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Enhancement of Properties of Alkali-Activated Red Mud Based
Cementitious Materials by Mineralizing Microbe

ZHANG Xingwu', LIU Peng"", CHENG Yu’

(1. School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. School of Transportation,
Shandong University of Science and Technology, Qingdao 266510, China)

Abstract: It was proposed to improve the alkali-activated reaction of red mud through microbial mineralization
technology, and the effects of mineralizing microbe amount , Ca( OH), content and urea concentration on the strength
of red mud-activated cementitious materials was investigated. The change of material composition and microscopic
morphology of alkali-activated cementitious material under the action of mineralizing microbe were also analyzed by
means of scanning electron microscope ( SEM ) and X-ray diffraction ( XRD), and the mechanism of cementitious
material modified by mineralizing microbe was obtained. The results show that microbial mineralization can promote
the alkali-activated reaction of red mud to produce more cementitious material and increase the system compactness,
thus the strength of red mud-activated cementitious materials is improved. And the strength can increase with
increasing the mineralizing microbe amount, the urea concentration, and the curing age. When 1.5 mol/L urea and
75 mL mineralizing microbe after centrifugation are added, the strength of red mud increases most significantly.
Compared to the sample with only calcium hydroxide added, the increase in strength can reach 85 .7%. At the same
time, the formation of cementitious materials is significantly accelerated by microbial mineralization, which is
conducive to the formation of early strength of cementitious materials.
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Table 1 Chemical composition(by mass) of red mud
Unit: %

Si0, Fe,0, ALO, Na0O CaO TiO, K,0 MgO Other

28.11 28.46 22.17 10.34 2.62 1.65 0.14 0.25 6.26
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Table 2 Main physical indicators of red mud

Liquid limit/ % Plastic limit/ % Plasticity index/ % Dry density/(g-cm ) Specific gravity Void ratio pH value
43.8 29.2 14.6 0.71 2.79 2.93 12.2
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Fig. 1 Particle gradation of red mud
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Table 4 Testing program

Influencing factor Value
w(Ca(OH),)/ % 0,5,10,15
Urea concentration/(mol-L ") 0,0.5,1.0,1.5

Mineralizing microbe amount/mlL  25.0,32.5,50.0,75.0,100.0
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Fig. 2

Unconfined compressive strength of red mud samples
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Fig. 3 Influence of mineralizing microbe amount on

unconfined compressive strength of red mud
samples under UMA action
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under various working conditions
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Fig.5 XRD patterns of red mud samples under

various working conditions
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Fig. 6 SEM images of red mud samples under various working conditions
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under various working conditions

4 it

(1) B A= w4 VB I o] DA 2 A Ui 1) el 80 4 I
N, HT T A A 5 R B A R T eI R B A
4 25 . R U0 R B IR R R A R ) iR EE B B AL B
A2 ) P A K R A S 0 3G T 4 L BAC 1.5 mol/L
PRZ AN 75 mL WA ik 28 W B, e 6 b Rk 11 52 B2 4 T
o W3 AU A SE i Ca(OH), 1) T80, 42 T i
FEWT 3K 85.7 %0 . 55 Rl B, A b 25 b TS 5 A4 R
BE 3G SR AT A TR R R 5 B AR L TR
A Ve B R BN ik AR s A A B BT DAY b i
B o, HEEL 28 55 ARk 35

)AL SR EERT, R4
BCK e BT B EE A FH A 7K AL AR AR R 55 (C-A-S-H) F
CaCO,. LK 1) C-A-S-H Bt i Al CaCO, 14 1 fin &
i U8 5 R B R S E AT L B B R v I G, B AT L [
P T I 45 3 IR &R, 5 AR R OB B A A —
AL

(3) 7l 0 i B A Mz 5 A4k pHEE 0 3 285 2R 3%

WY, Hh T Gl A 8 A B A K S 1T o DR
SR T R g o oA 0 P R A R 2 I ok — 20
S (AT B A T A 9 R Y R A
WD T AR YE R pH AL . X AN AR 1 % U il B A SRR
e 2 1002 680 KU, AL R R A B 1 B 05 A G
L5 5 e 1OV

S Ok :

[ 1] 2, skste, 77, 55 AR TR vE WAL R A2 24k B R 5

JEE[T] AL Tk R, 2018, 37(2):714-723.
LI Bin, ZHANG Baohua, NING Ping, et al. Present status and
prospect of red mud resource utilization and safety treatment[ J].
Chemical Industry and Engineering Progress, 2018, 37(2) :
714-723.(in Chinese)

[2] WANG S H, JIN H X, DENG Y, et al. Comprehensive
utilization status of red mud in China: A critical review[J]. Journal
of Cleaner Production, 2021, 289(11):125-136.

