55 46 %55 2 0 W g fl %K Vol. 46, No. 2
20254 4 A IRON STEEL VANADIUM TITANIUM April 2025

A ESIKNET EREM B A
B e 3R
) B EHe AT T I, Bk 2
JE I, I B4 FAA

(1. U TR AR TRERE, DU H 57 643000; 2. BRI 16 Br el ek 22, U1 24448 617000)

B B R IR S R R K VR AR L, A AR TR T 2o, #8080 | BEREAR . S ALBRHEECR AR 7R
PR E, W B AR FIACK H | B & 700 K H A i, B 2 i & s R B A T RO ), b e a2 i, 3k
T B AR B SR s RIRF2S A XRD. SEM 437 T HM AR K K O A5, 387 T 0 & = sk 7 A e b
BKIEF=2) K ARAHUEL B ZEEB W KB SOR I BT S AN, /KK A 0.32 B, W MAOK B8 &
K 6%, BLECH 1 B & B8R = BREE A S EE A B T A M RE i A, 28 d PR B T 3K 13.5 MPa; ¥IHH &AM
ST T R 2 EEREEATRLRAKAL = A K AL RERR S, [RIA AR B T 2 KBRS A AR
SRR BRI DRIUR s WEBEAT L AKAEALBE, G

hE 22K 5: TF044 SCHRARERAD: A X EHS:1004-7638(2025)02—-0097-06
DOI: 10.7513/j.issn.1004-7638.2025.02.014 FHEE (RIFERS) tRIRFE (OSID) :

Preparation and performance of alkali-activated high-titanium heavy
slag cementitious materials

LIU Lan', CAO Zhiqin’, HE Kui"", SUN Xinpo', LIAO Yinghua', YANG Xing',
TANG Wenjing', LI Yuting', ZHENG Taobin'

(1. College of Architecture and Construction, Sichuan University of Science and Technology, Zigong 643000, Sichuan,
China; 2. College of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, Sichuan, China)

Abstract: Compared with traditional silicate cement, alkali-activated cementitious materials have ad-
vantages such as simple production processes, low investment, low energy consumption, low carbon di-
oxide emissions, and high slag utilization rates. This study develops alkali-activated high-titanium
heavy slag cementitious materials by designing different water-to-cement ratios, alkali activators, and
their dosages, and analyzes their mechanical properties to obtain the optimal material composition ratio.
At the same time, through XRD and SEM analysis, the phase composition and microstructure are ex-
amined, revealing the hydration products and hydration mechanisms of alkali-activated high-titanium
heavy slag cementitious materials. The main conclusions are as follows:Sodium silicate demonstrates
significantly better activation effectiveness than sodium hydroxide. The alkali-activated high-titanium
heavy slag cementitious material achieves optimal mechanical properties when prepared with a water-to-
cement ratio of 0.32, 6% liquid sodium silicate content, and a modulus of 1. with a compressive strength
of up to 13.5 MPa after 28 days. Phase and microstructure analyses indicate that the primary hydrated
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product of the cementitious material is calcium silicate hydrate, while a small amount of calcium alu-

minum silicate crystals is also generated.

Key words: High-titanium heavy slag, alkaline activation, cementitious material, hydration mechanism,

mechanical strength
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Table 1 Physical and chemical indexes of liquid sodium
silicate

R 2 (20 °C) TR/ (g-mL ™) EAbih/% —E AT/ % %W /1%
325 41.0~425 1394~1415 85~10.5 275~30.5 85

R2 OBUKFIRERLER
Table 2 Physical and chemical properties of water-redu-
cing agents

BR% WK% FRF% pHE ClER/% 41E/mm
0.02~025 =45 6 7~9 <03 <0315

x3 BHREVEEEBS
Table 3 Composition of high-titanium heavy slag %

TFe CI SiO, CaO MgO TiO, SO; ALO; fCaO Pb Cr MnO

27.05 0.019 11.23 26.95 2.89 7.47 0.50 5.59 0.16 0.01 0.267 1.90

R4 WKERSYH
Table 4 Basic parameters of the steel ball

AFE WS/mm  FHE/(kgm?)  FiiEe  FERFY/mm’
020 7 800 32.7 1256
ER @25 7 800 63.8 1962.5
330 7 800 110.2 2 826
* WA
H * FEERH
o EKHEA

S BE

10 2.0 3.0 4.0 5.0 6.0 7.0 80
20/(°)
1 BHETE XRD BEig o
Fig. 1 XRD analysis of high-titanium heavy slag
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Table 5 Experiments with different water-cement ratios

% = Sl
i o NI AR o i ke Kive

Z1 15 8 0 30 87 0.3 5
72 15 8 0 32 87 0.3 5
7Z3 15 8 0 34 87 0.3 5
Z4 15 8 0 36 87 0.3 5
zZ5 15 8 0 38 87 0.3 5
Z6 15 8 0 40 87 0.3 5
Z1 15 8 0 50 87 0.3 5
78 0 0 8 30 87 0.3 5
z9 0 0 8 35 87 0.3 5
Z10 0 0 8 40 87 0.3 5

R6 KEEHRSHRET EXBALL

Table 6 Ratio of activated slag of sodium silicate
S KBEESEE AKBEEEWREE /% KmL Bifg wokilg Kkik/g

Z1 1 4 32 96 0.3 5
Z2 1 6 32 94 0.3 5
Z3 1 8 32 92 0.3 5
Z4 1.5 4 32 96 0.3 5
z5 1.5 6 32 94 0.3 5
Z6 1.5 8 32 92 0.3 5
z7 2.0 4 32 96 0.3 5
78 2.0 6 32 94 0.3 5
Z9 2.0 8 32 92 0.3 5

®7 SEUMHESHKEY XKL

Table 7 Sodium hydroxide concentration ratio for alkali-
activated high-titanium heavy slag
4is  AEfkig /g AKmL WkHElg  KiR/g
Z1 4 91 30 0.3 5
72 6 89 30 0.3 5
73 8 87 30 0.3 5
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Fig.2 Effects of water-cement ratio on properties of cementitious materials
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Fig.3 Effect of sodium silicate concentration on properties of cementitious material
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Fig. 4 Effect of sodium silicate modulus on properties of cementitious material
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Fig. 5 Influence of sodium hydroxide concentration on
mechanical properties of cementitious materials
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Fig. 6 XRD patterns of high-titanium heavy slag materi-
als activated by sodium silicate during different
curing periods
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Fig.7 Microscopic morphology of high-titanium slag activated by sodium silicate during different curing periods
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