52 B 10 W Ei Ev;; Eh h%é TE( Vol. 52, No. 10

I

2024 4 10 H JOURNAL OF THE CHINESE CERAMIC SOCIETY October, 2024

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240154

IR YEHE 150 8 JBE SR Be I K e il & I il PRI 5 RS

crE', Fam, # @ 5 /% K g

(1. BHRHERSEAERI S TR, T RA RS T KIS R EE =, & E Y 518055;
2. M KRHVHE SR TSR, $RFH 550025)

B F. MEEFUHEAE AW IR AR IR, SRV BRI AR IOE AR T, O U RN R 2 K1) L S A
BT AR AIE KR RIE R L, DURTEANRERL, SRAER T2 R Hl e bem b, ZaTRE AL RS0 IE, I
9% 1 R B KL o 9 R G I W KR I I R AR RE RIS R R B RRCR &R, IR TT TR L. HARSLIR
UL R o PR IE K REVERERIRANA, A BRI FEAT H A AL 3 3 B 1 D8 i o A R R e s vk, DA G LIRS
K FEMREARKIVERE . AESEFIINRART 4% (REDBOR, 7T IARBARTHE AN BRI AL, (ER I s M 28
BIKFERI KKK, 9940 1 RIEFIA S HEFLIE M o SR X Gk R ATHHAL . F40 B 7~ S Gl AT 002 /KA 1) o e A o ) 5
FETRIRHLEL, K DLAE R ARl I R e, o BLROK IR SN B 1 RERRAGHEI , 7T DAAT RSl Bk, T2 K e i P DA R 3% 7K
PERE. ARTARRIL 72BN E R B A B &, DRl i BRI T A5 e 2 anl iy 2 BorT iR A4 O 55K, 3486 T A8,
HEFITT 15

\ N [=] F2 s =]
KR B GROEKEE K TLBE. R Yty
hESES: X705 TQI79 THEAFAERD: A CEHS: 0454-5648(2024)10-3159-11 NELESASS

4% HARATE]:  2024-08-08 | ™

fronoy
ARle s —ME A AR A P I R 7 A R R SR A UTAER, ST A7 e AR 4 Tl g v J R ARV
FAIR R A 72, R AE BRI A LA, PR T RN o AR — )RR, i AR T R
AFERFRIE T LA AR IR AR e . FEHE AR s RLE T ER . R A — R oK R R S,
Frigariet. pER A BRI AR A R B A0 T AR T 47— R L R K AR AL, a2 it s
AR AR B L) IR 64% (BiE sy AR R AR o 3 7K B T i 4 4TI 1) 2 2 Al 7
HOPlo BT R4 1 AR, SFFEH 0.6~1.8t  ATLUVE AR EIMITIE SR W KBIER, SN E R
Rle, BL, EFRRHMESAERESAT, B . HET, @EKEEAR E R R L. K
2022 4, PEMFRBIHEFECEY 1712t £ RIBE L BKEEREALE RE KRR K,
w142 ULER SR, R E RS AR RE ORI [T T UG ST AR K TR R
A 4%, FRERKERBAM S EHKERKY K. BRENRAEEG . BRI . KRR
WEE, HEB MR ESRE, WSSt SRR NER, & T EKeE, AR T —
DAY HT KT G g g B ) . SERIRP, BN, Zhu PR A IR E
BARCAEAH LI7 AR REAA AR v ERRIRES R, R B be gl 408K a% . 1E
i, BT ZEEGRRRE R TR flE BIRBIESECTRIE SRR, BARENEKR
W B AR e AU R RO, B (4 3%107 em/s), FFFRIH AR X4 S I B SR G
ARTCIEM B K BRI ANARVE, FRRAIEELFA  30.00 MPa). Yang 2V FH B2 DA R i 4% S )k

AURAR BTN 7 AE B AR ST FIE I . B, (eI T, AERRZE K ST A
WeRs F 3 2024-02-28. BT HH#E: 2024-04-19. Received date: 2024-02-28.  Revised date: 2024-04-19.
HEWH: I AEBHEFEILSE(2020B1515020022). First author: JIN Shengyao (2001-), male, Doctoral candidate.
B &mlFEQ01—), B, M. E-mail: 12331312@mail.sustech.edu.cn
WEMEE: PR OU1986—), T, ML, BIA; Correspondent author: CHEN Hong (1986—), male, Ph.D., Professor;
A HA981—), B, W, HiR ZHU Jian (1981-), male, Ph.D., Professor.

