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Analysis of high and low temperature properties of asphalt mortar affected by
DCLR and filler-asphalt ratio
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Abstract: To analyze the high and low temperature properties of asphalt mortar affected by DCLR (Direct Coal Liquefaction
Residue) and filler-asphalt ratio, the asphalt mortar with different filler-asphalt ratio (0.6, 0.8, 1.0, 1.2) and DCLR were prepared.
Their properties were tested by using DSR and BBR. The G*/sind, S and m-value of asphalt mortar affected by DCLR and
filler-asphalt ratio were analyzed. With the DCLR and the filler-asphalt ratio increases, the high temperature property of asphalt
mortar improves but the low temperature property of asphalt mortar declines, and there exists the optimum filler-asphalt ratio. It
suggests that the high and low temperature properties of asphalt mortar are best when filler-asphalt ratio is 1.0.
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Tab.2 The Properties of Filler

R H FAR N R 2R
FWEE, ST 2.5 2.732
Bk, AKRF/% 1 0.5
st B T Bl < 0.6mm/% 100 100

<0.15mm/% 90~100 99.75
<0.075mm/% 75~100 88.56
FIKEH <1 0.71
WS B0 % <4 2.8

EzLin BARZER DM-70 $ARZR - SK-90

25°CEF N /0. Imm  60-80 66 80~100 85
AL/ C >46 50 >45 51
10°C#E i /cm =20 24 =45 51.8
60°CZh B E/Pass =180 1853 =160 218
RETOF 558
JREAL% +0.8% -0.1% +0.8% +0.1%
RN/ % >61 68 >57 64
10°C %% 88 %E Ji¥ /cm =6 6.5 =8 8
PG 434 — 58-22 — 58-28
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Tab. 3 The Properties of DCLR

R H R
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sk DCLR ¥ t#%E (DM-70) DCLR Hi:di s (SK-90) Rk
5% 10% 15% 20% 5% 10% 15% 20%
25°C4F N\ BE/0.1mm 48 37 35 25 59 35 32 27 T0604-2011
AL/ C 50.1 58.3 59.3 60 51.5 59.2 63.4 65.2 T0606-2011
10°CHE ¥ /cm 7.6 6.2 5.2 0.9 8.7 5.7 3.1 1.3 T0605-2011
60°CZ 1 %% % /Pa-s 381 644 1269 2325 236 561 1023 1891 T0620-2000
RTFOT 55534
JREAAL/ % 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.2 T0608-1993
O\ BEH/ Y% 66 68 71 76 55 69 70 74 T0604-2011
10°CH B 3L Ji/cm 74 1.9 1.3 0.7 5.3 42 3.8 2.6 T0605-2011
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Fig. 1 The G*/sind of asphalt mortar over the filler-asphalt ratio
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Fig. 2 The m-value and S of asphalt mortar over the filler-asphalt ratio

4 DCLR¥TIMBERFSIKEMEEARI S

I FIDSRAIBBRIAGR , 43 3138 24 43 B b A 1.0
i, AR MDCLR A 5 BN N 10%DCLR I 75

700 -

uDM-70 (46T)

600 - =DM-T0 (52T) 5139
#DM-70 (58T)
300 - wpmo (64T)
§4-00 aDM-70 (70T)
H mDM-70 (76TC)

DCLREE /%

G*/8ind /kPa

JEE3 B B AR B, A0 T DCLR AT I 75 B3 1 5 1%
WP AR S AL A . B 3~5 K R IR I DCLR AR N
10%DCLRA [/ 35 35 B 2% G*/sind~ SPL B m-{E. I % kL

300 46C)

| msK-90 (52C)

m§K-90 (
(
usK-90 (58C)
(
(
(

257

[ e
A
=

| msK-90 (647C)
70C)
76C)

b2
=
=

18K-90
| WSK-90

—
e
=

106.7

=
=]

30.56

(¥
=
]
bl
s
b
i
k=

A,
U s 5 1 T2 334

0%DCLR 10%DCLR
DCLRE® /%

3 FRERERER G*/sing
Fig. 3 The G*/sino of different asphalt mortar



5 4 3]

T, A BEEARBAERE AV B I 75 TR A P AR Y S 515

ME3~5RI 5] :

