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TABLE 3.1
FRACTION OF RUTHENIUM FORMS OF DIFFERENT
NITRATO COMPLEXES OF RuNO AT EQUILIBRIUM
IN SOLUTIONS OF HNO; AT 20C (Ru ~EI.1M(§)

HNOs (M) 0.1 1 3 4.6 7.5 87 9.2 113 145

Trinitrate O 0.035 007 018 042 0.505 05B5 0705 081
Dinitrato 0 o003 015 020 019 0215 020 0185 013
Mononitrateo 005 0235 046 044 0315 023 6195 0065 002

Non nitrato 095 070 032 018 0075 005 0056 0.045.  0.04
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BT HEEZOCNTI Do

RuNO= F o g8k —— Ru*’ difficult
RuNO =} % bfifh ———= BRu'" easy, but slow (3—3)
Ru*t — (RuORu)** —>=Ru0, last phase of oxidation

_ 5
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Fig. 42 Effect of sodium nitrite in suppressing volatilization(le)

Boiler charged with 200 ml. of 8M HNGs 1 gram/liter of
yellow salt, 2ml. of fission product-nitric acid
solution, and NaNO:.

HNOs, M

NaNQ:, G/ L. In distillate In boiler

A 0 4.11 10.8
B 125 1.78 8.7
o 314 251 958
D 5852 2.34 101
B 6.90D 279 101

202g./1. ef fective NaNO:.
b24g./ 1. effective NaMNOz.
Acid concentrations are those found in final samples,
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Fig. 44 Effect of tributyl vhosphate in Soltrol 170(16)
Boiler charged with 300 ml. of 74M HNQ;, 0.09M
NaNQO3, 0.5 gram of Yeliow salt, 3 ml.- of fission

Produet—nitric solution
"A. Coatrol, no additive
B. 50 ml. of 30 wt. % TBP-Soltrol 170 added
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Logarithm of Distillation Factor as a Function of
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of about 8 M.
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TABLE 4.1  Reductant Regquirements for Suppression of Ru(Q, Formation(-l”

Ru
Solution DF ROD{a] Reductant in Solution
HNO3 . 1,100 0 e e e DD -
5000 008 0.2g/7£ NaNOQO:
20,000 0.10 24g/L NaNO,
106,000 ~ 1.0 30% Tri Butyl Phosphate in Kerosene
TBP Waste ' 30 0 e
550 0.1 0.1M POs
Purex Waste . 10 0 e -
' 550 01 0.1M POj
1,300 )0 ¢
100,000 ~ 165 0.013M NaNO
1000060 ~ 220 0.001M
Darex V‘faste“:'j 4 o oo
140 0.1 0.1M POs

Ca) Reductant oxygen demand
{b} A'sulfate-free Purex waste containing about 300 ppm HCI and

1 to 2M stainless steel..

20—8L—2F%8LONd
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Table b5.1. Ruthenium Velatility During Continucus Calcination

Exper iment Type Of Feed Calcination Off-Gas Off-Gas Total Proven Ruthenium
Numbe r Simulated Pretreatment Temperature Oxygen NO.~NO Vapor Ruthenium Retained
Fluidization . Content Flow Volatility On Solids
C Mole Fract. Mole Ratio Moles Hr. % Of Feed
9 Air 0.1IM. Na NO, 400 0.17 2 7.1 98 —
11 Air 10M Na NO: 400 0.17 2 7.1 99 -

8& 10 Alir None 400 0.17 2 7.1 84 410 - (al
15 & 16 A ir None 550 0.17 0.2 7.1 29 +7 3148
12 NO None . 400 0.0006 0.09 43 34 -

13 & 14 NO None 400 0.00014 0.05 7.0 14 +03 9049

a} In these two experiments at 550° 436 4 10 per cent of the ruthenium was found on the surface of

the calciner components.
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SREHD TR, BRELUHREOAN, EEOLNTEORRTRACHET 2
C L ER BB, —HNO, NOsREE X CRREDAMIC S D RET 555, May
ChmRickz60r Ui
AMNO3 ——= 2M0 + 4NOz + 0z = e (51)
NOz T2 NO + 120 o oo (5.2)
Penmarfzg)umﬂ;@ﬂim% 453 CHhi 725 C O@EBRATHRA,
RuOp &+ Op 2 RUQ4 o ottt (5.3)

PRrRu0:
0.

