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Development of advanced separation and removal technology of harmful trace
elements contained in solid waste by halogenation volatilization method

NINOMIYA, Yoshihiko

13,900,000
Cs Co Eu 30
137-Cs
1100 137-Cs
10
40
Ppb ppm

The purpose of this study was to develop advanced separation and removal
technology of harmful trace elements contained in solid waste by halogenation volatilization method.
Removal by chlorine or bromide volatilization was examined for about 30 elements such as Cs, Co and
Eu contained in combustion ash. Chlorinated volatilization was applied to the contained radioactive
cesium (137-Cs) soil samples and clinker collected in Fukushima Prefecture. As a result, it was
shown that the value of 137-Cs contained in the sample decreased to about 10% of the original value
when treated at a temperature above 1100
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CaO SiO2 47.8 P20s 0.76
Al203 36.1 TiO2 3.1
Fe20s3 5.6 MnO2 0.028
CaO 25 Cl 0.044
MgO 0.86 K 0.33
SOs3 0.63 Na 0.75
[wt%]
1400°C Ash CaO Al;O3 CaBrz'6H,0 C
BA 66.7 0.0 0.0 26.7 6.7
BA+CaO 47.6 19.0 0.0 26.7 6.7
CaO Al>O3 BA+AIl,O3 60.6 0.0 6.1 26.7 6.7
BA CaO Al,Os 2
ICP ICP
(2 MBMS
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Molecular Beam Mass Spectrometry 1100°C  O.5
Cs 0.42
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5 CaCl; 5 Ca0 10% CaO




()] 100

= ALk !

HBA ®EBA+A]203 ®BA+CaO

100
900~1200°C 30 80
60
=l i||
B3Cs 20 i
137CS 0 i

CaCl, -20
CaOo EBA HBA+AI203 HBA+CaO
100
80
()] @
40
BA 1400°C 20 i i
0
2 20
+ EBA WBA+AI203 MBA+CaO
ICP
v 83ppm ) 2 BA 1400°C
Eu Eu - ® - 5% CaCl, —o— 5% CaCl, + 20% CaO
00
AlO3 X 80+
ca0 1100 AIEUO;, EUCAALLO; £ oo
CaEuAlO4 S
2 E 40
Eu Al>O3 § 201
Ca0 50+ 20 ”
100 900 1000 1100
70 90 Co Ni Al,O3 . (b) K
25+ 15 0+ 20 = 8 .
Al,O3 Ca0 60/ )
Cs 100 89
g 20 YT ¢
g -
(2) Cs Ca0 ol 7 : .
CaCl, 100990 1000 1100
3 4 3 CaClz <ol ©N
5% CaCl,5%-Ca0 20 Cs K S
Na Na K Cs = 60
B 40;
CaO H 0
Ca0 =7
5% CaCl. + 20% Ca0 0500 1000 1100
1100~1200 wadalite Temperature, °C
(C86A|5Si 2016Cl 3) / igumnovite (CagA|z(Si O4)2C|4)
596 CaCl, .
CaAl,Si,0s Cca0 3 el S(ycag'zozg’
1 Si-Al-O + Ca0 + CaCl, alz 570 LA
_. wadalite (CasAlsSi-015Cls) figumnovite (CasAl(SiO4)2Cla) Cs K Na

CaO CsCaCl3



CaO CsCaCls

100 po”
"
al | gl 1500:C
Cl CaAl S| O Cl E 1?:“:3055 Zgaolz/céoo 1400 °C
B —8— 10% CaCI2 + % Ca
29120 £ 60 ‘ = =
Cs O e—re
N 40 =
5] 04 e
g L “a |
4 0.5~1.4mm "ol —= v
CaC| 2 Cao 1100 1200 1300 1400 1500 —
CS Temperature, °C (b) 10% CaCl, + 20% CaO
1400 5% CaCl, -20% 4 Cs
CaO 95%  10% CaCl; -
20% CaO 99% Cs
CaCl;
5% CaCl 5% CaCl, + 10% CaO
0 CS 30000 2 30000 2
5% CaCl, . 25000 i 25000 *HCr
1400 20~40% % 20000 20000
g 15000 15000
Cao % 10000 10000
£ 5000 5000
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
400 20
; N -
(3) % 00 Pes 16 escl
MBMS = 12
é';’ 200 i
- 2 100
5 1100°C  MBMS 2 ¢
3002 200 400 600 800 1000 1200 20[;0 200 400 600 800 1000 1200
5 CaCly- g o0 Herneo| g
< 2000
20%Ca0 Cs 5 0 120
Cl CI* BHCI Z 1000 *
400 5 *
o 0
200 400 600 800 1000 1200 200 400 600 800 1000 1200
CaCl, c = RECRE
. - B
BHCI* 200 £ 200 e 80 Rt
E 150 60
S0 ;- -
aClz 2
Cl ﬁ - 5 o 7 20 A A b daba A bsa A A
0% 2060 400 600 830 1000 1200 200 400 600 800 1000 1200

