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alkali  fusion

agent

Stable crystalline structure

Slag, Ash,
Dust, etc.
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reactivity

Alkali salts

Destabilization
(High solubility)

Building of different crystal
structure with functional ability

Functional materials
(Zeolite, hydrocalumite, etc.)
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reactivity

(NaOH, etc.)
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BYRRSY: KBRS Y (W-slag), A RS (S-slag)
Table Chemical composition of blast furnace slag

Ca0 SiO; ALO; Fe;O; MgO SO; MnO TiO; KO SrO P,0s

429 345 137 0.6 6.1 1.1 0.3 0.4 0.3 0.1
415 339 142 1.1 6.6 1.3 0.3 0.5 0.3 0.1 0.1

M: Gehlenite [Ca,ALSiO]
W @:Calite [CaCO,]
A: Larnite [Ca,8i0 ]

Intensity [a. u.]

1

n [ ]
x M aem s Thedl ,
10 20 30 40 50 60 . - .
20 [CuKa (degree)] Fig. SEM photos of (a) W-slag and (b) S-slag

Fig. XRD patterns of (a) W-slag and (b) S-slag
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Alkali salt Melting Boiling
point point

Na,CO, 851°C

NaCl 801°C

NaOH 318°C

CH,COONa 324°C

Fig. XRD patterns of the fused materials after
heating at 1500 °C using various alkali salts.
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Fig. XRD patterns of the fused materials after heating Fig. XRD patterns of the fused materials after heating
at 1500 °C using various amount of Na,CO,. at 1500 °C for various times using Na,COj.
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Hydroculmite [Ca,Al(OH),+*3H,0] is a layered double
hydroxide (LDH) with anion exchange properties.

Oxi-anion
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Experimental method

Fused material

NaOH powder Electrical furnaces

Synthesis

25 g of sample was added into
200 mL of distilled water

Agitation for 24 h
at room temperature

Conversion process

H Gehlenite [Ca2Al2Si07]
[ calcite [CaCOs]
O Larnite [Ca=2Si04]

B Sodium salt
E Portlandite [Ca{OH):]

Intensity [a.u.]

B Hydrocalmite [6a4AIzOsCO:a11HzO]
O Calcﬁte [CaCOas]

20
2 0 [degree]

(EVLEVAECE]
(b) Fused material
(c) Product

Energy and Environmental Engineering Lab.

Hydrocalmite [Cas:Al205C0311H20]
Energy Chemical Engineering Lab.
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B Raw slag B Raw slag

O Product O Product

Removal (%)
Removal (%)

b 0 0l oo

- - - 2 3- - - - - 2 3
CI Br NO; SO,”| PO, Cl Br' NO;/ SO,” PO,

Single solution Mixed solution

The adsorbent has high adsorption potential and
high selective removal ability for PO ,*-.

) U BREREDpHIKFIE

Removal (%)

Equilibrium pH

Fig. Phosphate removal by the product
from solution at different pH values.
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P adsorption (mmol/g)

10 20 30 3
Equilibrium concentration (mmol/L)

Langmuir model has better fitting than
the Freundlich one.

The maximum adsorption capacity of
the adsorbent for PO,3- calculated from
Langmuir model is 7.67 mmol/g.

Table Reported maximum sorption capacities of adsorbents

for phosphate in the literatures.

Adsorbent

Steel-making slag

Jha et al (2008)

Calcined alunite

(Ozcar (2003)

Amorphous calcium silicate

Southam et al (2004) Higher than other

Zr(IV)-loaded orange waste gel

Biswas et al (2008) adsorbent reported

Hydrotalcite

Kuzawa et al (2006) previously_

Amorphous Al hydroxide

Lookman et al (1997)

Amorphous hydrous iron oxide gel

Parfitt et al (1975)

Red mud

Pradhan et al (1998)

Coal fly ash

Pengthamkeerati et al (2008)

Crystalline blast furnace slag

Kostura et al (2005)

Zirconium ferrite

[CaHPO(H,0)]

T &

) l<.><<>o<x> 2

b) O :Hydrexyapatite [Cas(P O4):(0OH)]
#: Calcite [CaCOy]
L ]

(

Intensity [a.u]

L
@)
L]

. . !
10 20 30 40 50
28 [CuKw (legree)]

Fig. XRD patterns of the synthesized
product after phosphate adsorption
in NH,H,PO, solution with (a) 10 mM,
(b) 50 mM and (c) 100 mM.

