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A Magnetic Carbon Sorbent for
Radioactive Material from the Fukushima
Nuclear Accident

Daizo Yamaguchi', Kazumi Furukawa?, Masaya Takasuga? & Koki Watanabe!

'Department of Mechanical Engineering, Tsuyama National College of Technology, Insfiiute of National Colleges of Technology,
624-1 Numa, Tsuyama-City, Okayama 708-8509, Japan, “Motoyama Gokin Seisakusyo Co., Lid., 164520 Ayabe aza
Mideriyama, TsuyamaCity, Okayama 708-1104, Japan.

Here we present the first report of a carbon-y- Fe, 0, nanoparticle composite of mesoporous carbon, bearing
COOH- and phenolic OH- functional groups on its surface, a remarkable and magnetically separable
adsorbent, for the radioactive material emitted by the Fukushima Daiichi nuclear power plant accident.
Contaminated water and soil at a level of 1,739 Bq kg™ ("*Cs and "7 Cs at 509 Bq kg™ "and 1,230 Bq kg™,
respectively) and 114,000 Bq kg™ ' ("**Csand “"Cs at 38,700 Bq kg ™' and 75,300 Bq kg"', respectively) were
decontaminated by 99% and 90% respectively with just one treatment carried out in Nihonmatsu city in
Fukushima. Since this material is remarkably high performance, magnetically separable, and a rﬂdﬂv
applicable technology, it would reduce the cnvimnmcnt:ﬂ impact of the Fukushima accident if it were used.
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Hydrolysis of Cellulose by a
Mesoporous Carbon-Fe,(SO,),/

~-Fe,O; Nanoparticle-Based

Received: 01 October 2015

Solid Acid Catalyst

Daizo Yamaguchi, Koki Watanabe & Shinya Fukumi

Carbon-based solid acid catalysts have shown significant potential in a wide range of applications, and

they have been successfully synthesized using simple processes. Magnetically separable mesoporous

carbon composites also have enormous potential, especially in separation and adsorption technology.
However, existing techniques have been unable to produce a magnetically separable mesoporous solid
acid catalyst because no suitable precursors have been identified. Herein we describe a magnetically
separable, mesoporous solid acid catalyst synthesized from a newly developed mesoporous carbon-

: ~-Fe,0; nanoparticle composite. This material exhibits an equivalent acid density and catalytic activity

in the hydrolysis of microcrystalline cellulose, to that of the cellulose-derived conventional catalyst.
Since it is magnetically separable, this material can be readily recovered and reused, potentially
reducing the environmental impact of industrial processes to which it is applied.
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1 [FES 49.5
2 TAHR 25.8
3 TILE=) L 7.56
4 &% 4.7
5 AL 3.39
6 FrUD L 2.63
7 ULy NN 2.4
8 S/ SN 1.93
9 KFR 0.83

10 FA 0.46

11 e 0.19

12 VA 0.09

13 1) 0.08

14 k%R 0.08

15 W& 0.06

16 £% 0.03

17 PAE S 0.03

18 IWEDD L 0.03

19 N L 0.023

20 o)a=ry L 0.02

21 7]=PN 0.02

22 ALAVF L 0.02

23 INFOD L 0.015

24 =L 0.01

25 i 0.01
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N, adsorption-desorption isotherms =

90 0.30
s | & ; —o— REH
70 | g 022 - g
%" 60 | :;0.20
s | 2 013
s E
>o 30 é“ 0.10
2
o
20 o REH < s |
10 3 - fillgf '
0 : : : : 0.00 F
0.00 0.20 0.40 0.60 0.80 1.00 )
Relative Pressure / P/P, Pore diameter / nm
*= =} 4
e Tk | Hfa= HFLEE
BET :
, Total pore volume Average pore size
specific surface area s
2 -1 /em’ g / nm
/m’ g
MCNC 100.6 0.125 4.98
MCNC-SA 65.6 0.106 6.44
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Raman spectroscopic analysis
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Mossbauer spectra
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Mossbauer spectra
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13C NMR (MCNC-SA)

., 128 ppm  aromatic carbon atoms
A
I

SO;H groups sopm ||

] I * SSB (Spinning Side Bands)
I
Il

l N \'

T T T T T T X X T T T T T T T T T T T T X T T T T T T T T T T T T X T T T T T T
300.0 200.0 100.0 1] —100.0

o/ ppm @
D.Yamaguchi Lab. National Institute of Technology, Tsuyama College 19



s A=

13C NMR (MCNC) eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

, 132 ppm aromatic carbon atoms

* SSB (Spinning Side Bands)

OH groups

156 ppm

®

COOH groups

ppm

*

O (ppm) @
D.Yamaguchi Lab. National Institute of Technology, Tsuyama College

20



VSM

i flish A

New Technology Presentation Meetings!