1) TR I 75 8 DM-703% 52 4 SK-90 i I 75
W3, FEF—IRE T, DCLRYGE B I G*/sindfd
FSAE B3 K F R MDCLR Y H B 1 G*/sindFil
S{H., 15t BFDCLR [V 02 32 12 U 5 ARSI 1 v M
WA U 75 RO B IE P A . ) PR 2 BE T-DCLR
HEAREN SR AEY (— B 245% 7
i), TIPSR A VA 2 R U R AR
R PERE, (HREARYE H R B MR R RE , 4n SR
DCLR#B &3t 5, DCLRH [ I S I A R 25 5
WA B E B E R RE, 46
DCLR I # S AR A AE A A 4k, #E7#DCLR I
HBEH10%;

2) XS ARFMDCLRAG W, DCLRECH: W
HHEEBEIRE, BN EEREE ST
BAAK, WER RESERES, MRRSHER

06 [ apm0 (0T) uDM-70 (-6T) 'DM-70 (-12T0)

05 - 0.482

0%DCLR 10%DCLR

DCLREE /%

AR S RS R, U B A
WAL T E R I T BRI AR Itk 4 43 AR AR
ERRMPEE RS, NER VSRS ERNE,
SRV T K W IR, MR R AR
HERE 5

3) DCLRA W 5 I3 i IRl itk A 1 5 mia e B R
W, XFFHEBRYH ADM-70, F110%DCLR
H IR 5 ARG IMDCLRIG W & I L, G*/sindF
YR T arARs, MSOCEXMRE LGS, m-{HFk
£29.7%; AR, XFF 3 5% Ui & A SK-90, &M
10%DCLR f#) i 5 A 3% 55 A3 MDCLR ) 5 5 B
b, G*/sind P8R T35, MSIC-FH#E]
%, m-{E EHIREA23.5%, BEBIDCLRY I H R
1R Tk 8 14 5 e R T R A IR ek R P 5 )
FRRE.

06 | usK-90 (0T)

usK-90 (-6T) 15K-90 (-12T)

0%DCLR 10%DCLR

DCLREE /%

4 TEIHBERIRE m-1&

Fig. 4 The m-value of different asphalt mortar

900 855251
500 | #DM-70 (0T) mDM-70 (-6C) =DM-70 (-12T)

700 |

600 |

3500 . 477.204 129274

400 |
300 ¢
200

100 -

0%DCLR

DCLRi@ e 0%DCLR

800

usK-90 (0C) wmsk-90 (-6C)
700 |

sK-90 (-12T) 703-38'{
600 +
2300 ¢

=

» 400 - 354,851
316.586
300 |
200 |
100 * 50.138)

0

0%DCLR

DCLRER e 10%DCLR

5 NEIHEREKE S
Fig. 5 The S of different asphalt mortar

5 #5518
Wit R, B DL F4ER:

(DFEZE KR LB K FIDCLRIGER N, U5 5 A
I G*/sinoFIS B, m-EAERVN, TR EH
Ji¢ bt a8 IDCLR BT DA B35 30 5 BRI i = i g



516 o o# R B R % il (ARRYMR) 5478

fHABA SRR R s AER— AT, IR R
1o i 1 AR5 I P R ) — Bk LARAET S, SRE-F
W0 K AR PERE, HEZARD LA 1.05

(2) T DCLR H 547 K 2 iy DU Sk A V40
SFEDCLRYCM:I T J B =i R 3 =, IR
PERE FHE. WIRDCLRIBRIE R, &2 MYk
A 5 W M T v B o 30 T 5 BB
AE LR . BETDCLREUME I B B e i o
AE, #FEDCLRIR(EBEN10%;

GOMXITIE , DCLRX i 7 K I 7 e e il i
A P 52 MAVRR B T IR B Y S R

SEHE  References

(1] PP, AR A5 v, BORMALEARIMI. AL B
Toolb H iz, 2003.

SHU Geping, SHI Shidong, LI Kejian. Coal liquefaction
technology [M].Beijing: China Coal Industry Publishing
House,2003.

[2] ELLIOT M A. Chemistry of Coal Utilization (Second
Supplementary Volume)[M]. New York: John Wiley and
Sons, Inc, 1981.