Biswas et al (2008)

Brushite

Hydrocalumite Hydroxyapatite

The product can remove phosphate from aqueous solution by forming
calcium phosphate minerals, hydroxyapatite and brushite.

13



2021/10/4

JUEAMRERDERY)

Sample 5102 ALOs MgO FexOs Na:O K20 TiO2 SOs MHO§'\O P:0s Br

Slag 345 137 61 06 0 03 04 1.1 03 01
Product 209 86 32 07 37 01 0 01 0O 03
Product(Atfter adsorbed) 166 4.8
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5Ca;Al,(Si0,), s(OH)4 ¢
> CayAl,pSi,0,; + 3Ca0 + 22H,0 [320 °C]

Ca,,Al,(Si,0s; + 3Ca0 + 12HCI
— Cay,Al,,Si,05,Clg + 3CaCl, + 6H,0 [700-1000 °C]
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Intenisty [a. u.]

Intensity (a. u.|
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ite [Ca, AI(OH), *3H,0]
coy

INE&FD/N(FO .
H—Ry DS ~ M .
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Precurser ®: Hydr
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Fig. SEM photos of (a) W-slag, (b) S-slag, (c) fused material, (d) agitated material, and (e) product.
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Intensity (a.w)

28[CuKa (degree)]

@ : Caleite [CaCO,] M : Katoite [Ca, AL(SIO,), ,(CE, ]
# : Hydroxysodalite [Na, ALSL,0, (OH) ]

Al(OH)s/Fused slag Mineral phases
Product-1 0 Cal. Kat.
Product-2 0.05 Cal. Kat.
Product-3 0.1 Cal. Kat. HS.
Product-4 0.15 Cal. Kat. HS.
Product-5 0.2 Cal. Kat. HS.
Cal.:Calcite, Kat.: Katoite, HS.: Hydroxysodalite|

HCIH AR ZERE

Sample
pH meter
]

Electric furnace
1000 ppm

Scrubbing bottles

Quartz wool

ID: 18 mm
L: 60 cm

W-slag
S-slag
Products
Ca(OH),
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a0 a0
28[CuK a (degree)]

0 :Cal,  2H,0 O * Wadalite [Ca,,AlL,Si,0,CL]
: Sodalite[Na, Si,ALO,CL]

100 Fig. XRD patterns of the products after HCI
removal test.

Fig. pH of the solution during HCI removal test.
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30 min shaking fﬁf‘;@;’_ﬁﬁ:

at room temperature
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HCIH ABREZDCIIAHEE)

Table Solubility of precursor, the products, and Ca(OH),
Soluble Cl content (mg/g)
Product-1  Product-2 Product-3 Product-4 Product-5 Ca(OH),
Before test 0.9 0.8 0.8 0.8 0.7 0.1
After test 3.1 3.0 3.2 3.5 3.6 219.0

Cl elution from the
products is <10 %.

1 Preduoi-2  Preduc-3  Produci-4  Prod

Fig. Elution percentage of Cl content from the products and
Ca(OH), after HCI removal test.

ERMOBHEL, Ca(OH),D1/10052
EREMIE0%DIEEMEREILLBHEIT DG,
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@ Calcite[CaCO,]
I: Hydroxysodalite
[NaA1Si,0, (OH),)

13X

[ ‘ (AKX ]
025M @: Zeolite-A [Na, Al Si| O, *27H,0]

Intensity [a. u.]
Inteasity [a. u.]
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Table 2 Ca concentration in the solution before and after synthesis.

g/L]

. Ca concentration [mg/L]
EDTA concentration [M] - -
Before synthesis Afjecsynthesi
0 0
0.1 1244
6473

0.5 9273

n
S

<

Si, Al and Ca concentrations [m
n T
2
=3
S

| ]
0.1 02 03 04
EDTA concentration (M)
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