HWAHAK KONGHAK Vol. 26, No. 4, August 1988, pp. 351-363
(Journal of the Korean Institute of Chemical Engineers)

Barium Carbonate-Metal Oxide €820 <
FuM Felgs HMA

ro

g (<]
(198811 14

Volatile Ruthenium Removal by the Mixture
of Metal Oxide and Barium Carbonate

Jai Sung Kim and Kyong Ok Yoo

Dept. of Chem. Eng., College of Eng., Hanyang University, Seoul 133-791, Korea
(Received 30 January 1988; accepted 15 June 1988)

2 o

@0 Heds A kel szl E A4 sl Felae AAskEd ol ud FHIES Al

2

gk wmak ope} slolo} Yo AL WAG] Seld A HYT2 WFAAE Ao] FLaleh,
shreesl B7144e WaA RelTely Aaslele FUAIE Sob iz off-gaszE Had

Sl 5% (species) 2] FUEg AZsiAc Fe, 05, Ti0O;, MnO,, BaCO;% BaCO,;-Fe,0;, BaCO,
-Ti0,, BaCO,;-Mn0O, £3% 59 §F2AE AHEstd 7|4 Eﬂl‘“}—% AAsIH T 7+ FE Aol He Al
NEES &4, vlmsialel, 42 off-gas®F-e] WAH 3usie FHlsE AAS] Asld AH8H F
2HA] Sl A BaCOs-Fezoa. BaCQ,-Ti0;, BaCO;-Mn0Q, 59 &3rge|l 27+ 550C-750C, 650,
550°Coll 4] 3|utale FE gt FHEE S54SR vlg Fhedlo] et E
S} e et glol Adtsjo] RuO 22l gubo] &apdo g abxd 4 glu 500C ol4ke] &xollA ok
gt 2324 FeMlo|EE AR S Ao wigd 4 9le ez Azdc UVel IR
HadAn Falsts FHEES N0, ZA5l4 RuO2cohs vl <FA3E nitrosyl ruthenium gas
complexeti 7=t o=z F3o|7hZE nitrosyl ruthenium complex?} 257 FHlE 4
] nitric oxide ZojEaul-ol o N7} ehabz|mA obydl Az Adsl= o FEct,

Abstract—In removing the ruthenium volatilized during the 235U nuclear fuel reprocessing and waste treatment,
it is important to not only to trap volatilized ruthenium but also to transform it into stable compound to prevent subse-
quent revolatilization.

A calcination temperature and air velocity were varied to observe the volatility of ruthenium species from calciner
off-gas during the evaporation of simulated ruthenium nitric acid solution. The adsorbents such as ferric oxide, tita-
nium dioxide, manganese dioxide, barium carbonate and the mixtures of barium carbonate and above metal oxide
were used to remove gaseous ruthenium species and also removal efficiencies for each adsorbents were measured. The
mixture adsorbents removed effectively volatile ruthenium.

It is considered that ruthenium can be effectively preverted from volatilizing as RuO4 by being bonded to a support
such as the mixture of barium carbonate and the metal oxide and that volatile ruthenium species spontaneously can
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react with the above adsorbents to yield the stable mixed metal ruthenates at temperatures over 500°C. The spectra of
UV-visible and IR may be suggested that volatile species is a more stable nitrosyl ruthenium gas complex than RuQy in
the presence of NO,. Therefore, the mechanism of adsorption is deduced that the nitrosy! ruthenium complex is ad-
sorbed, then it converts to the stable state, N2 being desorbed by catalytic decomposition of nitric oxide on ruthenium.
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Fig. 2. Absorption spectrum of ruthenium in 2N
NaOH medium.
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Fig. 3. Calibration curve of ruthenium in 2N-so-
dium ruthenate solution at 465 nm.

al
EJ

3. A

uek

An o D

3-1. FHIEZ (species) LT

FHEE Hablol A 4 B Feiy 2sies o
Hate] o H3YEL NOy, NO,-, OH-, H,0]
w9zl ol sht mw 1 o4k wi¥El RuNOX %<
nitrosyl ruthenium RuNO(II) #3lshEz &3}

