PNC TN9410 97-101 _ fM‘aﬁﬁﬂ

F R U AMESH(Na,O, Na,O, 5k NaOH) D
1% 3 TR IREE R DB

19974 10 8

A - R HREEEN

KL % + v & —



HERZZOBEROAFIZONTIR, TERIZBAVAHDE T,
T311-13  FHR I8 BRIRAR AR RT B HIRT 4002 '
BiF - RSB EN
KETHE LY 4 — o
Y 2T LRFHAER - HiEME _
Inquiries about copyright and reproduction should be addressed to: Technology
Management Section, O-arai Engineering Center, Power Reactor and Nuclear Fuel

Development Corporation 4002 Narita-machi, O-arai-machi, Higashi-Ibaraki,
Ibaraki-Ken 311-13, Japan.

BN - BB E R EZEM (Power Reactor and Nuclear Fuel Development
Corporation; 1997




& ] = #
PNC TN9410 97 -101
1997 & 10 A

F + 7 AMEEY(Na,0, Na,0,8 £ UNaOH) D#E 3 TTARER Off%
BHEE—", KBz, TREF***
EE

—RICRBRIE S 2 RETCOSYORERE (B4, Hfd L TEEEE) %
HMAEDZELLffibhTwd, £ERF MUY A{LEH (NaO, Na,0, 3 X U'NaOH)
2 X 3 EREMEFEBRABEM OB ARE L EHET L2012, Zho{bdhoRk
RE%EET S - LR WAAERECTHS, L, FHETHEEL LTV ZRT
iX. TN F TNa,O-NaOHRIREE AFARS TV EA, 2hUS 02 TRB L O°
B 3 WARIRKER ORI 2,

AFETCEENRLF )7 MEAYOEERBLEHLPICT B 20T, #2TTHR
BIUTEITRIREMOERERAA -, REEEHEST (DSC) EHEWT2HG B
LU EARD—BOBDII EiTo Tz TOKRE, KRB EER T Z20CEHLTE
WTHLHHMBBREB LTI AREZVEON. TRODSCHIERHRICET &,
#EFTE Y 7 FThermo-Cale DM EAER /R T A — ¥ #RBELT 5 Z LT h ERER
2 TRB L U 3 T%Na,0-Na,0, - NaOHIRBH 2 RR T E 72, |

YRBELFEEY ¥ —, EREWMRHER, LERWHEZ
* *) REELELY F—, RETFH, BHESERETF¥E B FTHEREHRE
t |

CERBTEL Y F -, RETEH, BEMERLTEE



PNC TN9410 97 -101
October, 1997

Pseudo-ternary phase diagram in the Na,0-Na,O0,-NaOH system
Jun-ichi Saito*, Masayuki Tendo**, Kazumi Aoto***

Abstract

Generally, the phase diagrams are always used to understand the present state of
compounds at certain temperature. In order to understaﬁd the corrosion behavior of structural
material for FBR by ﬁﬁn sodium compounds { Na,0, Na,0, and NaOH ), it is very important
to comprehend the phase diagrams of their. compounds. However, only Na,0O-NaOH pseudo-
binary phase diagram had been investigated previously in this system. There is no study of
other pseudo-binary or ternary phase diagrams in the Na,0-Na,O,-NaOH system.

In this study, in order to clarify the present states of their compounds at certain
temperatures, the pseudo-binary and ternary phase diagrams in the Na,0-Na,0,-NaOH system
were prepared. A series of thermal analyses with binary and temary component system has
been carried out using the differential scanning calorimetry (DSC). The liquidus temperature
and ternary eutectic temperatures were confirmed by these measurements. The beneficial
indications for constructing phase diagrams were obtained from these experiments. On the
basis of these results, the interaction parameters between compounds which were utilized for
the Thermo—Calé calculation were optimized. Thermo-Calc is (.)ne of thermodynamic calculation
software. Consequently the accurate pseudo-binary and ternary phase diagrams were indicated

using the optimized parameters.

*Frontier Technology Sectioﬁ, Advanced Technology Division, OEC, PNC.

**Structure Safety Engineering Section, Safety Engineering Division, OEC, PNC.
(Present Address : Nippon Steel Corporation)

*#*Structure Safety Engineering Section, Safety Engineering Division, OEC, PNC.
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1. #

FrRUTANKERTHRET LI LI, FIXF MY Y AR (N2,
Na,0,) T/, KEHDEFOHFEI LD EC2RRISEFY L LTH I 7 AKER
k¥ (NaOH) S0 BRBELERPITED, F0OFT M) T AMEEWIC X 28 EME
DBEFERFORSLERPHFEERBICKE {EKFT 5. AT, BREERY DT
)7 AL ELS EN GALEYPEETH 5P EETH 5 P THEOFEE
EPRELLELRDL, LPFoT, ZhoeF P A{LEWIC L s ENEOBREL
259 2T, DLHRETELL GO BERLFAERE (B, BEE IZES
W) #MBZLIALEETH 5,

