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Development of Partitioning Method : An Engineering Scale
Filtration Test of Slurry Formed in Denitration of

Simulated High Level Liquid Waste

*
Masaaki MATSUMURA , Yasuo KONDO, Isoo YAMAGUCHI
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 prepared by heating under reflux
condition and denitration of simulated high level liquid waste (HLLW)
was examined, using a preliminary test apparatus for assessment of
partitioning process. This apparatus can be treated maximum 10L of
simulated HLLW at one operation, and a filtrability of the slurry
can be examined on an engineering-scale.

Two kinds of simulated HLLW were prepared for the filtration test.
One had no solid particles, and the other contained solids particles,
which were formed in the solution by aging for 2 years and 5 months at
ambient temperature. In the case of the simulated HLLW without solid
particles, "easy-to-filter" slurry was obtained by refluxing the
simulated HLLW before denitration until the total heat input exceeded
5.7 x 10°[J/L]. The experimental results agreed with those of our
small-scale tests. On the other hand, "difficult-to-filter" slurry
was formed when the simulated HLLW containing solid particles was
refluxed and denitrated under the similar conditions to above mentioned

ones. In this case, separation of solid particles was attained by a
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"filter-aid filtration". Decreasing of the filtration rate was due
to the fine particles of about 0.5 pm diameter suspended in the slurry.
These fine particles would be formed by longtime aging of the simulated

HLLW at ambient temperature.

Keywords: Filtration, Filterability, High Level Liquid Waste,
Partitioning, Slurry,Particle Size, Filtercake Washing,

Denitration, Refluxing
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Table 1 Chemical composition and compounds used for simulated HLLW
Concentration (M)
Component Reagent
Estimated HLLW Simulated HLLW

Ht 2.0 2.0
Fe Fe {NOz) 5 91,0 0.038 0.038
Cr Cr (NO3) 5-9H,0 0.0091 0.0091
N i Ni (NOs) 5-6H20 0.0060 0.0060
Al 0.00076 -
N a NaNO; 0.076 0.076
] 0.0076 -
Pu 0.00095 -
NOs~ 3.0 3.0
POy 0.0023 -
Si03?%” 0.0076 -
Mo (NH4) 5M07024‘4H20 0.069 0.069
Tc : 0.015 -
Sr Sr (NOs) 2 6.0165 0.0165
B a Ba (NO3) 2 0.0207 0.0207
Cs CsNQs 0.0371 G.06371
Rb RbNO 5 0.0074 0.0074
Zr Zr0 (NO3) - 28,0 0.069 0. 069
Ru Ru (NO) (NO3) 3 0.034 0.034
Rh Rh (NO3) 3 0.0080 0.0080
Pd Pd (NO3) 2 0.018 0.018
Ag 0.00085 -
Cd 0.00085 -
Te HoTel4- 2H20 0.0068 0.0068
Y 0.0084 h
La 0.0147
Ce 0.033
Pr 0.0137
N d Nd (NO ) 5-6H20 0.0434 — 0.127
Pm 0.0012
S m 0.0086
Eu 0.0019
Gd 0.0010
Am 0.0012
Cm 0.00025 J
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Table 2 Operating conditions for preparing slurry
Slurry Number No. 1 No.2 No.3
Initial liquid volume (L) 5 10
Aging time at ambient temperature < 1hr 2% months
Initial acidity (M) 2. 09 2. 23
Heat input (J/L) '1.15x 107 6.76 % 10°
Reflux :
Reflux time (hr) 32 30
[HCOOH] / [HNO 5] b
Denitration Heat input (J/L) 2.16x 10° 5.63X 10°
Reflux time (hr) 6 2. 5
Weight of filter aid (g/L) - - 48
Table 3  Physical properties of slurry
Slurry Density (kg/m3) 1090
Density (kg/m3) . 1080
Filtrate | Dynamic viscosity, w (Pa-sec) 1.07x1073
Volume of filtrate per unit
weight of solids, k (m®/keg) 0.0625
Dry weight of solids (kg/m?} 1 6
Solid True density (kg/m3) 3500
particle
Weight fraction of solids () 0.014
Volume fraction of solids () 0.0044
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Table 4 Percentage of each element remained in solution after

refluxing or denitration of simulated HLLW

No.l slurry No.2 slurry No.3 slurry

After After Before After Atter After

refluxing denitration refluxing refluxing denitration denitration

Mo 7.3 3.7 39 17 1.2 1.7
ir 47 32 65 54 3.2 7.1
Te 64 42 23 39 1.6 3.1
Ru 94 74 95 94 64 63
Nd 100 89 98 97 88 52
Na 101 150 93 94 147 144
Cs 101 90 103 101 92 86
Rb 102 89 99 99 89 82
Fe 91 78 101 100 83 80
Cr 92 84 103 101 92 85
Ni 99 88 101 101 94 85
Ba 39 90 99 99 30 82
Sr 101 89 99 99 90 83
Rh 90 82 100 98 90 83
Pd 90 82 102 101 92 84
HNO: (M)  2.09 0.18 2.23 2.23 0.17 0.17
pH -0.25 0.95 -0.28 -0.29 1.07 1.07

Table 5 Summary of filtration tests

Slurry number No.1 No;Z No. 3
Specific resistance {m/kg) 1.5x10t% ) 1.0x10%% | 8.0x101?
Dry weight of filtercake (g) 19.1 — 227
Recovery of solid particle (%) 30 — 70
Filtercake thickness () 1.2 - 22
Final filtrate volume {L) 4.92 — 4.3 4




Table 6

and percentage of each element retained in
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after washing (b)

Concentration of each element in dissolved solution {a)}

filtercake

{a} Concentration of each element in dissolved solution (g/L)

Wall surface

Wall surface

Na.1 slurry {upper) {bottom) No.3 slurry
Nd 0.0093 0  0053 0.0046 0.00567
Cs 0. 045 0.0013 0.070 0.00889
Sr 0.0093 0.0001 0.014 0.0005
Ru 0.21 0.21 0.255 0.040

{b) Percentage of each elememt retained in filtercake (%)

(100% = concentration of element in

original simulated HLLW)

Wall surface

Wall surface

No.l slurry (upper) {bottom) No.3 slurry
Nd 0.05 0.0289 0.025 0.031
Cs 0.91 0.026 1.42 0.18
St | 0.64 0.0069 0.97 0.033
Ru 6.1 6.1 7.4 1.16
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Fig. 1 Flowsheet of Partitioning process
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Photo 1 Overview of preliminary test apparatus

for assessment of partitioning process
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Phonta 2 Secondary electron micrographs for solid paricles

(a) No.l slurry, (b) No.2 slurry. (¢) No.3 slurry
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NOx absorber

Photo B

Denitration vessel

Photo A
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Photo € Transport of slurry

Photo D Filtration of slurry



