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Abstract

The use of industrial waste in road engineering not only promotes the rational use of resources, but
also helps to promote the development of green transportation. In this paper, in order to study the
effect of desulphurized manganese residue powder on the performance of asphalt mixture, asphalt
mixture was prepared by replacing mineral powder with different proportions of desulphurized
manganese residue powder. The influence of different substitution rates of desulphurized manganese
residue powder on high-temperature stability, low-temperature cracking resistance and water stabil-
ity of asphalt mixture was analyzed through rut test, freeze-thaw splitting test and low-temperature
trabecular bending test. The results show that the desulphurized manganese residue powder mainly
contains quartz, calcite, gypsum and other substances in crystalline phase, the main components
are Si03, Al03 and CaO, and have a multi-pore structure, which belongs to acidic materials. The
high-temperature stability and water stability of asphalt mixture were improved by replacing min-
eral powder with desulphurized manganese residue powder, and the low-temperature cracking re-
sistance was decreased. However, when the substitution rate exceeds 30%, the water stability of as-
phalt mixture shows a decreasing trend. Considering the road performance of asphalt mixture, it is
suggested that the replacement amount should not exceed 30%.

Keywords

Desulphurized Manganese Residue Powder, Asphalt Mixture, High-Temperature Stability, Water
Stability, Low-Temperature Cracking Resistance

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

B 2023 [FEAER, IREEHARIEE B BN 17.7 AR, AHE 2022 [FEERBEN 2.7 TARE, &
ARG B RS —, R DU RRISE R, R A B A BRI A B R 3 K
[1] [2]. FEIEEE BRI FRA SRR, U5 VR & RHE i 2 BB AR 2 —[3]. B S BRI 36 47
FRUESRHEDT S R AR & HB N, EE M R A WA 2 ma[4] [5] (6] [7]. HAT, REAKAT
RN RN 2 N TR AR SR, B R EK AT AR SO R R, KA TR IE
TG AG R B fa s, HAEI T R 7= A KSR Ay, AT ™ 58 19 23 <035 %4 [8] [9] [10]. Rk, 8
DI BRI R 2 (IR S8 8

it B A B e R T AR ARV AT AR, FL R R HOK IR ML, B R HLAF
ERESLR, J& TS5 BEYR[11] [12] [13] [14]. KB E[15]#% — & th il N smid dil % 1 R E+
P THIRG DL SRS C40 JREE L, Lok I 2 B SO e Bk . R IE P55 [16]F] F LA G il 46 1 e e A
M THEE. B, BREKERIZEAE ARG, R 7 K &% 28 K5RE & C30 Jktt. Wang 25[17]10F %
ST T BBRARE A A K R MR W5 AR AT AT M. FFREDL, 7E 10%M BAKE T, BisishiE K
AR IO AR . BRI Bt PURBEMSES F2ENS E KRR Y, HAFEE
& JR RS IR XU RS P 5

HAT, BAOTERE 7RG I AR R IR B> o BT A A B . FLIUR I RIS RS s i, A

DOI: 10.12677/hjce.2024.135074 685 T ARTHE


https://doi.org/10.12677/hjce.2024.135074
http://creativecommons.org/licenses/by/4.0/

oY %

R IO T v S PSRy, 3 I X AS [ B A8 P B B oA AR T TR B R B AR E T L B AR R EE AR
25 R NEAR SRR FE PR AN ) B A5 PO RS R T ok 0 300 75 VR B P Rl AR M KRR MR MM 7T 3R
PERE IR U

2. RIEHN
2.1 REFEM R eI
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Table 1. Technical indexes of 90 road petroleum asphalt

= 1. 90" EE AN E S U AR

LioalBEE| LX) BORER TP S UAIIERPS [T RrS
BN FE(25°C) 0.1 mm 80~100 81.2 HH% T 0604-2011
AL (R&B) T >44 47.1 Gk T 0606-2011
4L (5 cm/min, 10°C) mm >20 523 “ks T 0605-2011
ZE (5 cm/min, 15°C) mm >50 >1500 ks T 0605-2011
N FEFR S PI - -0.94 -1.5~1.0 HH% T 0604-2011
#E(15°C) g/lem® - 1.036 - T 0603-2011