SRt EWOHLBECOFEREE ML 4010, REBRIZED L (FAHASH
Twb, F M7 ALEWD 2 S RIRERZ AT A S &, Na,0-NaOHRER IS
R.Bouazizb PV 12X » TERMICKD SN TWE, £DORERMEFig. 1-LIIRT,
Na,0-Na,0,RREEI I3 Fig. 1-21C7R°F & ) ICMassalski ?’ 12 & - TNa-0 2 JTTRIKER H2
RERTVAEA, B THIPNTB VARHERETSH 5o NaO,NaOHIRERIZDW T,
T TELBEIRV, EbIZ, IhoF M) oAb ERE Lz, |3TTHR
RS oh T T HES L2, PR XS, S M)y ALY DH 5 BET
DEEREBLZHL2DOTFT— I BARTFROPHREKRTH 5,

AR TEDLZBETOF YT 21LEY (Na,0,Na, 0,3 & UNaOH ) DFFER
REHBCML 2D, W2TABITEITRIRER 2R TAZ E2AME L
BRI REEERETT 2 BT 288 B LU 3RAMLEWD B O AR
FEB X CHEBKLEHEL 70 FOREREEICBSundman S P 1Tk o THEE L
FNEEE Y 7 b (Thermo-Cale) DMEAEH/NT X — ¥ ORBILTIT, X ) IERE
23 2 TTHRB L U 3 TTHRN,0-Na,O, NaOHEM KRB 2 B § 5 Z LT & /o,
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2. F &
2.1. DSCHllEHk

Na,0, Na,0, 3 £ UF NaOH? 2 5B &L U 3 i BE& M O WARRERE ., HEBRE
DERF—FIEP v, KR T, ChSIEEYOREWOBRNFT—% (W
MRIREE, HEBIRE) ©REELHEFT (Differential Scanning Calorimetry, LT
DSCEET) L Y flE L7z, DSCEWENDER., B, RIcORFEH# L3
BESHED —2TH D, IOFMBFEBEICOWTHELVER ¥ 850 T,
FHLEBEICLTWALZE, TITRBEICHEET S,

Fig. 2-11CI3DSCHIFE R B O E 2N 2 R T Falefls) & ZERon
#Es (e—% =) PPLIC/EBI L, ERMBOBE CMECRB T IBHRICE
AREENELS L, EL0p0FKOHME ZIXMGIBEIrEBHMIIZ S &,
COREEZEXHLHT. CORMEEZEAq (=gs—q) PHEB L CHEERRHICHTL
TGS, ¥— 2L LTF¥— PCEEEND , DSCHIEIXREZRSIT (DTA)
I h i EBRENE L, PR L OREICR Sh i B EEAGTEE RE 0
HBRBFEZDDDERL TS,

FE AW B L& OMBE £ Table 2-1 127", NaOZ#EEIZIE <, 12% Na0,,
1.37% Na,CO, BTN Tn5h, ERICHWIALEWIIBEAF TR ZREMED b
DEFEB LI, RRBICBWDSCiEE A 2 —FFTEHSE (DSC-2208) THE
FAid . RBEEHE [ 35~740~100C, HiR. BEEE | 10C/min, EFHEK .7
VIV HAA0ml/min) TH 5, BE., HERAELTNVI =T ADOBRERICANRTIT)
. RBOF VI T ALEMLEBROT NI AQBHEEL B, Kl
ETHROERE AV, ERICHVALEYOBRESL L RBREE R % Table 2-
2~3 & Fig. 22278 ¥ o Fig. 22 0QRFH O HEMABMNE T, @RIEBEOERRIL
BYOME &= EIC X VHE L -RBREOHBME LR T, ABREEREITISMA Clomg
BETHL, ZED/ZD, Table 24{lI3FZbLEWOHEREE LERERT, 22
T, EETA I L WNOHBBE S HWGOB#H L Y b, oSO BT H°
RKEVWHTH5, DSCUBETRERDOREVIENFE-IFRE BB Eh B9
NaOH% & iR A A T BAHRIEE (DRBEE) X DIEBROAIBY - 77b=k
X<{Hbhs,

2.2. Themo-Calc
Thermo-Calcid 198 1£EICA Y = — fxo)filﬂjtiuamfsﬁ%é r(WAs - yik-is
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HYV 7 NTH B, Thermo-CalcD HIEIC DWW TIIEM L B XS HNDT, 5
LEBEILL TV E 2w, KRFFER TidThermo-Calc DA, POLY-3 & PARROT &
Va—WEBAwTWh, POLY-3EY o — VITEHEIE 2479 -0 CHAE S
Ta— VT, ZFRONDTXTORNFWL FHETEFTEECTH 2. PARROTE
Va—WEF—F R—APLDRNENTRA—F L EBPLBONIBTIZFNG A —
¥ OWMFCEHIRERZI/ER L. MBOEFFEMEE TAS & ) IHEMER YT 2 —
FELEILERTHEERRVETEY 2 -V Thb, 20, HEEH T A—%
DHRBILETIETV 22—V TH 5B,