IdedA e, 24]. HFEe FElE AERER

ssBS M26H M4 19887 8E

5

Fig. 4. Octachedral structure of nitrosyl ruthe-
nium complex; position 1,2,3 and 4 are
stable, position 5 is unstable, according to
Siczek {25],

six-coordinated octahedra +Z% 7z
4),

Ruthenium #3-Z°] HNO;, NO, =+ NQel =
Z5lo] 9J-& wl 2% nijtrosyl ruthenium compound
7} HAdsln 4bs), 3 9Tl E o)l Qe
nitrosyl ruthenium complex® octahedral struc-
tureell Al nitro complexest nitrato complexest t}
t] otyeleg RuOE AMSts]7]7F ofgict, 3hdA
nitrate complex”} At Eo] Fulsls FEHEF
(species) S #Ashedl 3wsle FHEZFo] Fo
Al HastA Fsle] Al gout olvk nitrosyl
ruthenium gas complex® Ziolztx A3t ic},
Fig.59 =4 12 308, 4 2& K7, 34 38 2
A7k Bol Beldog slage 1], FEAITIERZAH
ukAlsl off-gas® 2N-NaOH pre-scrubberol] &-3}4]
7] ZA NS UV-spectrophotometer® =43k 7 o]
o}, whdsl NO,7F NaOH9F #-5-3sted 353 nmellA
NaNO,, 300nmoll4] NaNQ,2 peak® 4‘4‘7&"“%
[26-27] 465nmolA FelE2] FEAE Yepigl
AL o) Ao,

2NO,+2NaOH—NaNO,+NaNO,+H,0 (1)

Nitrate anion{NQO;~), nitrous acid(HNO,), ni-
group (NO)e]
syl complex series® AA3l55

2=} (Fig,

Zo)

trosyl mixed-nitrato-nitro-nitro-

FHlFol 2 A5



Barium Carbonate-Metal Oxide &332l &g Hwd Fels A 355

1.0

0

8

5 05+

8

8

2
<

0 L 1
300 400 465 500

Wavelength(nm)

Fig. 5. Absorption spectra of ruthenium in the
pre-scrubber parameter: scrubbing time in
the post scrubber, 1: 0.5hr, 2: 1 hr, 3: 2hr.
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Table 1. Ruthenium amount (Ru mg/hr) trapped in 10g-sorbents and removal efficiency of ruthenium

(R.E.%).
\‘emﬁ 450°C 550°C 650°C 750°C

properties ™ :

sorbents Ru(mg/hr) R.E(%) Ru(mg/hr) RE.(%) Ru(mg/hr) R.E.(%) Ru(mg/hr) R.E.(%)
Fe203 0.448 81.4 0.454 82.5 0.463 84.1 0.470 854
TiO, 0.397 72.2 0.386 70.1 0.443 80.5 0.437 794
MnO, 0.271 58.3 0.477 86.8 0.457 83.1 0.449 81.5
BaCO3 0.177 32.2 0.502 91.3 0.482 87.6 0.438 79.7
BaCO3-Fe;03 0.524 95.2 0.529 96.2 0.523 95.1 0.530 96.3
BaCO3zTiO2 0.453 824 0.464 84.3 0.522 95.0 0.468 85.1
BaCO3-MnO, 0.420 76.2 0.519 94.4 0473 86.3 0.519 94.3

* inlet flow rate of ruthenium: 0.55 mg/hr
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Table 2. Relationship between removal efficiency
and adsorption time of the mixture of ba-

