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Abstract: The low hydration activity and high heavy metal ion content of red mud restrict its application in the

field of building materials, and the preparation of good performance and economic and environmental friendly
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red mud-based cementitious material to realize the large admixture utilization of red mud is a problem to be
solved in the green and efficient application of red mud. Red mud-based environmental cementitious material
(RFCG) was prepared by activated red mud and fly ash with calcium carbide slag and phosphogypsum. The
effects of calcium carbide-phosphogypsum ratio, calcination temperature of red mud, and sealing high-
temperature curing time on the strength law of RFCG were investigated, and XRD, SEM-EDS, and ICP-OES
were used to explain the strength law of RFCG from the microscopic mechanism and assess the environmental
impact of RFCG. The results showed that OH" provided by calcium carbide slag promoted the reaction and
generated C-(A)-S-H and a small amount of N-A-S-H gel, which contributed to the strength development of
RFCG; AFt generated by SO4” provided by phosphogypsum enhanced the densification of the matrix by filling
the microscopic pores to improve the strength, but the excessive AFt led to the development of microcracks in
the matrix, which had an impact on the strength development greater. Calcination treatment enhanced the silica-
aluminum 1on leaching rate of red mud and attenuated the negative effect of organic matter in red mud, resulting
in a substantial increase in the strength of RFCG. Conservation at 60 “C for 24 h effectively improved the early
strength of RFCG. The prepared RFCG stabilized heavy metal ions, avoided secondary pollution to a certain
extent, and could be applied in engineering fields such as pavement subgrade and mine filling.

Keywords: Bayer red mud; calcium carbide slag; phosphogypsum; cementitious material; strength properties;

micromorphology; leaching toxicity
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Fig.1 Particle size distribution of raw materials

®1 EMBEER

Table 1 Physical properties of raw materials

JE 1R e M B/ (m?/kg) FE R AR Dso/ pm
RM 1910 4.239
FA 701 17.930
CS 939 14.517
PG 1060 11.673

F YA K ok A (Mullite) #1437 9 (Quartz) , Hir,
TE 20 R 15°~35° 77 76 (19 AE & AH 98 6, v] o 1L 2R G
LA B KA TS B I AR, CS I Y
A A S A ES (Ca(OH),) o PG Y W AH S —0K
£ B (Gypsum) o
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%) (GB/T 1346—2011) #E A7 HE $E , il % ] 4 40
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DRI 5 1AWl 38 0 KAk 7 A 1 B R AR AF LT
WL LR #4758, DA PR AR i#F RECG 58 B2 (1) & e .
1.4 E&ELi&T

G LA L3 4, Hoh RECGO 7R PG $
M 0,G2T60-12 h £ R ¥ RECG2 T 60 'C T % & 57
#7112 h, G2RM-600 &7~ 4 600 “CHEHE M 5 19 RM
T RECG2 ALY fir 45 & SCERL, KK LY [ 5
(W/B)#0.5,

x2 EMBLERS
Table 2 Chemical analysis of source materials
J G
SRR X .

Si0, ALO, Fe,0, Ca0O SO, Na,0 TiO, P,0- Cl MgO
RM 17.05 19.47 22.91 23.27 1.13 8.62 5.55 0.19 0.30 0.52
FA 51.94 30. 22 7.06 3.66 1.02 0.54 1.42 0. 26 0.71
CS 2.95 1.59 0.72 93.27 1.05 0.04 0.10 0.02 0.02 0.10
PG 6.54 0.40 0.06 39.01 52.59 0.04 0.07 1.02 0.08
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Table 3 Toxic ion content in RM Table 4 Maixture proportion and W/B ratio
ELR F % /(mg/1L) Jii i 4380/ (mg/kg) RFCG RM/%  FA/% CS/%  PG/%  W/B
Cr 19.743 393. 29 RFCGO 49 21 30 0 0.5
Ni 1.521 30.29 RFCG1 49 21 25 5 0.5
Cu 7.943 158. 23 RFCG2 49 21 20 10 0.5
7n 4.708 93.78 RFCG3 49 21 15 15 0.5
As 0.414 8. 24 RFCG4 49 21 10 20 0.5
Cd 0.074 1.46 RFCG5 49 21 5 25 0.5
Hg 1.456 29.00 G2T60-12h 49 21 20 10 0.5
Pb 2.372 47.24 G2T60-24h 49 21 20 10 0.5
G2T60-48h 49 21 20 10 0.5
1.Hematite 2.Katoite 3.Cancrinite 4.Ca(OH), . _
, 1 SCalcile 6Hibschite 7Mulite 8 Quartz G2RM-600 49 2l 20 10 0.5
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Table 5 Activated RM silicon and aluminum leaching and

leaching rate

) Sitt/ Sit TR APT/ AP R
I
(mg/L) /% (mg/L) /%
RM 18. 44 5.62 23.98 6. 40
RM-600 27.35 8. 34 56. 74 15.15
RM-700 35.51 10. 83 73.81 19.71
RM-800 41.00 12. 50 101. 26 27.04
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Fig.10 FTIR spectra of mixtures at 7 days of age
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Table 6 Toxic ion leaching results of samples and standard limits

Ji e W /(mg /L)

= RFCG2 G2T60-24h G2ZRM-800 GB 5749—2022 GB 8978—1996  GB 5085. 3—2007
Cr 0.018 0.005 0.427 0.05 1.5 15.0

Ni 0.005 0.004 0.002 0.02 1.0 5.0

Cu 0.005 0.003 0.006 1.0 0.5 100.0

Zn ND ND ND 1.0 2.0 100. 0

As 0.017 0.015 0.001 0.01 0.5 5.0

Cd 0.001 ND ND 0. 005 0.1 1.0

Hg 0.002 ND 0.003 0.001 0.05 0.1

Pb 0. 005 0.003 0. 005 0.01 1.0 5.0
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