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(a) AR H9 i

PERBFR bR LR 3, FL 1k RE 2406 A2 (2 I 0 7 6 1 it
THAEARMIE Y JTG FA0—2004) HAH e 45 RE K.
1.2 REHE

1.2.1 JEFEMRKRE  FHFEE Quantachrome
N H) PM-33-18 B i SR 4SO B2 L RE & E 17 AL B
A BT, BEBCEL A AR M ORI W) A S 5 7
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Fig. 1 Steel slag aggregate appearance %;quﬁjﬁ
k1 EHFERAHAF
Tab.1 Main technical indicators of aggregate
TIRBUEE/ M B/ .
KA WokF/ % kR % - - FEWEAE/ % SRR/ %
(ge+cm %) (gecm %)
10~15 mm 2.4 5.6 3.437 3.624 9.0 11.6
FA T 4 s 5~10 mm 2.7 — 3. 269 3. 462 — -
0~5 mm 3.0 — 3.212 3.414 — —
10~15 mm 1.9 7.8 3.406 3.610 9.5 13.3
¥ 31 i 5~10 mm 2.6 — 3.318 3.546 — —
0~5 mm 2.9 — 3.323 3.562 — —
10~15 mm 0.6 11.0 2.718 2.734 13.8 24.5
Vo &= 5~10 mm 0.8 — 2.700 2.721 - -
0~5 mm 0.9 — 2. 867 2.711 — -
HORF R <3.0 <12 — — <26 <26
k2 SEHRERAMFRIANER
Tab. 2 Basic chemical composition analysis results of aggregate
w/ %
SRR
CaO MgO Fes O3 Al O SiO, K,O MnO P, 05 TiO, V, 05 Cr; 04
A4 ] AR 42.91 3.14 30. 47 2.03 15.19 0.10 1.76 2.14 1.42 0.45 0.34
% 7 bRt 45,48 2.42 27.35 2.23 14. 89 — 2. 62 1.91 1.41 0.79 0.44
AR 37.09 15.17 1.26 3. 84 41.83 0.54 — — 0.22 — —
*3 WHEEAENF
Tab. 3 Asphalt technical indicators
AR5 C, KA A FERE (15 °C, T (15 C)H
5 H AR i . - i I 5. (COC) /C D/
100 g,5 s)/0.1 mm (BRI /°C 5 ¢cm/min) /cm (1B /% (g+cm™?)
HIRRWAES 72 47 =100 0.9 310 1.035
HORBR 60~80 =46 =100 <2.2 =260 SR SR
1.2.2 MH2ebarsh kX RAMEAAET A E 180 CHIME B 5 140 °C U7 4%

A V80 AU B 2T AN A (FT-TR) X B
AE A VEAT X6 He 2 M. 38 3 3R sl B AL B o) 49 7 A
JEE Y B 0. 075 mm PLF 4K Ry i 4T 1R AL B0 R

B by 2 ¢ 1 AT Y RERD, i A8 AN T R U T IR
05[] B o0 6 o 7 A A X B A 2R AT UG
1.2.3 #BfAMNKE RHAME KRUSS A F
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DAS30 St 1 il ff1 A 45 6E 55 0 75 14 42 fih £ 2k
TME. BERYIE A 3 cm X3 em X 3 em G
VB ST 5 B A T Uk T v S R 2R T S T K
AT 140 °C 575 1 76 S ] I BE (25,45.65.85,
105 “CHAE R R M, B 4R AT 3 AT,
X 45 J SR B4

L2.4 RTHEHLHEXE RAEE Park
NX10 #5177 560588 (AF M) % 88 64 2 18 3000 4
FESEAT I A 0 X3 T AL 10 pm X 10 pm., 44
ERYIEIAL 3 cm X3 em X 3 em F VG AL
e, A 1000 # W0 ARFT B 42 b 3R 18, I bR U0 B Se B8
IREE e T SRR e 1, EATHE T