100 4 rium carbonate and ferric oxide used as
P a sorbent at 550°C.
- [ e Tt . R
B A o ] Adsorption Ruthenium trapped in Removal
2 time 10g-sorbent efficiency
k) (hr) (mg/hr) (%)
&
&5 50f O BaCOn Fertrs ] 5 0.524 95.4
- — 0= 3 Fey03
5 e~ BaCO; Tity 10 0.533 97.0
g =2 BaCO3 MnOy 15 0.529 96.3
g T ' 20 0.523 95.1
25 0.531 96.6
0.532 96.7
0~450 550 650 750 35 0.540 98.2
40 0.535 97.3
T ture(°C
emperature(°C) 45 0.534 97.1
Fig. 9. The effect of column temperature on re- 50 0.537 97.7
moval efficiency with barium carbonate- 55 0.522 95.0
metal oxides used as a sorbent for Zhr. 60 0.524 95.4

8 1000CelH 124]7F 475 ferric oxide, tita- nese dioxide Sole] BT 10gS ARZsted AAEE
nium dioxide, manganese dioxide, barium car- ol U]z]‘— gatzol 2w odske =43 Ax, BaCO,
bonate 5o 7ol £ 10g% 2417k FF FHAZ Fe,0, EUFE 450C-750CIA 95-96%, BaCO,
ARt AALEe Pl e FAER ERUYE HF - TIO, 12}—54 7% 50Tl 95%, BaCO,-MnO,

g ofct, 550°Cel 4] BaCOf’} 91%dxe] AALE Z3rEe] AL 55009 750CoNA 94% A5l AMAL
< vjeholond ciBEa 859 nluto @ | A&go] ¥ By LlrEhH %t w2k BaCO;-Fe,0;, BaCOs
ofu}z] Lateich, -TiO;, BaCO;-MnO, 59 E3E& Fa4AZ A%

Fig. 9+ 1000Cl4 124)7k 475 barium carbo- sto] FabAlzbah AlARgre] AstaAlE Table 2, 3
nate®} ferric oxide, titanium dioxide, manga- 2} Fig, 10-12¢] Z4]5}¢ich, BaCO,-Fe,0, 33H2-&

Table 3. Relationship between removal efficiency and adsorption time of the mixture of barium carbo-
nate-metal oxide used as a sorbent.

\_sorbents BaCOs-Fe 04 BaCO3-Fe;05(750°C)  BaCO3MnO02(550°C)  BaCO3-Ti0x650°C)
properties y (650°C)

absorp. time(hr) \Ru(mg/hr) R.E(%) Ru(mg/hr) R.E.(%) Ru(mg/hr) R.E.(%) Ru(mg/hr) R.E.(%)

2 C 524 95.2 0.528 96.2 0.520 94.5 0.524 95.2
4 0.529 96.1 0.544 98.9 0.534 97.1 0.527 95.8
6 0.530 96.3 0.546 99.2 0.544 98.9 0.532 96.8
8 0.531 96.5 0.547 99.4 0.542 98.5 0.537 97.7
10 0.542 98.5 0.543 98.8 0.542 98.5 0.541 98.3
12 0.543 98.7 0.543 98.7 0.542 98.5 0.541 98.4
14 0.544 98.9 0.543 98.8 0.542 98.5 0.540 98.2
16 0.541 98.2 0.543 98.8 0.541 98.4 0.541 98.3
18 0.545 99.1 0.544 99.0 0.541 98.4 0.521 98.3
20 0.546 99.3 0.544 98.9 0.541 98.3 0.540 98.2
22 0.539 98.1 0.543 98.7 0.540 98.2 0.540 98.2
24 0.544 98.9 0.545 99.1 0.542 98.5 0.541 98.4

Ru(mg/hr): Ruthenium amount trapped in 10g-absorbent
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Fig. 10. Relationship between removal efficiency
and adsorption time of the mixture of ba-
rium carbonate and ferric oxide used as
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FaAl2 AR An Fabzlel uhE AAEES
550CA41 60417F o4 95-98% & 71el L AF A F=A

