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Behavior of Particulate Impurities in Sodium System

—-Tests by Mesh-type and Magnetic-type Filters—

S.Sasaki**, K.Nishizawa®*, Y.Himeno*,

N.Hattori* and T.Iguchi¥*

Abstract

In an sodium test facility, particulate impurities are
accumulated with time progresses when it has been operated for
long period of times at elevated temperatures. Similar event may
also be happen in coolant systems of LMFBR. In particular, deposition
of radiocactive corrosion products in sodium components and in pipings
of a primary coolant systém of the reactor may causes in high
radiation background around them. But, the fact is that behavior
of particulate corrosion products in sodium system is not well
understood. No information is availabie, except few experimental
findings.

To meet the reguirement, a series of tests have been conducted
placing their emphasis on determinations of particle sizes,
elements compositions, and concentration of particulate in flowing
sodium system. Mesh-type and magnetic-type filters were used for
these purposes. Results here obtained are summerized as follows.

(1) Particulate concentrations of the present sodium loop ranged
from 1~5 ppb depending strongly upon flow velocity in
main sodium curculation piping. This suggests that
concentration is being controlled by settling of particles.

(2} Particle sizes determined ranged from sub-micron to 50 pm,
while their mean radius was 2-3 um, _

(3) Main compositional elements of particulates were Fe

* Fluid Dynamics Section, Sodium Engineering Division, O-arai
- Engineering Center, PNC.
** Present Position; Fast Breeder Reactor Development Project.
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(18—48%), Cr {(4.4-18%), Mn (4-9%), Ni (2-3%), and Si (3-4%).
(4) Both the present mesh~type and magnetic-type filters worked
effectively for collecting and trapping particulates in

the loop sodium.
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WP TRHBER 7 V2 THEISAILRRDEEATH 10 9 Thd, LErbZOhTH
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@ FrVyLRBREIOKER
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—ICBWESA TS, COFig 200 LMA L -2 v 7RDS5 £ DKIH 250 mg
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BHER7 4 V2 2EB@BT, f1id 3 KGauss ORIERETER L1, Chbld EROKEER
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R ; 74V THEZALIHRTHYE (g/sec)
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@REDEA~MAT S &,
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22000
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Table 1 Procedures for Analysls and Measurents

of Particulates

Filter Unit

Dismao %Eing
of Media

v .
Residual Ne & Particulate
Dissolution by Alchohol & Water

Particulate

N
Photo taking,
Weight measurement,

- Susceptibility determination,
Particle Sizes determination.

Solution

hemical Analysis

Chemical &
Other Analysis

(NG.NO; 2MW-55-22)




Table 2 Test Conditions and Data by Mesh Filter Type Particulate

Samplers
Run No |FMer  |Sodium _[Test DurationFlow Rate [Total No WeParticulate[Particulate Not
N N0 lporioityium)] Tomp.(°C)| (hrs) | (&/min) |Passed (kg)|Wt. (mg) |Conc{ppb) ore
HotLeg| H-1 (1082 | 600 | 1,562 | 7.1 |535% |125.15] 0.23 Some collected particulates
Sempler) H-2 | 582 | 600 | 1,319 | 7.9 (503.6 | 33.95]0.067
C-1 | 2 | 250 (2,205 1.4 |161.9 |667.79|4.12
Codlea ¢ 2 | 2 | 250 1,044 | 0.7 | 408 | 91.98|2.15 on
Sampler C-3 | 2 | 250 | 2,052 | 0.6 | 67.8 | 68.17|1.00
C-4 | 2 | 250 |1,337| 0.7 | 49.0 207.50| 4.23

(2MW-55-23)

90— 18 TP6NL ONd



Table 3 Test Gonditions and Data by the Magnetic Filter

Totel Na

Run No So‘%ﬁa? (°C) mmemJ waéfi?&f? W E::’;f“j ESSC‘?«‘;’S%?
EF-1 240 | 880 | 7.6 | 389 | 66  |7933| 22
EF-2 | 220 | 670 | 5.2 |189 | 7.4 |4452 | 24
EF-3 | 240 | 936 | 7.8 |394 | 79 |6703| 1.7
EF-4 | 240 | 720 | 58 |262 | 68 |5160| 20
EF-5 | 220 |1,337 | 6.8 |421 | 58 [1,0009 | 2.4
EF-6 | 230 | 1,553 | 9.5 |793 | O 2903 | 0.37

