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Effect of Ca/Si ratio on the properties of red mud CFB fly ash-based
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Abstract; In response to the key problem that red mud and CFB fly ash have complex compositions and large
production volumes that limit their effective utilization, this study proposes technical research on the preparation of
red mud CFB fly ash-based non-fired bricks using solid waste such as red mud and CFB fly ash as the main raw
materials. By changing the amount of red mud and CFB fly ash to adjust the Ca/Si ratio of non-fired bricks, the
mechanical properties, durability. and microstructure of the non-fired bricks with different Ca/Si ratios were
analyzed. The results show that with the increase of the Ca/Si ratio, the strength of unburned bricks shows a trend of
first increasing and then decreasing. When the Ca/Si ratio is 1.2, the maximum strength of non-fired bricks is
26. 63 MPa, which reaches the standard of MU25 and has good mechanical properties. After the water resistance test
and frost resistance test,the non-fired bricks have less strength loss and better durability. The hydration products of
non-fired bricks are C-S-H gel, C-A-S-H gel, and ettringite, which positively contribute to the development of
strength and promote mechanical properties and durability. This research provides novel ideas for the comprehensive
utilization of solid waste such as red mud and CFB fly ash.
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Table 1 Chemical composition of red mud and CFB fly ash /%
JE R SiO, Al, O CaO Fe; Oy K,O MgO SO;3 Na, O Bede &
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Fig. 1 XRD patterns of red mud and CFB fly ash
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Fig. 2 SEM images of red mud
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Table 2 Design of non-fired bricks ratio
%5 e/ % 5K/ % SRR/ % v/ % R % Ca/Si
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Fig. 3 Effect of Ca/Si ratio on compressive strength

of non-fired bricks

2.2 Ca/Sitk3t R RL R EBAIH T

2 MR K T AR ) Ca/Si Eb fbe b FE P 58
ML K J5 e b8 f% 1 B R R, OF HOR 4 GB/T
211442007 1y 2R 15 & 20 92 30 | 7 1Y ik &
B a5 R E 4 iR AR Ca/Si b fbefik ik 7 5k
FRAR 36 45 S 1 R T 0. 8 MUK . i Ak kS A R
HEHUK IR AE J1 1 K/, 3 3 ANl Ca/Si i # i
28 d WAk K MR B A5 R .

R3 GLREMTKEREREER

Table 3 Water resistance test results of non-fired bricks

it Ca/Si

KRB IR/ MPa K /MPa

R1 1.16
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R3 1. 25
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Fig. 4 Effect of Ca/Si ratio on softening coefficient
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Table 4 Quality loss after freeze-thaw cycle /%
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ity 55 WAEIR 510 WG 5 15 AR 55 20 WHRIA
R1 0. 36 0.62 0. 83 1. 06
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R3 0. 38 0.70 0. 86 1. 09
R4 0. 40 0.71 0.90 1.13
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Table 5 Strength loss after 20 freeze-thaw cycles
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Fig. 5 Water absorption difference of different Ca/Si
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K 328 Ak 5 BRI 4, 2 Ca/Si ik 3 1. 20
B % T R 7K 3 22 (R B IR (B . B & Ca/Si b
F1R) 388 a0 2 7K 238 2 {2 W 1

T 2T VR S O 0 L R R A O R D R R
Rl AT S5 WK 3 22246k F . Ca/Si 2 1. 20 (9 %
PRk PLURYERE R A . H AT DA L 38 2 38 n Ca/Si
Lo A I B AR S e i 1) L B 58 L i 45 LR 1 /K o 7
I K R T /I o DT E VR Rl R o R K R TN A
FIF $2 w5 e befit 1 L VR 1k g .
2.4 A[E Ca/Si Lk e % ¥ 18 4H X 9 #7