Q3 650°CeF 750C el 7% 24417 Fat 98.5-99%
2 7o dAsA FA Y-S Fig 109 11004 &
4 glade},  Fig. 12004+ BaCO,-TiO, E3&3%
BaCO,-Mn0Q, £3H5-% 6502+ 550Col F2Al=
Agste] FAA| 7kl R AAEEE A5 A 7
7} 98-98, 5% 2} 95-98% % 244]7} &t Ao dASHA

1001 W—o——%—o—o—o—w—o J
3
-
(5] - -
=
g
-
) ® 650°C
= 50F 0 750°C h
3 © Overlaped at Both temp.
g
M - 4
0 ) L L 1 L 1
4 8 12 16 20 24
Adsorption Time (hr)
Fig. 11. Relationship between removal efficiency

and adsorption time of the mixture of ba-
rium carbonate and ferric oxide used as
a sorbent at 650°C and 750°C.

slatss M2 M4z 19884 8

4u
ol
o

100}

(4]
(=
T
J

® 550°C BaCO3-MnQOg2 Mixture
O 650°C BaCO3-TiO2 Mixture
L © Qverlaped both mixture E

Removal Efficiency (%)

0 1 " A 1 : s
4 8 12 16 20 24

Adsorption Time (hr)

Fig. 12. Relationship between removal efficiency

and adsorption time of the mixture of
BaC03MnO, and BaCO4TiO, used as a
sorbent at 550°C and 650°C, respective-
ly.

bl A ef=l
Fatdle]l 7ol 6-Tcm olglen] %’-?MH 1/34d 5=t
4oz Wed

uf2}4] barium carbonate}2] metal oxide E3&
& AAEFo] Hold Wb ohe} Abglel £
& okolch w3l A|7tel ule} AARE
2R E AV Ael Wslrh gldlenz NO9
goll ofsl FelEg ke Az At
Sole] sl FHEZE (species) 7 A
FatA|2te] Alolo ﬂﬁhﬂ—o—"l &Jofr}7]
zhe|7p Exfsled Aoz ofedxl gubal
714 AbskEel FatAle} Agsln shet
#ihE-g gAdslel oMol RuO,9t
e AAEe Aoz AzEdc),

\Io
N

Y= Gxba)el

N
He 2 e
=
o‘N

2
2

n}{ﬂ Lo

El

ae mo
2 9

o
N
—
a2

)

fo rlr
0 rk(_(‘
ot
ot

/-|lr 4_0 o

O
4 T
b

2L
ajr ofL
o
o,

oX rio
rOi

D,
~0
-
- nR

N [e]
RuO,29¢] A
3-2-1, IR
342 off-gasZi-E Fhsle
2 Foirtdd ofwl Aej2 ERsl=A]
o2 FeHyo FRAYE
ruthenium species Aelel 2ol 7 &S
Aot FaAR AR5y dn Al2d $o
IR (Nicolet, Model 5DX)&Z ¥43 73} Fig, 133
140l vjelst vfek 7o) 550°C, 650°C, 750Col4 &2
3 AEe 1382, 5cm™!, 1383,9
cm!, 1384cm 4] NO steching bond peaks
ez Fig, 1694 160 iebd wiel Zel tita-

r{m :\o\_
ol
tlo

2 o

_.‘—:_25_0] j;il— =

542:] o}z

3
nstel 42

50
Aéwd 2- 7_‘L pdS



Barium Carbonate-Metal Oxide E£3Zol 23 394 ey A7

ey 359
2
0 T
[ ~—
2 3 1
g g
- b
0 g
8 1) Sintered in air at 1000°C g
= for 12 hr &
2) Used as a sorbent at
550°C
1) Sintered in air at 1000°C for 12 hr
2) Used as a sorbent at 650°C
i . i —1 I L —
1660 1300 970 1660 1300 970
Wavenumber (cm-1) Wavenumber(cm 1)
Fig. 13. Infrared spectra of the mixture of Fig. 15. Infrared spectra of the mixture of
barium carbonate and ferric oxide. barium carbonate and titanium dioxide.
2 A
1
0 0
: H
g 8
= =
g ]
w w
g g
™
& 3
1) Sintered in 4ir at 1000°C for 12 hr
2) Used as a sorbent at 550°C
1) Used as a sorbent at 650°C
2) Used as a sorbent at 750°C
L L i
) 1660 1300 970

1 1 [
1660 1300 970
Wavenumber (cm™)

Fig. 14. Infrared spectra of the mixture of
barium carbonate and ferric oxide.

