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A Study on Oxide Tons in Sodium Hydroxide Solvent at High Temperature
by Laser Raman Spectroscopy

Fumiyoshi Ueno*, Norikazu Ohtori™

Abstract

If high temperature sodium is burned in humid air, its compound will become
high temperature melt of sodium hydroxide as a solvent. If this melt includes peroxide
ion, it will be a considerably active aggressive and corrosive for steels. This study was
carried out in order to investigate the ability of presence of peroxide ion in sodium
hydroxide solvent at high temperature. Laser Raman Spectroscopy was employed to
analyze the Raman spectra of sodium peroxide and mixed specimen of sodium hydroxide
with sodium peroxide. These reagents were heated up to 1073K under Ar gas
atmosphere in the specially made vessel. Detectability and stability of peroxide ion at
high temperature were investigated. Also we investigated about superoxide ion by using
sodium peroxide and potassium superoxide. Superoxide ion was included in sodium
peroxide as an impurity. _

As the result, the stability of peroxide ion in high temperature melt was showed
up to 873K for sodium peroxide and 823K for sodium hydroxide mixed with sodium
peroxide. And as the results for superoxide ion, its stability was showed as up to 873K
for unmixed potassium superoxide and up to 773K for sodium hydroxide mixed one.
Additionally, it was considered that superoxide ion will not change into peroxide ion in
sodium hydroxide solvent at high temperature,

* Structure Safety Engineering Group, Advanced Technology Division, Oarai Engineering Center
** Guest Scientist, Structure Safety Engineering Group, Advanced Technology Division, Oarai
Engineering Center

(Associate Professor, Graduate School of Science and Technology, Niigata University)
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1. IFL®HIC
BTN LA ZE G CHRBEL S IR OB 72 o CRRBM TSm0 IR SR A

UCEAH ISP L ., NaFe BARICHEORICERMBPAELD, ZOBRSRE, THbALY I2TKk%E
T IV AR WEHRef. D RO F N LRBUAMERER — 1 1 Ref 2173\ CHERR & R EHAT B
S EA5 NadFeOs £ LT 5 NaFe AL S REEIIZZE, RUTFN AR REEER
— I |(Ref.3-9I235V¥T NasFeOs % NaFeOz EARHEN -2 &M bL MBI LM TES, 215
OFGICEL, HiIE L NaFe BATMCEER |, $E ARSI | LRRIT D, 24 %
R TRIGCF S L O BEERESHESN OB ReES). Ll Na (b hamb i Seeikt s &
D RIS DWW TR B 722K | 12 Na LA WIERAENMEENITEE ThIE R
PEDRED TEVWad, EREITHOZENEELL, l/\ﬁxfxé{b‘%@ﬁiﬁmtcﬁﬁbﬂ\Zﬁa&%ﬁ'ﬁk’;;
S TRUIEZHIAR,

AW T, &L TNaz0z2, Na20, NaOH HBWIEZNSDRAWH-H 58 HO Na L&
BEETPICFETALEREZSTL. ERO OB SBBEHER T L EMETS, 20T
DIZid, AR THEMEOED TEVIERUEZ R T oEMi 23T aLibic, oBREP 0L,
A ST T OB RS T AU ERD D,

BRAEOSITHEBELL T ERERBORAL —F -2 AL —F —F L 55Tk
(Laser Raman Spectroscopy, LRS)% X #R[E#7{% (X-ray Diffraction, XRD) 235 2 Thd, 15
T2 R KERF RGP OSBERAPBLERSRED inssitu KFE/SHT. BWE (R
., W, B DR B USRS 7T iR E I~ OBERBINEL, E VI H T A%
HERELIC 1000°CLL EDEIR T TOIHTHILDDRef.6)Z b0, AHFFEIC LB IERMEF O/
FROTCHLUTHYRFETHD, UL, BRERICBO CGHREARICREL A FETHD
T TRVARIIND T —F_R—RZ A7 Na {bBHOEHE, EA87% Na &4 Naz0.
Na20z2, NaOH. Na2COs % (* NaFeOz2) DERLL T DEE COSTHITHEFIOBERHD
(Refs.7-13)73, iR CTOREHIL NaOH & NaaCOs EASMHE R L= 5720 Refs.14), £7- NaOH %
BHELT DRmIBERE R TOZNBLA YO BEBIT OV TR~ BIIZ R 4570,

