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Adsorption Property of Si-Fe-Mg Mixed Hydrous Oxides with Different
Composition of Metallic Elements for Arsenic in Ground Water

Tomoyuki KUWABARA, Ayu MATSUMURA, Masakazu MAENO and Toshio SATO

(Faculty of Life and Environmental Science, Shimane University, 1060 Nishikawatsu-cho,
Matsue-shi, Shimane 690-8504)

Si-Fe~Mg mixed hydrous oxides (SFM) which varied in the molar ratio of Fe/Mg were synthe-
sized for the purpose of the development of inorganic adsorbent to remove arsenic in groundwater.
The influence that the Fe/Mg ratio of SFMs gives in their arsenic adsorption ability in groundwater
containing the low concentration arsenate or arsenite was examined by means of the batch method,
and the usefulness as the arsenic adsorbent was evaluated. Adsorption amounts of arsenate and ar-
senite were decreased in groundwater compared with purified water. However SFMs which have
higher Fe/Mg ratio maintained large adsorption amount. Anion selectivity of SFMO010 and
SFM118, whose numbers mean the molar ratio of Si, Fe and Mg, for a carbonate ion and a phos-
phate ion were high in purified water, respectively. On the other hand, because the selectivity of
other SFMs for these anions was lower, it was confirmed that SFM145, SFM163 and SFM 181 can
adsorb arsenic easily compared with SFM010 and SFM118. Adsorption isotherms using groun-
dwater showed that adsorption characteristics of SFMs had concentration dependency in the case
of low arsenate and arsenite concentration. However the arsenic adsorption of SFMs is possible,
because 1/n values which are adsorption constant of Freundlich equation were from 0.45 to 0.82.
As the Fe/Mg ratio become higher, SFM is more useful, especially SEFM181 is judged as utility ar-
senic adsorbent in groundwater.
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Table 1 Actual mole ratios of metallic element and

specific gravities of SFM samples.

Metallic element molar ratio Actual Specific

Fe/Mg gravity

Si Fe(I1I) Mg ratio  /grom™?
SEMO010  0.000 1.000 0.000% - 4.10
SFM181 0.092 0.803 0.105 7.64 2.96
SFM163  0.097 0.596 0.307 1.94 2.59
SFM145  0.096 0.392 0.511 0.767 2.29
SFM118 0.137 0.150 0.741 0.202 2.09

*Mole ratio of SFMO010 is theoretically.
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Table 2 Water quality of ground water.

Concentration (as ion)

mmol-dm~3 mg-dm~3

F- 0.005 0.07

Cl- 2.03 72.1
NOy~ 0.023 1.4
NO,~ <0.001 <0.05
SO42~ 0.123 11.78
POS- 0.0047 0.447
COgz2- 3.86 231.7

As(III+V) <{0.0000133 <0.001(as As)

DOC 0.05 0.6(as C)
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Table 3 Various reagents for each solution at anion
selective examination.

Anion species Reagents
AsO3~ As,Oy%
AsO- Na,HAsO,-6H,0
F- NaF
POs~ NaH,PO,
S02- Na,SO,
NOy~ NaNQy
COg~ NaHCO;3

¥ Using Arsenic Standard Solution (As 1000) by Wako
Pure Chemical Industries, Ltd.
(As;05 and NaOH in water, pH 5.0 with HCD)
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DREL 7.
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Fig. 1 X-ray diffraction patterns of SFM samples.