Wavenumber (cm-1)

Fig. 16. Infrared spectra of the mixture of

barium carbonate and manganese diox-
ide.

HWAHAK KONGHAK Vol. 26, No. 4, August 1988



360 A -

nium dioxide
of ZAfell 4

-
=
&

2823} manganese dioxide &3H%
TU3 peak”} vebddch, =i Fae
S F24]gol o} transmittance’t 745
viebl ol o] 7 2xt Folatel o}

NO7} N, & 3h8lsle] Ehals|i= oo] Frls|olr] wif
olzgtm A7Zxlrt, RuSO,+&= 917. 9cm o4 Ru=0%
Yebdel Ru(OH) ;& 3560cm™oll4] -OH band%
b RuNO** group 1930-1845cm™oll 4| 744k
band% vepich  IRE4 A3 917, 9cm ol A 9
RuO,, 3560cm™'ell41¢ -OH band, 1930-1845cm™!
o1 RuNO group® &A% Jehi+ peak?} o
1382, 5-1384 cm~ ol 412k NO steching bond?} 24
sl=g && 4ol nitrosyl ruthenium species’} &2
H & RuNO*7} &35 Az fxsla] ¢ u-9|
odgke 2 wslste] FaaAl Hwol 2A%E  ruth-
eniumell NO7F F2rd A2 &gt F3o ol
Felgo] FojH]l &L slEAsled FaE AL
ol 4 Felwe]l Zoigl o3tz FAH NO7H
2alslo] N2 gRis|e] ehabs]e Hlog FE=gich
upebr Fae 7l 52 FakA] $el] Exfsle NO7L
ruthenium®] AAE$ 738l NOE 23l=lo] N,

7

b3t
Ao

©
o

h

[

CtHC

J—U“’

2 elalg]lp AlAE BeES olASAA & e
LS o 2 APl Aoz s3I
SRu-NO+NO-Rul — Ru-0-0-Ru+N, ()

Ruthenium atoms¥ A4 29 nitric oxide 3

ol 9lo{41 nitrogen atoms®| pairingel 23} dual
sites® AlFste] FakAo 743 HeAA%E & 4 U=
7o g Aztzled

3-2-2, UV- VlSlble B4

Fig. 179149 A 12 147, 4 2& 447 59t
IN-NaOH post-scrubberol Al L33 8-S

spectrophotometer® =A% 7ot} FeiEe
zlo] 465nmell4] peakst Wehbx] ¢kgkew A2¢
743} charge transfer band2l 360-380 nm<}t 300-350
nmelA 5 band7} Weldoni FaEg A5 A
o] A3k oA M pre-scrubber &°l°]| post-scrub-
ber Sololl4} 7o Falo g viepgdrl, 20m/i/hrH 3}
Aol =915 mof Fely AAlsiole] okl Aol
719 slsg F35E Jehigleng NOS &5t
ol RuQ, & NO,2 AtzHES-3le] o] <A 3§ species
9l nitrosyl ruthenium complex7t 4453 RuO,
Hobe o 44 §2E £ glAqt FelgEst of w

7] @)% nitrosyl ruthenium complex”} &2h=]o]

A
e

35t Est HI26 M4E 19884 8N

S

ol
o

4.0 ! h
2hr
0
8 lhr
§ 20f :
3
(72}
a
<
0 S
300 400 500

Wavelength (nm)

Fig. 17. Absorption spectra of ruthenium in the
post-scrubber parameter: scrubbing time
(hr) in the post-scrubber.