[ 3] LIANG GJ, CHEN W M, NGUYEN A V, et al. Red mud
carbonation using carbon dioxide : Effects of carbonate and calcium
ions on goethite surface properties and settling [J]. Journal of
Colloid and Interface Science, 2018, 517(10):230-238.

[4] KHAIRUL M A, ZANGANEH J, MOGHTADERI B. The
composition, recycling and utilisation of Bayer red mud [J].
Resources Conservation and Recycling, 2019, 141(2) :483-498.

[ 5] EWE, sk, B0, & IR UEXE AL R bk Je vk REFne 4
R [T]. BEFIMRL 2241, 2017, 20(5) . 774-779.
WANG Xiao, ZHANG Lei, LUO Zhongtao, et al. Effect of red
mud on properties and mineral composition of Portland cement for
road[ J]. Journal of Building Materials, 2017, 20(5) : 774-779. (in
Chinese)

[ 61 Tk, PR, B RER, 5F . ok B8R e —0 i B b R4 P iE KR

BERYRTZE (). MR, 2020, 23(1) :48-55.
DING Song, CHEN Xiao, XIA Feiyue, et al. Study on red
mud-slag based geopolymer pervious concrete with function of
water purification[ J . Journal of Building Materials, 2020, 23(1):
48-55.(in Chinese)

[7] xR, 200, skkss, 8. R e R YK I ) 2 P RE AR

FHLELT ] AR SUM R 2R, 2022, 25(2):178-183.
LIU Junxia, LI Zhongyu, ZHANG Maoliang, et al. Mechanical
property and polymerization mechanism of red mud geopolymer
cement[ J]. Journal of Building Materials, 2022, 25(2) :178-183.
(in Chinese)

[ 8] spmiks, FM, Ty, &5 . M P 58 W T S bA R o ol 4%

FetERe[T]. d SRR, 2022, 25(10):1092-1100.
GUO Lingzhi, ZHOU Mei, WANG Lijuan, et al. Preparation
and properties of coal-based solid waste geopolymer grouting
materials [J]. Journal of Building Materials, 2022, 25(10) :
1092-1100. (in Chinese)

[ 9] TS, sk, X057, 55 AR VSR M DR 2 T 41 B 2 00 JiE A8
P RALHLLT] @SR R AR , 2023, 26(7) : 762-770.

MA Lulu, ZHANG Xiao, LIU Fang, et al. Strength



%1

TRGTR, A5 AT A 0k ol 8 B A BB B R R Y 3 SR T Y 15

[10]

[11]

[12]

[14]

characteristics and mechanism of red mud-fly ash stabilized coal
gangue base[J]. Journal of Building Materials, 2023, 26(7) :
762-770.(in Chinese)

AL . BRI BE MR T AR ML ETE 5 0BT (D ). e R - %
WAL R, 2022.

LI Yaqgian. Study and analysis on drying shrinkage mechanism of
alkali activated cementitious materials [D]. Huainan: Anhui
University of Science and Technology, 2022. (in Chinese)
BRI, R, 6, SF L IR UR IR I WA R Rk T 5
e [J/OL]. W W A7 6 & % o it - 1-32. (2022-11-30)
[2023-10-16]. http://kns. cnki. net/kems/detail/43.1238.
TG.20221129.1527.002.html.

XUE Guosheng, ZHU Mingxing, YANG Xingwang, et al.
Property of bauxite residue-activated cementitious materials and
its engineering road application: A comprehensive review[J/OL ].
The Chinese Journal of Nonferrous Metals: 1-32. (2022-11-30)
[2023-10-16]. http://kns. cnki. net/kems/detail/43.1238.
TG.20221129.1527.002.html.(in Chinese)

2t W, DN, A5 L BRI - SR — A i S A b
FHERE I [T]. EE SR R4, 2023,26(1) : 14-20.

