JNC TN9400 2004-045 A3 18

SBF RIS My AT BT

(B 72 #t &)

200447 H

KRB A 2 OV B Z
ZAR Y N I S VS




ABROEMEZIZ—HE2ES - BE - BHITIHAE. FrRBHEVWabELEI N,

T319-1184 RIBBZIRFARR G AR 4 FHth 4 9
KRBT 7 )L BA RS
B RBEEE £l R
BEE ¢ 029-282-1122 (1RFE)
Ty w7 A 029-282-7980
BET A=) : jserv@jnc.go.jp

Inquiries about copyright and reproduction should be addressed to :
Technical Cooperation Section,
Technology Management Division,
Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki 319-1184,
Japan

© BBRELT A 7))L BFEHE
(Japan Nuclear Cycle Development Institute)
2004




JNC TN9400 2004-045
20044 7 H

ERFT/AFENRSELBET NIV LIZET HHE
(B Fes )
RV TR, #E
Z F

FIRLF DF MY DADF B EZERE T LE0IZ, TR F 2S5BS =T NY L (F5E) &
KEDRISIHZRZ R T D522 BRIEL T NI, Cu, Ag, Ti T SUS304 DF KL+ RAVTaE
PR K OKED SRR ET o7, BRBROFER, KOFMPBHALY L2072,

()7Fy =23 E ERICNMB LI e — 4 —E LIC&BMREBAT 2 2 LItk h —AFEE S &,
ZOBRBFEMSED Z LIC LV I I RFEERT HHE) KEVBELI T 2R3, Wb ERIL
JE DI (L D> DR E R/ N ST DL B RIEE TH DI LD DY o7, EBIT, AFEEZNT
BESNI T /R FET A2 — /NG HEY RERERRTHILIZEY, 10nm LUF OB —ke& 434
(T SR S EGETEL REL RO,

(2) Ni, Ag, Ti ZT¥SUS304 DF 7hLF% 350 COMAET M A BSETOBRE, FRIDAEKND
EEE DT NY LD (TN LRFOINEETH=RNF—HIC EOBEICEL EiFbhThen
HIE 2 DD LIS NS AR BBHIEN DB I, TR TR T 28BS RHES =,
AFERNL, ZNDDOF SRR E T NID AT NID AEFEA LR CEEL, BREELITT
JRLFEF NI LOMEREL TN AD B RHHSNDEE 2 HD, DT &L, g/ N Ea A X
DRLFIIFT N LERER L TITAZ—ETERK L, TN AFIZREIZ T DIERbhoTz,

Q)Y F /ELKEDIERBRL, WThOE BRIV THIRERMIZ OV TUIMF N Y LLFRE
ETholobO D EAERITOWTIIZD LR FEDHET R T LI NSWMRANCSHHZ L8 0o
Tzo ARBR TIXRE ST DT D/INRIBEILE D BB AL T O T o 7ale) | SkEiEbsh
Te T 7R DT, RISIHIZIROMER ZITOLER DD,

U EDmBZEE X, SRE—NESMEH T H/PREDT ) RF2 AW RSB & Z/f L.
T PR L KRR & ORISHIFIEEEZ AL T D FETH D,



JNC TN9400 2004-045
July, 2004

Investigation of Liquid Sodium Containing Suspended Metallic Nanoparticles
H. Ohira®, K. Ara™

Abstract

In order to investigate dispersion behavior of nanometer-sized metallic particles (nanoparticles) in
liquid sodium and to evaluate chemical reactivity of the liquid sodium containing suspended metallic
nanoparticles (nanofluids) with water, basic experiments were carried out by using nanoparticles made
from Nickel (Ni), Copper (Cu), Silver (Ag), Titanium (Ti) and Type 304 stainless steel (SUS304), which
were produced by physical gas-phase condensation technique of the metallic powders. The following

results were obtained from these experiments:

(1) It was estimated from TEM (Transmission Electron Micrograph) photographs that the present physical
gas-phase condensation technique could produce small-sized metallic nanoparticles with little oxidation.
It was also estimated that the smaller-sized and the uniform-sized particles, whose diameters were less
than 10 nm, could be collected by dispersing nanoparticles into alcohol.