329 4oz NO7F Falsle] N, Fel, whals
o} 2N-NaOH &ofof| A=A %3 9teZ vent 5
Q7] wigoleh bt

3-2-3, X-ray ¥4

¥ FA4d3o) 483 Fe, 0, TiO;, MnO, 53}
BaCQO,eke] EFE-5 1000Cel 12417k 27347
X-ray (Rigaku, Model D/max IIA)ZE 2l3 2
7} Fig, 180 #|4]= sle} 7Ee| BaFe,O,, BaTiOs,

BaMnO, 3H§H&9 A4S o4 4 Aok X-ray
diffractometer®! Z=#z72 target Cu(K.), fil-
ter ; Ni, At 35KV, AF ., 25mA, full count

scale 1000cps, scanning speed; 4°26 /min, %A
e 25~100° ok,
(ABO;) &= A %o]29] o]2
T ek Zle g dwA g

Perovskite structure
wh7do] 0,9A ol4tal 7
9lo=[30] o] Foi7l B

o] 2dk7dol sl A9 o]utid& thE o] s
oH31],

0.75< (y,+ %) / VZ {75+ 70) <1.00
o714 %l A9 ol 2ub, 70 B ol 2ubA,



Barium Carbonate-Metal Oxide

> 2
=
[}
=
<5
2
=
=
3

30 35 40 45 50 55
26(Degree)
Fig. 18. X-ray diffraction patterns of adsorbents.
1. BaCO3-MnOg, 2. BaCO3-Fez03, 3. BaCO3-
TiO,

o Abae] o] gulAdelc,
ABOfc Ai_x AJBO,, AB,,By O, A,_ A/

B,_,B) 0; 59 n&x%

sl el =4
g Exshe

o ohog oleldh 18 F

b= e}
2 AEE 4 g der 4

isostructural series®] 44-& 7+
% Fhub-gof] of3fo] Zof
d7tsled Sego] NO
F4] Eelgdesl & Ao odedx dgog ol
o] B-siteoll #1#% 1 NO ol A= +
oAs ez A7Ech Perovskite del UE A
cation vacancies, B cation vacancies, anion
vacanciest= 1% olgtoloz o]z|gl vleke] defectoll
Ru7l £oi7hriels X-ray2 #&3}7]71 o9 ofgic,
FH483 sadeiz sk BaCO,-metal oxide
EET Xray® 43 73t Fig 18 dehd
peakst 7ie] dzslgw FelEe) FAEE 2T
4-%= qlolch, 2|y} perovskiteol| dd#d F2E F
mj 2 A23hy] 914k AlskEAMel ] noble metals®] <b
A3loll F235lel Pt, Ir, Os, Re, Ru 59 33HE2
B sitedll o5 &%%o] BHAog AHF5|E pero-

%ol o

sl FelE AA 361

vskite 72 & &gk 4 Qloky deiz] gloug T
¥ol perovskite 725 72 F2A19] defectol]l 2
slo] okdel F2E sl A% vjde] Felgd
tiL_o}.,‘ 7o g gz]L lt}_

Ao F
3-2-4, TG-DTA #4
2sof e FaE RelEY oMHEE nasly] g
oM F243E 1185 TG-DTA %% 47] (Shimad-
zu, Model DTG30) AollA 4202 HE 1100C7
2 10°C /mine 5947114 Feptash olekyl wst
% asielck(Fig, 19), 'Fe,0,2 BaC0,8 352
550Cel A Faaalal A gel 7% 543Cob 58204
_?‘S_Oéuyﬁ_o] Ea}&] 109 ﬂ\:o Zakﬂz—e RS 4 Qg
ov] 650C 4|89 7% 628CeolA 4% HEo| Fak)
5 WA 4 Uik, 2ev 750C 4189 Aol
0.2% A== FY4s A9 pehdA gisgi
MnO,9t BaCO,9 £32-2 550Cel F248d «
Bol 7% 518Cet 643ColA 8% Hz o Faprts s
veliel e TiOoF BaCO;9 &3+ 650C 4129 7
§- 528ColA 2% Az FEtaS viehlolct,
TG-DTA 4%2 utAl F o|F 485 IRz #4%
A3} Fig, 13-160041 A4l=l 334 zel 1383-1384
cm Al NO peak”} £4# U858 & + Ugch