z DYEPER (K= ypmATELonscEERLE (Figb3) o

4764
T

log K = —
ORI, 600CHUTORETRRuUO ~NOABRRESXENTHSE2, 900T |
Lmﬁ%ﬁaiﬁjﬁﬁ’ﬂcrgé@
Christian(e) #fEF— 4 (Table52) #HNT, EHEH»S 725CETR (53)
XORBRE L TEBERZD (55 ) RT5Lon, 7 NO: & Rul: ORI
14880
T

ln Krxn = — 4+ 11583 — 1135 1o T e (5.5)

((56 YR) OEFHEHM (57) RTHEAONBCLERLTINE,

2NQ: (g) +Ru0z (s) =—= RuOs (g) +2NOQ -~ (56)
28080 ' )
ln Krxn = — - + 1754 4 0627 In T {57)
th]

Ortins de Bettencourtid, v7=U AQHEM 900 CHULETRBRACKD,
900C DTFTRMOBLACEIIELZZLEZBH LT S,

Holdway ai,aa) RuQ:DEREFA,M 5 Ru0: DEREECHT 5 REKFEE B,
800~000C ML =9 ADERLABMC ERTBDOEBMELL (Fight) o

o May BT = AR LT, BRI i L R (Pig.52)
CEWT, BELEGS0»HD K NOEZRAWA L, Table5 1 LT TRLIL DT,
WF ey ADERNBESAZ 6N, NO2 OABERL Lo TELVERROEBVLEZELTH
HENERONNLTH S,
COXBIC 900 CRTRHFBZRIETHE, Rul,d RuOs~OBLERECLZLDS
NO: KKETHLITHS,

900C LLLEOBETIE, RuOiMATRuO:d BEERL L - TK %o Ohristia(fl) 7
Enid, Bel(ilézbgi. 800T~1200C TikRuOs& RuO4t, 1200 CRLETRH



PNCT842—-78—-02

-3
I T ; | I 7 !
T/
)
/
F
P
'/
/
, 7
'/
—4 4
17
/
v
'
/
/
,l
y
4
_5 @
o, /
¥ @
b
=]
—
_s e
@
_7 @ )
- — — Work of Schaefer et al
—m e e - Work Of Bell and Tagami
This Work
-8 I ] 1 ] 1 i 1 1
1.7 1.5 1.3 i1 0.9 0.7 0.5 0.3
1000 /T °(K)

TEMPERATURE DEPENDENCE OF THE EQUILIBRIUM
CONSTANT Kp FOR THE REACTION RuQ:;(s)+ Oz =

RuQy (g )_(30}

Fig. 53

—20—



PNCT842—78—02

o)
5 25

]

S

i}

= O RUTHENIUM DIOXIDE

Z A FINGAL PLANT SAMPLES

E 20 |

a4

.

@]

&

(i

<

§ T
5 3 N
S

£ [
(@] 10+

v

[ 44]

Q

ik |

=5

(@]

g s

—o’

0 1 | 1 1 1 1 1
500 600 700 300 900 1000 1100 1200

TEMPERATURE C

Fig. 5.4, RATE OF VOLATILISATION OF
RUTHENIUM DIOXIDE IN OXYGEN (13)




PNCT842—-78—02

TABLE 5.2
THERMODYNAMICS OF IMPORTANT CALCINER
6)
CHEMICAL COMPONENTS

AHY 598 AS3gg Cp, 208
kcal mole—l cal deg~1 mole-1 cal deg—-1 mole-1

Ru (s) 0 6.82 575

RuO: (s) ~729 125 1338

RuO4 (g) -44.0 693 1814

RuO; (g) -187 (-14) 68 1474

NO: (g) 793 57.35 889

NO (g) 2157 50347 7133

02 (g) 0 49003 7016

RuOs XM TR A THELLERLTN S, —F Holdwaym}m, 1047C&1025
CEBOTRuO DEREEELCH T IBRESEDRIFHZRA~NLHER (Fighd) , #R
EERBENFOFEFRICEAL, HoTrTov onERIGE (58) ATHEA S50
BrEEROELL,

1 i .
RuOs + ‘-2— O2 —== RBuOs o (58)