(2 MW-55-24)
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. Na

Al
Si

Ca
Ti

Cr
Mn
Fe
Co
Ni
Cu
In
ir
b
Mo

Pd

Table 4 Mass Spectroscopic Analysis of Particulate Impurities Trapped by 2MW Loop Magnetic Filter

Element EF-1 EF-2 EF-3 EF-4 EF-5 EF-6
Total Inletside [Dutletiside | Inletside (Qutletside| Inletside | Center |Qutletside|! Total Inletside | Center [Outletside

Sodium 6.7 1.5 % 1.5 1.6 %  5.9°% 3.4 3.3 29%  0.2%*  o0s5%  o0a¥* o3
ATumimum 2.4 0.7 1.5 0.4 0.7 1.7 1.8 1.2 0.7 0.4 0.8 1.8
$ilicon 2.2 1. 2.3 0.6 0.7 0.9 0.6 .9 4.4 3.5 8.1 22
Phosphorus - 0.2 0.3 0.1 0.2 4.4 0.2 0. - - - -
Suifur <0.1 0.2 0.2 0.1 0.1 1.1 1.2 0.8 - - - -
Potassium 0.2 0.2 0.4 0.2 0.1 0.6 0.6 0.2 1.9 0.5 1.0 5.6
Calcium 1.7 1. 2.5 0.9 2.0 2.2 2.1 0.9 0.4 3.9 6.7 2.1
Titanium 1.2 0.5 0.7 0.2 0.4 2.0 2.7 1.0 0.4 1.2 2.2 l].2
Vanadium 0.1 <0.1 0.2 <0.1 0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1
Chromium 32.8 23 24 17.7 28.1 17.2 17.4 22.7 12 14.4 10 10
Manganese 15.3 12 9:2 9.1 14.7 6.5 11.2 9.0 5.0 11.6 9.3 9.6
Iron 31.6 51 51 61.9 42.1 53.7 52.6 55.1 63 52.3 54 4
Cobalt <0.1 0.4 0.5 0.3 0.1 0.1 0.1 <0.1 0.2 0.2 <0.1 <0.1
Nickel 4.3 5.9 3.5 5.5 3.1 5.0 3.7 3.7 10 9. 5.1 4.4
Copper <0.1 0.2 0.2 0.3 0.2 <0.1 <0.1 <0.1 0.5 0.4 0.6 0.4
Zinc <0.1 0.1 0.2 0.1 0.1 <0.1 <0.1 <Q.1 - - - -
Zirconium <0.1 0.2 0.3 0.1 0.1 0.3 0.5 0.3 0.2 0.1 0.2 <0.1
Niobium 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 - - - -
Molybdenium 0.3 0.7 0.8 0.5 .4 0.4 0.5 0.5 0.3 0.5 0.5 0.9
Tungsten <0.1 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.1 0.3 0.2 0.2
Lead <0.1 0.1 0.5 <0.1 0.1 0.1 0.4 0.1 <0.1 0.3 0.4 0.2
Total (mg) 793.3 276.0 169.2 503.5 166.8 186.9 150.5 178.6 1000.9 41.7 98.6 150.0
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Table 5 Chemical Amalysis of Particulate Impurities Trapped by 2MW Loop Magnetic Filter