-

(<]

Weight Loss (%)
10 0
[

30

’o\ 1 i 1 1 1 1 1 1 1 1 1 1

5

w2

g oof—
=y L

- il

=]

s L L

é’ - —V‘/\ -\/‘\ -
o

s~ 1 ! 1! JA L S L 1

15

- 3

& O ———

S o | 1. 550°C BaCO3-Fep03

- - 2. 650°C BaCO3-Fex()y

o) [ 3. 750°C BaCOg3-Fe;03 1

3 4. 550°C BaCO3-MnO;

B g L 5. 650°C BaCO3-Ti()2
o

endo+—+A4T«++ex0 endo «— AT —+exo endo « AT — exo

500 800 1200
Temperature(°C)
Fig. 19. TG and DTA curves of the mistures used

as a sorbent.

1 i ) S S |
0 400 800 12000
Temperature(°C)

HWAHAK KONGHAK Vol. 26, No. 4, August 1983



w
(=)
~
oY,
E

nitric oxide?] ®xlo]|
550C #j&e] 74-foll4] F

4 550°C #]8.9] IR FAof4]
% nitrates. §2H5 e vjehd 1406-1414 cm™!
peake} 1383cm‘1 peak 4| eatol] 7|oldl Aoz
Azksleich, FElgeo 7t ohd 800 CoA A1 B E] 4] 4] 3]
RuO;4t RuO,29] 3jdel s dold + gled
1100C 712 Febhar) dojuial dslome FeEye
FHAE AR E3gel b Faksle] obAstsl
/’«O].EH_\S:- -L‘:ZH 3FL. ol e}

EE’}'F/‘AAC‘}-

.2 B

1, 343 off-gas® e st FeHHZ (sp-
ecies)2 A A7 slel AlgH F3dA FollA
ferric oxide, titanium dioxide, manganese diox-
ide &} barium carbonates}e] 352 7z 550°C
-750C, 650C, 550CelA] #jusle FelES 484
o2 AFsloion] Auldl Fabzad s 7he Fata o
= 4ot

2. AAZo] Fukala] o HAEe ofo] A7l o
et o7k b AV A dstelR] eigke vz 3jubs)
= FHE (spec1es)°ﬂ x:}]ﬁ]» Fake 71-5}» 73l g 7+
= g ateltt, =3 FHlEE barium carbonate
9} metal oxide®}d] EFE3} Z-E& whA|gol| e}
Zg=]o] 1go4 RuO, 29 3lute] dnpxoz uix
2 4 gler] 500°C olAtoll4 <tA3E mixed metal
ruthenatess AAJLeS FaHAIf AP o 2wk}
of ohAdl shaheg FAdshe oz Az,

3. UV-Visible spectra®} IR spectra®] 24733}
3utshs FHlE% (species) 2 NO,2| ZA)3}oiA] 7)
4ke] ruthenium tetroxide®} nitrogen dioxides}e]
sleha2o] o8] RuO,Erthe v QkAd nitrosyl
ruthenium gas complex”} 2 Te| Za|jslz o]k
9] RuO,7} #&8 + v Re& *37%%‘4.

4, NOo| ZAjslol A 72 2k gus Fey
%2 nitrosyl ruthenium complex¢|®{ RuO,2t} of
44§28 4 dAlg BaEsst o relez g3t
o] 71} 32 nitrosy! ruthenium complex”} &3 =
P ooz Has|r] 4 Ao HIlEl] F
H52 NO Zof Fallubgoll o3l N,7| ehzatsjn 4ka
T FHES sHsAIA s 2 g s
o] FH¥o] ehHghs: Ao 29

Hi26T X4% 198847 83

stetsst

o
E

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

~ —~
_ Ru—NO-+NO—-Ru__

Jo

— Ru—O0—0—Ru+N,

REFERENCES
. Fletcher, JM.: J. Inorg. Nucl Chem., 1, 378
(1955).
Fletcher, J.M.: J. [Inorg. Nucl Chem., 8, 277
(1958).