B MERE TRV — 7 (CUF THE Gr.) LIS 5) Tl FiIR Na b & Wik hicfeeE
TOERET 2 R OWEE RV THITL, LEOE AR R T 5L S e iR 45 &

_1_
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ERAC, IR 9 EENDIREZHIALT, TR 9 FEERef15)05 10 EERef IV ERE
WA EHL, RO Na (bABOT<  BEHERHRBET . TR 9 SERICIHHE Gric
Na (L& R EERITIER (T 2N AW IER) 1 ZEALT, TROREE AT Na 1k
&4 (NazO, Naz02, NaOH. NazCOsz) 8k (L #(cFe203, p-Fez03, FesO4 ’%)\ NaFe &
BR{E# NaFeOz DA T Ay b7 —F DEUES, NaFe AR Y 4R R EHIELT
REFFAR LI AT RIEE T ol (Refs. 15-17),

TR & 5O, NaOH #¥EoT B Na [LAMARETIC NazOz SETEL.
LA DRCBEREMA A (L F 02t | EF) I ko UB AR EE SN D LS T B(Ref5),
Ll W iREREF TO 022~ OB DV TERIICHFITR Y2620, 2T, B
{32 BT 575, Naz0z & NaOH DRARELREL, mRICMBLAERET <L S HT %
1THZ Ll ko, NaOH B0 022 03B %E S LIz, F, NazOz REPICRHMMEL T
TFTET BHBR A (LI T02™ 1 £33 OBBITOVTH347L, KOz & NaOH EDEATR
EORMERR LB, O OBE TR SV TR LE, AHE T, hbOR RIS
WTHRET S,
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2. REHX
2.1 AMFRAE
SHTICRAVEREIR 1- LIORTTIRORE THE, ZNLOREIEIPESICLIEES
BTt Ar H AR EHKAECEA —~80°C. BRI Lppm BED) 00— Ry s A (I
TGBJ LBEFE T 3) P CH o7z, NazO2 REDLEERER 1-2 DR T, A VORBITILRE
FLTY VRV A3, NazOz BREEPITIE R #i L LT NaO2 Z0BB MRS ENTWBEE X BRI,
INbDORIEL NaOH LDRESRIENORRIL, K 2 1T/RT HFIETGB B TTo7, NazOz BT
KOz %, 330°CIZHIEARL 7 NaOH T AL L&, S6ias RN, GB OEEFR LB sl
O EFBRLNIZZEHE, NazOz O KOz B4AAEL 02 BREAELELDEEX LIS, 2, %ikD
LOTREFRIEPD 0227 R O BREBENTWBD T, T THRRBRICHRT DL A&
FEIC AV ARIELL TRIBI RV EE 2 5,

2.2 FRUGHRHTHE

T DA TR R (Ref 15) L RIEETH DM, TOHEE RS,

HIRTO Na {LEMOT<L RS EROD, REIEVESEHYEL -, ZOFBEHN,
Ar F AR T/INEESEGUNZBYRIC TR S 1073K ZTREE MBI BET w0 438508 £BRAS
TESREZABLE,

7T GHAVTREER 3 ITRTHEROLDTHD, Ar L — P —EORRK RL, R TOR
ROZBEERT DB RO 488nm O FFIF E)E AV, L—F—H 1% 0.05~0.1W
LTz, BIER R IIRB OBELRE I L->CEEREU, BIERMHLELHDTE 4 (07T, Ex
DRERERNL, T AT EPITRLE,

ARHIER Zr BOLYRBOE AN, SREIIBAE R OMBENITEy L, Z0fEE
(LGB TITV, GBEFIU Ar FAFES ISR 2 EH ALK, BB 0 L H bR —F—
HEARL ARKITH T BT EELOBME IS T, MBLABLT < AT MAARIEL
e Tb%, BB REOBITEILA I M ERET LD THS,

2B, FRRICBWTERBE R A ER TR LS, ERFEMEATHYHEIMEREL T30
T ABEAIE R TOREZINTILALRNES X TN,
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3. EERER
3.1 EREHAFEOSTUARSNL

Naz0z, NazCOs, NaOH BURSAIED T <L 2~ MUHIE R RITEEH# ThBRef 16)73, Hol
DICDFEET D, 7236, 1700~3400cm ™ IZIZFFHEEI R AR MUR RbeW b R Ui,