EF-1 EF-2 EF-3 EF-4 EF-5 EF-6
Element .
Total Inletside |Qutletside| Inletside |Outletside| Inletside | Center |Outletside Total Inletside | Center |Outletside
1.3 9.3 1.7 2.1 0.5 0.6 1.2 1.1 - - - -
Aluminium 7
1.4 0.4 1.0 0.4 0.3 0.3 0.8 0.6 - - - -
-~ mg 1.9 2.9 2.1 0.7 2.0 0.9 2.0 - - - —
Silicon 7
- 0.7 1.7 0.4 0.4 1.1 0.6 1.1 - - - -
- Mg 0.6 0.5 <0.3 <0.? 0.2 0.5 <0.2 - - - -
Potassium Z .
- 0.2 0.3 <0.1 <0.1 0.1 0.3 <0.1 - - - -
g.2 ™ 4.1 2.0 2.8 2.3 2.0 1.4 1.8 - - - -
Calcium 7
1.0 1.5 1.2 0.6 1.4 1.1 0.9 1.0 - - - -
2.4™ 1.3 0.7 0.8 0.4 2.2 1.1 1.6 - - - -
Ti Tanium 7
0.3 0.2 0.4 0.2 0.2 1.2 0.7 0.9 - - - -
246.1 ™| o99.9 50.1 216 40.9 63.2 39.4 53.2 432.4 12.9 20.2 27.5
Iron .
30.8 * 36.2 29.6 43.0 24,5 33.8 26.2 29.8 43.2 30.9 20.5 18.3
21.3 ™| 0.2 3.9 18.4 2.1 6.0 2.7 3.6 - - - -
Nickel g
2.7 3.7 2.3 3.7 1.9 3.2 1.8 2.0 - - - —
106.5 ™| ag.9 21.2 68.5 25.0 26.2 16.3 19.5 99.1 3.3 4.5 6.6
Cromium 7
13.4 17.7 12.5 13.6 15.0 14.0 10.8 10.9 9,9 7.9 4.6 4.4
. 68.3™ | 9.6 10.3 34,0 13.1 8.8 9.6 8.4 57.1 2.4 4.7 6.0
Manganese 7
8.6 7.1 6.1 6.8 7.9 4.7 6.4 4.7 5.7 5.8 4.8 4.0
- - - 1.4 0.4 - - - - - -
Molybdenium 7
- - - 0.3 0.2 - - - - - -
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Table 6 Chemical Analysis of Impurities in Filtrated Solution
EF-1 EF-2 EF-3 EF-4 EF-5 EF-6
Total Total Total |[Inletside| Center |[Qutletside| Total |Inletside| Center | Outletside
mg — 21.5 12.8 10.4 17.7 12.1 — —_ — -
Silicon :
ppm* — 333 214 291 2156 190 165 225 140 135
mg 4,2 2.34 3.2 0.6 2.0 1.7 — —_ - -
Irom
ppm*| 30.6 36.3 53 17 24 27 24 16 25 25
mg 0.49 0.21 0.3 — — - - — — —
Nickel
ppm* 3.5 3.3 5 — - — — - — -
mg 2.1 2.75 3.1 0.5 0.7 0.8 . — - — —
Cromium _
ppm*| 15.1 42.8 52 14 9 13 - - — —
mg 1.78 0.44 0.8 0.1 0.4 0.3 — — — -
Mnganese
ppm*| 12.8 6.9 13 3 5 5 - — — _

* Concentraton (ppm)

. Element Wt/sodium Wt
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Table 7 Results of Once Through Test by Water

Test Conditions

Magnetic Fie]q 3KGuss

Velocity 500m/hr

Flow Rate 1.17/min.

Media 10Mesh*26
24Mesh*50
24Mesh*50

Sample Concentration Weight

(ppm) (mg)

Straée Tank 18

Inlet Sampler 22

Inlet Media (10Mesh) 46

Center Media (24Mesh) 12

Qutlet Media (24Mesh) 1

Outlet Sampler 3.1
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TabTe 8 Results 6f Recirculation Test by Water -

Test Conditions

VYelocity

FTlow Rate

Media

Magnetic Field ;

Recirculation Time

3KGuss
500m/hr
1.11/min.
10Mesh*26
24Mesh*50

24Mesh*50

3 20min,

Sample Concentration (ppm)
Strage Tank (Start) 10.4
Strage Tank (End) 1.1
Inlet Sampler 10.0