2.2.1. Z{bAYHOMEERN T A%

B2 TRBIUEITRIREROER L FRICHERATAHEER/ T A— 7Dk
BDHIKOWTHET S, DSCHAIEIC L o TH LN 2 RSH O HAHBEE B X U3t
sain B % Thermo-CalcIDPOP 7 7 4 WIZAJI L. PARROTE Y 2 — VIZTILEY ™
OHEER/ST 2 — 7 ORBIEETo7. EROBERLD 74 v T4V IRELL
FA 701, BECHLTIXER (VI+V2XT) & LTHRE (V1,V2) 2R
HETkD:,

2.2.2. BE3ITLRREBREDOER _

BIH CH LN B LA WROMEERE/$5 2 —¥ %/ L. Na,0-Na,0,NaOHD
8 3 TRFEHIRBH L /ER L7, BIEFERIZ400T~800TC D100 CEDERITEHR %
FRL. DSCHIERR & B L 7
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3. & B
3.1. DSCHIE#RE
DSCHIERO—FI & L THHNo. 120#F £ Fig. 3-1~312/R T, Fig. 3-1i3FES
& BB OPERE ¥ Rig 3-28 X URig 33103 FEB L UREROERE LB £ 12
FNENTT . FRFICIZBELAFEBOARE L2 EFELLNL 2D, s
TRCEMLUAD L OBREOY -7 2R L Lz, Fig. 3-1RICIHBEAHO M
WIEE (MRHEE) . &85, BEAZEATRT . BRBE C525TMIEICHE
RY -7 HH BH, TREEERR (BH-o-Na,O+HHl) ThreELORE, ¥
7=y 308C., 294CTB L U283TCICE— 7 DHB, T TOWMEIC LS ENO-
NaOHA D 2 TG EF309CTH %, F /2. NaOHDo2PHERESIF293CTH 5,
COZ &b, 308CHE~7 32Tk AR T294CTHO ¥ — 7 IINaOHD o2 BHIZERE
BTHHEEZLNS, EHIZ, 3200 —7DOPM4THOE— 2 Db KEV, B
AL 72895, NaOHDoZPHERBOEHIIXER DO ENIHRTKEVWD T,
294CH Y — 7 INaOHDoPERFR LT WA EBDNE, D0, FhiVE
BE D308 CH ¥ — 7 1k HE KL (0-Na,0+HA—>0-Na,0+B-NaOH) D¥—7 k&2
bhbd, 86T, 283CHOE—EBEL L ITHERLEEDNE, EETHRRS
A, NaOORB I EAMY & L TN, O TRENRTVE, TDOEL 3K
S THEEZT-oTEY 3TRZEEFRBENZEEDRL, XEBOHUEZROE —
yBELRIBRUTICRTLEBY Th s, | -
525C  Liquid — B-Na,O(s) + Liquid
308°C  Liquid + B-Na,0O(s) — Liquid + B-Na,0(s) + 0-NaOH(s)
294°C  o-NaOH(s) — B-NaOH(s) _
283°C  Liquid + B-Na,0(s) + B-NaOH(s) — B-Na,0(s) + B-NaOH(s) + B-Na,0,(s)
HERBRAEODSCHIERER (BEROY -2 BEOR) % F Lo TTable 3-1107R
T, ChODHEHE LY, HEABIUEHE (BE) oHEBICHmT 28
O —rHPRERICEDI, RO 512, I hEwE—2iHERIC LS
bDEERLND, HAHRRE CRAEFLIVNEWD, -7 L LTHEDR
THREVD, HEIVER—ATA VOFEEIETEERECLIAEDRR W
EWEPolze LA oT, HHEKEE L LTORERIRT4TH 2 Wk ixd
555, DBOREREBEERAOATNF— % & LTHRE L.
Fig. 3-4~6ICHEEH/NT A —F 2 RICEZE L TR L7-# 2 TTRIRER iz
DSCHIER RO — 7 BRERZT T, BIPOLIISHERERER O -0 -/ L4
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BEHINT A — % OfE% 7R T Fig. 3-4DNa,0-NaOH& B & UFig.3-50Na,0,-NaOH
FOREMITR—FL T 53, Na,0-NaOHARD FATBIBE 3 & TRV {ENE
SRTw5 (No. 8, 12) o SHEIREN E CiditRiBEINaOHD o PHEERIEE X
DIECBbh TV A DS, DSCHIERETIEIXREENIZTEETH Y., NaOHOw
CRIEEREED294T I N EL R oTWh, ZDH b4 EWIZEHERAERER
BRI LAHEERNT A ICHE S 2720 THD, BT 5 & 5 ITEER
EREFCC, AR A - ek#ETHIEICE ), XY ERAZRER
BB LMD, Fig.3-6MNa,0-Na, 0,2 TRTIRIARFEBERICBEOLNTVELHD
O, TARREZHRICEO L 2P o, 72, NaOHOHER ICHIDT 5 LEX
LhD Y= b FricEbh T,