¥ 1= Na202 HEMRED T <L AT M- OREEERT, 9, BBy ChY EAL
cm“‘(iJ/f‘Uxh—E%tP)\ HEIEBEOBA THY, LI FREFETHS, 300cm ™! L FOHEIDOL—
FHEFEBICLSE -7, RT.~673K IZBWTRALND 700~800cm ™ ® —>DE—7 (773~
873K Tit—2ILRX DL 022~ O —rThB, D OO — 2k B TRz IR
DERD ZOOMEICIRITS Ot DEMFREIE—RITRBENGLDEE LN TWARef ), AF
R, 022713 878K T 022" DRI CIHEELBDI LN bID,

B 2 i, ] 1 R UE NazOz 052 2~ MADBEELD S, 1140cm‘1H‘5!i%EE6J}’l;E)
02 (Refs.7-9, 18D — 7 IR LR ER T, O27i% NazO2 BREX AV VOBEDORRITBVTH
RSN TR 7). NaO2 BOMBEALH LU CRIEF I R L TEEN T BEER BB,
BED LR LLBIZE—/DUBREHETTHLH, 718K ETE—2Ri3-&W Aok, ZOREE
TOREFNI O EEN TV D(Refs. 10,19-20), SHIT, 8T3K 2B THE — 7 MBH LN T
WEDT, ZOREETHE Or WEECHETBLE XIS, |
B 8 T4, NaeCOs BMRBRIED T AT MV OB ERLERT, REEAFY (BLFMCOs2 ) &
T) DY —24% 1050~1080cm L fH3EI2ER ., 1073K ETHBRICEET 5, 2OV, £%f
PR IRED T — NI RIB ST T B(Ref.7,10),

=i1]1]

[ 4 1243, NaOH BMBAIEDT <2 A7 MOEEEALETT, 400cm™! B F OBEOL—
R FRENZ LB DT, 573K LA L (AL L) CIIBAFIC Lo TR T B, KB4 (L
FIOH™ L83 DMHEHEBIE—R O —21E 3600~3680cm ™! {HFICENLS Ref 1473, 573~
173K T OH OEAN T F 2l B7csh, BB B 27 MU0 Y B A g b4
HLEZHNTHDHRef 16), 7235, 1050cm " H{FITIZ COs2™ DL — I RETFRD LN THER, =h
m%ﬁ%*c:K%ﬁ%kaﬁ‘ihﬂx%@&%k&héu
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3. 2 NaOH B&HEDITUARSML
& 5 i7{% Naz02+NaOH BARED S AT M OB ELRETT, BERIED 400cm !

T DEESRROBEOY—2 (8 5—1 BR) ik, NaOH BEMORFRENC LA —rH3E
FCREZE(L (K 4—1 2/) 27RL, Naz0z Blo 300cm ! S F OB FEEIC LA —7 (K 1—
1 Z2R) LIZE{BRRbOLRST, 2 022 OBEEOY—2(H 5—2 )i, BRICRWT
NazOz BEOBE (K 1-2 2M) LE2Y, 780cm ! L0 — 73BT 780cm " {HFE DL —
TDHHBBHIT, L, 478K BLETHE, 780cm ™ fHED L — 7 L0HIREE A/ NSV VDD 730cm
THEOY — I BB, :zh%@f:"—ﬂi 673K ETRDLNEN, 113K TRIAwI T TR D
EREEBICR 2 T, BERED OH- OV —2 (B 5—4 B)1x, B NaOH DEL
(2 4—4 2R) LigL AL RCREELL 2T, | |

B 6 12i% NazCOs+NaOH EARIEDTF <L AL M OREE(LETT, CO2~ DO —2
(1050cm ~3E)iE, NazO2+NaOH RAREDOHE (R5—2) LRIk TT3K UM RBH,
COREETRHEELTFETDIIL b ok, ZOV—2i%, #ikT5 02D —27 (1140cm™?
D) ICIEVMEBIZH Y, REEPICA M LU THEELURIBENDZ LB ZV R, B —r0T 7 b
IKBELTHFETIILN b0 T, BEEIHBITERLDLEZHND,