Qutlet Sampler

1.1




Table 9 Results of Once Thrugh Test by Sodium

90—18 T¥6NL ONd

Tast Condition Sample Pdrticu]ate Particulate Particulate Particulate
wt. (mg) Fe wt. (mg) Mn wt. (mg) Cr wt. (mg)
Test No. Runl-1 Inlet Sodium Sampler 9.0
Magnetic Field ; 3KGuss : ‘ ‘
Inlet Media(10Mesh) 28.7 13.9 0.1 0.31
Velocity ; 240m/ hr '
Flow Rate H 0.53. Center Media(24Mesh) 5.2 1.4 0.041 0.052
Media t/min
Media 3 10Meshx26 Outlet Media(24Mesh) 5.0 1.1 0.048 0.052
24Meshx50
24Meshx=50 Outlet Sampler 6.2 2.8 0.1 0.41
Test No. Run 1-2 Inlet Sodium Sampler 5.6 1.2 0.04 0.15
Magnetic Field 3 0 |1 10t Media(10Mesh) 20.9 1.2 0.17 0.09
Velocity HE
Flow Rate - Center Media(24Mesh) 2.6 0.43 ' 0.012 0.028
Media 5 10Meshx25 | i1t Media(24Mesh) 6.8 2.6 - -
24Meshx60
100Mesh=90 | 5 t1et Media(24Mesh) 3.9 1.0 - -




Table 10 Results of Reciculation Test by Sodium

90— 18 T¥6NL ONd

Test Condition Samplé Particulate Particulate Particulate Particulate
wt. (mg) Fe wt. (mg) Mn wt. {mg) Cr wt. (mg)
Run No. 2-1 Inlet Sodium Sampler 29.1 8.0 0.059 0.21
Magnetic Field ; 3KGuss
Velocity ;500m/hr [Inlet Media(10Mesh) 68.8 43.1 0.36 1.62
Flow Rate ; 1.0
1/min.|Center Media(24Mesh) 17.0 3.5 0.043 0.13
Test Duration 3 150min. :
Media ; T10Meshx26 Outlet Media(24Mesh) 6.2 — — —
24Meshx50
24Meshx50 Qutiet Sampler 5.4 0.5 0.013 0.041
Run No. 2-2 Inlet Sodium Sampler 16.1 4.4
Magnetic Field ; OKGuss
Velocity :500m/hr |Inlet Media(10Mesh) 19.1 6.6 0.020 0.35
Flow Rate ; 1.0
1/min.|Center Media(24Mesh) 23.7
Test Duration ;5 150min.
Media 3 T10Meshx26 Qutlet Media(24Mesh) 8.9 3.5 0.020 0.063
24Meshx50
24Meshxb0 Qutlet Media(24Mesh) 5.5 1.6 0.023 0.15
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100 #m

Photo 1 Optical micrographs of particulates collected
from the cold leg sampler
(Run No.C-1-2)
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Photo 2 Scanning electron micrographs of particulate

collected from the hot leg sampler (Run No. H-1-10)
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Inlet Side Media
No.1 ~ 4

Inlet Side Media
No. 5 ~5b

Center & Outlet Side
Media

No.56~150

Photo 3 Photographs of particulates recovered from

media of the magnetic filter (Run No. EF - 2)




Photo 4-5-a Photo 4-5-b Photo 4-5-¢
Inlet Side Sodium Sample Media Sample Outlet Side Sodium Sample
I
1 pm

Photo 4 Scanning electron miorbgraphs of particulates

collected from the magnetic filter (Run No. EF - 5)
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@ Heat Exchanger, @ Cold Trap,
@ Expansion Tank, Hotleg Sampler,
@ Pump, @ Coldleg Sampler,

@ Heater, Magnetic Filter,

@ Fuel 9a Test Section, @ Plugging Meter,
@ Na Storage Tank, |

Fig. 1 Location of the Samplers in Sodium Loop (2 MW Loop)
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MESH FILTER UNIT

@ FLOW METER -

FROM HEATER

MESH FILTER UNIT

" TO RHX

Fig. 2 Isometric Diagram of Hot LLeg Sampler Section
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Cold Leg Sampler

