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Abstract

Ladle furnace slag is a byproduct of the steel-making process, and it contains the mineral 3-C,Sandtherapid-settingmineral
(dependingonwhichreducingagenthasbeenused). Ladle furnace slag is often treated through slow cooling, which causes the slag
to lose its reactivity. In this study, the properties of air-quenched CAC and pulverized ladle furnace slag containing gypsum
were evaluated, and the optimal mixing ratio was determined for broadening their usage. Consequently, the properties of CAC
aredemonstrated by the dissolution of gypsum after a period of three hours and the content of gypsum after a period of one day.
The optimal mixing ratio of anhydrate and hemihydrate gypsum is found to be within 30% and that of dihydrate gypsum is
found to be higher than 35%. Furthermore, based on the results of CAC with dihydrate gypsum, the applicability of the
by-product dihydrate gypsum has been verified.
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Table 1. Experimental Plan for Properties of the CAC mixed with Gypsum

Classification Experiment level
W/B (%) 1 |=50
CAC 1 |=CAC
Types = Calcium Sulfate Anhydrate (CAS No.7778-18-9)
Binder Gypsum 3 |= Calcium Sulfate Hemihydrate (CAS No.10034-76-1)
= Calcium Sulfate Dihydrate (CAS No.10101-41-4)
Experimental Replacement Ratio of Gypsum (%) | 5 (=0 =20 =25 =30 =35
Conditions - -
Type 1 |= Citric Acid Anhydrous (CAS No.77-92-9)
Retarder
Addition Ratio 1 |=0.7% (CAC Binderxwt%)
Type 1 [=ISO Standard Sand
Sand
B:S 1 |=1:3
Curing 3 |=3hours =lday  =28days
. Paste 4 |=Setting-Time =XRD =SEM =MIP
Experiments -
Mortar 1 [= Compressive Strength (3hours, 1day, 28days)
B-C,S+2H,0 — C-S-H+Ca(OH), 2) X 1= 22 o 2F 32%, 34%, 39% JE 2 AR 1
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Table 2. Mix design details for CAC Mortar mixed with

Gypsum
Weight (g)/mold
Series W/B Gypsum
(%) | W | CAC R | S
A H D
CAC 450.0 | - - - 32
CA20 360.0 | 90.0| - - 2.5
CA25 3375|1125 - - 2.4
CA30 315.0 | 135.0| - - 22
CA35 2925|1575 - - 2.1
CH20 360.0 | - 90.0| - 2.5
CH25| 50 |225|3375| - |[1125] - 2.4 1350
CH30 3150 - |1350| - 22
CH35 2925 - 1575 - 2.1
CD20 360.0 | - - 90.0| 2.5
CD25 3375 - - |1125) 24
CD30 3150 - - 13501 22
CD35 2925 - - | 1575 2.1

% CAC : Calcium Aluminate Composites, A : Calcium Sulfate
Anhydrate, H : Calcium Sulfate Hemihydrate, D : Calcium
Sulfate Dihydrate, W : Water, R : Retarder, S : Sand
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CAC F3H|2 EUsIeH, A4 a2 A &
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Table 3. Characteristic of Materials

Physical properties Chemical properties (Oxide content) (%)
Division ze/‘:fr‘g F(‘c‘:ﬁ?/egs)s Si0; | ALO; | Fe&;05 | CaO | MgO | SO; | Na;0 | Kz0
CAC 2.97 6,593 12.00 | 31.31 | 1.33 | 4598 | 7.48 1.73 | 0.05 | 0.12
Calcium Sulfate Anhydrate 2.83 3,372 0.35 - - 40.36 - 59.29 - -
Calcium Sulfate Hemihydrate 2.70 2,611 0.17 | 046 | 0.10 | 4043 - 58.85 - -
Calcium Sulfate Dihydrate 232 3,485 0.11 - 0.11 | 40.03 - 59.76 - -
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Fig. 1. Setting-time results of the CAC with gypsum.
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Table 4. XRD analysis results of the CAC with Gypsum

Series 3hours lday 28days

CAC Ci2A7, B-C2S, C3AHg, C-A-H Ci2A7, B-C2S, CsAHg, C-A-H Ci2As, B-C5S, C3AHs

CA20 Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, C;AHgq AFt, AFm
CA25 Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, C3AHs, AFt, AFm
CA30 | CipA7, B-CoS, AFt, Gypsum CipA7, B-C1S, AFt, Gypsum CixA7, B-C1S, C3AHs, AFt, AFm
CA35 CixA7, B-C1S, AFt, Gypsum CipA7, B-C1S, AFt, Gypsum CixA7, B-CJS, AFt

CH20 | Ci2A7, B-CoS, AFt C2A7, B-CJS, AFt CixA7, B-CJS, AFt, AFm

CH25 C2A7, B-CJS, AFt C2A7, B-CJS, AFt CixA7, B-CJS, AFt, AFm

CH30 | Ci2A7, B-CaS, AFt, Gypsum Ci2A7, B-CJS, AFt Ci2As, B-CoS, AFt, AFm

CH35 Ci2A7, B-C,S, AFt, Gypsum Ci2A7, B-C,S, AFt, Gypsum CpAs, B-C2S, AFt

CD20 Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, C3AHs, AFt, AFm
CD25 Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S, AFt, Gypsum Ci2A7, B-C2S,C5AHg AFt, AFm
CD30 | CipA7, B-CoS, AFt, Gypsum CipA7, B-C1S, AFt, Gypsum CihA7, B-CoS, AFt, AFm

CD35 CxA7, B-C1S, AFt, Gypsum CipA7, B-C1S, AFt, Gypsum CihA7, B-CoS, AFt, AFm

* AFt : Ettringite, AFm : Monosulfate

Resources Recycling Vol. 30, No. 1, 2021
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