R TR G e i 1 B TR LB, R XRD
Xf SR % B AR G AT T 3. AN TR Ca/Si LY
B g d % 28 d 19 XRD EE & 6 TR . A 6
A LLE W be ik i £ KA Yo CSH BRI .
C-A-S-HEEH LA 55, HEah R2 19 C-A-S-H %
JiE L C-S-H 5 e A AL AT CAF O 177 55 06 10 58 13 % 555
FEfh R3 1 C-A-S-H &I . C-S-H B I8 A1 45 11 A iF
PP P 5 B K 22 FE i R AT 5 0 5 A X fe 1K
XULHAREf R2 5 HAth 5 410 B, 78 R AR 19 35 9 5%
1R KA S AT Y SIS . AR BT R R B B
Z KAL), 5 F1 2 it R BE B A AT 2 SR — B0
X EEEH TR Ca/Si LAy & R Ca™ & i



168 K & A AL

B5 %

4 1-AFt  2-C-A-S-H
3-8i0, 4-C-S-H
5-CaSO,

ly

R2

R1

10 20 30 40 50 60 70
200(°)

6 A Ca/Si bk @i XRD Eif
Fig. 6 XRD patterns of samples R1,R2 and R3

ol
2.00 um

Pl
SU8020 3.0 kV 10.4 mm x20.0k SE(TUL) m

& 7 1‘¥ R1.R2.R3 K SEM %

BN I 08 R A RE R AL S AR R A AR
W2 C-S-H B C-A-S-H S 54504 . (H2
W& Ca/Si LA WG N . S bt (8 & b R Ca RAE
WA A R AR PRI Ca®" 2B C-A-S-H
BEREC-S-H BEIE S AFc A o AR L A A
A & XRD 234 i LA . C-A-S-H #E i . C-S-H
TG B 5 T AL A 7 119 A S R B B T R R SR b Y
PUIE R JE
2.5 [ Ca/Si bt Sl i W 31 5 4

K7 2350 O BEbD RTUR2 VR3S A ROWIE B0 45 14
P NP7 AT AR 2 L8R bl 2R T A7 TEVE 2 BT R AR
LA M ERAY C-S-H BEIA C-A-S-H BEJI . 204K
(1 458 52 FH 5 58 2R A — bl R A R S R O AR A £

PR AR A1 ) 2 1T D20 FL B 2 A 30 T o 4

~ y . -

RN
1.00 pm

SU8020 3.0 kV 10.4 mm x30.0k SE(TUL)

Fig. 7 SEM images of samples R1,R2,and R3



%64

7 B34 Ca/Si LU XTI Y- [ 870 K 2 o R 4 1 E 32 W F 5T 169

Hebent B2 A1 9 B SCHET . G A X RE Y R1LUR2,
R3 SO B T AR R RT KR SO A2 B
BHRRAR 9 85 L A B AR C-S-H BEIR 1 C-A-S-H
WG I B 58 - T I T 85 O S50 ) AR 254 0 LA
BB B i f s . e RS F T ZRAY C-S-
H BEE AT C-A-S-H 5 AH X 85 0 85 51 A7 5 At 75
AR HCER AN . MR AD R2 A B0 AR Ay A R A X R
CIpE &b R R R T PO BN R R S A0 A L
RELFEAS B . AL P BBl BT R 14 45 L A7 1 20 B 2R
R AT 550 T 9 2 1 A7 35 L BRGS0 0 JHG 5
AR AN E Y 52 T+ 2 A e 2EAFE

3 %

1) G BTt 19 J3 2 FERERE Ca/Si HLHE N2 S 38
JE W /NE Y Ca/Si Ly 1.2 B ke ik 1Y Hi &
5 F 3K B e A, T3k 26. 63 MPa. i 2 E A5 GB/T
21144—2007¢ IR HE 1 520065 )i MU25 (Y ZEK .
2)Ca/Si LbAE 1. 16 ~1. 25 N ket 19 Bk &R

BIRKT 0.8, HA RIFMIHKPERE. H Ca/Si It

TE 1. 16~1.25 I, Bk & 80 2 58 T i Ja AR Y &

#, Ca/Si S 1.2 W, BAl & B0k 2 i KME N

0. 9, A i i K PEBE . S be ik 28 20 IRTE )