(2) In the dispersion processes, the nanoparticles of Ni, Ag, Ti and SUS304 were detected even in the
nanofluid vapor. Sodium D-lines, fluorescence spectrum of sodium, were also observed from the
vapor of all the nanofluids; it’s impossible to observe it from pure sodium vapor in the same conditions.
From these results, it was estimated that the nanoparticles combined sodium atoms to be suspended in
the liquid sodium in the form of complexes.

(3) Although the temperature increases by the water-nanofluid reactions were in the same levels with those
by the water-sodium reactions, the rates of pressure increases by the water-nanofluid reactions showed
smaller values than those by the water-sodium reactions. These results indicated the possibility to
reduce the chemical reactivity of the nanofluids.

In the next experiments, we are going to evaluate the chemical reaction in detail by applying
smaller-sized nanoparticles.

* Innovative Component System Research Group, Advanced Technology Div., OEC
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# 2-1 KERIERBRSRM

BEE 350 °C

Ni
F IR Ag

Ti
FIRFERE 15 wh
BIE AR YERR JS20~]S1000

% 2-2 T 24 BEREBLROT KT O E

A AN .
4 Lo By

Case B S FE (. %) PRIFIFE sa e EEREE

3 . - B < 100 ppm

4 Ni 15 i 1400 ppm

5 . £ 4.32 %

6 Ni 30 o 38.0 %

7 T I 10.7 %

8 i 23.5 %

24 I

9 cu T =3 <100 ppm

10 15 Fh 200 ppm

11 A & 1500 ppm

12 € o 4700 ppm

13 & 900 ppm

14 SUS304 AP 2.05%

# 2-3 FERIERR

K (mPa-S)
Na 0.3~0.5
Ni 0.3~0.5
Ti 0.3~0.5
Ag 0.3~0.5
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# 3-1 be?Any%&@%ftF

FBERE |FRREOE | 503N 7Y | RRAEE | KHEETE | RBATBR
AR (%) ZAVA (g) (ce)
FRIT A - - -
F R T4y g L 0.2 0.05 IR
e A Ni 15 ii
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® 4-1 KDy FRBREM

SEHER | ARBEDOF | 52010 |RBRAE | AK&Ekce) |RABR A
& JBLFER |7V | B DFEIR
& (wh) ZAVAA
FhY A - - -
£
15
Ni GiE
30 Fetii
S
Ti 15 LB
F 2L F 4y g 0.2 40 BRI
Uiy
#rhy Cu 15 R
S
£
A 15
8 ik
s
SUS304 15
S
F 4-2 KUy FRERFE R
Fopr | Yo7 | EE | EAE | EAE | BEZT | BEL | KEE | AEE | ICPIZL5
Case ¥ PNZ/4 (g {LAP | {LAP | {LAT | AT | EER | EEHR | 7 /hi+
AT FEHME | EERME | ERE | HEiRE 1& & LS
(kPa) (kPa) C) C)
1 Nal00% - 0.202 | 11.94 | 12.08 10.0 8.0 1.35 1.86 -
2 - 0.200 | 11.82 | 12.17 9.9 7.9 1.69 1.85 -
3 ] F# | 0202 | 11.94 | 12.42 | 10.0 8.0 1.57 1.86 | < 100ppm
Nil5%
4 e | 0.203 | 12,00 | 11.75 10.0 8.4 1.57 1.87 | 1400ppm
5 i # | 0.201 | 11.35 | 12.00 9.5 7.6 1.49 1.78 4.32%
Ni30%
6 g | 0.203 | 7.45 7.17 6.2 5.6 0.68 1.21 38%
7 i F# | 0202 | 1064 | 11.25 8.9 7.8 1.49 1.68 10.7%
Ti15%
8 Fge | 0.201 9.10 8.92 7.6 4.4 1.00 1.46 23.5%
9 F# | 0.201 | 11.88 | 12.42 9.9 8.4 1.49 1.86 | < 100ppm
Culb%
10 dge | 0200 | 11.82 | 12.75 9.9 8.8 1.48 1.85 200ppm
11 FE | 0202 | 11.94 | 12.67 9.9 8.3 1.56 1.86 | 1500ppm
Agl5%
12 dige | 0.201 | 11.82 | 10.67 9.9 6.9 1.59 1.85 | 4700ppm
13 F# | 0.203 | 12.00 | 12.42 10.0 8.3 1.56 1.87 900ppm
SUS15%
14 fge | 0.202 | 11.70 | 10.58 9.8 6.9 1.49 1.83 2.05%
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F 4-3 KV FRBRIZBIDIESELDRFES