3.2. Thermo-Calc
3.2.1 BALEWEOMEER/ NG A—7F

4015 5 N-DSCHIERE R (BAIRIERE., X &IERE) % Themo-CalcIDPOP7 7
A4 MIZAF L. PARROTE ¥ 2 — V2 TNa,O-NaOHA S & UNa,0,-NaOHZA DA E
fERNS A —% (VIBXUV2) 2EH L7z, Na,0-NaO,RICOWVTIE 7% A
BAEnZ e, BB (NaOH) OEBFERON LI L LHEER/NT X — 7 OF
BIXERL2Po7

STE ENHMEER/ T A — ¥ % ZEITER L 7o Na,0-NaOHR& B & U'Na,0,,NaOH
% 2 TTRIRFE # Fig. 3-78 £ UFig. 381" ¥, BIHFICARL72VI, V2i3EHE Sz
HMEMERNNG A —F DEZRT. POP77 A VERAWT, HEEHSSA—5D
BB bz s ick ), &) ERZIRBRIE SN, Fig 3-7 ®Na,0-NaOH
# 2 TTRIR B % Fig.1- 10O R Bonaziz 5 DIRER & b3 L 5B E L NaOHDo
BHERBREEII —F L Twiz, LALLM, EHERTIIHEHEBEESET LY
% fz% . RFAAEATRNaOHM - FH) L T/, Fig. 3-8 ®Na,0, -NaOHRIRER T
i3, ENaOHH CHRAAREED 7 — & IEBRMIERITHPPOP7 7 4 Vi biFEoh
THEERAG A= 2HwsZEICY Y, L) EERETEREBHE LN,
COFER LY, HEHMKIINAOH 95mol%iETHH Z bbb oiz, i BE
KRB DI EIRE, NaOHDOaRHEBIRE & bERBRLE I —HE LT,

3.2.2. B3ITRINEH
FHERER (400C~600CHOERMER) >/l L& R ¥ Fig. 3-9~Fig. 3-13
2R T o Na,O-Na,0,RIZDOWTCIE, Fig. 3-6DVEREOMEER 5 2 —% (Bl :
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E%E) #20FFHEHALA,

Fig. 3-9N0400°C D ARER TIidNaOHEBE T AN A DEHIZ o TWBH T L 45h
b, 2% 0, NaOHIEFE DS E13400C L W) BETHBEREZ T o REIC A
ZIlWbrd, FRUADEIR TR Na0, Na,0, DT F T 7213, W ssigfk
LD RHLTBY, BRLEKORE 22 HKBICE > TV B, FIINa,0-
Na,0,% 4 M BN, 0L Na, O, & HikD 3 A EFF LT3, Fig. 3-10127R3500

- CORBRTEMBOBRBEBRI I SICHN > TVDE TP h 5, FilNa0 &
DEBAOEVNLOMICKE Ao TnB I LAbH B, E5(T, Fig. 3-110600
T D RER T 1IN2,0-Na,0, % 4 FIZ b BEBHED ADFIRHFHD N, Na,0+Na,0,+
BAEO SHEFRBIEL 2o Twh, E5HIC, BIRND700CHIRRER % Fig. 3-12
KR T COEDPL, FEAEFEARB TNG,OT A b ICD & E M4Na, 0+ D
FIRSHEELTWAB Z LAt b, 800C THOIRIER % Fig. 3-13127R T4, Na ,0F
EHFEETAEBIEEL I 2o TVE I bbb, SO LR, 800CTTE
TRAWDEBENER LI-EE, BEALOHEBRTHRBIRRBICRbEELI LN
%,

Fig. 3-14171338 3 TRREBH P ICHEIC L W SO M- SHAEREE L EEE 2R
o T, HHOEALLBEERDSCHAEILI VB LN -ZHRTOREITH 5,
COMPL, SHEERLERICIIEERILIDONFEL—H LTI b
%, FHEHRIENS,O-Na,O, 2> 5NaOHY A MM o TTFA o TWAZ Edshdrb,
T 7o, BECE 3 TARREBE OV AR % Fig. 3-15107
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4. & £
4.1. DSCHlE#HRE
1) BEBOE—Z7ii2onT

DSCHlERR ., REROIZLALORETIOCHEET/HES 2RE Y — 78
HohTwd, CORRAL LTKAPOSHIEZBNRD, JIERNICHRED K
S KRR THS B FE. BREFEToTvi, €OBRICKEOREEL
BWIOKRKFOEBS ZRNL . KNP EERT 2TEEIFDH D, TOKMPIE
NaOH - 1H,0, Na,0, - 2H,0 &23F 2 b b, S OER S i~
B BT B72%, RBE— B LELLRSL, KAYFS BT HIEER
KB L W E L BH, 10CEFETHLLBEbNE, oL ic, A IBHRB
IUBRARHLIVIIEE - IHERBICETREL TS EHIAI SN S,

