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ABSTRACT.

Based on the analysis of the mechanism and hazards of asphalt fume, by adding two fume suppressant Mg(OH),
and AI(OH); and two viscosity reducers Sasobit and ROADBIT-BPL, the paper optimized the mixture ratio for
road use, and prepared the environment-friendly fume-suppression asphalt, and then conducted the performance
tests to identify the optimum dosage. The results show that: the fume amount caused by the 10.0% dosage of
Al(OH); will be reduced by 7.6% than the matrix asphalt; the admixture of the above two agents has negative
effects on the asphalt anti-crack performance in low temperature. The anti deformation ability and high
temperature stability of fume-suppression asphalt are relatively good in the optimized scheme 3.0%Sasobit+ 10.0%
Al(OH)s.
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INTRODUCTION

The asphalt mixing and paving process for roadafn accompanies with large amount of fume whidhds
great harm to human health and pollutes the enwiemm!> 2. Therefore, it is necessary to control the asghatie
to minimize the harm for human health and environim&he paper adopted two fume suppressants andsitg
reducers respectively to optimized the design @i evaluate the asphalt performance to obtaifefseharmful
environment-friendly fume-suppression asphalt.

2 The hazards of asphalt fume

The refined asphalt and tar asphalt used for coctgbns contain various hazardous substances. &tieed
asphalt is the combination of hydrocarbon and ésvdtive with few volatile substances such as Bh#mwene,
Naphthalene and Anthracene. While the tar asphéiei byproduct in tar production which includeg®imthrene,
Naphthalene and Pyréfle Under high temperature, the hazardous substamtatie in forms of fume which can
damage the ecological environment and has negatiieets on human health to some extent.

The major hazardous substances in the asphaltcratharm to human health and environment incluge th
following several types:

1) Acridine: After being inhaled by human, the blood pressuleraise and breathing will become rapid. It may
even lead to DNA distortion and frame shift dedinrc and cause transcription disorder. Certain raaco
inflammation will appear after being absorbed binsk

2) Phenols The main composition of Phenols is the strong @wvechemical poison -carbolic acid. When entered
into human body through respiratory tract or mucoasnbrane, it will react with cell proteins and sauwhronic
intoxication or even coma.
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3) Benzene It’s one of the main compositions in tar asphalhéff Benzene entered into human body, the phenol
will be produced and the nervous system will bet.Har short term, it will cause dizziness and cdeian while

for long-term it will damage the bone marrow andsmchromosomal aberrations.

4) Pyridine It has a strong irritant to respiratory and eyekewa high concentration of Pyridine is inhalednaty
cause the sense of suffocation, muscle weaknesspfaonsciousness, digestive disorders, etc.

5) Anthracene Although being classified into slight toxic substas, the Anthracene is notorious for its
carcinogenic performance. It has strong irritattonmucosal and skin. When ignited in high tempegator
decomposed, it will produce large amount of CO.

6) Naphthalene It mainly exists in tar asphalt and volatiles viphalt fume. It may cause dermatitis to sensitive
skin. Whe)r;lz]a high concentration of Naphthalenalisied, it may cause nausea, headache or even damkger
and kidney~.

3 Performance analysis of asphalt fume

3.1 M echanism of asphalt fume

A series of complex chemical reactions will hapgkie stages among most of the hydrocarbons cortaime
asphalt. From the dynamic point of view, these tiems mainly include the thermal polymerizationatan and
thermal decomposition reaction. During the proafsseaction, the total energy before reaction igagk higher
than those after reaction. The energy consumpfizays accompanies with additional generated pradticThis
paper mainly focuses on the generating mechanismspifalt fume: the asphalt is always brown in calith high
viscosity at room temperature. Before mixing, ttsplalt needed to be heated from room temperatutbeto
temperature over 160in a short time. Fume will appear in pace with @aging temperature. The higher the
heating temperature is, the greater the amouniroéfwill be generated, the fundamental reason factwis that
during the heating process, part of the volatilessances as Anthracene, Benzene, Phenanthrenethilizpie,
Pyridine, Carbazole, Acridine and Phenols can domnss form of colored fume, generating the poisamasphalt
fume with a variety of harmful substances.

3.2 Asphalt fume testing method

Currently the testing methods include ultroaviotay spectrophotometry, fluorescence method, gravime
method and fume tester method, etc. The commortigeais to adopt the ultroaviolet ray spctrophottmne
method using the Benzene as absorbing liquid. Térz8ne has the best absorption effect when theaks$pme

is dissolved in Benzene solution with the wavelarigi8mm. Meanwhile, this method matches with BrBee+'s
law when both of the extinction value and the akptentent are 0~5Q@ ©!. Therefore, this paper simplifies the
testing method by using KC-6D air sampler, triaagdlask. Heated by electronic furnace, the asphatie and
volatile substances pass through two U-shapedssevienected porous pipes and absorbed by theraplsato
carry out the asphalt fume test. The device irediah is shown in Fig.1.