72, RuQsidRBuOsD—BERuOs~EhINB LitkddbnE L,

PlEoz Eme, 800~900TC LIFOERE (RERE) TEMROMEMAS 5 INOX
KEZEEVNERT, hlDEoBE (F7 XBEBRE) TURBECLIERHIBEE
Lo TL 5L THb, B 7o 2TIHBY, B00CEBETREIR2CHHBING,
o TRBMECFRLHAOVBHANVATAHTE FEOBIAKLOBEMBEE, REEPI NOx
ARESRBVCEHNBEERNATHEEEIONE, £ 800 C L LOBETH,
NP HRELTRERT 22 BOAE, BECIEZVT v 20EREBSZ B2 L
MTEBLELONE. Holdwayld, NO, A& oRMmEHS 2 : B EHE &3
CEAEBELTO R,

(% 7) W.L.BELL and TAGMI,High Temperature Chemistry of the
Ruthenium — Oxygen System , J. Phys. Chem. 67, 2432~36 ( 1963 ).
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BRI e RACBHNTAVT =T A0BRCEHELREITRFCE, BRAK, BE, £
OB oWEEREUEMBELIONED, CHULOHEHMEOYOTHESETHE~N S,

6. wF =9 20O HED

w%:ﬁA@ﬁméﬂm,i7ﬁzﬂﬁyz%A®x4y%fvzmﬁmgﬁz?yv
ZRRF—NENORHICE 2EEOHELAENG D, REMACIZ VT =y ADHEC
BLTRDROECHEESED. #oTHAMBRLTECEBBETSHS. & THN
ZiF=y aDfrilil, RuOid3 0@ RuliBkRToRBKHE>TRuOiRBC ET
5% ' '

© Ru04(g) —= RuOz (s) + Op - (6.1)

1 .
RuO; (g) —a RuO: (s) + “-2* L I (6.2)

RuQMRF Y VARF— VBB OEA TR ETHRFHT LR TTLASNATED,
ﬁ&%ﬁRﬂh?é%C&uXﬁﬁﬁmi@%%énfwéa
Holdway g%mo4®ﬁmmﬁﬁéﬁiéﬂ¥&bf,kmﬁﬁ%%ﬁfwéu
0 HROBEEE
@ HOBE
@ oMk
@ N 2DHEE
B RmoOE
® XEMORE
M FoiEn
® HRoOFER
@ nN7F=v L2OEREE
S Fingal o 2 L EEDOFEET, 2D 1050C TRuOZHIBExH, —HI
BEARERS TH20DRXATYVRAF—NV (F2ANDOBENER) ~OLF=7 50
FHEHERORT L TR,
(i) BREEE
() RmokHA
(i) # = #RE
lvi BEOYA2 )7
1000 ZEBCIE, Figbli RTIHIC400~650C KMAINLEEY —~(C

— 24—
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RuO: DT LB E— 27 MBAONE. Ar TREZFRT 2L, 5080084}
— 7 H600~800TC (Figb2) &, 10 %DEBATRIFRE—28T00~900T i
By, BABESEBICHSTEY -7 R BENCBHLTH S T EMBBERINT S, F
TRABESHEHLE, 260~500TCT K Y-/ DBEEINTINE, LOXIH2DDE
—2EB0T, BRMORuOBKEE, —%, BRUEEELLEHLAT 2, TOX
SBNT =9 LDTHBEHIC T, #ol

i
RuQOs + RuOz —=> RuQ: BILY Rul; —~1"'Ru02+—2' Q-

BEZOGNDLRELT 3,

—f.OﬂhwdeBthmuH@ﬁ,Wflﬁbéﬁﬂﬁﬁ%ﬁﬁ?éCkﬂi@
RuO4%kRESE, 900THhS 100 CHOREARAFTEZ2mDRATF Y VARF —N
ERNOZOFHBEHCONTHEN, €OFKR, 450~500 T HERFTHE— 7 48
RMENTWE, COE—21370~280em sec DEETIE, HRFHFRL A KEEHS
BONTNE, LU ABERECLZE, 150C HECHITMOE— 7 pEHS
ATV B, 450~500C DBEHFETOHFMCO TR, EFRu0MAF Y LAF =
—7TREEL, TOHRRuO KT E2EEI OGN, EARLARu0B3 RuOsn&REF Txt
TEAMBAEREELTOEEHELT S,

WF = ADORMEF 7HRBO NOx CLoTEBINAEELONTLS,
Newby@?i, HREHERREOREBRRCEBNT, v 727 ADNEREHMN NO/NO: itk &
a2, BLY NONO:HBREDLERICLDENT S May SORBEEZEILT,
WTFZTADRATF Y VAFZ Y PAOKHIBEOOWTHEHNL, RF Y LR35 » P52 68~300
CoOREEHEC B#E L, FRECHL THARKERELZZ(LA X TNO/NO: i,
Z, EBET-oTW3, (Fig.63)