MESH FILTER UNIT R

FLOW METER

s

from plugging meter

Fig. 3 Isometric Diagram of Cold Leg Sampler
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Fig. 4 Schematic of Mesh Filter Unit
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Fig. 5 OConfiguration of Magnetic Filter Unit. (2MW-55-19)
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Fig. 6 Structure of 2 MW Loop Magnetic Filter Unit
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Fig. 7 Trapping Efficiency of Fe, 0, and

a-Fe, O, against Applied Magnetic
Intensity. (2 MW-55-18)
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Fig. 8 Magnetic Flux Density vs. Applied Current




PNC TN941 81—06

Room Between

Pole Pieces )

(90mm gap)
\. J

z | %
3 190
<]
o
x 180
- Applied Current 35A
g +70
2
= _
g 160
o]
Z 150
o
O o
o

I ] 1 l | ] I
100 80 60 40 20 0 20 40 60 80 100

Distance From Center of Magnet (mm)
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Fig. 11 Schematic Drawing of Magnetic Filter Unit and Holder
for Small Loop Test.
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Fig. 12 Schematic Drawing of Sodium Sampler
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Fig. 13 Dependent of Particulate Concentration on Flow

Velocity in Main Piping of Loop.
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Sodium Weight Relationship by Magnetic Filter.
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Fig. 15 Distribution of Particle Sizes Trapped by Magnetic Filter.
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Fig. 17 Magnetic Filter Perform_ance by Water Test
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Fig. 18 Magnetic Filter Performance by Water Test
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Fig. 19 Magnetic Filter Performance by Water-3

90— 18 TP6NL ONd



PNC TN941 81—06
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Bubbling Line - <
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Inlet Sampler
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Outlet Sampler

Once Through Test Line
| = —D<— — .
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Fig. 20 Flow Diagram of Magnetic Filter Water Flow
Test Loop
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Fig. 24 Particle Size Distribution
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Fig. 22 Total concentrations of each metal element in loop sodium

and those in the from of particulate.
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APPENDIX -1 4 }) 7 A ORLRTHADIEE T8 KBk
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0 FROHF

TR A ERERREAES mOFE (BRLX) 70 v EE) CRAIFBL, @5 hi

FHEBP O, =, 706, v HYORENTAT o/, BFE 4 Table A— 2 KR RT,

FE U ARBERARREROF 1 ) v AUETFFROLEDS DAMAE LT 10502 DHE

Eln= o s A ORROBENRE LB AEN IS BEORREBRNTS B & rbh

o [N ’

20 BEOSIT
BB TE bR RO ST £ K Lz, B Photo A~1IDRY & 3 AR KB E

OHKMTHY, —BUAERLEEOHTF 6B Tk, BEOEREN 48mg Th - 7,

® %5 K
BohiBREABERL, BIRAECERPNOTEOATRER DT, FHSEEE Table

A-3 ERT, BETH3MRAMY IR ERBICH, vV HYnE RDHENI, |

@ X # @ |
NRFHMADOHELANEGLHILXBREARET - c, ZO#SE, a~Fe, Cr, Mo, MnsOs.,

KoMniOs 05 ASTM 7 — K & X HIB LT 0T, HERRMET VI — L CHEL, BEBA
EMATFBUEGOTHD, + b U o AhTHBF LS LEDL S AANE LTEET 3
EEMEBRL,
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APPENDIX -2 BEMEMS (SUS430) O F R Y Ahiz &3 2
BEMDRRE
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B, COLDTOREEETIHELEEL L,
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A= 2I1R T,
ok B 8B E

BEEELERTRERAMEF M) YLD THEALAA T4 TOSEMICL 2 SHEEES
% Photo A~ 3 & Photo A — 4 ICF 4, '

CHMERLEHARSICETREETELSF I v 2BE2400, EEBRABEEEC

BAFATRBIEBEIATEELT, 7 )y ahicB 2 BEABRE LT HFSEREES &
DEHGT B, |
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APPENDIX -3 ®R7 4 V#12 & ARLIRA MO L