B 7 ik, NaOH BEARIEOY— 7 OREREET 57, Naz02 Bijll, NaOH B,
NazOz+NaOH BEOERED T A_7MLE, RIUEE, RUH LSRR Lo LT
759 400cm ™! AT OBERBRIEOL I OREERL(H 7T-1~4 2R) 1T, NaOH Bijhir£<
FICTHHIEDR DD, Tk, NaOH 28 Naz02 [T LTH 3 [EDRA L ThakhiEz bbb,
573K EAETIL, IREREDHES ., NaOH BMBAERRIEREEROY— /i3l 7=, 022,
027, COs*>” D~/ DBERK (K 7T—5~8 2R IZOVWTRATHBE, 022~ DO —7 (700~
800cm ™ ) 3 R TR U 473K 128V VT BB X512 B ABRIEL NazO BUMEREE L Biao T,
ZOBRKE, FBRTIE 022 O—>OMEREIT—F 0L 4 UEIBIEICh o208, FiRT+50e
I(L&oT, Naz0z BMOBE (B 1-2 28) 01502, OREAIE TS 022 D—->0MiER
BT —FRRENILDOLEEZXHND, 02~ D —2 (1140cm L 1) 13, R.T.~473K $T 2 Az
BEL 7228 B78~T73K Tk 1 A&RLA2Y, 773K £T 02 DIRIETHEIET AT Lt bd o7z, COs2 DL
—2(1050cm ™ )i 778K £ THEER TET,
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BLEDISIC, BAREOL—21%, 0227, 027, COsr DE—ZIToV v TidifiAa Naz0z BILE
0 NaOH MY~/ £ E & I 2T 180, NaOH W Ch BB A1 T 5
ZERoT, |

UL, Ozt~ DER COEBR RS BIodIziE, Bl COMREI LAy 7/ 5ok L%
LTI AT M AR TEB S B D EREBOK B SLETHS, ~DAIL. &
BRORETHD,

3. 3 BEtMIFDSTUARYNL
Oz~ DEBZEEMITTI 5750, KO2 BB\ CEREFTF o7,

B 8 I= KOz HID T < AT M- OREEERT, O O —27(1140cm ! )i, 673K
ETHEINAN 728K TIRALNARLRolz, TRl Ro5N5 CO22~ D" —7(1050cm 1
HZ3 673K ETRDOILIA Zavh 728K TiLiBkLE, OH O —2(3600cm L fHDbIZIER
FTholo A, 728K a)&:%ﬁ%ébﬂ:‘—&rﬁ%% bviz, LLEDESIZ 728K TE— /3 A L
KT DHEEZ, HROLINREDO BEICIBHDOBINES 2 LB,

B 9 I KO2+NaOH EAREDTF v AIMOBER{LERT, B TL 022~ D' —2
(700~800cm DA Roiviz (K 9—1(2)2 ) 73, 478K LLETIITBIRLE, 20 0227 1%, KOz Bi
MOBEITIFRENED 7D T, KO2+NaOH BARIEHUIFIC KO2 D Oz~ B —E LT
022 &> THRNIIb D EE X BiIVD, 02 O —ZZ RT. T Z20O—7L UTENE, Zhix
Naz02+NaOH BERIETLRONARKLETWS (K 5—-2(2)2H), Oz Dr™—7ik 773K %
TRHLIL, 828K TIILIHAELT, LAl CO22” KT OH™ D™ —7i 828K ThRh bz, ZDks
R, ZOREFMETO O2” DAREIETFRT LD EE ZHND0, A HERITS B O
WBWTEELEZY, -

NaOH BT 022" R O 0 EEE L4572, [ 10 IZ Naz0z B, KOz Bk, &
Vzhbl NaOH EDRAREDT v A M OREEA L TRT, R T i (% 10~1
£HB)NaOH F¢ Oz-""0)453%13??1?@]:&_1*‘&::1‘;61:“—?6:]: NaOH ’Fﬁﬁfﬁ@%@’&%ﬁ‘f 780cm
TOE—sOHZBENT (REBR), - 02~ DO —2i% Naz0z2 D4 KOz DB & CE—2
DNV EBRRZE ZOIGHLEY — 2L (RSB R),, ZOREHBERBREICLZEICLSD
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DEHERENDD, WTNLEOEMIIAATHD, NaOH RARENBEML TS 673K DBE
(B 10—2 Z2E)ICiL, 022 DY —2i3 3w 2700 RO ERIZ Lo TR Ab 00 Naz0z Bifho
BAICHRICE — 7 BB BL LT T, O EETEL T b 0L E L bR D, —F
673K (T35 Oz DE— /i3 HIIRCHY, REWFELCOBLE X LIS, T73K DHA(E 10
— )iCkE O OFERTH THER, 02~ DY — 2R THIZ DR RS 5 LA TR S,