E-mail: chenh3@sustech.edu.cn; jzhu@gzu.edu.cn



+ 3160 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(10): 3159-3169

2024 4F

B 1.69x107% cm/s, HUEHEE AT LLIAF] 8.20 MPa.
Guo ZPR R #4S B E N T ER, SR R
PRIH e 45 R 5L 2218 45 0 10 77 v 1) 4 T R A iE K
ik, MM LTESET, BIRKEKARLTE
2.53x107 em/s, HLEHr5EE AT ik 4.62 MPa. Lv 257
I be st DL R R B K 75 7%, RSO AR
1 P 235 /K RE L B B AT ik 48.60 MPa, 3B /K R%L
A% 2.83x10 7% cm/s. 3X 46 TAF % [ R BR FE1F R
T BLFRL R B KL, AR AR AR, BE
A CASEHLT [ R R S B IR RN, O] LR Rk
HESHIFSRIRTT W . ST UL A, FIF ARSI
# B K EAT B R AT T DA ISR . SRAE
SREA WL ARSI A F R R T — RIITFE R
g3 KRG ] 4% T 2P Rtk SR,
FiZ L e B KE Y T B minges:, SH6EE
AR B HE TSGR AR i AN <[ B el B U (1) R A T
I B 2R 358 28 57 008 A0 ARG o ARG B e 10838 7K % 11 A1)
2 B MR Y mT DU DR e RE I 1) 1) A, [ B 4R T
WIRG G e, (B2 TREAR S RERK, £

Gt 1A 18] R G doe T 2] 45 S A4 5 1 0 vk ELAR N A
Ve P, BT SR e A e B KR (1 i 4% T
FOAHXS D o

LR UL EBRE, AT 7GR 2EE K
fl A AR R R ) i pe 2 T5 7, R I R 2
THRTRIERH SR, e e iR TE, £t
it VAR BE AT M 5 B2 DA S /K M RE R Atk b, PTRAOR
RERARAR % T Z R RERE UL AL AR, =2
SRR R R, T SEBLARTE A BRI A
D2 T B FR A A S

1.1 FER

Bt F R 32 2750 BA K P-O 42.5 i ik iR #h
K. ARVEHLE S AT T S AR B AR L AR Ve HE
Y, HEBLZRSIE 1, X FLATHHEXRD)
W 1o A TAEMEH AR B Kkt
JEBR (A M4l TR FLI . FATTIH . GCC135 M
. GCC137 1L,

F1 FREMLFEN

Table 1 Chemical composition of red mud W/%
MgO F6203 SIOZ P205 NaZO Kzo CaO TlOz A1203 Zl‘Oz
1.87 20.26 12.99 0.90 12.89 1.14 16.81 4.10 27.97 0.23

W—Mass fraction.

* Kaolinite = Calcite
B xKyanite ¢ Quartz
4+ +Pentaaluminium Y Hematite
triyttrium oxideo o Sillimanite
P #Sodium aluminum * Disapore
silicate hydrate
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Fig. 1 XRD patterns of red mud
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Fig.2 Preparation process of red mud-based unsintered permeable bricks
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Table 2  Slurry ratios for an individual permeable brick at different water—cement ratio settings (maintaining a
target porosity of 25%)

Sample No. W, md/g mu/g my/g m, (3%)/g me(3%)/g My(GCC135+GCC137) (2%)/g
sl 0.20 435.40 87.08 387.41 29.67 29.67 19.78
2 0.25 397.03 99.26 387.41 28.82 28.82 19.21
s3 0.30 364.88 109.46 387.41 28.10 28.10 18.73
sS4 035 337.55 118.14 387.41 27.49 27.49 18.33
S5 0.40 314.02 125.61 387.41 26.97 26.97 17.98

w.—Water-cement ratio; m.—Mass of cement; my—Mass of aggregates; m,—

m,—Mass of organic adhesive.