BAEBRAROBEEB >V CBTLRT,

SALRR T EEORR J.A,Oberteﬁffer fiC & % Force Balance Modél (HFEH=E FI)
& JLH.P, Watson flaiZ K % Particle Trajectory Model (R FMBiE ) K- THRIFxH
Tk1c. Force Balance Model (MMM LR FORB AN L THREENS I3 HR T &
ONTYRAEBALGOTHD, BASMORAERDSOLEMNTH B, %/ Particle
Trajectory Model BHBUEMBR M FNRIIINIBERBICBRA 7+ 12 O E L OWESD
EERDZIEDBEKBZ SOTHZ, ABMEHICHL WV TIiE Particle Trajectory Model O
2% J.H.P, Watson @ [Magnetic Filtration | HXURILO TKGR#BS S (HGMS) |
WOED » TRT ‘

Fig A—1 WRT XS ZHMEMICER a OBEMMAE L ¥ #h7 AIC —8R72HB Ho BimA
GNTVEHDETH, ST Ho B+FAS CHEMBRAMBIAMs ORETHE LT3,
COBAHEMRABOEMORN omBKRTEDER S,

$m= —7 Ho cos @ + (Msa®/2407) cos¥ (A—1)

T, 7, VRAREBEECEDLAER, Lo HHZEOBHE, BUEMBORECEET 2
WHNTFEZEREDORBLEZL, B%E (70, Ho, Zo) &T5, BMUETF (BtFEy, GHEV
(=-§- mb*) ,.%Eﬂo) @ ATFm BEFAFINE LD, CONFHBB 52 3EE
REBHES LEETE ERATHLTE 3,

_ "ﬁm=%uo;{v (H-H) (A—-2)
HEBUERFOEL (7o, fo, Zo) KEWAMET (A— 1) RED OEMBMNOHE & LTR
HoEh B,

ﬁ’=—~grad Pm ' (A-3)
(A-1) ~ (A=3) LD 7 HAOMBEAR L Fm ORI NRKRTEDENS,

Hr/ 7= (Msa®/to7?) cos 8 (A—4)

E%H=—ZVM5H0{cosZﬁ+—(k¥/T%‘ @*/r*) (A—5)

ZCT k=Ms,/2u0Ho
RICRER FORATEEPPCEEEHNAE LT 5E L, BREAEBT 5, %k Rp
ERERAEBERZ L, B Ho LODHE AR - CHBEY THRABEI 747 5, BBERTORE
op (Up=dr/dt)THB L35, COBABBERTFHUEL 0B BHA Fpid Stokes @
AREHEMBOKRCRDEN S,

Fo=—-6z7b (Up—0) (A—6)
CNEOBER TFOEH FBRRRENOYREL Y42 BET 3 LA TEDEIN S,
Fm + Fp=0 O (A-T)
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(A-7) RETBIUVIES IS TEDLTERRD LI B,

1

d asdt= (Vra) (1— Y cos (B~a) - (Upra)

ra®
1 1 . .
(5 cos 26+k?’a5) (A—8)
ra (df/dt) =— (vra) (1+T1a2) sin (—-a) — (vpra)
%Tstﬁ (A—9)
CCT Fa=7/a
v= 1701l
2 Ms - Ho - b®
mo s e U ¢ BEREE

(A=8) Xz (A-9) ATHO t&ZMETZLd adf &bra &0 DBRBEAERD B T &N
R, BFOMELITCOMBLBRDONE, SEAOERTHIVAEBRE 74V ICHSTAE4 (a
=7) OREEFOMBOREM £ Fig. A-2 CFT,

RIER 74 V2 DBEDRICSDINTTRT,
BUWEEZATEES dx OBR 74 V25X, 74V 2 BACHBYETE-7 4%
(EBa) PRREANSGNTLS LT 5, BEMROKRERELF L35 LBs dx LB
BEHMBOKREIIFdx, BX (13 Pdx/xa’ TEDENS, CCTHBRERT3EHT BE
MHOREELLBED2/BERET 3, TLBE 74 V252 BEEST L CLORBAGORE
BUNFTEROILZ LOBUEABOEDLENS KNS, CO¥EEC-al T3 LRI (LOBE
MROMBEHFENE2 (-a- ¢ TEDIND, Lich- THIT 12 OB ERdSc Lk R
THRbEh 3,