ARFVYVRAy b 300 CoLE, RERENBEHCHES>T (NO/NO: HAHT
K%of)&%%ﬁ§<mémﬁﬁ$énrwéncmﬁmm£%6<mﬁm;é%®&
EZoN b,

RuO4 + 2NO ——3= RuQj+ 2NOz - T (6.3)

—_—0 65—
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7. wi=v st OpEE S X CURENEE

(21)
AZ#F it Chales Courtois EXBBEE T EDABRO—TAEZzOEEIMLL,
(IRRBZDOBHEXETHS.

7.1 RuQq
711 HEAEE
RuO: R ABRER UL BERKRTEBCRERTHZ. cOBKRE 958CDHE
B TMEL K, BKRuO0BFRMERLELTS, COoBRKIERY, BRTRET
301000 C LLETIZRuOIEBE RuOiC 3T 5. TDRul4d 6007C Ll
FTTRuO: & 0 KT 3, 1540 C BlETEH R JfE—DEKRT, KOFERE
REE5L3 (1],
RuQ;: (s) —=Ru (s) + 02 (g)
CORMIZ 600C PLETHRNBICES (2 ],
BLMORBEIZ 1450 CTIERETSHS (3 3,
Remy S DREL HEHERTEDOCT LS THS (4 1,

e (CT) 930 934 944 950 956
EA (mmHg) 32 32 445 50 54
& %E X (5] 5]
A& o e e
log Poxatm) = —16002/T — 1,802 log T + 1489 [ 3
1200~1400TC ichv 2BEBT
" log P (atm)= —11100/T + 483 (6 )

(CORBERMEHRuO THEEDRELSKRIL TS, )

#ARORu0 VT E TRIEFESN TN, FHF LSS 2000 C UATORE
BT, Ru (s) +0:(gas=1 atm) ORTHRINENIB (T I LOLEBIK
MEEN 3 ERul:id, Hz 3303 COREIDEBRu KABLIN S,

712 YEBEERELICRIEEK '

o i FH 13310¢
o K 7.2 ¢/l
o2 vE—, AHSs (Kcal/mole)

Solid:—724+04053:—-72434£02(8)
—7309, 51:—~729+04(4)



PNCT842—-78—-02

—722+20032):;—721010), =712C11)
Gas: (40) (HEE) (7))
o HHHMETAAF—, AF%s (Kcal /mole)
Solid:—593+£260(33:—-589(11)
—600+10C73:—606C51
—6038+0208):—60T19)
Gas: (33) CHEM) (7))
oxybBEE—, 8% ( €.u, )
Solid 14125098 73:125+20( 37
145012 3:15464+02( 87
Gas 1 (624+5) (HEM) [ 13):682(5]
c HHETF» 5D RBul:z(gas) D& M
—243Kcal,/mole( 7):—230+15(13)
o HAR |
298K~ 1200°K

Cp=0137472 4+ 197943 X 10~ T — 4349597~ % (cal.“g.deg)(1 4 )
600°K ~ 1200°K
Cp=182472 + 262978 X 10=3 T— 577166 x 10—5 7P-2
(cal /mole, °K) [ 16 )
Cp=116+ 60 X 10-3T (cal /mole, °K) [ 9 )
©298~1200K BWB3RuO B ¥HMEL 14 )

T r T T T T T T T T L4 T 1
: Temp. °K : 298 1300 | 400 | 500 ! 600 | 700 1800 { 900 :1000 :1100 11200 |
) ! I . t ! . ! i
T ) t + ¥ 1

, Hy — Hibs | : , : ! : ] ' ! ! : !
1/ 1 | 0 233 1462 6,3121.01902.3 6765.0;8688.6|10651.8|12676.7;14730.(};16818.4'
1 Cca mole | 1 : 1 1 + 1 1 1 1
e R LU T DO DU D T T
| 1 1 | I

) ~1 0 -1 1857112651573 17.30118.87 18961 19,50, 18.95 ' 20.35 ¢ 20.71 | 21.05
| calimole™ .0 g { . X : : | : : ‘ I |
F 1 1 1 L " o
1 8% - Sgus ! ool ' : i ¢ ' ) t ! i
\ ) 0 ().08I 4.20: 7.89 :11.14|14.01; 16.57: 21.02 | 21.02 | 21.98 N 24,79 |
1 e. u. | I 1 1 i 1 ] 1 ] I‘ r —t

