber (hereinafter referred to as BF) provided 

by a new material technology company, the fiber appearance of brown filament, the average le

ngth of 6mm, the diameter of 0.15um, the melting point reaches 1200 , the tensile strength ℃

of not less than 3000MPa, the ultimate tensile strain of 3.2%. Polyester fiber is a synthetic po

lymer that links each link in the macromolecular chain through an aliphatic group, and the pol

yester fiber used in this paper is Bonifibers polyester fiber. Cotton straw was used as the obje

ct of study as the waste cotton straw from Henan Province, China. 

Table 1Basic technical indexes of 70 # A grade asphalt 

Pilot project Test data Technical requirement 

needle penetration（25℃，5s，100g）/(0.1cm)  68.5 60～80 

Softening point ( global method ) / °C 48.9 ≥46 

Ductility ( 15 °C ) / cm 106 ≥100 

Relative density ( 25 °C ) 3.4 实测 

2.2Preparation of cotton straw fiber 

In this paper, cotton straw fibers were prepared by the wet method[17], and the main influenci
ng factors on the preparation of straw fibers were the duration of soaking, the weight of feed 
and the duration of crushing. According to the mechanism of the role of fiber adsorption of oi
ly substances in asphalt, the oil absorption rate of the fiber was selected as an important indic



 

ator to evaluate the fiber's excellence. Since the crushing instrument is a small high-speed shea
r crusher, through several tests and observations, the optimal feeding quality of 50g was deter
mined, leaving a certain space to facilitate effective crushing, at which time the fiber has the 
most ideal external morphology. 
First of all, the waste cotton straw into warm water to clean, the straw surface easily soluble 
in water impurities cleaned off, and then boiled in hot water for one hour, after which it is s
oaked and manually cut to a length of 6 ± 2mm (due to the asphalt pavement fiber specificati
on requirements less than or equal to 6mm, so cut to a small section of the convenience of th
e crushing), the use of small high-speed shear crusher crushing, and then dried and sifted to g
et Qualified straw fiber. 

2.2.1 Determine the optimum soaking time of cotton straw fiber 

The effect of duration of immersion and duration of crushing on the oil absorption of fibers w
as analyzed, respectively. It was determined that the material was given a mass of 50g, the le
ngth of crushing was at 1.5min, and the length of soaking was prepared at 1d, 2d, 3d, 4d, an
d 5d, respectively, and the oil absorption rates of the fibers were calculated, respectively, and 
are shown in Table 2, Figure 1. 

Table2Effect of soaking time on oil absorption rate of fiber 

Soaking time/d 1 2 3 4 5 

Oil absorption ratio/% 38.19 42.41 47.02 44.12 32.56 

 

 

Fig1Relationship between fiber oil absorption rate and soaking time 



 

According to the analysis of the chart, with the change of fiber immersion length, the trend of
 oil absorption rate of the prepared cotton straw fibers showed a rapid decline after the first g
rowth, in the immersion length of 3d, the highest value of oil absorption rate of cotton straw 
fibers is 47.02%, which determines the optimal immersion length of cotton straw fibers is 3d. 

2.2.2Determine the optimal crushing time of cotton straw fiber. 

Cotton straw was selected to be soaked for 3d, given 50g, and the fiber was prepared by crus
hing for 1min, 1.5min, 2min, 2.5min, and 3min, and the fiber oil absorption rate was calculate
d, respectively, and the results are shown in Table 3and Figure 2. 

Table 3 Effect of crushing time on extraction rate of fiber 

Breaking time length/min 1 1.5 2 2.5 3 

Oil absorption ratio/% 41.45 44.65 48.52 43.91 40.27 

 

 

Fig. 2Relatio11nship between fiber oil absorption rate and crushing time 

According to the analysis of the chart, with the increase of the crushing length of cotton straw
 fiber, the prepared cotton straw fiber oil absorption rate trend shows the first growth after the
 downward trend, when the crushing length of 2min, the fiber oil absorption rate to the maxi
mum value of 48.52%, which determines that the optimal crushing length of cotton straw fiber
 for 2min. 
In summary, when the cotton straw is given 50g, the best preparation process is 3d soaking ti
me and 2min crushing time, Table 4 shows the basic performance indexes of cotton straw fibe
r.In summary, the best treatment process is that the soaking time is 3d, the material feeding q



 

uality is 50g, and the crushing time is 2min. 
Table 4Basic performance index of fiber 

pilot project Basalt fiber polyester fiber cotton stalk fiber 

color golden brown milk white beige 

Fiber length (mm)  6 6 5.8 

Ash content (%)  — — 14.8 

Diameter (µm)  14 21 — 

Tensile strength (M
Pa)  

3.811 530 — 

Elongation at break
 (%) 

3.7 27 — 

3Results and discussion 

Pre-treated cotton straw fibers, basalt fibers and polyester fibers were selected to prepare fib
er modified asphalt at a doping level of 3%, and their properties were tested r
espectively, and the results are shown in Table 5. 