2 4 F-¢
= cacd (2Yy= 2
dSc =2 ¢-a (3) T 7.

dx (A—10)

(A-10) ARBR 74 2 DES dx OBH THESNIPUR FOHLE2E DT, NOER
R74VExDUBIRBIZHRBECEITNIBBRFOBRELS 3L RATRbEN S,

dN_ 4F(

N sma 9% (A=1D)
(A-11) K28 &
Nix)= No exp (— 4F¢ x) (A—12)
37a

REUNoWHR 7+ v2 AODDEETH S,
BR7 4 v OMEDRIRXTEREINLZOT (A-12) RARATE & (A—13) ROKK

A—14
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13,

_ N () =N (L) _ _4F¢ . B
= N (0 =1—exp ( a7 a (A—13)

L R; WEHSE A
L7+ reEX
ERRERP OB ORI OICHR 7 AN F R A F 4 TEHEDSBRU 7+ V2 DIER4 53128
ﬁ%fué@ﬁtﬂ%%%@bf?%@g5m¥ﬁﬁmﬁ%$nfu5a

R

4-f .F-({+ &)

37 a L) (A—14)

R=1—-exp (-

LT f  HEEK
E BRBRN 74 V0B E2ZB LB
MBI 7 4 v ORBEFHEUCRTIEREBEROLEATHI D Fig. A-3 KFET,
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APPENDIX -4 F F U™ AHIZ 351 B RO A ORE & Tkl
B OB

HERORN FICMbDEAINENOLTHE LEGRFOENLHEENLS ST IBHE MO
BoT, HHALEEHEE LN D, CTOFEBEXKRRLHEE ( Terminal Settling Velocity) &FF
5, HNIBRELEET I LRATEDEINS,

1
_ 8 0 . T .7
Vs E3 ( r 1) CDM (A—15)

B AR CIICp=24/Re THBELDERDL ST/ B,

Vs = -2— (-%9—1) ;2 # _ (A—16)
CCT Vs ; BRI HEE

Op ; NTOEE

0 KB OBEE

r o fTFO¥R

Voo W OB R G

¢  BEHOMER

(A—16) K2 Stokes OEALBEER LT T LB, |
FTRAEZRAVCEE200CTHELLERELZFig A—4ErRd, CORMPOLHEFENL2m OF

$34X107° m/ secTHBH, 50 umBEOLBEMAAE MR FIC725 &£ 0086m, sec (86
mm/ s ) EBEL LD ENERICERT I bbb,
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APPENDIX -5 F b ™ AR50 TORLRTH O HEFIRIT

RELTURARENT OO, ThEORGNBE IO TV BEE 15U TP 8 O 1 ¥ 8B
RERT, |
1 3~-wFF3u7F
AN T e SIS BEBATIE~3EOM 6 FMEA SN, ERBEAICAI6E,
BO0CRBICX3BRBELRI T 15, Fig A—b kZOESORHMERRTET T, &
BYORBHL T =54 rEEBRBATOBY (7254 4 v>qy F—8ER) THot,
&Y, R ORBMICEESREOREY, + 1) va, EROBRNLEPEE LT
WEHDEEZ B,
@ MEEAKRERE
| Fig. A—6 ICHBHBFATT, EMOF 1 7 A hlin lo2mss EHIET -1 F b5y
ERBTBLEHBOLDBED L, FLERCHMEHRE T TRBBE SO T,
@ Bhe#ATHRE
FigA-7T EEERARBBOBBR LN RAMD ORBRRAT S, BREFEEMO +
YT hNANRBLY) Y LETH D, EREERETIE S BESTH 26m/sec OWETH
SRGOPRMAAD, RV AEHIMETH 03 m sec &5 B8, J XL Qo5 s eRBFIEY ¥ &
‘a’F'C‘GJFsﬁtib's“b:f&EiaﬁEE@&?%étabiil-;a%u:% PITLEEZILONS, gm FY YA
BERABHTHO00CLOMAS0CETERLTV S, ABERCREE HEERERET-Th
D, BlF P T AP BEEICE LIEBARREZL2THERAMOTH 2, HERAATE
RNV Y ) ARt Bbh, HEALEDDONE oty 2 BHETHC LS b ) > 2
BEBCERBELTOALDRRRMGORBIZILRL D - o,
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Table A-1 Characteristics of Magnetic Separators 9)

