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Abstract: The low reactivity of high titanium blast furnace slag is one of the main factors limiting its
application as a sole admixture in concrete. To address this issue, a ternary composite admixture consist-
ing of silica fume, yellow phosphorus slag, and high titanium blast furnace slag was prepared, and its ef-
fects on the flow ratio and activity index of cement mortar were investigated. Combined with micro-
scopic testing methods such as XRD and SEM-EDS, the influence mechanism of different admixtures
on the performance of cement mortar was analyzed. The results indicate that the incorporation of silica
fume and yellow phosphorus slag leads to a decrease in the flow ratio of cement mortar, with the silica
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fume having a greater impact than the yellow phosphorus slag. The activity index of the ternary com-
posite admixture is significantly improved compared to when high titanium blast furnace slag is used
alone as an admixture. The optimal activity indices at 7 days and 28 days of curing are achieved when
the ratio of high-titanium blast furnace slag: silica fume: yellow phosphorus slag is 5:2:3, reaching
76.9% and 100.2%, respectively, which meets the requirements for the activity index of Grade Il admix-
tures. Microscopic testing reveals that the incorporation of silica fume and yellow phosphorus slag con-
sumes flaky Ca(OH),, generating more flocculent colloidal C-S(A)-H and needle-like AFt hydrates,
which form an interlaced and dense network structure, thereby enhancing the strength of cement mortar.
Key words: high-titanium blast furnace slag, silica fume, yellow phosphorus slag, composite admixture,

flow ratio, activity index
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Table1 The main chemical compositions and content of some raw materials %

Some raw materials CaO SiO, TiO, AlLO, MgO Fe,0, SO, K,O0 Na,O P,0Os F Other
Cement 63.09 18.84 1.15 5.07 2.04 3.52 442 095 0.34 0.15  0.00 0.43
High titanium blast furnace slag ~ 28.43  23.1 21.79  13.56 6.98 1.87 1.56  0.74 0.83 0.02  0.00 1.12
Silica fume 090  95.59 0.00 0.40 0.19 0.26 2.03 042 0.09 0.08  0.00 0.04
Yellow phosphorus slag 4758 369 0.22 3.63 2.67 0.65 074  0.79 0.55 286  3.18 0.23
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Fig. 1 Particle size distribution curves of some raw materials
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Fig. 2 XRD patterns of some raw materials

(a) BRI E I ; (b) FEBEI; () REK
E3 #IMoEFHHPRERERR

Fig.3 SEM images of some raw materials
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Table 2 Mix proportions of cement mortar samples with different admixtures

Admixture/g

Standard . Type of cement
Number Group Cement/g High titanium blast ~ Silica Yellow phosphorus sand/g Water/mL Admixture type mortar
furnace slag fume slag

A DB 450 0 0 0 1350 225 Admixture-free Comparison mortar
B T 315 135 0 0 1350 225 Single-blended

admixture
C T7S1H2 315 94.5 13.5 27 1350 225
D T7S1.5HL.5 315 94.5 20.25 20.25 1350 225
E T7S2H1 315 94.5 27 13.5 1350 225
F T6S1H3 315 81 13.5 40.5 1350 225

Ternary composite Test mortar

G T6SI.5H2.5 315 81 20.25 33.75 1350 225 1y comp

admixture
H T6S2H2 315 81 27 27 1350 225
I T5S1H4 315 67.5 13.5 54 1350 225
J  T5S1.5H3.5 315 67.5 20.25 47.25 1350 225
K T5S2H3 315 67.5 27 40.5 1350 225

Note: In the group designations, T represents high-titanium blast furnace slag, S denotes silica fume, and H indicates yellow phosphorus slag.
T7S1H2 signifies the proportions of each material in the admixture (e.g., T:S:H = 7:1:2), and other groups follow the same naming convention.
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Fig. 5 Strength and activity index of cement mortar after 7 days and 28 days of curing
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