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Development of Partitioning Method : Filterability of Slurry

Formed in Denitration of Simulated High Level Liquid Waste
%
Masaaki MATSUMURA , Yasuo KONDO and Masumitsu KUBOTA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 6, 1993)

The filterability of slurry formed in the demitration of a
simulated high level liquid waste (HLLW) was experimentally examined.
The particle size distribution of the sludge greatly affected the
filtering characteristics of the slurry. If the slurry contained fine
particles of around 0.1 um diameter, it was difficult to separate the
solids by a constant pressure filtration. On the other hand, the
slurry without fine particles could be smoethly filtered.

Most of the fine particles of around 0.1 im diameter were formed
during the denitration of the simulated HLLW. The formation of these
fine particles was effectively suppressed by following methods: (1)
refluxing the simulated HLLW before denitration until the total heat
input exceeds 5.7 x 10%[J/L] or (2) adding the total heat input more
than 1.1 x 107 [J/L] to the simulated HLLW during the denitration.

The effect of (1) was observed independent of the liquid volume in one

batch reflux operation.

Keywords: Filtration, Filterability, High level liquid Waste,

Partitioning, Particle Size, Slurry, Demnitration

* HITACHI Techno-Engineering Co., Ltd.
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Table 1 Chemical composition and compounds used for simulated HLLW
Concentration (M)
Component Reagent
Estimated HLLW Simulated HLLW

H* 2.0 2.0
Fe Fe (NOs3) 5-9H20 0.038 0.038
Cr Cr (NOs; 5-9H,0 0.0091 0.0091
N i Ni(NO3) 3-6H20 0.0060 0.0060
Al 0.00076 -
Na NalNOs 4.076 0.076
U 0.0076 -
Pu 0.00095 -
NO-=z~ 3.0 3.0
POy 0.0023 -
Si0s?” 0.0076 -
Mo (NHA,) E,MO?O 24‘4[‘]20 0.069 0.069
Tc 0.015 —
ST Sr(NOs) - 0.0165 0.0165
Ba Ba {NOs) - 0.0207 0.0207
Cs CaNQ5 0.0371 0.0371
Rb RbNO 0.0074 0.0074
Zr Zr0(NOs) »- 2H20 0.069 0. 069
Ru Ru (NO) (NO3) 5 0.034 0.034
R h Rh (NO3) 5 0.0080 0.0080
Pd Pd (NO3) 0.018 0.018
Ag 0.00085 -
Ccd 0.00085 -
Te HoTeO4-2H,0 0.0068 0.0068
Y 0.0084 h
La 0.0147
Ce 0.033
Pr 0.0137
Nd Nd (N0 3) 5-6H20 0.0434 — g.127
Pm 0.0012
Sm 0.0086
Fu 0.0019
Gd 0.0010
Am D.0012
Cm 0.00025 J




Table 2 Operating conditions for preparing slurry
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Slurry E Simulated Reflux k Denitration
index | HLLW vol. E.R.* | Time | E.R.? Time
No. | {mL) (g/L-sec) ‘ (hr) {g/L-sec) (hr)
1 100 0.13 4 2.5 0.13 2.5
2 100 0.13 1 5.0 0.13 2.5
3 100 6.13 | 7.5 1 0.13 2.5
4 100 8. 21 2.5 0.13 2.5
5 100 0.21 4.0 0.13 2.5
6 100 0.21 5.0 0.13 2.5
7 100 0.21 7.5 D.13 2.5
8 100 0.31 2.5 0.13 2.5
9 100 0.31 5.0 0.13 2.5
10 100 0.13 ] 1.5 none none
11 100 0.13 | 2.5 |  none none
12 100 0.13 3.5 % none none
13 i00 0.13 5.0 | naone none
14 100 0.13 7.0 none none
15 F 100 none none 0.13 2.5
16 i 150 0.21 2.5 0.13 2.5
17 f 150 0.21 1.0 0.13 2.5
18 i 150 0.21 5. 0 0.13 2.5
19 150 0.21 7.5 0.13 2.5
20 [ 200 0.21 2.5 0.13 2.5
21 200 0.21 4.0 0.13 2.5
22 | 200 0.21 5.0 0.13 2.5
23 100 0.13 2.5 0.13 7.5
24 100 0.13 2.5 0.31 2.5
25 100 0.13 | 2.5 0.31 4.0
26 100 0.13 | 2.5 | 0.3 5.0
27 100 0.13 2.5 | 0.31 7.5
28 100 0.13 7.5 0.13 7.5
* E.R. : Evaporation Rate
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Table 3 Physical properties of slurry