(O : Hydrotalcite like compound, ¥ : o~FeOOH



S 213

Journal of the Society of Inorganic Malerials, Japan

GRS HWEICIH LE2BNS. HHC SFM163
TN PR 20T A MR LB ORI — 7 5347
<, FESACEAELMTENT 26, KIS
BEKBLEETHD, bIFPicng FaxiyA ik
EMEETWETHH LHEEINS.
3-1-2 & SFM OEMEE

ERL7-E3B O TG-DTA # 4B 2 Io7w
SFMO10 Cit, 289°C IC#hl— 7&1m@9#£

LTz SHET =2 A+ OREE KA B BROR
B L —FH L TRD, XBEFOFKETRESN

72 SEMO10 3% — 2 4 R Ch b & o HFT 5
SFM181 Cid, 65°C [t oW — 7 & i ~300°C
3T & CORBR s EEF A PIED NIz, WEKD
B K A 7= 9 300°C £33 T O E R 20 0 il 1o 4
S R AR CE o722 L1, SFM181
HIEMBETHAZ EHERTHS LE 2 5. SFM118
T, %C&B%C’20@%ﬁﬁ~7ﬁﬁ§é
N, FRICHIG L 2 B O B R A P S

72. T TG-DTA g /N4 Fo 2Ly A | ﬁ%té
WTHELN A2 LHEPIL T D, 98°C OER
WG KB L CEEKOBKZR L, 360°C OH
BRI ERPOREITE & OFERONKE L UE
FHZHAET B A AV OB R L T3 05242
ERTEBD. Lo T SFMILS i ks stk o o

10 20
SEMO10)
0 10
10 F77N e 1S 0
=
20 S 10
DTA ™
30 20
-40 S — 30
o 0 200 400 600 800 1000
S 20
e 2
SEM163
& o braie 10
jom
2 0k 40
[3) 1 PTIN .
2 20 PN 164 1o
=) LU 5
=30 20
é’ 7 DIA ~-..
40 . -30
0 200 400 600 800 1000
10 20
SEM118
10
0
-10
20
il 3 i I3 -30
0 200 400 600 800 1000

23, (2016) 19
NAFOa A MR LA AHSICL I LA X
MEHTORER L &b TR L. Ik, BRhD

A A EBURH G BRI 2 S b DR L I REB A
VELUEA L 7REEO SR S A 4 C
HHEEZ NS, SEFM163 Tl 143°C & 327°C 12,
SFM145 Tt 131°C & 327°C BB — 7 A5 1,
WD TGS T A ERERA B a:bb%wt. =
NHOERW A & SEFM118 & REEIC, (EEM-Cliim
HKEB IUBEBKOBK, SRAC %ém@ﬂ%miﬁ
FURHEEA A OBy RT LE 2615, Ll,
SFM163 & SFM145 T34 Rz by 4 F G
WU OIEGHERP L HDB T &ﬁwa SFM118
IHEANCRBEARA DY, B Fe llBIALL /-
K@%%%<&%&%ﬁéﬂ,%%5~ﬁﬁv7rb
led#EZ BN/ X610, SFMI163 Tl 327°C £
OFEBEABATINT e n, BEEA AV RD R
<, BRESEATGEL TRV WETH AL AR T
Y, SFMI163 OFZER S HH I E &K g Lk <
BH LTRSS,

32 % SFM QL EWEHEOKRET

321 WFAKEBEAKCETZESFMOESHE

WER O

K 2o K A T L /2 0.1 mg As-
dm=% b - #i L BaRKIC B 5 % SEM O b kR

10 20
lSFMlSll
0 10
-10 1 0
20 77 == Sy o
%
30 b Moo 20
-40 DTA 30
0 200 400 600 800 1000
10 20
SFM145 >
0 10 =
R
-10 0 z
<
-20 10 BS
-
o
230 -200 ©
? TG o
-40 : : : . 30
0 200 400 600 800 1000

Temperature / C

Fig. 2 TG-DTA curves of SFM samples.
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Fig. 3 Removal rate of As(V) with SFM samples
from purified water (B) and ground water
(B ), and initial concentrations of 0.1 mg As:
dm~* under the room temperature.
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Fig. 4 Removal rate of As(IIl) with SFM samples
from purified water (B) and ground water
(89), and initial concentrations of 0.1 mg As-
dm 3 under the room temperature.