F 72, BB L72H,0 £ Na,0, Na ,0,25K G LNaOHICE{L L TWA MRS 5,
DT kb, el AREOEBROMBEIZRPNaOHFE o Tnd (HAHE
BOSIHL RO Twa) TEFEH SRS, ERIC, 7 XTOEHT300CHEET
E—Z7FHBTBY, THENOHDB—oFRBICER T2 0L BEbiLs, No2s,
29D A FHINGO £ Na,0,721F ODNaOHE & E RV TH 525, O L FREIC
300CEBTCE — 7 PRI ENTZ, FD0, Na0, Na,0,0\WINDOFEE & b IRE
L. H,Ookl FJE LETNaOHICEILL T A RS E X b b,

NaOH®D % { & F /=88 DNo.1,5,7, 8,9, 10, 11 TiINaOHD B ISR H E iz,
NaOHDZ L EF N7 HAB T Y — 2 IR H I B WEE D Ho 245, NaOH %
T0mol% Bl L& T iE & A LOORE T Y — 7 BSHRH Ehiz,

No.14, 22, 25, 26, 27, 28, 20D FHHF T1E512CiHE#E ICNa,0, Do ERE D ¥ — 7
BEbhTwiz, BHEOEGD 5 Na,0,NF FENAFBICO> VTR Eh TS
ZEMbhb, T, FD) BNo.14, 29120V TiE675CT Na0, DRI DY —
SEHbIL TV, No. IDFBHIOWTIHRHEO -2 DAB bR TWi, Thid,
Na,OFICA# L LTEENTWENLON Y~ 7 ThoLEILNS,

No. 14, 20, 21, 22, 25, 26, 27, 28, 29D FAF Tid, AEMFICIROCEFE ThS ¥~
IERLPICHRHENRT, COE-IPMISERT250TH 2P EARHTH S
By L ORBICHENGO,PE (FENRTWA T LD, NaO,F ik FOKIE
WERRATAE -7 EELLNRE, ThIZOWTIESHE, BRETAILEND S,
2) BEBOY—iconT

e IR O MABRIREE ICHHS T 2w E — 7 PR S B v, BEHC
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Lo TEN—RF54A VORIV ERTE2RBEDDDLD D, Thid, {EEHOE
IR T 5 L EbRb, No,ODEFIITable 2-4I12R T & 3 ICHZEREOBSICH
NKEVD, NaOHOBRIIHEROEN LY /hE WD, Y —2EkaT
BRHEhEZWEEDLR S, FFIINaOHZE { FUHBICOW T ZOEmPEHE C
bHbo Tz, BNaO RS ORE THRELBEERO -7 B EOhid ol &
DERICOWTEHARETH S,

EHIT, TRTOBEIIB VT, 2900 &£ 270~280COEFE A I ¥ — 7 %%
HaEhiz, ThHDH L, 210~B0CHORDE -7 33 THERDOE—7 LEX
bhb, 3MERRI 2HEHZ R LD DK, TOREBICH 5 L5FHE
ENB, ThENO 2T FIENG,0-NaOHA309CT . Na,0,-Na,0%562T
Na,0,-NaOH%#1313CTH 5, Na,0,-NaOHR, Na,0,-Na,0RDEE %R W TR
MY OBBIZ Lo THBIII I ESRITE 2TV B, b 1T, Na,0,Na,0&TH
HHDOIIRIC L W ET ONaOEWES TN T AWM YD 5, Doz ths, &
DE—-Z7EF3TNHERTHILEIZONS, L, The300EHICL B
MBIV TO, ChETOHRFUE LV OBERETHII LI TSRV, 290
CTHEEICLE—7BREBENRTWAED, ZRIENaOHDa—PERES (293C) & &
{—BL T D, 2D, TOY—2 iINaOHNERADTEMEN S B. L L
A S, REOESCL o Tid. NaOHOa—PERE A Bbh A VB b 5,
Z ONaOHDEREHEAF B b 2 WO & 5 FEHIB AT 5 HNo. 1, 2,3,4,5,7,
8, 11,12, 14,20, 27CTH . 216 DD ¥ — 2 BEI2292~294C OEEE T/ 1>
NAE L —EL TS, FRUAOFEE T 3200CTHEFICE—7 PFREBEN TS
A%, 23T & DEV2BSTHBEOY -2 35D, CThoDRBOY 734 FLY
NaOHOZEREE LIV i v, COEIO2WTIE, 4BEET20LEN S 2 L Bb
b, '

L EODSCRIZDER S L. BEFOBMHKEE RIBEE) 22 BBI T
STEHABRF R SNz, SHIRARICOVTIR, T CTRBEI2H %
AR THB, iz, —HOBRB B THEBEO ¥ — 7 CHET 5 DA FAHD
Db Holzs LPLENL, TRENORERIICEIT 588+ v MFLDSCHIE
REOWID 2 EVEERT L EHMAEF LR HEERPELRA TS, 5%, &5
CERRTFT— 2 B35 -0 AR BREREOHA 2 EEL /2. TG-DSCRTG-
DTATDHMEERPLETHL LB,
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4.2, B2HLRPBLVITARER

