Journal of the Society of Inorganic Materials, Japan 19, 15-22 (2012)

B LY R ILICKBESEA A > OB LBEDEH

B T - KB S ABL AT SFE BETT
(BAAFET 2TWELALER, KBEL AV FRREHERRPERT, KP4V FRAath)

Clarification of Insolubilization Mechanism of Heavy Metal Ion Using
Magnesium Oxide

Yoshiyuki KOJIMA, Fuminari OSHIMA, Yuusuke MATSUYAMA* and Masahiko MORIYA**
(Department of Materials and Applied Chemistry, Faculty of Science and Engineering, Nihon
University, 8, Kanda-Surugadai 1-Chome,Chiyoda-ku, Tokyo 101-8308; *Soil Treatment Team,
Research & Development Center, Taiheiyo Cement Ltd.Co., 4-2, Osaku 2-Chome, Sakura-Shi,
Chiba 285-8655; **Soil Solution Group, Mineral Resources Business Department, Taiheiyo
Cement Ltd.Co., 3-5, Odaiba 2-Chome, Minato-ku, Tokyo 135-8578)

Cement-based material and calcium oxide are not only economical and excellent for immobilizing
heavy metals contaminated in the soil, but they also harden and develop strength by hydration.
However, they are difficult for the material to immobilize lead in high alkali atmosphere due to its
amphoteric property. In recent years, there’s been an increase in research for the magnesium-based
material. The pH of magnesium-based material is lower than that of cement-based material and it
also hardens and develops strength by hydration. Therefore, it was reported that magnesium-
based material was effective for immobilizing heavy metals.

However, the mechanism for immobilizing heavy metals using magnesium-based material is in-
frequently-reported. After having carefully studied the mechanism, we fitted the expected pattern
of (1) precipitating as very insoluble hydroxide, (2) precipitating as magnesium compound, (3) ad-

sorbing onto the surface of hydrate.
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Fig. 1 Relation between pH change and reaction time
of the solution including heavy metal ion.
Amount of MgO:1mass%, (a):Pb(NO3),,
(b) : PhCly, (c) : HgCly, (d) : CA(NO3),, (e):
CrCl;
Concentration of heavy metal ion/mg-dm~3,
(a) : 2410, (b):2576, (c):5017, (d):2545,
(e) : 2513
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Fig. 2 Relation between pH change and elimination
efficiency of the solution including heavy metal
ion.
Amount of MgO : 1mass%, (a):Pb(NOy),,
(b) : PbCly, (c) : HgCl,, (d) : CA(NOy),, (e):
CrCls
Concentration of heavy metal ion/mg-dm™3,
(a) : 2410, (b):2576, (c):5017, (d) :2545,
(e) : 2513
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Fig. 3 Relation between electric conductivity change
and reaction time of the solution including
heavy metal ion.

Amount of MgO:1mass%, (a):Pb(NOs),,
(b) : PbCly, (c) : HgCl,, (d) : CA(NOs),, (e):
CrCl;

Concentration of heavy metal ion/mg-dm~3,
(a) : 2410, (b) :2576, (c):5017, (d):2545,
(e) : 2513
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Fig. 4 Relation between elimination efficiency of Cd
ion and reaction time.
Amount of MgO : 1 mass%, Cd concentration :
2545 mg-dm—3
( ) : Elimination quantity of Cd ion/mg-dm~3
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Fig. 5 X-Ray diffraction patterns of reaction product.
Amount of MgO : 1 mass%, Cd concentration :
2545 mg-dm=3 Reaction time/min, (a):1,
(b) :3, (c) :5, (d) :10
O:Cd(0OH),, @ : MgO
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Fig. 6 X-Ray diffraction patterns of reaction product.
Amount of MgO : 1 mass¥%, (a) : HgCly, (b) :
Pb(NO;)s, (c) : PbCl, (d) : CrCl,
Concentration of heavy metal ion/mg-dm~3,
(a) : 5017, (b): 2410, (c) : 2576, (d) : 2513
O:HgCl, - 3H,0, @ :MgO, V¥V :Unknown
peak, /\:3Pb0-PbCly-H,0, [} : Cr(OH),, X :
Mg (OH),
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Table 1 Cationic insolubilization mechanism (10 min).