31 A/ha. BEEEWRALERE R 5 R A BURD]. 3 d
BERAR, 2012,18(3):24-31.

GU xiaohui. Properties and utilization of coal direct
liquefaction residue [J]. Clean Coal Technology,
2012,18(3): 24-31.

(4] TR, B2 B0, 46— T A E L B AL B

S EVIT MR U AR ST i A R O A A
FI[P].H1[E:201010614927.2011.
LAI Shiliu, CHEN Xuelian, SHENG Ying, et al
Compound extraction agent used to separate asphaltenes,
front asphaltenes or heavy oil from coal direct
liquefaction residue[P].China: 201010614927. 2011 .

[51 LYTLE JM, HSIEH B C B, ANDERSON L L. A survey
of methods of coal hydrogenation for the production of
liquids[J].Fuel = Processing Technology, 1979,(03):
235-246.

[6] KHARE S, DELL'AMICO M. An overview of
conversion of residues from coal liquefaction processes
[J].Journal of Chemical Engineering.2013,91(10):
1660-1670.

[71 SUGANO M,IKEMIZUR,MASHIMOK., Effects of the
oxidation pretreatment with hydrogen peroxide the
hydrogenolysis reactivity of coal liquefaction residue[J].
Fuel Process Technology, 2002,77(78):67-73.

(81 EFEE MBI AL A T 18 A o 00 7 Sk i
At WF 78 (D] A v IR 27 B 1 7G KA A 27 B 5 P
2006.

WANG Zhaixia. The basic research of direct coal
liquefaction residue used for road modified asphalt [D].

Taiyuan: Institute of coal chemistry, Chinese Academy
of Sciences, 2006.

SR - B L 9 A R RS TS U B E 0] AR
$%,2009,7(6):68-85.
ZHU Weiping. Research on direct coal liquefaction

residue modified asphalt [J].Shenhua science and
technology,2009,7(6):68-85.

[10] JT Jie, ZHAO Yongshang, XU Shifa. Study on properties

[11]

of the Blends with Direct Coal Liquefaction Residue
and Asphalt [C]//Materials Science, Civil Engineering
and Architecture Science, Mechanical Engineering and
Manufacturing Technology, ICAEMAS 2014.Xi'an,
China,2014.USA: Trans Tech Publication
Inc,2014:316-321.

HRMA, K, kR F BNESamhERS
VoW B B W OH MWD M OB
#%,2012,40(6):680-685.

CAO Dongwei, ZHANG Haiyan, XUE Yongbing, et al.
Preparation of mixed asphalt by blending coal tar pitch

with petroleum asphalt[J]. Journal of Fuel Chemistry
and Technology, 2012,40(6):680-685.

[12] B3, 2 e fi, 2 S, 26 ML BT AL B Wyl 4 v IO

[13]

Wi 0] 5% 24 41,2009,34(8): 1125-1128.
SHENG Ying, LI Kejian, LI Wenbo, et,al. Preparation
of mesosphere pitch using coal liquefaction
residue[J].International Journal of Coal
Science&Technology,2009,34(8):1125-1128.
S FNE AT M5 BN U TR R P S WAL S 0] B
A5 @A, 2008,25(9):35-38.
WU Yuhui. Effect of content mineral filler on asphalt
mortar  performance[J].Journal of Highway and

Transportation Research and Development,
2008,25(9):35-38.

[14] A TLA BUbk I 7 BOR B F MR BE 72 [D] KPP K IP

B TR2£,2008.

XIE Zhongjie. Research on pavement performances of
TLA modified asphalt mortar [D].Changsha: Changsha
University of Science & Technology,2008.

[15] rhde N RIEH [ Z@ 25, JTG E20-2011, 24 TF%

i B U H R AP R AR [S]. Abnt: N RASHE i hiAt,
2011.

Ministry of Communications of the People 's Republic of
China. JTG E20-2011, Highway engineering asphalt and
asphalt mixture test procedures [S].Beijing: China
Communications Press, 2011.

[16] rhde NRICHIE WIS Hird, JTG E42-2005, /v T2

HORHAZE MARS]. bt N R A i hiett:, 2005.
Ministry of Communications of the People 's Republic of
China. JTG E20-2011, Test methods of aggregate for
highway engineering[S].Beijing: China Communications
Press, 2011.

(%% XiEm)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