Mass of heavy metal immobilization agent; my—Mass of foaming agent;

x3 FREIBHRFLREERIRE T BRFEKERBIE LL(RFFK IR EL DS 3.0)
Table 3 Slurry ratios for an individual permeable brick at different target porosity settings (maintaining a
water—cement ratio of 25%)

Sample No. TP m./g m,/g my/g ms (3%)/g mg (3%)/g my(GCC135+GCC137) (2%)/g
K1 0.15 462.05 138.62 387.41 32.22 32.22 21.48
K2 0.20 413.47 124.04 387.41 30.16 30.16 20.11
K3 0.25 364.88 109.46 387.41 28.10 28.10 18.73
K4 0.30 316.30 94.89 387.41 26.04 26.04 17.36
K5 0.35 267.71 80.31 387.41 23.98 23.98 15.99

TP—Target porosity; m,—Mass of water.

=4

ARV & BH & IR E T B RIEKFE RALEC LL(RFFKIREE DD 0.30, BHRFLERER A 25%)

Table 4 Slurry ratios for an individual permeable brick at different foaming agent proportion settings

(maintaining a water—cement ratio of 0.30 and a target porosity of 25%)

Sample No. W¢% my/g m,/g my/g m; (3%)/g myg my(GCC135+GCC137) (2%)/g
Y1 0 364.88 109.46 387.41 27.21 0.00 18.15
Y2 2 364.88 109.46 387.41 27.80 18.53 18.54
Y3 4 364.88 109.46 387.41 28.41 37.88 18.94
Y4 6 364.88 109.46 387.41 29.05 58.10 19.37
Y5 8 364.88 109.46 387.41 29.72 79.24 19.81
Wy—Mass fraction of foaming agent.
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Table 5 Mass concentration of elements in the leached liquid of red mud based unsintered permeable bricks  ¢/(ug'L™)
Sample No. Mn Cr Ni Cu Zn As Cd Pb Fe
S3 0.01 49.70 0.21 2.89 3.23 1.98 0.06 1.54 708.76
K3 0.19 41.62 0.37 2.36 1.52 1.46 0.03 1.38 566.85
Y3 0.08 53.26 0.35 0.89 3.56 1.53 0.15 3.24 316.40

c—Mass concentration.
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Table 6 Standard limit for identification of leaching toxicity

c/(mgL™"
Mn Cr Ni Cu Zn As Cd Pb
100 15 5 100 100 5 1 5
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Preparation of High-Strength Permeable Bricks with Red Mud: Influencing Factors and
Structure—Performance Mechanism
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and Engineering, Southern University of Science and Technology, Shenzhen 518055, Guangdong, China;
2. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China)

Extended Abstract

Introduction Red mud is a solid waste generated from alumina production, its massive accumulation occupying extensive land
areas and leaching alkalis and heavy metals, leading to significant environmental issues such as soil alkalization and groundwater
pollution. This study responds to the current demand for sponge city construction via innovatively utilizing red mud as a raw material
to produce un-sintered aggregates through a novel pelletization process that leverages similarities between red mud and permeable
brick materials. High-strength un-sintered permeable bricks were prepared via integrating mixing, molding, and curing techniques.
These bricks improve overall compressive strength and permeability, while drastically reducing energy consumption and
environmental impact during production. This approach presents a fresh perspective on red mud utilization and sponge city
development, promising the environmental and economic benefits.

Methods The preparation of red mud-based unsintered permeable bricks involved: 1) pelletization, the aged red mud chunks were
crushed, then mixed uniformly with P-O 42.5 ordinary Portland cement and water, and fed into a pelletizer for pelletization. The
aggregated particles were removed and naturally cured for one week; 2) mixing, different proportions were designed based on a
volumetric method, with red mud-based un-sintered aggregates, cement, water, and additives calculated and weighed according to
these proportions, then added to a basin and mixed uniformly; 3) pressing, the uniformly mixed slurry was placed and pressed into a
mold with the dimensions of 20 cmx15 cmx10 ¢cm by a semi-automatic brick machine; 4) curing, the pressed permeable bricks were
demolded and naturally cured for 1-2 d, then placed in a standard curing box for 28 d.