AR O DSCHl i 5 % £ (T Thermo-CalctZ X B L 72 Na,0-NaOH, Na,O,-
NaOH$% 2 TR IRER % Fig. 3-7, 3-8/27" T PARROTEV 2 —VEHEHAL, £2D
FME/ERNNT A — Y @it Tao itk b, I DEBRERL-F L RENS
e B EHFTEL, TNETILEHE EN T 5Na,0-NaOH¥E 2 JTLARKEN &
RET 2L, AR X DES RAREB RIS BRI 72 o THRABRIBE 25
BEIC7FLTWE, RAHBRICOEFT T L5, REWEIATHISOCTETL
Tz, F/z, MBI RNaOHAIC BE) L T 72, Na,0,NaOH#E 2 TLRIRGER
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Fig. 1-1  Phase diagram of NaOH-Na,O system".
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Specimen ' Reference
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Differential therrnocouple

Fig. 2-1 Schematic draw of differential scanning Calorimetry (DSC).
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Fig. 2-2 Contents of specimens used for DSC measurement.



Table 2-1 Purity of raw materials.

Compound Purity Fabricator
Na,0 86.57% - 12% Na,0,-1.37%Na,CO, ATOMERGIL CHEMETALS
Na,O, 95% Melc Japan
NaOH 99% | Melc Japan
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Table 2-2 Target contents of specimens used for DSC measurement.

Specimen mol% wt%

No. Na202 Na20  NaOH Na202  Na20 NaQOH
1 0 5 95 0.00 7.54 02.46
2 5 0 95 9.31 0.00 90.69
3 0 10 90 0.00 14.69 85.31
4 10 0 90 17.81 0.00 82.19
5 0 20 80 0.00 27.93 72.07
6 10 10 80 16.96 13.48 69.57
7 20 0 80 32.77 0.00 67.23
8 0 30 70 0.00 39.91 60.09
9 10 20 70 16.18 25.72 58.0%
10 20 10 70 31.33 12.45 56.23
11 30 0 70 45.53 0.00 54.47
12 0 40 60 0.00 50.82 49.18
13 20 20 60 30.00 23.84 46.15
14 40 0 60 56.52 0.00 43.48
15 20 30 50 28.78 34.32 36.90
16 30 20 50 41.94 22.22 35.84
17 20 40 40 27.66 43.97 28.37
18 30 30 40 40.35 32.07 27.59
19 40 20 40 52.35 20.80 26.85
20 60 0 40 74.52 0.00 25.48
21 30 40 30 38.87 41.19 19.93
22 40 30 30 50.49 30.10 19.42
23 50 20 30 61.51 19.56 18.93
24 40 40 20 48.75 38.75 12.50
25 50 30 20 59.45 28.35 12.20
26 60 20 20 69.64 18.45 11.90
27 80 0 20 88.64 0.00 11.36
28 70 30 0 74.59 2541 0.00
29 90 10 0 91.89 8.11 0.00




Table 2-3 Weight and corrected mol fraction of specimens used for DSC measurement.