7235, KOz BMIOBE, NazO2 BMIOEA LRIRIC, BRI 728K (iE TR Lk, R
b ER TIRKRA THO, 673K HiEMhLREBICEBL 723K TiIREALeor, AEL—
—HAT L BTV AT P DBIE TR, BIRICRBIEL T — 2 DBENRELL, NazOz DA
873K T, KOz DA 723K TE—FHELAL BHIIE R ote, ZOBE. HIFAA~Z ML
(242 NazO2 DREIZ RV T, 800K (R0 TIRINE — 7 A 8RIMESRIRGD 380nm A5 AT EIEARIR
D 450nm ~LEERMICBET B RO LLREESN T B(Re21), KOz DAL NaOH £0
RAICIoTHEEN, RERSIEDLRVWED0 828K £TTFv L ARI M- ORIEN TR TH
ol COREAZRADDITIE, 2 bGHOBRBESPE FIREBOREZ(IZE T 585
PUETHY, SH%DOMELLEY,
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4, % K
NazOz BMFAZEIZ NaOz % Naz20 BEDEBES TN TV HLE XRD Sict>THREEL-, %

DOFERFR 11 IR T, Naz0 O —73HARICRE TE, 20O BRI —/ORELOHEETh
(TH B%LAT EE 2 B5, LAl NaO2 DL -7, Naz0 DE—7EE2o72 26 =59 32° OF—
IRRESHIS, O —/HEEA LB TR0 Ehb, NaOz IHELAY &N T
VODLE LBV, TOREL. T R RELTET B, NaO2 BULDED I RHET Or #7F
FEL TOEDIZOVYTEL, BLIATHER 25BN H D,

02 BTk 0z~ NaOH ORIV CRE B, Oz DE—tk, NazOz B
SEDEAIT 873K ET (M 12 BH8) . NazOz2+NaOH iBEREOHA I 773K £ (0 5—2
BIR) MR TEI, T, KO2+NaOH iRAMRETIL, 823K ¥ T (X 9—2 2H) R T/, Th
BOREIL, DTTUASIMVBIEDD, FRIEILIC 300 FE-i 600 HEFLTEY, 1R
ETOMERTETIIHRET 30 BERBLTONBILITRS, 65T, 30 SREOMEE
FEMT T, BHOBA1ICE 873K ETOREHE. NaOH FEHF Tt 828K :T0 iR K i
Tl 02”&1&"&’(&?&“@‘6&%%%2’%0

—75, 02" O —71k, NazOz EMREOEAIC 873K £T (K 1—2 2H) . KOz BMOB-&1C
FX 673K £T(H 8—2 BR) MR T&7z, NazO2+NaOH BARENE AL 773K £T(R 5
—2 M), KO24+NaOH BARETIL 773K $T(X 9—2 2H) BB T 823K Tikl ki,
:hé@?ﬁﬂﬁ@f:&x BB T ETITHIREE T30 SRERFL TV RUT ERLERTH D, 1o
T, 30 HRIREOMIZIE ST T, BMOBA L 873K $TOREHEE, NaOH rfiteh
Tt 773K £ TORAERE Tt O XL EITFETDLELLNS, £z, KO2+-NaOH BE&R
FEOPEMRE (R 9—-2)I12F B 5L, TT3K TOREND 823K THORIEETH 30 HRZELE
R, ZORIC Oz~ DE— 28k UL E X bNG, ARR CHERBELEL T2 0T,
O2” BRIEL T 02 ERoTehENITRATHS, —F . 828K T8V T O ' —20D LEMR AL
TYVRWODT, 02728 022~ LARBFUSITELTORWEE 2 BB,

FROBRIZOWVTHRBEANLER TS, AL MRELRHBL, KO2 DA
653K (380°C)(Ref 22,23), KO2 28 KO+(1/2)0z2 I=43fRL Oz #R4AETBIREMN 753K (480°C)
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