Elimination
Element Reagent efﬁcioency
()

Insolubilization
mechanism

Pb PbCl, 99.9 Oxide generation

Pb Pb(NO3), 99.9 Hydrate generation

Hg HgCl, 96.4 Oxide generation

Cd Cd(NO;), 99.9 Hydroxide generation
Cr(Il) CrClg 68.0 Hydroxide generation
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Fig. 7 Relation between elimination efficiency and
reaction time of the solution including heavy
metal ion.

Amount of MgO : 1 mass¥%, (a) : HySeOs, (b) :
NagAsQ;, (¢) : NayHAsQ,, (d) :NaF, (e) : K,
CrOy, (f) : NagB,Oy, (g) : NaySeO,
Concentration of heavy metal ion/mg-dm~3,
(a) : 1035, (b) : 934, (c) : 949, (d) : 945, (e) :
846, (f): 938, (g) : 874
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Fig.-8 X-Ray diffraction patterns of reaction product.
Amount of MgO : 1 mass¥%, As(V)concentra-
tion : 3349 mg-dm 3
Reaction time/h, (a): 1, (b) :3, (c):7, (d):
24
@ : MgO, ¥ : Unknown peak
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~ Fig. 9 X-Ray diffraction patterns of the calcined reac-
tion product.
Amount of MgO :1mass%, Calcination tem-
perature : 1000°C, Calcination time : 60 min, As
(V) concentration : 3349 mg-dm~3
Reaction time/h, (@) :1, (b):3, (c):7, (@) :
24
@ : MgO, O MgssAs3056
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Fig. 10 X-Ray diffraction patterns of the reaction
product before and after calcination.
Amount of MgO : 1 mass%, Calcination tem-
perature : 1000 °C, Calcination time : 60 min,
As (I )concentration : 3000 mg-dm=3, Reac-
tion time : 24h
(a) : Before calcination, (b) : After calcina-
tion
@ : Mg0, x :Mg(OH),, ¥ : Unknown peak
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Fig. 11 Relation between elimination efficiency and
reaction time of the solution including As (1)
ion.
As(II)concentration : 934 mg-dm=3, BET
specific surface area of MgO:250m?-g-1,
BET specific surface area of Mg(OH),: 80
m?-g~L (a) :MgO, (b):Mg(OH),,(c) : cal-

culated Mg (OH),
Amount of MgO or Mg (OH),/mass%, (a) : 1,
M):1, (c):14
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Fig. 12 X-Ray diffraction patterns of reaction product.
Amount of MgO : 1mass%, Reaction time:
24h, (a) :KyCrO4, (b) : NasSeQ,, (c) :KF,
(d) : NapB,405; (&) : HoSeO;

Concentration of heavy metal ion/mg-dm~3,
(a) : 3016, (b) :3000, (c):3215, (d) :2000,
(e) : 3000

x : Mg(OH),, ¥ : Unknown peak
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Fig. 13 X-Ray diffraction patterns of the calcined
reaction product.

Amount of MgO : 1 massY%, Calcination tem-
perature : 1000 °C, Calcinations time : 60 min,
Reaction time : 24 h

(a) : KyCrOy, (b) : NasSeOy, (c) :KF, Con-
centration of heavy metal ion/mg-dm~3, (a) :
3016, (b) : 3000, (c) : 3215

@ : MgO, ¥ : Unknown peak

Table 2 Anionic insolubilization mechanism (24 h).

Elimination e
. Insolubilization
Element Reagent efﬁc%incy mechanism
As(I) NazAsOs 98.2 Adsorption

As(V) NayHAsO, 98.8 Insoluble salts genera-

tion
F KF 71.1 Adsorption
Se(V)  HySeO; 97.2 Insoluble salts genera-
tion
Se(V) NaySeOy 25.7 Adsorption

B NayB,0; 43.0 Insoluble salts genera-
tion

Cr(M) K,CrO, 66.1 Adsorption
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