Slurry No.b Slurry No.15
in Table 2 in Table 2
Slurry Density (kg/m?3) 1090 1090
Volume (L/L—HLLW) 1.03 1.02
Filtrate Density (kg/m 3} 1080 1080
Viscosity {Pa-s.25C) 1.07x10°3 1.04x10°3
Acid conc. (M) ¢.49 0.46
Volume (L/L-HLLW) 0,99 0.97
Solid Dry weight  (g/L-HLLW) 16 22
True density (kg/m?) 3500 4000
Weight fraction of solid (—) 0.014 0.020
Volume fraction of solid {(—) 0. 0044 0.0054
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Fig. 2 Effect of reflux time on precipitation
Reflux and denitration
Evaporation rate (. 13g/L-sec
Denitration time 2.5 hr
------- Reflux only
Evaporation rate 0.13g/L-sec
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Fig.3 Effect of evaporation rate in reflux on precipitation
Reflux time 2.5 hr
Denitration time 2.5 hr
Evaporation rate for denitration 0.13g/L+sec
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Fig.4 Effect of denitration time on precipitation
Reflux time 2.5 hr
—— Evaporation

Evaporation
Evaporation
Evaporation

rate for reflux 0.13g/L-sec
rate for denitration 0.31g/L+sec
rate for reflux 0. 13g/L-sec

rate for denitration 0.13g/L-sec
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Fig.5 Particle-size distribution of solid particles in slurry

A: "difficult-to-filter” siturry
reflux time -~ : 2.5 hr
denitration time : 2.5 hr
evaporation rate : 0.13 g/Lesec for reflux
0.13 g/L+sec for denitration
B: "easy-to-filter” slurry
reflux time : 2.5 hr
denitration time : 2.5 hr
evaporation rate : 0.31 g/L-sec for reflux
0.13 g/Lesec for denitration
C: only refluxed slurry
reflux time : 2.5 bhr
evaporation rate : 0.13 g/L-sec for reflux
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Fig. 6 Effect of reflux time and evaporation rate on specific resistance

Ligquid volume in reflux and denitration : 100mL
A:Reflux and denitration(2. 5hr) (e.r.=0.13 g/L+sec)

B:Reflux and denitration(2. bhr) (e. r.=0.21 g/L-sec)
C:Reflux and denitration(2. 5hr) (e.r.=0.31 g/L-sec)
D:Onty reflux(2. 5hr) (e.r.=0.13 g/L-sec)
E:Only denitration(2. bhr) (e.r.=0.13 g/L-sec)

e.r. : evaporation rate
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Fig. 7T Relation between v/t and t for "difficult-to-filter” slurry

A-Reflux (2.5hr) and denitration (2. 5hr)
evaporation rate 0. 13g/L-sec

B-Reflux (5hr) and denitration (2. 5hr)
evaporation rate 0.13g/L-sec
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Fig.8 Relation between specific resistance and evaporation
weight in reflux

Liquid volume in reflux and denitration : 100 mL
Denitration time : 2.5 hr-

._19__",
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Fig.9 Influence of liquid volume and heat time in refiux

on specific resistance
Evaporation rate for reflux 0.21 g/L-sec
Evaporation rate for denitration : 0.13 g/L-sec

Denitration time : 2.5 hr
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Influence of liquid volume and evaporation weight in
reflux on specific resistance

Denitration time : 2.5 hr
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Fig. 11 Effect of denitration time on specific resistance
Evaporation rate for reflux 0.13 g/L+sec
A:Reflux time 2.5 hr
B:Refiux time 2.5 hr,
Evaporation rate for denitration 0.31 g/L-sec
C:Reflux time 7.5 hr
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Fig. 12 Dependence of specific resistance on evaporation weight
Evaporation rate for reflux 0.13 g/L-sec
Reflux time 2.5 hr



