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Alkali activation characteristics of cement with
large amount steel slag powder
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Abstract: In order to solve the problem of low-proportion steel slag powder in cement-based composite materials, the impact of
activate type, dosage on mechanical properties and microstructure of steel slag powder-cement cementitious materials were studied
by mechanical properties test, XRD, SEM, FTIR, etc. The results show that alkali-activator can improve the hydration speed of
steel slag powder and increase the compressive strength of the composite cementitious material, but different activators exerts
different excitation effects on the cementitious material. The compound activation effect of sodium carbonate and triethanolamine
is remarkable. The optimal strength on 3, 7 and 28 d is increased by 47% , 72% and 69% , respectively, comparing with the
experimental group without activator. The hydration product type of composite cementitious slurry is not affected by the activator.
Triethanolamine has suspension stabilization effect and ability to reduce the surface tension of the solution. Combined with the
strong corrosion effect of sodium carbonate, it synergistically strengthens the hydration reaction in the steel slag powder cement
system, so that more hydration products are generated in the composite cementitious system and intertwined into a complex and
dense spatial structure.
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Tab.1 Main chemical composition of cement %
Ca0 Si0, AL O, Fe, 0, MgO KO, S0, NaO,
64.57 20. 46 4.20 3.03 2.19 1.70 1.64 0.23
F2 KiRHER
Tab.2 Properties of cement
WRTB,  WE/ AREEEIK MM AR/ LATIRIEL/ MPa BURSRIEL/MPa
(m?kg™')  (grem™) BB % min min 3d 74 28d 34 7d 284

337.4 2.99 28 198 376 5.25 7.42 9.40 22.5 28.4 44.5
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Tab.3 Main chemical composition of steel slag powder %
Ca0 MgO Fe, 0, AL 0, Si0, K,0 MnO P,0, Ti0, V,05 Cr, 0,
42.91 3.14 30.47 2.03 15.19 0.10 1.76 2.14 1.42 0.45 0.34

x4 WMEHBERER
Tab.4 Basic properties of steel slag powder

Bk S0,

3 3 2.kg! R/ (g-om ™3 % 28 d
A WRmMB/ (m*kg™')  HE/(grem™) R S8 % TS % B R TSR
SCEySER 458.5 3.34 0.4 0.35 2.40 80.3
HoARER =400.0 =2.80 <1.0 <4.00 >1.80 =80.0

v—C,S  —Fe0,
«—C,S 0—Ca0
. A—ROM +—FeO

E1 WiERHE XRD Ei%
Fig.1 XRD pattern of steel slag powder
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Tab.5 Mixture ratio design of cement mortar

s Mo KU KR TR R DA =R
BRSB % R % BRSD TR % B34/ % BB %

KB 50 50 0.65 0 0 0 0

Al 50 50 0.65 1 0 0 0

A2 50 50 0.65 2 0 0 0

A3 50 50 0.65 3 0 0 0
A4 50 50 0.65 4 0 0 0
AS 50 50 0.65 5 0 0 0

Bl 50 50 0.65 0 2 0 0

B2 50 50 0.65 0 3 0 0

B3 50 50 0.65 0 4 0 0
B4 50 50 0.65 0 5 0 0

B5 50 50 0.65 0 6 0 0
AC1 50 50 0.65 2 0 2 0
AC2 50 50 0.65 2 0 3 0
AC3 50 50 0.65 2 0 4 0
AC4 50 50 0.65 2 0 5 0
BD1 50 50 0.65 0 3 0 0.04
BD2 50 50 0.65 0 3 0 0.08
BD3 50 50 0.65 0 3 0 0.12
BD4 50 50 0.65 0 3 0 0.16
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Fig.2 Influence of one-component activator on compressive strength
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Fig.3 Influence of multi-component activator on compressive strength
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Fig.4 Excitation coefficient K of different activators
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Fig.5 XRD pattern of samples prepared with different activators (28 d)
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Fig.6 XRD pattern of BD2 experimental group (3. 7. 28 d)
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Fig.7 FTIR pattern of samples prepared with different activators(28 d)
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Fig.8 FTIR pattern of BD2 experimental group (3. 7. 28 d)
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Fig.9 SEM images of samples prepared with different activators (28 d)
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Fig. 10 SEM images of BD2 experimental group (3. 7. 28 d)
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