Fig.1 Detection devicefor asphalt smoke

After fume absorption, all of the Benzene soluti@rashing solution included) was poured into thepevating
dish, heated at 80 constant temperature and then weighted. The differ of the mass before and after heating is
the mass of asphalt fume. Then according to atne&pbampling test principle, the concentratiorthaf asphalt
fume can be calculated by formula (1).

_(m -m,)x10°
A= 0.5x10° (1)
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whereg is the concentration of asphalt fume, my/nis the sampling duration, mimp,. m; are respectively the
mass before and after heating, g.

4 Raw material performance

4.1 Matrix asphalt

The basic properties of 70#A class matrix aspha&ltewevaluated in accordance with testing spedifioaf the
results of which can meet the requirements, as shovable 1.

Table 1 Performanceindicator s of 70# matrix asphalt

Technical indicators RequirementsResults
Penetratio (100g,5s,2°C) /0.1mn 60~8C 67
Ductility (15C,5cm/min /cm >100 117
Softening point(Ring & Ball method /'C  44~54 516
Solubility (trichloroethylene)% >99 99.58
Flashing point(split cup /C >230 272
Residual penetration ratio25C,1009 /% >55 65.8
Residual ductility(10°C,5cm/min) /cm >6 8.9

4.2 Fume suppressant

Fume suppressant is one of the important raw nadéansed in project research. According to thegiule of good
performance of anti-flaming, anti-fume and therratdbility, the two suppressants Mg(QHind AI(OH}) are
adopted for indoor tests, Both of which are noregah inorganic materials which do not produce tgeds while
in use and are abundant in supply with affordabieep The fume suppressant can reduce the hazasdbstances
volatile into the air by fume suppression.

4.3 Viscosity reducer

Viscosity reducer is another indispensible agentehiin fume-suppression asphalt. The two viscogtjucers
Sasobit and ROADBIT-BPL were adopted for comparisoralysis. The former is a high molecular weight
synthetic aliphatic hydrocarbons which can be meiting the asphalt heating and reduces the asyikatisity the
technical indicators for which is shown in Tabl&.2while the latter agent is mainly composed of s&d
hydrocarbon which has synthetic long chains wit@‘@2melting point. It can reduce the asphalt viscosityd
improve the temperature sensitivity and the anfiaeation ability. While in construction, it can giect the
environment and health of the workers by meangdidicing the emission of fume and other hazarddostances.

Table 2 Technical indicators of viscosity reducer Sasobit

25'Cdensity/ (g-cm®) Melting point’/CFlash pointiCMolecular weight/g/mol
0.92 110~120 285 ~1000

5 Optimized design scheme for environment-friendly fume-suppression asphalt

5.1 Design scheme for the materials of fume-suppression asphalt

The asphalt fume is mainly suppressed by two methode is adding viscosity agent to lower down mnxi
temperature and reduce the fume emission and kolétie other is adding inorganic fume suppressigent to
effectively absorb and dilute the fume, which candecomposed into porous oxide and vapor and time fu
content will be reduced after being hedfédl The basic test scheme is listed in Table 3.

Table 3 Admixtures dosage design

Admixtures Dosage/%

Viscosity reduce - Sasobi, ROADBIT-BPL 1.C, 2.C, 3.C, 4.C
Fume suppressant - Al(OH) Mg(OH), 5.0, 10.0, 15.0, 20.0

5.2 Fume-suppression asphalt preparation

Considering the material compatibility during theodified asphalt preparation, according to the niglter
dissolution effect to ensure no segregation orrseed layers in order to form a relative stabldiadisystem, the
high temperature swelling and shear dispersing ogkstican achieve good effect. The mix shall be ativel
stabled unified system in view of dissolve effeat®ach substance. To ensure the stable mixingadfixrasphalt,
fume suppressant and viscosity, the high speed sipgmratus was adopted to blend the material egphpe the
fume-suppression asphalt in accordance with mechaminciple. The shearing speed was controlletb@0r/min
and the temperature for adding viscosity reducer fame suppressant was controlled at ‘TC40The mixing
shearing duration is 15min.
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5.3 Asphalt fume test

With reference to the testing method as listeckittion 2.2, proper amount of “fBatrix asphalt was heated on the
triangular flask. The temperature shall be heateohfroom temperature to 2@0and the tests were carried out at
120°C with the temperature intervals of 20 The test results are shown in Fig.2.
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Fig.2 Detection results of 70 #A asphalt fume

From Fig.2, when the temperature changes froniCLa® 180C, the density of asphalt fume shows a steep raising
trend. There is abrupt value when the temperatses from 18@ to 200C because the majority of substances in
the asphalt can volatize. According to the tesnph@enon, the whole test was coupled with stronggponhsmell
and apparent yellow smoke was produced and testerfeel the strong irritation to their respiratand eyes. The
test results of asphalt fume density at ‘T8after adding the fume suppressants Mg(£ad)d Al(OH)} are shown

in Fig.3.
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Fig.3 Asphalt fume concentration with different dosage of fume suppressants

As can be seen in Fig.3, under the same test ¢omdithe asphalt fume can be reduced after addimgef
suppressants Mg(Okland Al(OH). The fume-suppression effect is much more obvighen the input amount
increases from 0.0% to 10.0%. However, when theimgiamount is more than 10.0%, no apparent chasge i
observed on fume suppression in spite of continyoadding the agents. The curve reveals that Al s
better smoke suppression effect. When the dosagleeofwo agents is 10.0%, the fume density of Mg(Ol
0.16mg/m higher than that of Al(OH)with the proportion of 1.85%. The optimum amount fume suppressant
is 10%. Furthermore, the optimized mixing amoumtviscosity reducer can be identified from the saisl of the
fume-suppression asphalt performance.