cl

Time, sec

5 1100°C MBMS

Cs Na

Time, sec

CS K Na [ T T+ T T 1T ] i L L | ] i L L A ]
100- () —— ot 1001 1y S 100' © ]
N & fo .
% 8o * -4 8o ’ 4 so- = e
= " . 1 7l -2
4 g 60l 4 eof 4 60k 4
& ) ¢ | L /
@) = 40 4 40—. 1 a0l £ |
3 [
& +i I EE: I [ | -®-20% CaCL+20% CaO
20F | -@-5%CaCh+20%Ca0 [| 201 | -#-10% CaCl,+20% CaO [ 20|~ | -® -20%NaCF-20%Ca0 |
- ®--5% NaCF20% CaO - ®-10% NaCF20% Ca0 H 7Y ;/00’7; G
! +] P e s v— [ —c— I S—— —— )| 2076 AT 20 70,0
6 5~20 0500 1000 1100 1200 ° 900 1000 1100 1200 ° 900 1000 1100 120
wt% CaCl, 20wt% CaO MELRIE (C) WFRIE (C) MFRE (C)
5~20 wt% 6
NaCl 20wt% CaO 197Cs

1370
20 wt%

CaCl; 20wt% CaO
137Cg
7

20 wt%

900°C

mEAEL

CaCl,

CaO

7 20 wt% CaClz 20 wt%

IP
1000

1100
IP
1100
95% 90%

CaCl,  NaCl

1000°C

CaO
IP

CaO



@

@)

5

Jiao, F. C., N. Kinoshita, M. Kawaguchi, M. Asada, M. Honda, K. Sueki, Y. Ninomiya, D. Sergeev, M.
Blasing and M. Miiller, " Synergistic mechanisms of CaCl, and CaO on the vaporization of Cs from
Cs-doped ash during therma treatment,” Energy & Fuels, 32, 5433-5442 (2018) DOI:
10.1021/acs.energyfuel s.8b00620,

Jiao, F., N. Kinoshita, M. Kawaguchi, M. Asada, M. Honda, K. Sueki and Y. Ninomiya, "Enhancement
of Cs vaporization from simulated granular ash through thermal treatment in N> atmosphere with the
addition of amixture of CaCl, and CaO," Fuel, 214, 409-415 (2018) DOI: 10.1016/j.fuel.2017.11.018,

Jiao, F. C., N. Kinoshita, M. Kawaguchi, M. Asada, M. Honda, K. Sueki, Y. Ninomiya, D. Sergeev, M.
Blasing and M. Miiller, "Vaporization behavior of Cs, K, and Nain Cs-containing incineration bottom
ash during thermal treatment with CaCl, and CaO," Energy & Fuels, 31, 14045-14052 (2017) DOI:
10.1021/acs.energyfuel s.7b02930,

Jiao, F. C., N. Kinoshita, M. Kawaguchi, M. Asada, M. Honda, K. Sueki and Y. Ninomiya, "Role of
CaCl, and MgCl; addition in the vaporization of water-insoluble cesium from incineration ash during
thermal  treatment,” Chemica Engineering Journal, 323, 114-123 (2017) DOI:
10.1016/j.c€j.2017.04.086,

Jiao, F., N. Iwata, N. Kinoshita, M. Kawaguchi, M. Asada, M. Honda, K. Sueki and Y. Ninomiya,
""Vaporization mechanisms of water-insoluble Csin ash during thermal treatment with calcium chloride
addition," Environmental Science & Technology, 50, 13328-13334 (2016) DOI: 10.1021/acs.est.
6b03635,

6
Facun Jiao, Norikazu Kinoshita, Masato Kawaguchi, Motoyuki Asada, Maki Honda, Keisuke Sueki,
Yoshihiko Ninomiya, Dmitry Sergeev, Marc Blising, Michael Miiller, Vaporization of alkali metals
(Cs, K, Na) in incineration ash during thermal treatment with additives, Impacts of Fuel Quality on
Power Production and the Environment, 2018, Canada

2018 62
2B03 2018
2017 61
2B01 2017
Ca (CD-ROM) L221 2017

(CD-ROM) 1207
(2015)

_ (CD-
ROM) M11 2015

SUEKI, Keisuke

8 90187609

KINOSHITA, Norikazu