Specimen wt (mg) wtd{uncorrected value) wt (mg)(comrected value) witPh{comected value) mol%(comrectzd value)
No. Na202 Na20 NeOH | Na202 Na20 NaOH | Na202 Na2Q  NaOH Na202 Na20 NaOH Na20Z Na20  NaOH
1 0.000 0.842 8583 0.000 8.077 91.923 0.101 0.724 0 487 0.98 7.02 92.00 0.52 4.67 04.81
2 0.941 0.000 0.146 9.329 0.000 90.67F | 0.894 0.000 9.055 8.9% 0.00 91.01 4.82 0.00 95.18
3 0.000 1.455 8175 0.000 14223 85777 | 0.175 1.251 8.687 1.73 12.37 85.90 0.93 8.42 90.64
4 1.961 0.000 8995 | 17.899 0.000  82.101 1.863 0.000 8.905 17.30 0.00 82.70 9.69 0.00 90.31
5 0.000 2.803 7200 0.000 28022 71978 | 0.336 2411 7.128 3.41 24.4] 72.18 1.95 17.5¢ B0.49
6 1.628 1.342 6900 | 16454 13.597 69509 | 1.708 1.154 6,83} 17.62 11.91 70.48 10.36 8.81 80.83
7 3177 0.000 6518 | 32435 0000 61565 | 3.018 0.000 6.552 31.54 0.00 68.46 19.11 0.00 £0.89
8 0.000 4.075 6.099 0.000 40.053 59.947 | 0.489 31.505 6.038 4.87 34,93 60.19 2.93 26.4% 70.62
9 1.631 2.619 6.010 15,897 25526 5R.577 1.864 2252 5.950 18.52 22.38 58.11 11.43 17.3¢ 71.18
10 3.260 1.284 5.650 31.980 12596 55425 3.251 1.104 5.594 32.68 11.10 56.22 20.91 8.94 70.15
11 4.448 0.000 5379 45263 0,000 54737 4.226 0.000 5.325 44,24 0.00 55.76 28.92 .00 71.08
i2 0.000 5.151 5.055 0.000 50,470 45530 0.618 4.430 5.004 6.15 44.07 49,78 3.88 34.9¢4 61.18
13 2.954 2.379 4,575 30.097 23914 45989 3.130 2.046 4.529 32.25 21.08 46.67 21.53 17.71 60.76
14-1 5760 0.000 4.490 56.195 0.000 43,805 5472 0.000 4.445 55.18 0.00 4482 38.70 0.00 61.30
14-2 5.700 0.000 4388 | 56.503  0.0D0 43497 | 5415 0.000 4.344 55.49 0.00 4451 39.00 0.00 61.00
15 2.871 3.470 3.700 | 28,593 34558 36849 | 3.144 2.984 3.663 32,11 30.48 37.41 22.39 26.74 50.87
16 4.365 2.370 3.871 | 41156 22346 36498 | 4.431 2,038 3.832 43.0] 19.79 37.20 30.63 17.72 51.65
17-1 2,822 4491 2869 | 27716 44107 28177 | 3.220 3.862 2.840 3245 38.92 28.63 23.64 35.68 40.67
17-2 2.866 4,423 2,942 28013 43231 28756 3.253 3.804 2913 32.63 38.15 29.21 23.72 34.88 41.40
18-1 3.952 3.157 2.627 | 40.592 32426 26982 | 4.133 2,715 2.601 43.74 28,73 2152 3295 27.07 40.18
18-2 4.047 3.300 2895 | 39.514 32220 28266 | 4.241 2.838 2.866 42,64 28.54 28.82 31.65 26.65 41.71
19 5.361 2315 2.893 50724 21904 27373 5.371 1.991 2.864 52.52 19.47 28.01 3990 18.61 41.49
20-1 7.424 0.000 2.465 75.0713 0.000 24.927 7.053 0.000 2.440 T4.29 000 2571 59.71 0.00 40.29
20-2 7.556 0.000 2600 | 74399 0.000 25601 | 7.178 0.000 2.574 73.61 0.00 26.39 58.85 0.00 41.15
21-1 4.000 4.260 2225 38.150 40.629 21.22} 4311 3.664 2.203 42.36 36,00 21.64 32.62 34.88 32.50
21-2 3.840 4.051 1978 | 38910 41048 20.043 | 4.134 3.484 1.958 43.17 36.38 2045 33.51 35.53 30.95
22 5.011 3.007 1.917 50.438  30.2687  19.295 5.121 2.586 1.898 5332 26,92 19.76 42.41 26.94 30.65
23-1 6.375 1.981 1.942 | 61905 19.237 18858 | 6.264 1.704 1.923 63.45 17.17 19.38 51.65 17.59 30.76
23-2 6.182 2.043 2107 | 59.834 19774 20393 | 6118 1.757 2.086 61.42 17.64 20.94 4935 17.83 3281
24 4,693 3.660 1.196 49.147 38329 12.525 4,898 3.148 1.184 53.07 34,10 12.83 43.86 3546 20.68
25 5.949 2.999 1.272 58.209 20344 12,446 6.011 2579 1.259 61.03 26.18 12.78 51.33 27.71 20.97
26 6.964 1.835 1.200 69.647 18.352 12.001 6.836 1.578 1.188 71.19 16.43 12.37 61.38 17.83 20.80
27-1 8.874 0.000 1.088 B9.078 0.000 10.922 8.430 0.000 1.077 88.67 0.00 11.33 80.05 0.00 19.95
27-2 8.928 0.000 1.170 | 88414 0000 11586 | 8.482 0.000 1.158 87.98 0.00 12.02 '78.57 0.00 21.03
28-1 8.075 2.820 0.000 74117 25,883 0.000 8.010 2425 0.000 76.76 23.24 0.00 72.41 27.56 0.00
28-2 7.458 2.637 0.000 73.878 26122 0.000 7.402 2.268 0.000 76.55 2345 0.00 72.18 27.82 0.00
29-1 9.173 0.807 0.000 | 91914  8.086 0.000 8.811 0.694 0.000 92,70 7.30 0.00 90.98 9.02 0.00
29-2 9.206 0.770 0.000 | 92281 7.719 0.000 8.838 0.662 0.000 93.03 6.97 0.00 91.39 8.61 0.00
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Table 2-4 Temperature of phase transformation and latent heat

Compound Phase Temperature Latent heat Reference
transformation X) AH® (KJ /mol)
o—=f 572 7.21 MALT?2, JANAF
NaOH
S(o)2L* 396 6.61 MALT2
By 1023 1.76 JANAF
Na,O o—=p 1243 11.92 JANAF
S(o)=L* 1405 33.85 MALT2
(12[3 785 5.73 MALT?2, JANAF
Na,0,
S(a)2L* 948 - MALT2
*SEL

: SolidLiquid

- 20 —



PNC TN9410 87— 101

Table 3-1 Results of DSC measurement

Peak temperature (degree)
No. Pl P2 P3 P4 P5
1 295 314
2 294 313
3 294 313
4 293 313
5 295 313 (379)
6 293 310
7 295 314 (373)
8 294 312 479
9 282 293 308 (369)
10 282 293 307 (370)
11 266 293 310 @77
12 283 204 308 525
13 273 267 426
14-2 295 313 (441)
15 272 295 302 484 549
16 277 293 306 (450)
17-1 282 295 314 (524) |
18-1 271 285 290 416 449
19 273 284 290 372
20-1 295 310 557
21-2 272 290 425 529
.22 269 291 429 471 492
23-2 284 294 304 (547)
24 274 285 471
25 273 289 456 474
26 256 274 290 434 517
27-1 295 (310) 522
28-1 268 288 445 559
29-1 289 467 565