PO SR EBUR N T 2500 iR /N T 200 R R

U HI PR PERE o
3) etk KA £ C-S-H e .C-A-S-H

BERSANEG AL A7 45, C-S-H BEE . C-A-S-H Bt 45 5

B A AH L SE GUTE — B IR0 2% 25 4 O S5 SE LB

BB KA WA C-S-H B .C-A-SH #tIk 5

B AR A s 2 R CEL R G R0 295 45 gl s BN 4 5 L R

LR B RTINS AP BE 1 2 v B B AR A D

(1] EAMARE RS =%, JRJ8 5 58 Uk 0y 22 AUk AL 8h o) %
WroE[)]). A48 (0 134 . 2023,75(1) : 26-33, 38.
WANG Chunlin, YAN Zhenguo, QIAN Yunyun, et al.
Experimental study on mechanics and hydration kinetic of red
mud-based cemented paste backfill [ J]. Nonferrous Metals
(Mining Section) ,2023,75(1) :26-33,38.

[2] LIY.LIU X, LI Z, et al. Preparation, characterization and
application of red mud. {ly ash and desulfurized gypsum based
eco-friendly road base materials [ J]. Journal of Cleaner
Production, 2021, 284, 124777. DOI. 10. 1016/j. jclepro.
2020. 124777.

(3] ke, X0 SCHR L 5K T o 55 B 330t A 1 ) ] 40 o 4 B 28 B R
FEFPRHYERESITELT ], BB 4. 2022, 36(12) - 116-122.
ZHANG Rui,LIU Wenhuan,ZHANG Hao, et al. Performance

research on new subgrade stabilized materials prepared by
waste brick powder and sulfur fixing ash [ J ]. Materials
Reports,2022,36(12) :116-122.

(4] R WEL . 24605 AR IR0 T B0 50 5K [ 6

A Ak K U8 3 19 Mk 4 i€ L) . Bulletin of the Chinese Ceramic
Society,2022,41(12) :4332-4341.
HAN Dongxiao, YAN Ruizhen, LI Qian, et al. Expansion
performance of hardened cement paste with circulating
fluidized bed fly ash under different curing conditions [ ] ].
Bulletin of the Chinese Ceramic Society, 2022, 41 (12):
4332-4341.

(5] FEHay, 50M8 %, KI5 & o J8- 18 A K i o 0 350 7K I8 19 X 56

FELT]. @ FA 5 2019, 212(6) :6-8.
YU Yanmei, GUO Pengfei. Experimental study on the
preparation of masonry cement with large amount of red mud
and sulfur fixing ash[ ] ]. Research &. Application of Building
Materials,2019,212(6) :6-8.

(6] wfd, Ewed, 27, 55, m b ik il & o be % 0 5 i i o o
FEl)]. BB E SR, 2022,49(11) :165-168.

GAO Jian, WANG Xiaolei, LI Jun,et al. Experimental study on
preparation of baking-free bricks from blast furnace slag[]J].
New Building Materials,2022,49(11) :165-168.

[7] HU Y X, YANG D, LI S S, et al. Preliminary study on
preparation of unfired bricks using filter cake from tunnel
muck[J]. Journal of Building Engineering, 2022, 60:105175.
DOI:10. 1016/j. jobe. 2022. 105175,

(8]  FEmg Ty » Mg s A %% 45 45 RE b X 4R Rk R 46 05 I TR 10 5 R

MM LI, A ORHFR 5 2020,34(12) 1 12057-12063.
QIN Lifang, QU Bo,SHI Caijun,et al. Effect of Ca/Si ratio on
the formation and characteristics of synthetic aluminosilicate
hydrate gels [ J ]. Materials Reports, 2020, 34 (12);
12057-12063.

[9] KAPELUSZNA E, KOTWICA L, ROZYCKA A, et al.
Incorporation of Al in C-A-S-H gels with various Ca/Si and
Al/Si ratio: microstructural and structural characteristics with
DTA/TG.XRD,FTIR and TEM analysis[]]. Construction &
Building Materials,2017,155(30) :643-653.

