
　
第 46卷　增　刊

2007年　6月

中山大学学报 (自然科学版 )

ACTA　SCIENTIARUM　NATURALIUM　UNIVERSITATIS　SUNYATSENI
Vol.46　Sup.
Jun.　2007

　

Design, PreparationandPropertyofPhosphorous
SlagRoadBaseMaterials

①

ZHOUMing-kai
1, 2

, ZHAJin
1
, SHENWei-guo

2

( 1.SchoolofMaterialsScienceandEngineering;2.KeyLaboratoryforSilicateMaterialsEngineeringand

MinistryofEducation, WuhanUniversityofTechnology, Wuhan430070, China)

Abstract:Inthispaper, twotypesofPHSroadbasematerialsweredesigned, lime-flyashstabilizingphosphorousslag(LFPHS) ma-

terialsandcementstabilizingphosphorousslag-gravel(CPHSG) materials.ThepreparationresearchshowedthatLFPHSandCPHSG

withsatisfiedstrengthcouldbemadewithsignificantamountsofPHS( 60% ～ 70%inLFPHS, 20% ～ 30% inCPHSG).Themateri-

alspropertytestingresultsindicatedthatLFPHShadgoodperformanceinanti-cracking, andthelessheavymetalleachingquantity

comparingwithlevelVaccordingtoChineseGB3828-88.
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1　Experimental

Theobjectiveofthisresearchistofindanewap-
proachtoutilizephosphorousslag(PHS) wasteswith-
outanyadditionaltreatmenttechnologies.SincePHSis
similartofineaggregateinparticlesizeandgrading, it
wasfoundtobeapotentialsubstrateforaggregatein
roadbasematerials.TwotypesofPHSroadbasemate-
rialsweredesigned, includinglime-flyashstabilizing
phosphorousslag(LFPHS) materialsandcementstabi-
lizingphosphorousslag-gravel(CPHSG) materials.
1.1　Materials

ThePHSwasfromGuizhou, China.Alow-mag-
nificationscanningelectronmicroscopepictureofthe
surfaceofaPHSparticleisshowninleftFig.1, which
showstheroughsurfaceofthegrainandsomepores
withadiameteraround25μm.Ahigher-magnification
pictureoftheinnerporestructureofthePHSisprovid-
edinright, Fig.1.ThePHSappearstobeporous,
withporesdistributedoverawiderangeofsizes.
1.2　PHSroadmaterialsdesign

ThecompositionsofLFPHSandCPHSGroadma-
terialmixesaregiveninTab.1, Tab.2, respectively.
1.3　Testdetails

Theunconfinedcompressivestrengthtest, split
strengthtestandresilientmodulustestofPHSbasema-
terialweredonewiththeJTJ057-94, Theheavymental
leachingqualitytestisconductedusingtheEPT(Ex-
tractProcedureToxicText).

Fig.1　ScanningelectronmicroscopepicturesofPHS

Tab.1　MixingproportionofLFPHS(% )

LFPHS

80

LFPHS
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LFPHS
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LFPHS
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LFPHS
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Reference

LFA

Lime 8 8 8 8 8 8

FA 80 70 60 50 40 92

PHS 12 22 32 42 52 -

Tab.2　MixingproportionofCPHSG (% )

CPHSG
1/3

CPHSG
1/2

CPHSG
2/3

CPHSG
3/3

Reference
CG

Cement 4 4 4 4 4

Limestone 60 60 60 60 60

Stonechip 27 20 13 0 40

PHS 13 20 27 40 -

2　Resultsanddiscussion

Fig.2 presents the unconfined compressive
strengthofLFPHSandCPHSG.ItshowsthatbothLF-
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PHSandCPHSGhadremarkableimprovementinun-
confinedcompressivestrengthcomparingwithreference
LFAandCG.LFPHShadthehigheststrengthwith
PHScontentamountingto60% ～ 70%.CPHSGeave
thehigheststrengthwithPHSreplacementofstonechip
amountingto50% ～ 60%.

Fig.2　ThecompressivestrengthofLFPHSandCPHSG

Tab.3 showsthemechanicalpropertiestestresults
ofLFPHScomparingwithreferenceLFA.Itshowsthat
LFPHShadthehighersplittingstrengthandresilient
modulusthanLFAattheageof180.TheLFPHScould
bedesignedasthepavementsub-basematerialsoreven
basematerialsduetogoodperformanceontheanti-
cracking.

Tab.4 showstheheavymentalleachingquality
testresultsofLFPHSbycomparingwithflyashandthe

PHS.ItcanbeseenthatLFPHShaslessAs, Cd, Pb,
Se, leachingqualityandmorebariumleachingquality
comparingwithPHS.Comparingwithflyash, heavy
mentalleachingqualityisthesameasPHSexceptarse-
nic.AlltheheavymentalleachingqualityinLFPHSis
lessthanreferencevalueexceptbariumindicatingthat
LFPHShasnopollutionontheenvironment.

Tab.3　ThemechanicalpropertiesofLFPHScomparedtoLFA

Pavement

basematerials

Splittingstrength

( 180d) / (MPa)

design test

Resilientmodulus

( 180d) / (MPa)

design test

ReferenceLFA 0.4～ 0.6 0.64 600～ 900 1279

LFPHS - 1.10 - 1408

ReferenceLFA— lime:flyash=8∶92

Tab.4　TheheavymentalleachingofLFPHScompared
toflyashandPHS

Sample
Heavymentalleachingquality (μg/L)

As Ba Cd Pb Cr Se Ag

Flyash 3.5 280×103 2.4 40.0 <1.5 12.3 22.1

PHS 224 340×103 0.9 8.0 <1.5 6.5 22.8

LFPHS 8.1 2115×103 0.9 <0.3<1.5 4.7 25.5

Reference

( )
100 20 10 100 100 - -

Reference— levelVaccordingtoChineseStandardsGB3828 -
88.

3　Conclusions

ThePHSroadbasematerialisaveryefficientap-
proachtofullyutilizePHS.LFPHSandCPHSGwith
satisfiedstrengthcanbemadewithsignificantamounts
ofPHS( 60% ～ 70%inLFPHS, 20% ～ 30%inCPH-
SG).LFPHShasgoodperformanceinanti-cracking,
andthelessheavymetalleachingquantity, whichis
lessthanlevelVaccordingtoChineseGB3828-88.
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摘　要:设计了石灰粉煤灰稳定磷渣和水泥稳定磷渣碎石路面两种基层材料。研究表明, 石灰粉煤灰稳定磷渣中, 磷渣

掺量达 60% ～ 70%, 水泥稳定磷渣碎石中, 磷渣掺量达 20% ～ 30%时, 具有理想的强度, 用作路面基层材料;性能测试研

究表明, 石灰粉煤灰稳定磷渣具有很好的抗裂性, 其重金属溶出量达到国标 GB3828-88 V级标准。
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