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Mechanism and Properties of Glacial Acetic Acid Modified Steel Slag Powder via Dry
Chemical Modification Method
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(1. Jiangsu Key Laboratory of Construction Materials, School of Materials Science and Engineering, Southeast University, Nanjing,
China, 211189; 2. Faculty of Architecture and Civil Engineering, Huaiyin Institute of Technology, Huaian 223001, Jiangsu, China)

Abstract: To activate the early-age hydraulic reactivity of steel slag powder (SS), a method of using glacial acetic acid
(GA)-anhydrous alcohol solution to modify the SS via dry chemical modification technology was proposed. The mineral composition,
surface morphology and specific surface area of unmodified SS and GA modified SS were investigated by X-ray diffraction, Fourier
transform infrared, scanning electron microscopy and Brunauer-Emmett-Teller specific surface area analysis. The hydraulic reactivity,
compressive strength and soundness of SS pastes and SS blended cement pastes were investigated. The results show that calcite,
portlandite and dicalcium ferrite in SS react with GA to produce calcium acetate after GA modification and some pores in the
modified process, thus leading to GA modified SS with the greater specific surface area and rougher surface, compared to unmodified
SS. In the hydration process, water is easier to absorb onto the surface of modified SS and enters the inner of SS particles along the
pores, resulting in higher dissolution heat and reaction heat of active minerals in SS. The result show that, the higher 72-h cumulative
hydration heat, the 3d, 7d and 90 d compressive strengths and better soundness of GA modified SS pastes and GA modified SS
blended cement pastes are obtained, compared to the unmodified pastes.
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Table 1 Chemical composition of PC and SS w/%

Material CaO SiO, ALO; SO; Fe;O3 MgO Na,O K,O LOI

PC 63.90 2044 473 245 3.13
SS 4349 17.65 832 146 2139 592 0.14 0.07 591

1.05 0.19 0.63 3.48

PC is Portland cement. SS is steel slag. w is mass fraction. LOI is loss on
ignition.
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Table 2 Mix proportions of pastes m/g
Paste PC SS MSS Water
SS 300 90
MSS 300 90
PCSS 210 90 90
PCMSS 210 90 90

SS is steel slag paste. MSS is GA modified steel slag paste. PCSS is steel
slag blended cement paste. PCMSS is GA modified steel slag blended

cement paste. GA is glacial acetic acid. m is mass.
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Fig. 1 XRD patterns of GA modified SS
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Table 3 Mineral composition of GA modified SS w/%
Mineral CS  B-C.S C.F CaCO; v-C,S  a-SiO, Ca(OH), f-CaO RO phases Ca(CH;COO), Others (glass and other minerals)
SS 4.16 13.11 1147 4.24 4.75 2.54 1.54 2.76 10.86 44.60
MSS 3.80 12.70 10.72 3.88 4.55 2.48 0.67 2.45 10.35 3.20 45.14

SS is steel slag. MSS is ss modified with glacial acetic acid(GA).
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Fig. 2 FT-IR spectra of GA modified SS
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Table 4 Specific surface area and total pore volume of GA

modified SS
. Specific surface area/ Total pore volume/
Serials > 3
(m™g ) (em™g )
SS 3.071 0.024
MSS 3.714 0.027

(b) After modification

3 UKCEREUEARE K] SEM IR A7
Fig. 3 SEM images of GA modified SS
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Fig. 4 Hydration heat evolution of (a) SS pastes and (b) SS
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