Fletcher, J.M., Brown, P.G.M., Gardner, ER,,

Woodhead, J.L. and Hardy, CJ.: J. Inorg. Nucl.

Chem., 12, 154 (1959).

Boswell, G.G. and Soentono, S.: J. Inorg. Nucl

Chem., 29, 159 (1981).

Brown, P.GM.: J. Inorg. Nucl Chem., 13, 73

(1960).

Scargill, D., Vyon, C.E., Large, N.R. and Fletcher,

JM.: J Inorg. Nucl Chem., 27, 161 (1965).

Grover, J.R., Hardwick, W.H., Gayler, R. and

Delve, M.H.: AERE-R5188 (1966).

Schafer, H., Tebben, A. and Gerhardt, W.: Anorg,

Z., Allgew. Chem., 321, 41 (1963).

Schafer, H.: Allgew. Chem., 73, 27 (1961).

Schafer, H., Schneidereit, G. and Gerhardt, W.:

Anorg, Z. Allgew. Chem., 319, 327 (1963).

Hloge, Z. and Krivanek, M.: J Radioanal

Chem., 42, 133 (1978).

Holge, Z.: Radiochem. Radional. Letters, 37, 101

(1979).

Takshi Matsumura and Toshio Ishiyama: Annual

Report of the Radiation Center of Osaka Prefec-

ture, Vol. 15, 35 (1974).

May, C.E., Newby, B.J., Rhode, K.L. and Withers,
D.: IDO-14439 (1958).

Hanson, D.A., Newby, B.J. and Rhode, K.I.:

IDO-14458 (1959).

Newby, B.J. and Barnes, V.H.: ICP-1078 (1975).

Newby, B.J. and Rhodes, D.W.: ICP-1164 (1978).

Maas, E.T. and Longo, J.M.: Plenum. Press Vol. I,

487 (1979).

Maas, E.T. and Longo, J.M.: Nuclear Technology

Vol. 47, 451 (1980).

Rimshaw, S.J., Case, F.N. and Tompkins, J.A.:

PRNL-5562 (1980).

Marczenko, Z., Balcerzak, M. and Talanta: Kus.

S., 27, 1087 (1980).

Marshall, E.D. and Richard, R.R.: Anal. Chem.,

22, 795 (1950).

Larsen, R.P. and Ross, L.E.: Anal. Chem., 31, 176

(1959).

Wallace, RM.: J. Inorg. Nucl Chem., 20, 283

(1961).



25.

26.

27.

28.

Barium Carbonate-Metal Oxide E3H&oll 93t a4 Felg AA 363

Siczek, A.A. and Steindler, M.J.: Atomic Energy
Review, 164 (1978).

Chambers, F.S. and Sherwood, T.K.: [EC Vol. 29,
No. 12, 1415 (1937).

Bonner, F.T. and Jordan, S.: Inorg. Chem., Vol.
12, No. 6, 1363 (1973).

Fletcher, J.M. and Woodhead, J.L.: J. Inorg. Nucl
Chem., 27, 1517 (1965).

29.
30.

3L

Maya, L.: J Inorg. Nucl Chem., 41, 67 (1979).
Goodenough, J.B. and Longo, J.M.: in “Landolt-
Bornstein New Series”, Vol. 4, Part A, p. 132, Sp-
ringer-verlag, 1970.

Burton, JJ. and Garten, R.L.: in “Advanced Ma-

terials in Catalysis”, p. 135, Academic press, New
York. (1977).

HWAHAK KONGHAK Vol. 26, No. 4, August 1983