AN Qiang, PAN Huiming, ZHAO Qingxin, et al. Study on
properties of alkali-activated red mud-fly ash-carbide slag
composite[ J]. Journal of Building Materials, 2023,26(1) : 14-20.
(in Chinese)

SKIG . o PESE TR R B BE R R AL BT R RERT S (D], T M 2
BT I TR, 2016.

ZHANG Peng. Design and optimization of alkali-activated red
mud based cementitious materials and the investigations on its
properties[ D ]. Guangzhou: South China University of Technology
Guangzhou, 2016. (in Chinese)

DEJONG J T, MORTENSEN M B, MARTINEZ B C, etal.
Bio-mediated soil improvement [J]. Ecological Engineering,
2010, 36(2):197-210.

CHU J, STABNIKOV V, IVANOV V. Microbially induced
calcium carbonate precipitation on surface or in the bulk of soil[ J].
Geomicrobiology Journal, 2012, 29(6) : 544-549.

PAASSEN L A, GHOSE R, LINDEN T J M, et al. Quantifying
biomediated ground improvement by ureolysis: Large-scale
[J].
Geoenvironmental Engineering, 2010, 136(12):1721-1728.
YANG T, YAO X, ZHANG Z H. Quantification of chloride

biogrout experiment Journal of Geotechnical and

diffusion in fly ash-slag-based geopolymers by X-ray fluorescence
(XRF)[J]. Construction and Building Materials, 2014, 69(5):
109-115.

[18]

[20]

[21]

[22]

[24]

[25]

[26]

SONG W , ZHU Z D, PENG Y , et al. Effect of steel slag on
fresh, hardened and microstructural properties of high-calcium fly
ash based geopolymers at standard curing condition [J].
Construction and Building Materials, 2019, 229:116933.

YIP C K, PROVISJL, LUKEY G C, et al. Carbonate mineral
addition to metakaolin-based geopolymers [J]. Cement and
Concrete Composites, 2008, 30(10):979-985.
GOMEZ-ZAMORANO L, BALONIS M, ERDEMLI B, et al.
C-(N)-S-H and N-A-S-H gels: Compositions and solubility data
at 25 °C and 50 “C[J]. Journal of the American Ceramic Society,
2017, 100(6) : 2700-2710.

CHOU C W, SEAGREN E A, AYDILEK A H, et al.
Biocalcification of sand through ureolysis [J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2011, 137(12):
1179-1189.

R PR AL, AR L AR L KR G e 04 - Bt R A WL
WLSEHE B SO FER 2 [T ], fERRERSAHR, 2016, 44(2):226-231.
LI Kuan, LU Duyou, LI Menghao, et al. Effect of water content
on microstructureand reaction process of metakaolin-based
geopolymers[ J]. Journal of the Chinese Ceramic Society, 2016,
44(2):226-231.(in Chinese)

LIZCANO M, GONZALEZ A, BASU S, et al. Effects of water
content and chemical composition on structural properties of
alkaline activated metakaolin-based geopolymers[J]. Journal of
the American Ceramic Society, 2012, 95(7):2169-2177.
PHEoR . S T AR SEPI 3K CO, BB S P FE [ D]
b mt e A ALK, 2012,

YT Yuanrong. The reaction characteristics and mechanism of the
CO2 capture by alkaline industrial solid wastes[ D |. Beijing: China
University of Mining and Technology, 2012. (in Chinese )

Tl K2, SR . o Je /KRR AL BE A4 s AR R 3 ) 2243 BT [T . fb T
64, 1994,15(4):341-347.

KE Jiajun, ZHANG Fan. Thermodynamical analysis on residue
phases resulted from hydrothermal treatment of the Bayer red mud
[J]. Engineering Chemistry &. Metallurgy, 1994,15(4) :341-347.
(in Chinese)

MUYNCK W D, BELIE N D, VERSTRAETE W. Microbial
carbonate precipitation in construction materials: A review[J].
Ecological Engineering, 2010, 36(2):118-136.

BART, LM, FR BRSO B R e (1], A
+ J5%%, 2015, 36(6):1537-1548.

QIAN Chunxiang, WANG Anhui, WANG Xin. Advances of soil
improvement with bio-grouting[ J]. Rock and Soil Mechanics,

2015, 36(6):1537-1548. (in Chinese)