Magnetization (emu g™)

MCNC MCNC-SA
40 : 10
. — 15.0¢g L™
30 | W o[ —100gL
B on 6 B - g
20 g P 500¢g L™
10 b &, | —250glL"
- < — 1.25 g L™
0 : ------------------------------------------------------------- ._g O oo T
. 2 I !
0T i 2 4 i
20 i o 5 L i
i i © i
40 1 ] 1 \ 410 | L i 1 |
20 -10 0 10 20 20 -10 0 10 20
Magnetic field (kOe) Magnetic field (kOe)
M, M H. M, M H.
Samples . . M,/ M, Samples | | M,/ M,
(emug ') (emug ) (Oe) (emug ) (emug ) (Oe)
125gL" 0.80 5.56 57 0.143 1.25gL" 0.05 0.51 42 0.089
250 gL 0.90 10.48 53 0.086 250 gL 0.05 1.61 25 0.028
500gL" 1.29 11.89 111 0.109 500gL" 0.17 5.70 28 0.030
100 gL 2.30 28.33 73 0.081 100 gL 0.20 8.38 23 0.024
150 gL 3.56 37.51 74 0.095 150 gL 0.03 5.58 9 0.006
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IR BRI R

fEl) R LEER
A # A B C D E G H J K
KF&EFRZRE (mL) 50 50 50 50 50 150 50 50 50
KF#IEIRE (mgF/L) 9.1 9.1 9.1 9.1 9.1 9.8 1.6 2.0 2.0
LEFEE (9 1.0 3.0 5.0 5.0 5.0 15.0 5.0 5.0 5.0
R ESHFE (min) 60 60 60 60 10 60 60 60 300
L/
0.32K7 | 03K 0.3K

PHHER (mgF/L 4.9 2.0 1.3 1.3 1.5 1.6
7T (mek/L) (ND) | (ND) (ND)
& 3 (%) 46 78 86 86 84 84  97LAE | 85KLE 85LLE
& & IkgH =YD

il 4,2 2, 1, 1, 1,52 4
8 (meF/Lyke) 00 367 560 560 520 | 547 475 340 340

BITE  JISICZEM (AR GEReR N 24T iR (CFAIR)))
& . BLTECf1 &, Auto Analyzer3 XIRFEM : 150umLL T
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T4 —
1%C 2 [
MCNC-SA DEE R = E
Samples® | _so.4 | -cooH  -OH
(with iron nitrate ° y o - H/C S/C
concentration) |(Mmolg™) (mmolg™)  (mmolg")

1.25gL” 1.62 2.04 0.09 0.48 0.032
250gL" 1.51 1.67 0.16 0.50 0.031
5.00gL" 145 1.52 0.04 0.41 0.032
10.0g L 1.38 1.75 0.01 0.43 0.032
15.0gL” 1.46 1.82 0.21 0.51 0.032

a) Determined by Boehm titration with elemental sulphur analysis

D.Yamaguchi Lab. National Institute of Technology, Tsuyama College % %
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Table 1. Hydrolysis of Crystalline Cellulose by Various Acid
Catalysts®

maximum  surface yields of
functional density acidity area hydrolysis
catalyst groups mmolg ™ Ho m? g~ products
H»>SOq4 20084 =11 — glucose: 10%
p-1.4
glucan: 38%
niobic acid acidic OH 04 —5.6 90 —
H-mordenite acidic OH 1.4 —5.6 480 —
Nafion SOzH 69 —1110 —13 =1 —
Amberlyst-15 SOsH 4.8 —2.2 50 —
carbon material SOz;H 19 —8t—11 3 glucose: 4%
(CHo.6200.5450.05)
COOH 0.4 — p-1.4

glucan: 64%
phenolic OH 20 —

“ Catalyst, 0.3 g: cellulose, 25 mg; water, 0.7 g; reaction time, 3 h.

Suganuma et. al. J. Am. Chem. Soc. 2008, 130, 12787-12793.
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Temperature, 393 K; catalyst, 30 mg; cellulose, 30 mg; water, 0.3mL; time, 3 h.
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