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Background and ObjectivesBackground and Objectives

•
 

“hold-up”
 

of iron-base corrosion products in the sampling line and cooler of 
an autoclave system has been measured in the UNB.

•
 

Temperature distribution along the sampling line and cooler has
 

also calculated 
precisely by a CFD code.

•
 

Iron concentration measured in the sampled water was strongly affected 
by solubility of ferrous ion along the sampling line.

•
 

However, in some case (neutral at 150C in the autoclave), measured one was 
much lower than the expected value from the solubility analysis.

BackgroundBackground

ObjectivesObjectives
•

 
A numerical simulation model for formation of oxide particle 
due to super saturation of ferrous ion, deposition and release of particles and 
ion on sampling line is proposed.

•
 

The experimental results shown above is traced by the model.
•

 
The phenomena of ferrous ion along the sampling line is going to understand 
for improving the sampling technique
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Understanding temperature distribution Understanding temperature distribution 

UNB Ti loop
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Summary of measured resultsSummary of measured results

Autoclave
 

pH (-)
 

[Fe] sampled water

 

solubility (ppb)
temperature 
300ºC

 
pH25ºC

 

7
 

4.0 ± 1.0 ppb  sol300ºC

 

: 5 ppb
sol15ºC

 

: ~60*ppb
300ºC

 
pH25ºC

 

10 0.28 ± 0.31 ppb  sol300ºC

 

: 1.1 ppb
(LiOH)

 
sol15ºC

 

: ~0.1*ppb
150ºC

 
pH25ºC

 

7
 

1.6 ± 2.6 ppb
 

sol150ºC

 

: 112 ppb
sol15ºC

 

: ~60*ppb  
[Fe]cooled autoclave 

0.22 ± 0.09 ppb.
[Fe]depositing

 

on sampling line (hotlef)

41.6 ppb (18.6 µg for 446.5 mL )
[Fe] (hotleg)

 

10.5 µg 
[Fe]

 
(coldleg)

 

8.1 µg
N.B.  sol150ºC

 

-
 

*sol15ºC

 

=  ~52
 

ppb. 
* extrapolation
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Model assumptionModel assumption

pipe wall

center region water (S/V=0)
mixing rate c

[Fe]s
in, [oxide]s
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[Fe]c
in, [oxide]c
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[Fe]s
out, [oxide]s

out

[Fe]c
out, [oxide]c

out
surface region 
water (S/V=0)

1) super saturated ferrous ion => oxide particles
2) Oxide particles deposit on the surface
3) Deposited oxide particles release into water
4) Deposited oxide particles dissolve into water

Mixing model of ferrous ion and oxide particles in the water along the flow path

autoclave

Sampling tube and cooler

L

temperature, T

temperature, T(L)
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Basic equations of the modelBasic equations of the model
Transfer of Fe2+

 

along the surface：
dCs

Fe

 

(z, t)/dt u

 

= -

 

Sc/VsCs
Fe

 

(z, t）+ *Sc/VsCc
Fe

 

(z, t）

 

- kg

 

Cs
Fe

 

(z, t）fb

 

(Cs
Fe

 

)
cross flow

 

particulate out
-Fe

 

Cs
Fe

 

(z, t）Ss/Vs

 

-Fe

 

Cs
Fe

3(z, t）Ss/Vs

 

+Fe

 

TFe

 

(z, t）Ss/Vs

 

(1
adsorption

 

deposition as magnetite

 

dissolution
dCs

o

 

(z, t)/dt u

 

= 
-Sc/VsCs

o

 

(z, t）+Sc/VsCc
o

 

(z, t）+kg

 

Cs
Fe

 

(z, t）fb

 

(Cs
Fe

 

)/Wo

 

-kd

 

Cs
o

 

(z, t）Ss/Vs+o

 

To

 

(z, t）/Wo

 

Ss/Vs

 

(2)
cross flow

 

particulate in deposition

 

release

Transfer of Fe2+

 

along the center：
dCc

Fe

 

(z, t)/dt u

 

=

 

-

 

Sc/VcCc
Fe

 

(z, t）+ *Sc/VcCs
Fe

 

