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Thermodynamic Study of NaFe Complex Oxides
—High Temperature Properties of NasFeO, and NazFeO;—

Tomohiro FURUKAWA'™ and Kazumi AOTO"

Abstract

In order to contribute the investigation into corrosion mechanism of the structural materials
by leakége sodium, thermodynamic study of Na-Fe complex oxides formed by the reactions was
carried out.

NasFeO, and Na;FeO; were used as the sample.  Ifts high temperature properties (i.e. melting,
solidification and transformation) were observed by Differential Scanning Calorimetry, DSC.
Moreover, the original test named “melting point confirmation test” was performed for the
observation of traces of melting and solidification after the tests.

- Following contents have been obtained by this study.
(1) NasFeO,4 was stably as the solid without phase transformation and melting until 800°C.
| However, the compound was showing a tendency to change into Na,FeOs; with temperature
increasing under the low oxygen potential.

(2) The stability of Na;FeO; is the same as that of NasFeO, until 700°C.  Over the temperature,
the compound was changed differential compound registered as Nas;FezOy or NagFe,0; in
X-ray powder diffraction data base, and then it was melted.

(3) The stability region on the oxygen and sodium partial pressures was examined for the

compound. As the results, it was considered that the compound was NagFe,0,.

" Advanced Material Research Group, Advanced Technology Division
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F1 HEREE

REA HE (%) BEA—T
Na,O >86.57 Atomergic Chemetal Corp.
Fe,0, 99.99 L EE L B S8R
* EZEMBIZI)E- DR M4 ThD Na,0, DR 2 AEL S
9% LA EITHERIL72b DR S RUICHLI (BECRI7TIZR) .,
% 2 DSC BlE&fHF
Case No. (HSeaan;;;\llz.) Sample Cell Samp}en:l\;eight R;z;er?:le H;zz:;rfg& Heating & Cooling mode
rate
514~1 14.352 Al;03 R.T.—800°C—500°C—800°C—200°C
514-2 | NasFeO, 14.928 - R.T.—800°C—200°C
514-3 (@1 16.269 Al;05 RT.—800°C—200°C—800°C—200°C
514-4 (ai rtig':: sell) 18.606 - - /smin R.T.—800°C—200°C
313-1 15.010 Al,03 R.T.—800°C—250°C—800°C—200°C
313-2 Na(agg)o s 22.275 - R.T.—800°C—200°C
313-3 26.278 - R.T.—800°C—200°C
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3 3 NasFeOQ, ® DSC BIE TRO LR B — /7 FRIHRE

‘ . Peak Temperature / °C
Case No. | Weight / mg at heating mode | at cooling mode

514~1 14.352 291 447 -

514-2 14.928 - 712

514-3 16.269 293 456 750 293

514-4 18.606 713 -

3% 4 NasFeO, D DSC HIE TROOLNIZRFHEL— I BIHIRE

-] Weight Peak Temperature / °C
Case No. / mg Cyele at heating mode at cooling mode
31%_1 15.010 1st Cycle | (283) (327) 700 737 778 692 657 (299) (286)
) 2nd Cycle} (278) (330) 698 733 778 (738) 692 657 (299) (286)
313-2 }22.275 = (328) 708 732 782 728 710 657 (301)
313-3 |26.278 - (330) 716 737 781 750 707 652 (291)
Note:  FERTEOI/IERE— 22 oW TIIEIMT CIRE AT

% 5 Na-Fe-O (L2 RSSO 800°CMNEE D X REITHER—&

Samples Crystal Structure detected by XRD anslysis
Na;FeO; - NagFeO, Nag;FegOye/NagFe,04, Na,FeOy
NagFeO; — NasFeO, Naj;FegOje/NagFe,0,, NasFeOy
Na,FeO; ~ NaFeO, NaFeO,, Na(OH)

Nas;FeOy - Fe Fe, NasFeOq
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(b) BRI BTHD (FetA) ‘ P

2 BhERERRBRANEAS

-17-




JNC TN9400 2002-046

TC

Sample

Flarie \\

Quartz Tube (Double)

S = TC

Fumace

.b
™ | ()
RP J
HM OA
J Ar

TC Thermocouple GF
RP Rotary Pump
HM Hygrometer
OA Oxygen Analyzer
FM Flow Meter
PG Pirani Gauge
GF Qas Filter

¥NaFe HAB LA RRBRICLAEES AL o

3 RURFERRRBUICA V- EBREE
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Arbitrary Intensity

Arbitrary Intensity

— ERAT
M A P
JCPDS: Na5Fe04(70-1269)
[ j T )
( JCPDS: Na(OH)(35-1009)
10 20 30 40 50 60 70 80 90
2 0 /degree
7 DSC BIE# D4 —* 514-3 3Etd X REFE R
JCPDS: NabFe04(70-1269)
T T T [
» JCPDS: Na(OH)(35-1009)

10

20 30 40 50
2 8 /degree

60

70 80

B8 DSC BIEZDIr—2A 514-4 BEID X BEITRE R
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Heat Flow/m¥

Heat Flow/nl

400
10,00

8.00 |-
6.00 -
400 | Heating—
2.00

0.00

-2.00

«—Cooling Sample: Na;FeO,(G1 Heat)
-4.00 Weight: 14.352mg
Reference: Al,O,

-6.00 f .
Heating mode:
o b R.T.—800°C—500°C—800°C—200°C
' Heating/Cooling rate: 5°C/min
-10.00 . . . ; : : ;
100.0 200.0 300.0 400.0 500.0 £00.0 700.0 800.0 900.0
Temperature/°C +00
9 NasFeO, (¥ —2 514-1) © DSC #h#
+00
10,00
8.00 |
8.00 +
4,00 |
S —Cooling
0.00 {0SC —
Heating—
-2.00 }
~4.00 |- Sample: Na FeO,(G1 Heat)
) Weight: 14.928mg
8.0 Reference: non
el Heating mode: R.T.—800°C~—200°C
) Heating/Cooling rate; 5°C/min
-10,00 , . ; : : ) !
100.0 200.0 300.0 400.0 500.0 £00.0 700.0 800.0 200.9
+00

