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Effects of Sodium Oxide Content on the Performance of Red Mud—-Based
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Abstract: [Purposes] To optimize the performance of red mud-based geopolymer for tail grout-
ing, the effects of Na,O content on the fresh properties, hardened mechanical properties, electrical
characteristics, and microstructure of the slurry are investigated in this study. [Methods]A single—fac-
tor experimental design was employed, with Na,O content (0~8%) as the variable, to systematically
analyze the slurry’s density, fluidity, consistency, stone rate, bleeding rate, setting time, unconfined

compressive strength, resistivity, electrochemical properties, and microscopic morphology. [Results]
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The results indicate that as the Na,O content increases, the slurry density gradually increases, fluidity
decreases, the slurry becomes more viscous, and the setting time is significantly shortened. The com-
pressive strength exhibits an exponential growth trend, with a significant increase at 5% ~8% Na,O
content, reaching a maximum of 60.64 MPa at 28 d. Resistivity increases with Na,O content, and
long—term curing further enhances the material’ s microstructural compactness. Electrochemical tests
show that higher Na,O content promotes the formation of geopolymerization products, improving ma-
terial durability. Scanning electron microscope analyses reveal that increasing Na,O content transforms
the material from a porous and loose structure to a dense and uniform one, with the 5% ~8% content
samples exhibiting the most favorable microstructural characteristics. In summary, Na,O content in
the range of 5% ~7% optimizes slurry performance, balancing workability and mechanical durability.
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Table 1  Physical properties of red mud

ZER W/ WIR/% TEE/(grem ) FKR/ Y
7R 42.57 24.29 1.79 11.23
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Table 2 Testing indicators of coal—series metakaolin
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Table 3 Mass fractions of components in raw water glass solution
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Table 4 Major chemical compositions of experimental materials

%

%% Fe,0, ALO, SiO, NaO CaO TiO, MgO

A 30.73 22.59 18.37 13.43 6.74 4.65 0.48
i+ 0.50 47.02 50.07 0.15 0.11 1.35 0.16
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Table 5 Experimental design

m(IRI/ mURE mOKBERED /) m (G AR/ m (B IKD/

o g W t)/g g g g

1 444.44 22222 0 0 333.34
2 435.54  217.78 46.96 7.96 291.76
3 426.64  213.32 93.92 15.90 250. 20
4 417.74  208.88  140.88 23.86 208. 64
5 408.84 204.42  187.84 31.82 167.08
6 399.96  199.98 234.8 39.76 125.52
7 391.06 195.52  281.76 47.72 83.96
8 382.16 191.08  328.72 55.68 42.38
9 373.26 186.62  375.68 63.62 0.82
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Table 6 Basic performance test results

45 ] / JC M B 4T 1 58 2 /M Pa

No.  #JF/(kg'm™® WHE/mm  BE/mm  HAR/YW O WKR/Y .
min 3d 7d 28d
1 1670 268 118 91.82 8.18 - - - 0.48
2 1701 265 117 98. 81 1.19 2835 0.020 0.074 0.63
3 1729 256 109 98.91 1.09 1396 0.058 0.10 0.66
4 1790 245 105 99.21 0.79 846 0.087 0.23 0.74
5 1809 245 100 99.81 0.19 675 0.24 0.77 1.48
6 1829 235 97 99.61 0.39 620 1.19 3. 36 5.59
7 1832 233 95 99. 81 0.19 573 3.57 9.15 30. 85
8 1844 220 93 99. 89 0.11 504 9.15 22.05 44.84
9 1904 207 91 99.91 0.09 435 12.12 35.62 60. 64
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Fig. 2 Fittings of grout performance with sodium oxide content
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Table 7 Resulting parameters of the fitting curve between grout
performance and sodium oxide content

ZH WA T R
W/ (kgom ) J1=126.83C + 1682. 44 0.95
Vi B /mm Jfo = —7.25C + 270. 56 0.97
B /mm fy=—3.6C+117.18 0.96
Y25 18] /min fi=2803.43.C" """ 0.99
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Fig. 3 Unconfined compressive strengths of nine samples at
different curing ages
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Fig.4 Fittings of unconfined compressive strength with sodium
oxide content
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