TEMP °C

<Samplie> <Comment> <Temp.program(C] (T/minl [minl>
No.12 0:40:860(mo1) 1= 35.0~ 740.0 10.00 g.00
10.208 mg Na202 0.000mg 2% 740.0- 100.0 10.00 0.00
{ 10.206 mg) Na20 5.151mg <Gas> - _
<Reference> NaOH §.055mg Ar _540.0 ml/min
Ag o)
0.000 mg <Sampliing> 2
1.0 sec g
800_ 80 ! T T T T T T T T Y T .-5
o
TEMP k= §
o G
-
g &
00T aof 8 ¢
5
[\
\

> T
400r
z 0 )
=
. pm
2 g
- .
2E
200r = 8
-30 =3
freezing point : liquid — v-Na,O(s) + liquid
eutectic point : y-Na,O(s) + liquid — v-Na,0(s) + B-NaOH(s)
Or trangformation point: o — [ phase transformation (NaOH)
- B 0 1 1 L 1 ! [ 1 L L 1 L :
0 20 40 g0 . . 80 100 120 140
TIME min .

Fig. 3-1 DSC curve of specimen No.12.
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DSC mW

<Sampie> <Comment> <Temp.program(C) IC/minl Iminl>
NG.12 : 0:40:60(mo1) 1+ 35.0~- 740.0 10.00 0.00
10.206 mg Nz202 0.000mg 2+« 740.0- 100.0 10.00 0.00
{ 10.206 mg) Na20 5.151mg <Gas>
<Reference> NaOH 5.055mg Ar 40.0 mi/min
Ag Heating
0.000 mg <Sampling>
1.0 sec
40
201
0-
//-—‘—-——
288.7 C
_20-
—40F 306.7 T
_60 L L ] . ] L L i L

150 200 250 300 350 400 450 500
TEMP €T (Heating)

550 600 650

Fig. 3-2  DSC curve of specimen No.12. ( heating )
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DSC mW

minl
10.00 0.00
0.00

<Sample> <Comment> <Temp.program(T] [C/min) I
No.12 0:40:80(mo1) 1« 35.0~ 740.0
10.206 mg Na202 0.000mg 2+ T40.0- 100.0 10.00
( 10.208 mg). Na20 5.151mg <Gas>
<Reference> NaQH 5.0585mg Ar 40.0 m1/min
AgQ Cooling
0.000 mg <Sampling>
1.0 sec
60
401
283.9 C
201
308.3°C
282.9C )
§25.2°C
__.p-'\
O..
-20 : : . : L 1 L

250 300 350 500 550

400 450
TEMP 'C (Cooling)

Fig.3-3  DSC curve of specimen No.12. ( cooling )
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Fig. 3-4  Results of DSC measurement on NaOH-Na,O phase diagram.

— 25 —



PNC TN9410 97 - 101

@ @ @ a -2 @-1 271
650 - | /_
- 600 Liquid a -Na202 )
O 5504 | 9> + Liquid |
; 500. = =
g e
g 450 - aan -
g. / B -Naz202
400 _ + Liquid - —
g , {373) / o
350 B
a -NaOH\|_ 31331 314 [310 @313 . (310)
300 -+ fzgs 293 §295 i ® 294 -
494 293 266
250 - | B-NaOH + 8 -Naz02 B
200 : I I

A 0 20 40 60 80 100
Na202 (mol %)

Fig.3-5.  Results of DSC measurement on NaOH-Na, O, phase diagram:.
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Results of DSC measurement on Na,0-Na, O, phase diagram.
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Fig.3-7  Calculated NaOH-Na,0 phase diagram using DSC measuring results.
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Fig. 3-8  Calculated NaOH-Na,0, phase diagram using DSC measuring results.
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Fig.3-9  Pseudo-ternary phase diagram of NaOH-Na,0-Na,O, system at 400°C.
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Naz0 + Naz202 + Liquid

100

0 50 40 60 80 100

Na20 Naz02 (mol %) Na202

Fig. 3-10  Pseudo-ternary phase diagram of NaOH-N2,0-Na,0, system at 500°C.
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Fig.3-11 Pseudo-ternary phase diagram of NaOH-Na,0-Na,O, system at 600°C.
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100 = - B _ 0
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Fig.3-12  Pseudo-ternary phdse diagram of NaQH-Na,0-Na,0, system at 700°C.
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Fig. 3-13  Pseudo-ternary phase diagram of NaOH-Na,0-Na,0, system at 800°C.
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Fig. 3-14  Iso-liquidus temperature in pseudo-ternary phase diagram.
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Fig. 3-15 Pseudo-ternary phase diagram of NaOH-Na ,0-Na,0,
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