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Microscopic characteristics of mineral powder and gray analysis of
its rheological properties with asphalt mortar
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Abstract: In order to explore the physical characteristics and microstructure of mineral powder, and to conduct an
in-depth study of the rheological properties of cement paste and the influence of mineral powder on the properties of
cement paste, the physical characteristics, chemical composition and microstructure of different types of mineral
powder were analyzed. Using different types of mineral powder with varying pass rates through a 0. 075 mm sieve,
asphalt mortar with different dosages was prepared. The influence of dynamic shear rheology and bending beam
rheology test on the rheological properties of asphalt cement paste at high and low temperatures was analyzed. Gray
relational analysis was employed to explore the relationships between the physical parameters and microstructural
characteristics of the mineral powder and the high and low-temperature performance of the asphalt mortar. The
experimental results show that the five types of mineral powders have relatively few small pores. The pores of R3
and R4 mineral powders are predominantly elongated, while the pores of R1, R2 and RS mineral powders are
mostly formed by particle accumulation. With the increase of mineral powder content, the overall high-temperature
performance and anti-flow ability of asphalt mortar improve, while the low-temperature performance first weakens
and then strengthens. Taking specific surface area and other indicators as comparison series and phase angle as
reference series, the grey relational analysis method is used to determine that oxide content has the greatest
influence on high temperature performance and the specific surface area of mineral powder has the least influence.
At low temperature, the particle size of mineral powder has the greatest influence on creep stiffness, and the
average pore diameter has the greatest influence on the change rate of creep stiffness. The control of mineral powder
index and the change of high and low temperature characteristics can provide references for practical engineering
applications.
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Tab.1 Test results of SBS modified asphalt foundation performance

SIgE| FFABE(25 C)/mm FERE(5 °C)/cm L CiAva W A NE/C VR / %
HARER 60 ~80 =30 =55 — =230 =99
UIF RS S 62.5 32.7 69.9 1.012 241.0 99.92

=2 TR
Tab.2 Performance of mineral powder
RiE R KM/ (g em™) XEKMBERE/ (g + em ™) K % FAKERE AR

RI 2.612 2.631 0.1 0.52 oA kL2

R2 2.625 2.639 0.2 0.61 TR g5 e

R3 2.713 2.725 0.1 0.56 To AR 2

R4 2.681 2.702 0.3 0.59 TR g5

R5 2.715 2.731 0.1 0.64 PRIk TR
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Tab.3 Key indexes of particle size of different mineral powder
LR E k=3 RMEBOFHRAR/ pm RBUFERIAR/ wm Do/ pom Dsy/ pm Dyy/ pum HREA/ (m? - g7 )
R1 6.353 40.738 2.806 28.224 96. 686 0.944
R2 6.116 51.500 2.571 31.404 121.598 0.981
R3 9.924 92.103 5.512 51.391 92.103 0. 605
R4 11.317 92.818 6.927 11.317 208.531 0.530
R5 10.019 108.921 4.315 77.375 264.378 0.599
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Particle size distribution of different mineral powders
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Tab.4 Results of specific surface area measured by different

methods
S ERER/ (m? - g7!)
BET i & RLEEAS I
R1 0.673 0.944
R2 3.338 0.981
R3 1.560 0.605
R4 4.268 0.530
RS 1.332 0.599
R11 0.793 —
R12 0.801 —
R13 0.807 —
R14 0.863 —
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Fig.2  Appearance and morphology of mineral powder particles magnified
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Fig.3  Adsorption desorption curves of different mineral powders
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Tab.5 Average pore size and average pore volume of different

mineral powders

B R D,,/nm V,/ (107 em® < g71)
R1 38.81 5.508
R2 29.40 18.920
R3 35.00 5.175
R4 25.83 12. 800
RS 33.80 5.772
R11 33.80 5.161
R12 38.81 4.896
R13 35.00 4.735
R14 33.80 4.178
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Fig.4 Distribution of pore size of different mineral powders
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Tab.6 Preparation plan for mortar

URVETE] B/ % HRHBY (m? - g7")
R1 80,110,140 0.673
R2 80,110,140 3.338
R3 80,110,140 1.560
R4 80,110,140 4.268
RS 80,110,140 1.332
R11 80,110,140 0.793
R12 80,110,140 0.801
R13 80,110,140 0.807
R14 80,110,140 0.863
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Tab.7 Results of MSCR test evaluation indicators
R RN v 78 aa e R/ % S
0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa
R11 80 81.86 74.43 7.97 10. 68 33.93 9.08
R11 110 80. 66 76.39 5.60 7.14 27.47 5.29
R11 140 81.91 77.62 2.90 4.10 43.30 5.23
&8 MSCRIREITFMIBIRER
Tab.8 Results of MSCR test evaluation indicators
WA B/ % % i R/ % it
0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa
R1 110 77.00 74.50 3.32 3.70 3.25 11.48
R2 110 89.52 87.64 0.92 1.41 2.09 53.47
R3 110 74.52 72.72 4.79 5.41 2.42 12.89
R4 110 88.25 76.17 1.25 1.94 13.69 55.26
RS 110 85.85 79.82 3.63 5.55 7.02 53.00
g th: BEIE R A R R SR R NN, X 5 R B
“RIZ ¢ R3Z RS2 BRI BT — AT e
I RE T e 5 S AR 55, HAFFEVEAE 5 g, WE 38 2o
< FRAYIG RSN HE R, BB B A Bt vy T PE e
ﬁ;( SRS W55 50. 075 mm 38 3 5 809% (19 1 g Rk
JER KR,
20720 40 60 80 100 120