(z, t）

 

-kg

 

Cc
Fe

 

(z, t）fb

 

(Cc
Fe

 

(z, t）) (3)
cross flow

 

particulate out
dCc

o

 

(z, t)/dt

 

u

 

=

 

-

 

Sc/VcCc
o

 

(z, t）+ Sc/VcCs
o

 

(z, t）+kg

 

Cc
Fe

 

(z, t）fb

 

(Cc
Fe

 

(z, t）)/Wo

 

(4)
cross flow

 

particulate in

Formation of oxide film：
dTFe

 

(z, )/dt

 

= +Fe

 

Cs
Fe

 

(z, ）

 

+Fe

 

Cs
Fe

3(z, t）Ss/Vs

 

-Fe

 

TFe

 

(z, ) (5)
deposition

 

deposition as magnetite dissolution
dTo

 

(z, )/dt

 

= + kd

 

Cs
o

 

(z, ）Wo

 

-o

 

To

 

(z, ) (6)
deposition and adsorption

 

dissolve and release
Newly applied term
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SolubilitySolubility
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Calculated results (2)Calculated results (2)

■ Fe concentration decreased as solubility along the sampling line.

T: 300 ºC, pH: 10, CFe
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Calculated results (1)Calculated results (1)

■ Fe concentration at the sampling line inlet might be determined

 

by solubility. 

T: 300 ºC, pH: 7, CFe

 

: 5ppb

0

5

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0
flow direction (m)

co
nc

en
tr

at
io

n 
(p

pb
)

0

100

200

300

te
m

pe
ra

tu
re

 (C
)

CsFe (ppb) 
CcFe (ppb) 
Cs 
Cso (ppb) 
Cco (ppb) 
temperature 

: measured

with magnetite deposition



JAEA

9

Calculated results (3)Calculated results (3)

■ Spinel deposition might result in contamination of sampling line. 
■ Spinel deposition might be observed at the autoclave inner surface, 

which resulted in depression of Fe concentration in the autoclave.

: measured
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T: 150 ºC, pH: 7, CFe
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Calculated results (4)Calculated results (4)

T: 150 ºC, pH: 10, CFe
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■ Fe concentration decreased as solubility along the sampling line.
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Calculated results (5)Calculated results (5)
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Determination range should be carefully evaluated
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DiscussionsDiscussions

1

1

1
2

·
 

In the model, it was considered that ferrous ion precipitated as particles on the water 
due to super saturation and some of them deposited on the surface.

·
 

Direct formation of magnetite on the surface was also considered.
·

 
Fe concentration decreased as solubility along the sampling line

 
due to     .

(300ºC,150ºC, pH10)
·

 
Fe concentration decreased as solubility along the sampling line

 
due to     .

(300ºC, pH7)
·

 
When Fe concentration in the autoclave was high enough, that decreased much lower 
than solubility due to     . (150ºC, pH7)

·
 

Magnetite deposition might result in contamination of sampling line due to      . 
(150ºC, pH7)

·
 

Magnetite deposition might be observed at the autoclave inner surface, 
which resulted in depression of Fe concentration in the autoclave. (150ºC, pH7)

·
 

Determination range should be carefully evaluated for precise analysis

1

2
3
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5
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7
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Recommendation on the sampling techniqueRecommendation on the sampling technique

·
 

In order to validate the measured concentration in the sampled water,
the distributions of temperature and solubility along the sampling line 

from the main line to the sampling line outlet is essential

·
 

Validation of the measured concentration based on the solubility analysis is required.

·
 

Even when the measure concentration is lower than the solubility through sampling line,
loss of magnetite formation along the sampling line should be carefully evaluated. 

1

2

3



JAEA

14

SummarySummary

·
 

A ferrous ion deposition and release model was proposed.

·
 

The measured results of the sampling line experiment were well analyzed with the model.

·
 

Application of the model might be a hopeful tool for validation of the sampling data 
at the plants.

·
 

The model should be extended to apply different pH, temperature and flow velocity 
for plant application.

·
 

Major calculation constants should be carefully re-evaluated for application.
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