Case | T2kt | V7V TiE Poo 0.63 Py RFEE <
1 Nal00% - 11.80 7.433 2.35
2 - 12.07 7.604 2.05

7|
3 NiL5% ot 12.16 7.661 2.85
4 e 11.74 7.398 2.90
.‘L
5 Ni30% s 11.81 7.438 2.20
6 H7 4 7.151 4.505 3.70
7 . 58 11.33 7.140 3.80
Til5%
8 R o 8.802 5.602 2.35
9 R 12.57 7.920 3.30
Cul5%
10 HRoh ot 12.76 8.039 2.90
11 R 12.56 7.916 2.80
Agl5% -
12 BI0% e 10.68 6.730 3.20
13 kR 12.48 7.865 2.90
SUS15%
14 ’ g 10.55 6.645 2.95
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Ni

Cal: 3.377 pixel/nm HV= 300kV

Acquired Apr 5, 2003 at 9:25 Direct Mag: 60000x
X:¥: T:

AMT Camera System

2-1(a) Ni F /¥i+ @ TEM [H{%
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16~60K.tif ) R

Cu 20 nm

Cal: 3.377 pixel/nm HV= 300kV

Acquired Apr 5, 2003 at 11:12 Direct Mag: 60000x
X:¥: T:

AMT Camera System

2.1(b) Cu 7~ /KiF TEM [Ei&
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Flash Ag 20 nm

Cal: 5.629 pixel/nm HV= 300kV

Acquired Aug 12, 2003 at 10:03 Direct Mag: 100000x
X:Y: T:

AMT Camera System

2.1(c) Ag F Ki+® TEM it
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350 - S
3000
250 -

200 -

mE (°C)

150 -

100 /o

50 f

0 50 100 150 200 250 300 350 400
B A (min)

. 22 100%, F-E;20min T 110°C

o KFE 10% + ZE3E 90%, FIR;60min T 300°C
: JKEE 100%, 300°C% 3 BFRELRER

. EE3E 100%, BHARG A

CIZICRC]

(f#5%5)
;RIS NID A A RIS ART B I, AR T E EE
«F JRiT 50g T — VR T 7 —FANBTTAEIT By L, EFHE K UVKHE%Z 300ml/min
VB SRT,

2.4 FIRLFDKFERITLITIE
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Ni 101-7-00% 20 nm

Cal:3.377 pixel/nm Direct Mag: 60000x
Acquired Sep 29, 2003 at 1:34 R:y: T:

AMT Camera System

() 7KZR 1R JTHI

Ni 101-7-061 H2 300C 100 nm

Cal:1.689 pixel/nam HV= 300kV
Acquired Sep 29, 2003 at 3:32 Direct Mag: 30000x
X:¥: T:

AMT Camera System
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0 i 1 i i L i i 1 1 I ' L I I 1 1 1 1 1 I i 1 1 1
0 7/ 2 4 5

100

mE(C)

7=61.3C, AP=8.5kPa

BT 0198, A
T T T T I T

3
BIEFFE] (sec.)

1 8
6

’Q

43

.R

2
0

3-3 NalOO%IZ/K %7 T L7=35E DIEE & OVE 7174k (Case-1)

BT 0.234g, AT=74.6C, AP=8.5kPa

T T ¥ I T T T T T T

FE 7 (kPa)

B ERFE (sec.)

3-4 NalO0%IZ/KZTE T L7=3 & DR E K ONE S 1L (Case-2)
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BT 02398, A T=64.4C. AP=8.9kPa

20— T T T T
100
;G 80
N
by 60
g
40
g [
0
B ERFE] (sec.)
3-5 NalO0%Z/K % T L7258 OIRE K OVE 124l (Case-3)
YT 0259, AT=70.3C, AP=875kPa

00 — o P DT 10

9
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By
g :
P ——— g T | :
' R gEe T o -2
B2 N e
0 3 /.i i ] L ] ] | 1 | I 1 i 1 i L 1 i 1 1 1 i 0
0 7 2 3 4 5

HEFFE (sec.)

3-6 Nal00%Z/K 27 T L= 5& DIRE & OVE 11281k (Case—4)
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