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Chlorine-containing Phases in CaO-SiO,~Al,0, Slags and Their Dissolution Behavior into Aqueous Solution

Masaaki 110 and Kazuki MORITA

Synopsis :

:In order to clarify the possibility of utilization of blast furnace slag containing chlorine, chlorine bearing phases in the synthetic

Ca0-S8i0,-Al1,0,-Cl slags were characterized and their dissolution behavior was investigated. The synthetic slags with various crystalinity
were identified by XRD and SEM-EDX. Chlorine was found to condense in the amorphous phase and 9CaO - 6Al1,0,- 5Si0,- CaCl,, whereas
it was hardly detected in the other crystallized phase, such as CaO-SiO,, 2Ca0O - AL,0;- SiO,, CaO- Al,0,-2Si0,. The dissolution behavior of
chlorine into aqueous solution was studied to grasp the stability of chlorine in the slag. Experimental time (Shaking time) and pH depen-
dences on the solute dissolved from the two main chlorine containing phase, amorphous phase and 9Ca0-6A1,0,-5Si0,- CaCl,, were mea-
sured. The amount of chlorine dissolved from amorphous phase was smaller than that from 9CaO-6Al,0,-5SiO,  CaCl,. The amount of
solute dissolved from the slag tended to increase with the fraction of crystallization. Furthermore, the crystal phases in blast furnace slags
were identified by XRD and SEM-EDX, and there were two main crystal phases, melilite (Ca,(Al, Mg)(Si, Al),0;) and 9Ca0 - 6SiO, - CaCl,
in it. The similarity between synthetic slag and BF slag was that the amount of CI dissolved from slag increased with crystallizing.
Key words : chlorine; blast furnace slag; crystallization; dissolution test; aqueous solution.
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Table 1. XRD peaks selected for the crystal phase quan-

tification.
Crystal phase Lattice spacing d (A) Miller indices hk/
Ca0-Si0, 2.784 214
2Ca0-AL0;:SiO; 3.0629 201
Ca0- AL0;-2Si0; 4.04 202
9Ca0+6A1,0;3° 5810, CaCl, 3.27 211
TiO, 3.247 110

Table 2. Compositions of the synthetic slags.

Sample Composition (mass%)
Ca0 SiO; ALOs Cl
A 37.2 435 17.0 24
B 35.7 423 17.3 4.6
C 349 423 16.5 6.3

Table 3. Heat treatment conditions, content of the crystal phases in the heat-treated slags, and fraction of crystallization defined by

Eq.(1).
Sample | Shape Heat Content of crystal phase (mass%) Fraction of
treatment Crystallization
time (h) CS CAS | CAS; Cl (mass%)
A-1-1 | Powder 2 42.1 20.4 129 19.3 94.6
A-1-2 | Powder 5 422 12.1 79 29.8 91.9
A-2-1 Bulk 5 21.5 0 0 25.5 46.9
A-2-2 Bulk 7 34.1 7.1 9.0 29.9 80.1
A-3-1 - 0 0 0 0 0 0
A-3-2 | Particle 0.25 5.7 9.8 9.8 79 33.2
A-3-3 | Particle 0.5 17.9 15.5 12.7 11.0 57.1
A-3-4 | Particle 1 25.2 18.9 15.0 15.5 74.6
A-3-5 Particle 3 343 20.0 13.4 204 88.1

Cl: 9Ca0-6A1,0;5° 5810, CaCl,

Powder: <200mesh, Bulk: cylinder( ¢ =2cm), Particle: 200mesh - 20mesh
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Fig. 1. XRD pattern of the sample A-1-2.
Table 4. SEM-EDX analysis results of the sample A-1-1.
Composition Phase
Ca Si Al Cl

1 10.00 9.44 3.94 0.46 Amorphous (Glass)
I | 10.00 10.78 0.90 0.08 Ca0-8i0;
1| 10.00 | 2230 | 20.59 0.10 Ca0- AL O;-2Si0,
IV 10.00 731 9.86 0.08 2Ca0- AL, O53- Si0; (+Si03)
V| 10.00 9.12 11.48 | 279 9Ca0 - 6A 1,05+ 5810, CaCl, (+Si0;)

Concentration in this table was represented by the ratio of the molar number
normalized by Ca=10.00.

Table 5. SEM-EDX analysis results of the sample A-1-2.

Composition Phase
Ca Si Al Cl
I 10.00 7.29 275 4.75 Amorphous (Glass)
1| 10.00 | 10.06 1.86 0.38 Ca0- SiO;,
] 10.00 | 2130 | 1941 | 03I Ca0-ALO;+2Si0,
IV | 10.00 9.23 10.85 I 272 | 9Ca0-6AL0;* 5810, CaCl, (+Si0,)

Concentration in this table was represented by the ratio of the molar number
normalized by Ca=10.00.

F=[mass%C,AS]+[mass%CS]+[mass%CAS,]
+[mass%9Ca0 - 6A1,0,- 5510,  CaCl,] «+e-reereeeeeeees (1)
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Fig. 4. Effect of shaking time on the concentration of the
solute dissolved from the synthetic slag A-3-1.
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Table 6. Compositions of the BF slag added chlorine.

Samp]e} CaO
D ‘ 419

SiO,
36.9

AlLO;
13.5

MgO Cl
44 2.0

Table 7. SEM-EDX analysis results of the sample D-1.

Composition Phase
Ca Si Al Cl Mg
I | 10.00 7.14 2.06 2.70 0.71 9Ca0-6Si0,* CaCl,
Ir{ 10.00 9.71 5.67 0.08 3.31 melilite

Concentration in this table was represented by the ratio of the molar number
normalized by Ca=10.00.

Table 8. Cooling method, ratio of intensity /
the Cl containing BF slags.

melilite

/o, in

Sample Cooling method | Ratio of intensity /neriiie/I1io,
D-1 Gradually cooling 0.221 )
D-2 Dropped on graphite 0.218
D-3 Dropped in water 0.179
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Z i3 melilite 3 C,AS D —EF % fthD TEHK TEHME L 7= #5548
THBHEEAOLND, TIT, Table 11278 L 72 C,AS
DE = ZIZHIET % melilite D & — 7 & TiO, D ¥ — 7 Tik
WL/ Ino, 8B 4, ThERBILOREL LTE L7,
Table 81 XM H ST LD E IR T 38 E O L %R
¥

Fig.12{Z (X Table 812 ¥} 5 D-1~D-312 59 5 5 Hi £ Bk
DHERZERT . FHRACEDHMIZ & > THIZClLE CaldFH
FIZHEH LR < A b, ZHhIIBEET 2 5 2 LIRS
RTh5,

4. 8

CaO-Si0,~ALO, & 2 7 " DR R D FFIERE & KA
NOBEHEEHEFEL, LTORR A/,

(1) 37.2mass%Ca0-43.5 mass%SiO,—~17.0 mass%Al, 0~
2.4mass%Cl 2 7 7' DRI K DT L 7238 R EFH
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Fig. 12. Relationship between the ratio of intensity and the
concentration of the solute dissolved.
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