1.2.5 4afusK% RHEXE FELAAMN
Quanta 450FEG 434 Fa 85 %5 #0 R] G - 7 A K

* 4

Fr-Un T PR AR AT 40T R AR AN A K
TN 180 °C LA 140 “CHFWFH H 15 s, —F
PREZAESNER R I B 1 L A ARV 4D,
1.2.6 KA HEFHRE  EBEARINE L5
Wit » LhAT B g X b 43 3 R AT A [R] B[] R 7K &
PR 30 Tk e SRR A B TR 7 R
IRARHAB A TG E20—2011) #k47.
MR % 4 PR, H B AR A b 5. 2%
5.2% 4. 9% .5. 1% 43 5 BB $4 ) 40 O 7 IR A
BB FERRE D EIRA B A K EEIRAG BN
A WA W IR AR CHLEE B v 57 M i L A 46 B
oA WA A 4 B B TR T B Wi
IRAFHR I ML) (JTG E20—2011) #F 17 5% B4 Fa
JE RV Rl B 2458 B (TSRO 156

REFILRERTE 2 &

Tab. 4 Percentage of gradation sieve quality passing

it i LT 9 AL B 22 3/ A

A

16 mm 13.2 mm 9.5 mm 4.75 mm  2.36 mm

1. 18 mm 0.6 mm 0.3 mm 0.15 mm 0.075 mm

AC-13 100. 0 95.0 68.9 46.2 30.0

20.3 14.2 9.9 7.0 5.0

2 HiS5itig

2.1 S RLELBR &5 ke X 5 v W B 5
2.1.1 MEEHLmBFE VT SERSERFE

B, e S IR s B gnFlok S IR EMER T, Ui
HIEERLIR P T B E . WS B B R E
B E IR NANCE N6 N E AN TTE
LB EAS- AW L EME RIS, EBEN
T AT 1 0 B2 55 10 2 B

SR R SR ASCI 7 oA 2 78 0 7 1% 4 k) AL B Ay
fiE S5 5L W3 5. % 5l UL, B3 L B 45 0 i
TR AR KR FA P40 v 55 R s kSR i
AR 11, 3 4% .10, 5 45, BEUTAN i FLIA R T
KA. FE T Xoaotb FLBR 4T 2 bR o FL B %
AL RN N 4 PR BPRFL (1 pm) (AL

(0. 1~1 pm),/NfL 0. 01 ~0. 1 pm), fif L
(<20. 01 pr) "', SRR 8 P BRIE A KA/ T
1 pm LB A3 5105 B R R B Y 74, 30%0.69. 4096,
14, 54 % U W0 i FL B LA /AL L oA 32, SR IE
T LA A K A LR AL R L AL L L
LR B2, Jioh R 12 PRt S AL
AER 5.7 A% 4. 2 A LB R E A T R T
LB SR, NEFLBR SR & o os =2 4%, X
FiRr Ik B W BR300 T 2 i
BN E— B R AR TN S U AR .
2.1.2 MEEMILMBIESH FRAMHw  F
RHFLAR /NS ] 6 5 75 W B 1 ) 22 SRR, SR
FERALKT B 0%6.1. 0% . 1. 5% .2. 0% Wi 7 1 4&
BHEAT LR AR AL BT, 5 SRR 2 s, i B AT L

k5 EHAWENHFALIF S
Tab.5 Feature distribution parameters of aggregate pore structure
) B S SR BT A/ % MR/ ‘
LR . BALBRE/ %
<0.01 pm 0.01~0.1 pm 0.1~1 pm >1 ym (mL - g™")

AR ] AR 0.62 43.16 30. 52 25.70 0.039 4 7.37

% 37 Wit 0.74 45,11 23.55 30. 60 0.036 8 5.39

Ve &= 0.79 8.03 5.72 85. 46 0.003 5 1.29
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Fig. 2 Pore size distribution of aggregates with different oil-stone ratios
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Wi e T A0 a1 W B I R AR N S A
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2.2 HORHEAE R 5 o ) e B i)

