a2 oW X @ B = 5 I # Vol.42 No.2

20264 4H JOURNAL OF TRANSPORT SCIENCE AND ENGINEERING

DOI:10.16544/j.cnki.cn43-1494/u.20260116002 XEHRS :1674-599X(2026)02-0154-09

SIFHES g, WhAS , o] S0 B L AR UMy B S B 4 S5 MR REAE 9T [ ] 2Cil Bl 2% 5 T/, 2026,42(2) : 154-162.

Citation: TANG Jing, YAO Jie, HE Zhongming. Preparation and performance of red mud-fly ash based grouting materials[J]. Journal of Transport

Science and Engineering, 2026, 42(2): 154-162.

R MR IR T 4 W S B 5

iz AR T SN E LR

(1. ki@ dpml kit iAo a) ,#d Ky 410007;2. KV T k¥ Lt REIRFEIEFR,
W K 410114;3. KW T K% @SR, Md KV 410114)

& [ BRI VE X AR5 I A7 i i A PR o) 1, 35 0 ) 5 5 R % P 1 B [ e, R A — P
SR DT VR SR K B L RV I BRI 77195 bk oK B B A BOR J T T AR BE -5 72758 B A3 i)
U IR EE A BT L 8 R I R S A SO o [ 468 3R ]I I8 B 4 S TR A P Y S B R 2R
TRV AL BT N 30%, BB T BT /K RACE 3.5%, HL45 77 F8500 5 BRIUR 770 T I 25 M0 0 e R A 28 11 4 B8
L, A AR TR S 250 B KB B AEON 120 MR 2B PEREA B . £5 A A TR 25 5L i fR Ll
G K E 0.8 IR IR B 1 30% (B & 45 1 10% JK BE T4 1.2 O A BT UE 52, S & A2 i C-(A)-S-H/
N-A-S-H & G- 58 W 0 4% 5 o g JFURE 1) S AR S8 2000 BIR R FH 2Rk ) s B i OG5 . [ 538 1P o SR
ARUE IR g TR AR FAR AL T B A7

KGR : AR U BB s TSR s I 5 S5 A

HESES TUS28 SRRFRRTG : A

Preparation and performance of red mud-fly ash based grouting

materials

TANG Jing'*, YAO Ji¢’, HE Zhongming’
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Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China; 3. School of
Transportation, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] To address the environmental burden caused by the large-scale stockpiling of red
mud and fly ash, a novel green grouting material was developed by leveraging the synergistic
complementarity between the strong alkalinity of red mud and the activity of fly ash. [ Methods] The
effects of the water-solid ratio, red mud content, alkali activator content, and sodium silicate modulus
on the performance and mechanical strength of the slurry were systematically investigated, and the
microscopic mechanism of its strength formation was revealed by using scanning electron microscopy.
[Findings] The results indicate that the water-solid ratio is the critical factor in governing the rheology
of the slurry. The optimal threshold for red mud content is 30%, at which the slurry water separation
rate drops to 3.5% with a high stone ratio. The alkali activator significantly accelerates

polycondensation of the system, enhancing early mechanical strength of materials. The mechanical
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performance of materials peaks when the sodium silicate modulus is 1.2. Consequently, the optimal mix

ratio is determined to be a water-solid ratio of 0.8, red mud content of 30%, alkali activator content of

10%,and a sodium silicate modulus of 1.2. Microscopic analysis confirms that the C-(A)-S-H/N-A-S-H

composite gel network generated by alkali activation and the micro-aggregate filling effect of unreacted

particles work synergistically. They are critical to material mechanical strength formation. [ Conclusions ]

The research findings provide a new pathway for the resource utilization of red mud and fly ash.

Key words: red mud; fly ash; grouting material; alkali activation; microstructure
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Table 1 Main chemical composition of red mud %
(Si02) | (ALOs) | (Fe:03) | (Ca0O) | (MgO) | (SOs) | (Na:0)
14.4 22.2 40.2 2.0 0.2 0.3 12.8
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Table 2 Main chemical composition of fly ash %
w w w w w w w
(Si02) | (ALO3) | (Fex03) | (Ca0O) | (MgO) | (SO3) | (Na0)
554 30.8 3.1 34 0.9 1.2 1.0
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Fig. 2 XRD pattern of fly ash
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