Table 5 Basic properties of different types of fiber modified asphalt 

Pilot project 
Basalt fiber modified

 asphalt  

Polyester fiber modif

ied asphalt 

Cotton straw fiber m

odified asphalt 

Penetration (0.1 m

m)  
53 58 64 

Softening point (°C)

  
63.0 61.2 59.7 

Ductility (cm,15 °C) 54 66 71 

The lower needle penetration indicates that the asphalt is more viscous and more resistant to s
hear. The data in Table 5 show that at 3% dosage, cotton straw fiber has the largest degree o
f penetration, 64mm; polyester fiber is the second largest, 58mm; basalt fiber has the smallest 
average degree of penetration, 53mm, which can be inferred that basalt fiber modified asphalt 
has the largest viscosity and the strongest shear resistance, but this will lead to poor constructi
on and ease of use. Taken together, cotton straw fiber has better ease of use, viscosity and sh
ear strength. 



 

Softening point can reflect the high temperature resistance of asphalt, the larger the softening p
oint, indicating that the asphalt's high temperature performance is better. Through Table 5 can 
be seen, basalt fiber modified asphalt softening point is the largest, cotton straw fiber modified
 asphalt softening point is small, it can be inferred that the basalt fiber modified asphalt has a
 lower temperature sensitivity, while the cotton straw fiber modified asphalt high temperature p
erformance is weaker, which may be related to the material properties of the fibers themselves,
 the basalt has a good adiabatic properties, which will change the thermodynamic properties of
 asphalt, thereby increasing Its high temperature resistance, but considering the construction and
 ease of use is relatively poor, so when considering the high temperature performance, you ca
n consider the economic cotton straw fiber modified asphalt. 
The ductility can reflect the low-temperature resistance of asphalt, and the greater the ductility,
 the better the low-temperature performance of asphalt. In the paper, the elongation of three ki
nds of fiber-modified asphalt was tested in the environment of 15 . As can be seen t℃ hrough 
Table 5, the three kinds of modified asphalt ductility size in order of cotton straw fiber modifi
ed asphalt > polyester fiber modified asphalt > basalt fiber modified asphalt. Therefore, cotton 
straw fiber modified asphalt has the best low-temperature plastic properties, combined with the
 analysis of the paper for the needle penetration and softening point, the paper concluded that 
cotton straw fiber modified asphalt has more excellent overall performance. 

5 Conclusion  

Fiber treatment and preparation of natural cotton straw was carried out to determine the best tr
eatment process for cotton straw fibers, and the basic properties of three different fiber-modifie
d asphalt were experimentally analyzed.  

( 1 ) (i) The wet method was used to treat the prepared cotton stalk fibers to derive the opti

mal treatment process, with a soaking time of 3d, a material feed mass of 50g, and a crushin

g time of 2min, all of which were in line with the requirements of the basic performance inde

xes of the fibers.  

( 2 ) Data from the three indicators can be obtained, three different types of road fibers on th

e degree of impact on the needle penetration: cotton straw fiber modified asphalt> polyester fi

ber modified asphalt> basalt fiber modified asphalt; on the softening point: Yu basalt fiber mo

dified asphalt> polyester fiber modified asphalt> cotton straw fiber modified asphalt; on the im

pact of ductility: polyester fiber modified asphalt> basalt fiber modified asphalt> cotton straw f

iber Modified asphalt, which can be obtained, wet method of cotton straw fiber for qualified a



 

nd excellent performance of road fiber. 

( 3 ) Basalt fiber modified asphalt has the best high-temperature rheological properties, cotton 

straw fiber modified asphalt has the best low-temperature toughness, and the combination of th

e three major indicators of the data can be obtained, it is considered that cotton straw fiber m

odified asphalt has a more excellent overall performance. 
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