(107 4 [ 55 1A 28 T B 38 it T UM AR AL BE R = A & TR BE &=
20 H% :GB/T 21144—2007[ST. b5t - o b5 th Bk . 2007,
National Technical Committee for Standardization of Building
Materials for Walls, Roofs, and Roads. Concrete solid bricks:
GB/T 21144—2007 [ S] Beijing: China Standards Publishing
House,2007.

(1170 4 [ 0% A5 1w 2 T8 % FH @ UM R AL B R T 0L &5 IR+

IR 356 75 % : GB/T 4111—2013[S]. Jb 5t b [ H %K br
HEAL A PR 51 25,2013,
National Technical Committee for Standardization of Building
Materials for Walls, Roofs, and Roads. Test methods for
concrete blocks and bricks: GB/T 41112013 [ S Beijing:
Standardization Administration of China,2013.

[12] #ABZ. 09 58 2 A0S, BRIk febe il B 5E [0 ). YL VG AF . 2021(6) «



170

4 & A AELEm

B5 %

[13]

[14]

16-18.

HU Biao,ZENG Liang,JIANG Jiansong. Study on lithium slag
unburned brick[ J]. Jiangxi Building Materials,2021(6) :16-18.
ZHANG H. Acceleration effect of synthesised calcium silicate
hydrate with different morphologies and Ca/Si on cement
hydration[ J]. Advances in Cement Research, 2019, 31 (9):
423-434

LI Y, YANG H,ZHANG Y, et al. Steel slag-red mud-based
base material: preparation,

multi-solid waste pavement

[15]

properties and microstructure study[ J ]. JOM, 2022, 74 (2) .
429-438.

RLL, T PR AR UG A BERT A B B % ) A B BB g
Pl A4 R ,2018,41(1) :30-33.

WU Hong,LU Xiangyu, LUO Zhongjing, et al. Preparation and
coal unburned

analysis of activated

bricks[J]. Non-Metallic Mines,2018,41(1) ;30-33.

mechanism gangue

(& A

(E#EE 155 7))

[16]

[17]

[18]

[19]

[20]

[21]

BARTON N,LIEN R,LUNDE J. Engineering classification of
rock masses for the design of tunnel support [ J]. Rock
Mechanics,1974,6(4) :189-236.

SINGH S P. Technical note: burst energy release index[]].
Rock Mechanics and Rock Engineering,1988,21(2) :149-155.
KIDYBINSKI A. of coal [J7.
International Journal of Rock Mechanics and Mining Sciences
and Geomechanics Abstracts,1981,18(6) :295-304.
RICHARD S. Analysis of fault-slip mechanisms in hard rock
mining[ D]. Montreal ;: McGill University,1999.

AFRAEI S, SHAHRIAR K, MADAM S H, Developing

Bursting liability indices

intelligent classification models for rockburst prediction after
recognizing significant predictor variables, Section 1 literature
review and data preprocessing procedure[ J]. Tunnelling and
Underground Space Technology,2019,83:324-353.

LWL TG L VA S5 L 55 R T 08 LA S R A1 2 N )
FELT]. A a4 Jd (4 . 2021,73(5) :69-74.

YUAN Mingli, HOU Kepeng,SUN Huafen,et al. Research on

[22]

(23]

rockburst tendency prediction of surrounding rock of a deep
shaft[ J ]. Nonferrous Metals ( Mining Section), 2021, 73 (5) ;
69-74.

SO BUR TEAEC A RO B vk 1 BT < B T TR T A
AR A B L)) A A SR (R 4y . 2021, 73 (4)
72-79.

WEN Xing, HUANG Cong, QIN Min, et al. Prediction of
rockburst propensity based on fuzzy mathematics in deep rock
masses of the Ashele copper mine [ J]. Nonferrous Metals
(Mining Section) ,2021,73(4) :72-79.

2 v TR BT TR L A S R e 0 K By IR
BARDFEI]. A €88 #2021, 73(3) :41-47,60.

LI Zhun, MIAO Yonggang., XIA Zhiyuan. Study on rockburst
tendency prediction and prevention technology of deep mine
roadway [ J ]. Nonferrous Metals ( Mining Section), 2021,
73(3):41-47,60.

(& : A