Table 4 Adsorption amount (W,,: mmol-g~!) and distribution coefficient (Kd) of SFM samples for independent anions
in purified water including the regent of 0.05 mmol-dm =3,

lon SFMO010 SFM181 SFM163 SFM145 SEM118
Component I/Vm I(d I’K;: [{d H]ﬁz [<(! I/Vm ]((i m/m [(d

As(IID) 0.090 13252 0.203 115096 0.189 61986 0.166 30139 0.139 16197
As(V) 0.076 10724 0.145 28648 0.144 23593 0.151 23956 0.183 47114
PO, 0.071 9422 0.154 31503 0.161 32175 0.170 34953 0.207 111623
SO, 0.019 1814 0.004 266 0.010 572 0.029 1556 0.068 4086
NO; 0.001 107 0.008 499 0.009 535 0.009 454 0.014 638
F 0.042 4329 0.012 792 0.025 1478 0.040 2222 0.063 3572
COy# 0.05 2882 -0.70 <1 —0.74 <1 —0.50 <1 —0.50 <1

#The negative values of W, in CO; show that the concentration increased after the adsorption test.

In this case, Ad values are shown with less than 1.

ERAF 3, MMk eR41oRmd. bk, &
HABRB O FEE A HHR S (0.001 mg As-dm~?)
LT CH- 288, ERERIT100% & L. i
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k& SFM G i v B0 5 B8R s
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VA KR REASIRE R Uz £, U VRS
FUNEE KdlidE < i s, Fe/Mg /s
BIEEWEEA A &7 vk A A OFIRED E < T
LHEMARD LN/ REBA T VICEL THE,
SFMO010 DA T wR L, o SEM Tl 55k
BICBED ER-4BRR & - 72, SHidERFROR
AL VERBLAZZLCEALDEEZ DR,
SFMO10 %< SFM RIS A A B35 L7 FE
TH5H T EHhrEIN.

A A B3R RAEROBIRME P —F T 5 o
WIS TR TH A58, ARIRME 2T
KCOUFEREENMETEEETL L, FHLLHT
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Fig. 5 Adsorption isotherm for As(V) on SFMO010

(@), SFM181 (), SFM163 (A\), SFM145
() and SFM118 (&) in the groundwater.
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Fig. 8 Logarithmic plots of adsorption isotherm for As
(V) on SFM010 (@), SFM181 ([), SFM163
(/A), SFM145 {(O) and SFM118 (€) in the
groundwater. W, and C, show adsorption
amount (mg As-g~!) and equilibrium concen-
tration (mg As-dm~3), respectively.
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Fig. 7 Adsorption isotherm for As(III) on SFMO010
(@), SFM181 (L), SFM163 (A\), SFM145
() and SFM118 (€) in the groundwater.

Table 5 Equations of logarithmic plots for adsorption
isotherm of As(V) on SFM samples. R?
shows coeflicient of determination.

Equation R
SFMO010 v =0.4536x+0.3869 0.932
SFM181 y=0.7791x +0.9923 0.989
SFM163 y=0.7275x+0.7085 0.981
SFM145 y=0.7179x + 0.6161 0.982
SFM118 yv=0.8189x +0.8754 0.969
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Fig. 8 Logarithmic plots of adsorption isotherm for As
(I11) on SFMO010 (@), SFM181 (), SFM163
(), SFM145 (O) and SFM118 () in the
groundwater. W,, and C, show adsorption
amount (mg As-g~') and equilibrium concen-
tration (mg As-dm~?), respectively.
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Table 6 Equations of logarithmic plots for adsorption
isotherm of As(III) on SFM samples. R?
shows coeflicient of determination.

Equation Rz
SFMO010 yv=0.5964x +0.4331 0.976
SFM181 v=0.7677x+1.1453 0.990
SFM163 y=0.7126x+0.7318 0.931
SFM145 y=0.8059x+0.7385 0.995
SFM118 y=0.8225x +0.3276 0.958
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