Device

Device Tube

Kolm-Marston

Competing Forces

Gravity Hydrodynamic Drag

Hydrodynamic Drag

cm

Force Range (cm) 1 0.01
Field '(KOE) 4 20.
Field Gradient (KOe/cm) 4 2000
Force ; Fe, 0, (_Q¥ﬂ§§_) 2 x 10° 1 x 10%
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Table A-2 Results of Chemical Analysis of Filtrate Impurities

Element Sample {ppm) *Spec. (ppm)
Iron 13.0 < b
Nickel 02 <5
Chromium }g:g <5
Manganese Zg:g <5

* Initial concentrations in loop sodium

Table A-3 Results of Chemical Analysis of Particulate Impurities

Iron 8.9
Chromium 3.1
Manganese 21.0
Calcium 7.8
Pottasium <0.1

unit {ppm), Sample Weight 7.2mg
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Photo A -1 Particulate Impurities Recovered

From Plugged Pipe.

A—10
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New Wire, X 200

Sodium Exposed, X 200

Photo A-2 Cross Section of SUS 430 Media Wive

A—11
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New Wire

X 1,000

Sodium Exposed
Wire

X 1,000

Photo A -3 Scanning Electron Micrograph of
SUS 430 Media Wire

A—12
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New Media

X100

Sodium Exposed
Media

X100

Photo A -4 Scanning Electron Micrograph of
Media

A-—13
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% Magnetic Particle
Vp

('yo .Oo Zo)

b #¢m = —7yHoCos 8+ (Msa®/ 2 por) cos 8

\

Ferromagnetic Wire

Fig. A-1 Oylindrical Coordinates of a Magnetic Particle
With Respect to a Ferromagnetic Wire.

from Ref, (8)
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Vm/Vo-1

Vm : Magnetic Velocity

Vo : Fluid Velocity

Ho : Magnetic Field

Ms : Saturation Magnetization

|
|
Fig. A-2 Particle orbits shown for the case where a - /2 5)

A—15
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100

RECOVERY, %
3

STREAM VELOCITY, cm/sec

j'Fig. A - 3 Recovery of CuO Particles Experimental
Points Compared to Calculated Curves

from Ref, (7)

A—16
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Terminal Settling Velocity Vs (m/sec)

1072

104

Pp = 8.03X10° kg/ m  (SUS304)

P = 0.904X10%g/m at 200C Na
V = 0.500X10 ® m/sec at200°C Na
g = 9.8Im /sec?

Fig

1078 107°

Particle Size r(m)

. A-4 Terminal Settling Velocity Vs

A—17




81—V

local velocities

(1) <« 2 cm/s
_-Cooling fin
®

( 014 cm/s

Shell

Deposit
(~15cm depth)

Fig. A-5 Metal-Non metal Mixed Deposit in Cold trap. (NG.NO;2 MW-55-12)

90—18 T¥6NL ONd
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J Mock up S/A

7
flow = N b
o [} metal deposit
'B7l (5~10mm height)
local velocity ;
|~2 m/s (NG.NO: 2MW-55-11)

Fig. A-6 Metal Deposit Found in Joyo S/A Test

Section




PNC TN941 81—06

flows (NEG. NO:; 2MW-55-10)

1 <@ @ hot Na in from S/A test section
@ cold Na out to cooler

@ cold Na in from cooler

® hot Na out to heater

AP Metal Deposit

e Th

TN ]

Fig. A-7 Metal Deposit Found in Flow Stagnant
Region of RHX

A—20