Temperature/°C

5 10 NasFeO, (/7 —2 514-2) D DSC %
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100
10,00
8.00 |
6.00 |
4.00 }
= 2w} Heating— T
3 D
= 6.00 |-
g 7 —Cooling
= e Heating
Sample: Na;FeO (G1 Heat)
-4.00 - Weight: 16.269mg
) Reference: Al,O,
800 | Heating mode:
a0 | R.T.—800°C—200°C—800°C—200°C
) _ Heating/Cooling rate: 5°C/min
-16.00 1 L | ) I ! f
100.0 200.0 300.0 400.0 500.0 800.0 700.0 800.0 900.0
Temperature/°C +00
11 NasFeO, (#—2 514-3) ® DSC B
Hl
10.00
8.00 -
5.00 |
400 |- 1
_ a0 —Cooling
§ .
= 0.0
T Heating—
= .00 |
Samiple: Na;FeO,(G1 Heat)
-4.00 - Weight; 18.606mg
Reference: non
7600 Heating mode:
e L R.T.—800°C—500°C—800°C~—200°C
' v _ Heating/Cooling rate: 5°C/min
-10.00 . . ) : . : .
100.0 200.0 300.0 400.0 500.0 £00.0 760.0 $00.0 900.0
+00

Temperature/°C

12 NasFeQ, (#—2 514-4) ® DSC Hii#
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14 NasFeO, (7 —2R 514-MP2) D SR ERER IS DB FE2£5)
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(a) —X 514-MP1 b) 5—2R 514-MP2
15 NaSFeO4 DEh =B EREBR% DEEHAZNORELO RN
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Arbitvrary Intensity

Arbitrary Intensity

e
J L.Ju.fh Kt e et -
I || I I { [ ”] I!ll‘l T |1 AL | LI |
JCPDS: Na5Fe04(70-1269)
“ I ’ o |I| | '|'I|[' T I" [
JCPDS: Na4Fe03(34—0891\)
10 20 30 40 50 60 70 80 90
2 0 /degree
16 BRRBIERBRE D —X 514-MP1 B0 X B EITRE
Bk |
i L | IA; l[‘
JCPDS: Na5Fe04(70-1269)
H ! ’ I""' T r’ [
JCPDS: NadFe03(34-0891)
10 20 30 40 50 60 70 80 90
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17 BARBIERBRE DI —X 514-MP2 B0 X BRI R
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s atm

log FProz2)

at 873K

—45

A -1 B £ -4 -2

log P(Ms) ~ atm

18 600°CIZ31T5 Na-Fe-O B{bFERT v /L

=

_18_

._.15_

/s atm

MATITE
MNa20
NaFe(?Z
Fe3®4 SFe

_28_

Iog P(0OZ)

_3@_

4

Fe

at 1000K

-3b

I 1 T T

é@k -1 -8 -b -4 -2 %

log P(Ma? » atm

19 727°CIZBF5 Na-Fe-O R{bLFRT vV
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Heat Flow/m¥

Heat Flow/n¥

+0
35,00
30.00 || Sample: Na,FeO,(G6 Heat)
Weight: 15.010mg
Reference: Al,O,
wo b Heating mode:
' R.T.—800°C—250°C—800°C—200°C
Heating/Cooling rate: 5°C/min
10.00 |
Heating—
DSC
0.00 {
«—Cooling
-10.00
-20.00 1 1 L L 1 1
100.0 200.0 300.0 400.0 500.0 £00.0 700.0 $00.0
Temperature/°C +00
20 NasFeOs (7 —* 313-1) D DSC #hif
+00
35.00
30.00 }-| Sample: Na;FeO,(G6 Heat)
Weight: 22.275mg
Reference: non
.00 b Heating mode:
’ RT.—800°C—200°C
Heating/Cooling rate: 5°C/min
16.00 |~
«—Cooling
0.00 {OSC o—
Heating—
-10.00
~20,00 : . . . : .
100.0 200.0 300.0 400.0 500.0 609.0 700.0 900.0
Temperature/°C +00

21 NagFeO;(#—2%313-2) ® DSC 4
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Heat Flow/n¥

+00
35.00
30.00 |-| Sample: Na,FeO,(G6 Heat)
Weight: 26.278mg
Reference: non
20.00 L Heating mode:
' RT.—800°C—200°C
Heating/Cooling rate: 5°C/min
10.00
«—Cooling
-
0.00
DSC
Heating—
-16.00 |
_ZU.UU 1 1 1 1 1 1 1
100.0 200.0 300.0 490.0 500.0 £00.0 760.0 800.0 900.0
Tenperature/°C +09
22 NasFeO; (7 —* 313-3) ® DSC B
| SABRAN HERE
2 L (| *’ ,
g : A lJl_L_i\A 'I‘A'.‘ 4 Y ity IAJ_a Aot ok A
NN U LU
g JCPDS:Na3Fe03(30-1197)
201 H | || I'I’HUI‘H "III AT ||!||
< JCPDS:Na31FeB029(30-1199)
LI i
JCPDS:Na8Fe207(70-0719)
10 20 30 40 50 60 70 80
2 B /degree

23  DSC BIE# D& —R 313-1 D X BEIHEE
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o
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-100 1 1 L 1 L 1 1 I 1 1
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Chemical Diagram in Na-Fe-O System at 600C

I //
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% 0 Fe203
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0 5 10
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