The phase structure and micro-morphology of the material were analyzed by X-ray powder diffraction (XRD) and scanning
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electron microscopy (SEM). The heavy metal leaching performance of the permeable bricks was analyzed according to the national
standards (HJ557-2010). The concentrations of ten metal elements in the leachate were determined inductively coupled plasma mass
spectrometry (ICP-MS). In addition, the environmental risk of heavy metal elements in the leachate was evaluated according to the
national standards (GB/T 5085.3-2007).

Results and discussion The bulk density (py,) of red mud-based aggregates is 1 078.50 kg/m®, with an apparent density (p,,) of
1 724.14 kg/m?* and a porosity (V) of 37.45%. The analysis of the water-cement ratio (W,) on permeable brick performance reveals that
increasing W, from 0.20 to 0.35 gradually enhances the compressive strength. This improvement stems from the increased fluidity and
adhesive properties of the cement paste at a higher w,, facilitating a better aggregate encapsulation and thereby improving the
connectivity. However, increasing W, beyond 0.35 to 0.40 results in a significant decrease in the compressive strength likely due to
excessive fluidity causing settling of the cement paste.

The results of target porosity effect on permeable bricks demonstrate a negative correlation with the compressive strength and a
positive correlation with the permeability coefficient. A greater porosity leads to increased interconnected pores within the bricks,
enhancing water infiltration but reducing contact points crucial for stress transmission. This leads to localized increases in pressure
and higher susceptibility to fracturing, thereby impacting the mechanical properties.

The results of foaming agent content effect on permeable brick performance indicate that increasing the foaming agent from 0%
(in mass fraction) to 4% slightly increases the permeability coefficient, while marginally decreasing compressive strength. This effect
results from hydrogen peroxide decomposition, creating additional pores within the bricks that weaken aggregate bonding and
increase porosity. A further increase in foaming agent content reduces the permeability coefficient, while gradually enhancing
compressive strength.

The XRD analysis confirms CaCO; as a common component in red mud, cement, aggregates, and permeable bricks. The
characteristic peaks of red mud and aggregates remain unchanged, indicating no alteration in primary phases of red mud under the
un-sintered process. In the permeable bricks, the characteristic peaks of 3CaO-SiO, are absent, whereas the peaks of
Cas(Si60,6)(OH), appear. This indicates that 3CaO-SiO, undergoes a reaction with water under high alkalinity conditions to produce
Cas(SigO16)(OH),, consequently boosting the bricks’ strength. The microstructural observation of cross-sections and vertical sections
reveals abundant micro-voids crucial for permeability. The cross-sections display flaky hydration gels distributed along aggregate
surfaces, while the vertical sections exhibit thinner hydration products and flocculent gels.

The results of heavy metal leaching experiments reveal chromium (Cr) as the maximum concentration metal in leachates from
red mud-based un-sintered permeable bricks, exceeding 40 pg/L, while other metals are below 10 pg/L. Leachate toxicity is well
below the values of the national standards (GB/T 5085.3-2007), confirming compliance with environmental safety standards and
minimal environmental risk for red mud-based un-sintered permeable bricks.

Conclusions Red mud-based un-sintered permeable bricks were prepared through pelletization, mixing, pressing, and curing. The
water-cement ratio affected brick’s performance. An increase in the water-cement ratio enhanced the fluidity of the slurry and
increased compressive strength, but when the ratio exceeded 0.35, the mechanical properties deteriorated. Increasing the target
porosity improved permeability but reduced compressive strength. Adding hydrogen peroxide as a foaming agent effectively increased
porosity at levels below 4%, but excessive addition led to the reduced performance. The XRD analysis showed that a high alkalinity
of red mud promoted the formation of C-S-H gel, enhancing compressive strength. The SEM images of the cross and vertical sections
of the permeable brick revealed flaky and flocculent hydration gel products attached to the surfaces of the aggregates. The results of
heavy metal leaching experiments indicated that the leaching risk of heavy metals from the permeable bricks was extremely low. This
work could provide an effective approach to simultaneously address the challenges of red mud resource utilization and sponge city
construction.

Keywords red mud; un-sintered permeable bricks; water—cement ratio; porosity; foaming agent