1977



Lan Ouyang J. Chem. Pharm. Res,, 2014, 6(7):1974-1980

6 The perfor mance of fume-suppression asphalt

6.1 Penetration test

Penetration is an indicator for asphalt anti-defation ability and its essence is the shear creepryhUnder 2%,
the penetration test results of various fume siggamets and viscosity reducers are shown in Fig.4.

80 68
o T oo l £ Sasobit ROADBlT-BPL\, NN 7/ ‘AI(OH)3 |v|g(o|-|)2‘7
E 60 | =
N BN ENENINEECE BN
S N | L TR R | €62t 2z
S 40 | - - - -- - -1 .8 7
S 30 || . A - . || B 60 ] I T i ]
© 7 @ |
220NN - A N e N
o 10 || — - - — L1 & 56 |

0 54

0 1 2 3 4 0 5 10 15 20
Dosage of viscosity reducers/% Dosage of fume-suppression agents/%

Fig.4 Penetration of asphalt fume with different dosage of modifiers

From Fig.4, the admixture of viscosity reducer caguce the asphalt penetration to some extent. thétkamount
of Mg(OH),and Al(OH) increasing, the penetration declines and the aftirchation ability is gradually
strengthened. Both of the two agents can enhareeauithi-deformation performance and the optimum mgjxi
amount for the fume suppressant and the viscosityaer is 10% and 3.0%.

6.2 Softening point test
Softening point test is an indicator for asphadirthal stability and viscosity. The softening pdiest of various
amounted viscosity reducers and fume suppressantavalucted by the ball and ring method. The &silts are

shown in Fig.5.

100 58
go | [LSSCHLAROADBITERY )y |y | [(SAKOHS @wgoRz 78
& X g
= 7 =
S 60 |------ Y, By 8% --—= - B -
(@] (o))
£ 40 [NV X \ £ 52 | /%
2 S
Qg 20t 3 50
0 48
0 1 2 3 4 0 5 10 15 20
Dosage of viscosity reducers/% Dosage of fume-suppression agents/%

Fig.5 Softening point of asphalt fume with different dosage of modifiers

From Fig.5, the softening point increased dramiyicater adding the viscosity reducer, and the edtime of
fume suppressants can also increase the softening prhich indicates that both the fume suppretssand the
viscosity reducers can improve the high-temperastability, and the optimum mixing amount for thiscosity
reducer and the fume suppressant is identifiedasi3d 10% respectively.

6.3 Ductility test
Ductility is an indicator to evaluate the asphahvitemperature ductility and anti-cracking perfonoa. This

paper used the 1% ductility to evaluate the ductility performance wdrious amounted viscosity reducers and
fume suppressant. The test results are shown i6.Fig
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Fig.6 Ductility of asphalt fume with different dosage of modifiers

From Fig.6, both the viscosity reducers Sasobit RQ@ADBIT-BPL and the fume suppressants Al(@tnd
Mg(OH), can reduce the low-temperature ductility. Thug, @mti-crack ability will be worse. Furthermoree th
more amounts are added, the worse the asphaltelmpérature performance is. Therefore, the two agemuld
not be excessively added.

6.4 Viscosity-temper ature characteristic analysis

The viscosity-temperature performance of asphalimanly characterized as the high-temperature dusol
According to the mixing amount of the agents meredb above, the viscosity of optimized asphalt vesdet
under varied temperatures. The test results anershoFig.7.
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Fig.7 Viscosity results of environment-friendly fume suppressant

As shown in Fig.7, as the temperature increases,afiphalt viscosity decreases gradually. After mgixihe
viscosity reducers the fume-suppression asphalt has a stronger vigcasd anti-deformation performance than
the matrix asphalt below 120, while the viscosity is lower and the workabildfis relatively better above 120.
Compared with the viscosity reducers, the improwffgct of Sasobit is better.

CONCLUSION
By analyzing the formation mechanism and hazardthefasphalt fume, this paper prepared and evaluhte
performance of various schemed environment-friefiailye-suppression asphalt by mixing fume suppréssard
viscosity reducers.The results shows that the faompressant applied in “0matrix asphalt can greatly reduce
the fume emission; the optimum mixing amount farceisity reducer Sasobit and fume suppressants Aj(éxd
3.0% and 10% respectively, which has better arfordeation ability and high-temperature stability.
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