2.1.2. BRERERER

ARSI B AR SRR T T B R Te AR A PR AR, AN K (s R TR [E A, A,
oA, 2RISR, BLERARE IR BN 2.54 glem®, H BB EE 2 B, WTLUEH, B
Tt diiE & KRR Si0. AlOg It CaO, —H & E B AL 1 Bt i B0 20l 75%, by
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Table 2. Chemical composition of desulfurized manganese residue (wt%)
= 2. BRERSRIELE R 5 (Wi%)

B o (MnO) o (Fe,03) o (MgO) o (AlL,O3)  (Cal) w (Si0;)  (Na0)  (SO3) o (Ky0)  Hith

g 5.864 4.992 3.140 11.361 19.548 48.09 1.994 2.405 1228 1.378

AR E Zbrie CH TR BIRAL &0 7)Y GBIT 203-2008, 4543 2 ALY & H 450 L
BB RSN, BT R B <1, KBREEE TBRMEME .

Gz, K C20+MgO+ALO, 19548+3.140+11.361
Si0, +MnO+TiO,  48.09+5.864+0.318

0.63 1)

KEVEZHG H = CaO + MgO +AlQ, _ 19.548 +3.140+11.361

—0.71 @)
Sio, 48.09
AlLO, 11.361
WEHERE: 1=—22="1=0.24 3
AN Si0,  48.09 )
f}ﬁ’ﬁ%ﬁl: B— CaO + MgO _ 19.548 +3.140 —0.38 (4)

ALO, +Si0, 11.361+48.09
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Figure 1. Particle size distribution map of desulfurized manganese residue power after ball milling for 120 min
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Figure 2. XRD pattern of desulfurized manganese residue powder after ball milling for 120 min
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Figure 3. SEM image of desulfurized manganese residue powder after ball milling for 120 min
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Table 3. Test results of coarse aggregate performance index
7 3. AR MR IR MR

TiH LA HARTEK SN2 R [RIEEES
FEREAE % <30 22.3 &
WK % <3.0 0.7 &

biN=p i R 44 >4 5 a
RN % <20 9.4 s
RWE L - >2.45 2.689 Gk
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Table 4. Test results of fine aggregate performance index
= 4. WERM RTINS R

Ll H BT BARZR S & R 225
WK % <3.0 0.9 Gk
RN - >2.45 2.675 H%
IR [ (>0.3 mm #545) % <12 9 %
Er e E(<0.075 mm {5 &) % <3 2 “k%
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Table 5. Test results of mineral powder performance index
72 5. W MM RRIE ARG MILE R

T H CXDA BRER S 45 R IDETEPS
M E glem?® >2.45 2.692 Gt
TKE % <1 0.7 Gk
<0.6 mm % 100 100
L ] <0.15 mm % 90~100 95.6 EH%
<0.075 mm % 75~100 89.1
S - P MEIEARZRE T b 45 He Gk
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Table 6. Mineral grading of AC-13 asphalt mixture
& 6. AC-13 BUiER SR BHRED

IR Z1 5L (mim) B3R 2 3E(%)

TiH
16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
R R 100 100 85 68 50 38 28 20 15 8
BC T PR 100 90 68 38 24 15 10 7 5 4
PRI IR 100 95 76 53 37 26 19 13 10 6
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Figure 4. AC-13 asphalt mixture grading curve
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Figure 5. Rutting test results of desulfurized manganese residue power replacing mineral powder asphalt mixture
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Figure 6. Low-temperature trabecular test results of desulfurized manganese residue
power replacing mineral powder asphalt mixture
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Figure 7. Freeze-thaw splitting test results of desulfurized manganese residue power replacing mineral powder asphalt mixture
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