2.2.1 FT-IR &4 HE 5 8RS 125 LR
AR Z% A HAR 50 ) B AL 2 W B L 0
TR T I A A0 W 55 1k B B A1 5 5 i 4

R A A SO PR R AT FT-IR 43 87 48 BT 0
5k e G B Be A A8 A, DU BT 7 4 i 6y
PRyt B 25 S an i 3 . e AT LU Y, JE
WITFHTE 2 750~3 067 em ' Ab i BL T 5 1 LAY W%
WS, 3 B 7R R TR R AT A E IR AE L S U i
SRR A2 SO B AE TR S5 52 870 em !
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s& C—CH; AXF AR R 3hiE, 1 380 cm ™' 4k /&
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Fig. 4 Aggregate and asphalt contact angle
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Tab. 6 Related parameters of aggregate surface morphology

» 0 A
p— %%jﬂjﬁf%/ %Tﬁ’%’ﬁ%/ %Eﬁiﬂi
AP 1 i 1.000 1.96 391. 4
8 37 P 1.000 2.45 433.7
ey %2 1.000 1.13 118.3

M & 5 AT RLE 4K 5 A K 2% T S0
TEASTR] 5K 75 52 0 H R R S B 24, Ll e ™ v
B A TR BRI L AR AR R T R AR AR
i N T S R I P =3 & I PP Y S
T 40 43 DX 3l 65 Y o, 7 L 0 A Ll A8 X R IR
AR R R /N, 3 6 AT LA W, ) 4K i A 5
WA T AEURE M A A Y 3.3 % .3, 7 A% R AU
ARA) 1.7 £ 2. 2 4%, d B 90 7 RLAS i L 3R 1
TR R T A A 1. B 5 3 v AL W 5 4k
V1) 285 R 14 >k W5 W & 43 R0V 0 i 43 TRD A
FH 3 0 4 ek 6 T R 5 B0 G AR kL T R
o, ) 2 T RRURR K, A Ak 2 T R R 90 RS AR, il
A0 75 -5 ek AL T AE 266 45 08 R R, AR R I W T S
AL B KT BRI 00 A K E R
VIR eV =3
2.3.2 MEBHEHMHEGERA >N ERSTHE R
B AR NS5 B S TR ROUL T 3 AT 56, 38 10 %5 i 3
BERE 1 B BB 0 X8 30 - e A 1 28 BT 5 B 4 5 e
SF AR FEE 1 RS AFM K, 45 & 6 Fros.
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Fig.5 3D microscopic morphology of aggregate
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Fig. 6 3D adhesion morphology of aggregate
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Fig.7 Aggregate average adhesion
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Fig. 8 Aggregate-asphalt microscopic morphology map
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Fig. 9 Aggregate adhesion grade
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Fig. 10 Residual stability and freeze-thaw Spllttmg
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Research on adhesion characteristics of steel slag-asphalt interface

LI Song, ZHANG Caili",

DING Weizhe,

WANG Ben, LI Tianhao

( School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China )

Abstract: In order to study the adhesion mechanism of steel slag-asphalt interface, with limestone as

the control, mercury porosimeter, Fourier infrared spectrometer, contact angle meter, atomic force

microscope, scanning electron microscope were used to reveal steel slag-asphalt interface effect from

three angles of pore adsorption, chemical reaction and surface adhesion. Combined with laboratory

tests, the water stability of steel slag aggregates was investigated. The results show that the pore

volume and porosity of steel slag are larger than those of limestone, and the pores are mainly small

pores and mesopores. Steel slag can chemically react with asphalt, and the contact angle between steel

slag and asphalt is smaller than that between limestone and asphalt. The roughness, surface area and

adhesion of steel slag are larger than those of limestone. The water stability of steel slag aggregate is

better than that of limestone. That is to say, steel slag aggregate has stronger asphalt adsorption

characteristics due to its superior pore adsorption capacity, active chemical composition and rough

surface texture.

Key words: steel slag-asphalt interface; pore structure; chemical properties; roughness; adhesion