B 8] /s
E14 AEEBTHHISKENNTET

Strain variation of different types of mineral powder

Fig. 14

asphalt mortar
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pass rates
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Tab.9 Results of MSCR test evaluation indicators

. R/% Jun
LR E R B/ % R/ % J e
0.1 kPa 3.2 kPa 0.1 kPa 3.2 kPa
R11 110 80. 66 76.39 5.60 7.14 5.29 27.47
R12 110 84.49 77.44 3.97 6.02 8.35 51.67
R13 110 83.36 76.48 3.98 5.84 8.25 46.82
R14 110 82.37 76.76 4.88 6.17 6.81 26.36
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-12- MoR O T Mk K% %) %56 45
SUELHE 5. /sin & % JE RS MSCEALMEIIEIFAN A (9S Al m, R, LT BVBLEE (D, Dy . Dy) EAL
el LB, WSk C, A, D, V, BBEIE p LU X

KPR B 22 52 M S50 0 Wi 56 1 A
FETHB RN 110% 1 5 FRIEHEAE 60 CCHY G /sin 6,
8 J260 CHf 0.1 kPa W J1 /KT R A1 J,, 552 4
WIETHHBEN 110% I BRHRAE - 12 CHEEH

TM’E?%BB‘??WJO 10 M1 11 0 SHHBE
FEGR LR EIME,

IR AB IR 43 B 22 5 o) B3 Hl ot
S 12 FI$ 13,

FrinifEfe it 5,

x10 SEHIE

Tab. 10  Reference sequence values

3K G = 8/(°) (G* /sin 8)/Pa R/% Joe S/MPa m
R1-2 55.74 17 419. 19 77.00 3.32 285.946 0.393
R2-2 58.86 38 434.12 89.52 0.92 261.196 0.392
R3-2 63.97 22 788.03 74.52 4.79 240.922 0.420
R4-2 55.94 57 341.91 88.25 1.25 310.585 0.409
R5-2 63.19 18 504.21 85.85 3.63 225.842 0.447

z11 FIRLEKEIE
Tab. 11  Original comparison sequence values
Wy D,/ Dsy/ Dyy/ A/ D,/ Voo C./ p/ T/
G pm pm pm (m* - g™") nm (em® +g7") K (g-em™) pm

R1 2.806 28.224 96. 686 0.673 38. 81 0.005 51 23.89 2.612 1.327

R2 2.571 31.404 121.598 3.338 29.40 0.018 92 27.17 2.625 0.268

R3 5.512 51.391 92.103 1.560 35.00 0.005 18 31.46 2.713 0.572

R4 6.927 11.317 208.531 4.268 25.83 0.012 80 31.36 2.681 0.209

R5 4.315 77.375 264.378 1.332 33.80 0.005 77 31.80 2.715 0.670

FR12 EUSEHT
Tab. 12  Standardized reference sequence

JBEHK G 8/(°) (G* /sin 8)/Pa R/% Joe S/MPa m
R12 0 0 0.165 0.620 0.709 0.018
R2-2 0.379 0.526 1.000 0 0.417 0
R3-2 1.000 0.134 0 1.000 0.178 0.509
R4-2 0.024 1.000 0.915 0.085 1.000 0.309
R5-2 0.905 0.027 0.755 0.700 0 1.000

®13 ARELLERES
Tab. 13  Standardized comparison sequence
Ky D,/ Dsy/ Dyy/ A/ D,/ V/ C../ p/ T,/
G pm pm pm (m* - g™") nm (em® - g71) % (grem™) pm

R1 0.054 0.256 0.027 0 1.000 0.024 0 0 1.000

R2 0 0.304 0.171 0.741 0.275 1.000 0.415 0.126 0.053

R3 0.675 0.607 0 0.247 0.706 0 0.957 0.981 0.325

R4 1.000 0 0.676 1.000 0 0.555 0.944 0.670 0

R5 0.400 1.000 1.000 0.183 0.614 0.043 1.000 1.000 0.412

3.2 FOMMEREXT B AR M A R M Ay AR 8B K BX 2)G"/sin 8: Dy > Dyy > T, >C, . >D, >V, >
3.2.1  miftERERZ W o3 By A >Dyy >po
B RRAE 55 e 3 o IR M e K €8 DG I B 25 1 L 3R:Ty>A, >V, >Dy>p>Dy >C, >Dy, >

K19, mE 19 ATLIE I, 7E 60 CIRE T, 5 H 1 D
FESH S H KK 8.6 /sin 6 R Fl J 1)K

F Al

O CHR B i R 2/ N HE R 43531 Ry
1)6:C,, >p>D,, >Dy >Dyy >D\y >T >V, >A_,

ap ©

D

100

4) )AL >V, >D > Doy > Ty > Dy >C, >p >
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