(153 298 — 1200, H — H%s = 182926T + 131742
X 107% T2 + 578711 x 10°5 7! — 751206 cal/mole
(163 600—1200%, Ho% —H%s = 1824727 + 1.31483
X 1073 T2+ 577166 X 10% T~ ~ 74931 cal/mole

—~30—
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©600~1000C HWABRuODERBEHEET A V¥ ~AGRw0, (8]

AGRu0, = —71,440 +38970T £ 120 cal/mole
7.1.3 K &

o RuO XM AEDEEEAL T 5 (BARKIE&H)
a—4d491AC17), 451AC187, 448AC14]
c=3107AC17), 311AC18), 311AC14)

Ru—0 OEEEZL917&1L999A THBC 17 1. O— OIS IMEIELI 252
ATC173, Ru— RuloRGmeEa 3107 AT 3.

o HEMERO RuO BFEFCENBLELRT.
X=121%x10-% cgs’g 298°K (18]
X=109x10"% cgs/g 300°K [ 19)

BALRIBRED ERCHENEMT %,

o BEIEH, pc (300°K) =852 gohmen (19 )

o BRIEBAEE, 20C : 1x107% ohm™ em! C1s)

400C : 4%x107% ohm™ em™!

oF B, 6p=900+50°K [ 19]

ol E—2¥ b+, 078 Bohr magnetons

7.1 4 (BERIE
Ru (s) + 02 — BuO:2 (s)
AHweg=—674+10Kcal/mole { 3 3
{ ASkng=—372+10 €. U.

ACp =37 cal.-mole™. (°K)™!

{ ABies = — 72242 C3)
ASSHs =— 433+20 e,u, (3]
AShs =— 4044402 [ 8)

- 414 (113
RuOzid WA

RuOidH: BIXP CO X DEBICELESN D (181

7.2 .RuO3
BiED RuOsit, Z2OREEUD B 45 TRIERINA ZEHE,
- (101
7.221 RuOs gas : Schafer & €X1iF Ru02+ 0z (latm), 1327°K

PRuo; = PRu0s TH %o
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ABfs (Kcal/mole) =—180+40

SO

=—187
=—14

(e.u) =637£40

=683
=68

AFRs (Kcal/mole)=—13%5

Cp=1813+116x10"°T-332x 10572

=—-102

A4 B F v vrn 11.2eV

7.2 2 (bRERE

. 1
1) RuO: (s) + 502=Ru03(@

A Hf4o0
A\ 8Ta00
A Hbse
S es
ACp
A Hisso
£ 8Dss0
A Hios
A Sies
ACp
A HPzso

2} Bu (s) +

A Hfes
ANCILT,
AHP2s0

K=10+% (1240°K)

+512+10Kcal/mole |
+225+10 e.u.
+542+20Kcal/mole

+267+20 e, u.

— 27t 10cal mole! CK )V
+487Kcal/mole '}
210 e.,u,
+568Kcal/mole

+31.2 e.u.

— 6 cal mole . (°K) !

C

L
L
C

C

31
101
201
3]
101
203
7]
207

(cal. mole™. (°K)71) (207

2173

22 ]

C313

-

+54(015), 547 (Kcal/mole) €10 ]

3,20 =Ru0i: (g)

~180+40Kcal/mole }

— 166340 e.u.
—17Kcal/mole

—139Kcal/mole

3) RuOj; (g) —> RuO (g) + 0

K=10~"%3(1240°%K)

€381

(157
103

{223
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7.3 RuOq
7.3.1 HHEAEE
() RuO. 2 0FKkRELZETS023, 24, 253
| >RESOBHFECLIVBONLFBOKERT, KKCH T3 EFEREEND
(20T DA 1007 LT 203 ¢), COCLDXILHMBRECILCREY
2o o 1 SHKBEET ALY UEELELOT, 2T CUATOEARu0D
BEcXZBONS,
B A& : 255CC24, 25, 263 1 4C(253027] 1 27CC28]
HERKE - TC, 3~4dmllg THT . (24)]
@ WERuOREBLEEU LA LY IRELTEY, BAR135TI29]
1334+1.0CC27) : 134TC(28],
CoPAIE, Ru0i23108CI24)5 30 107CL28ITREMNICHRT S
L AMLEEINTVS, I, CORETOEKERL83mllg ( 24 IJTH
%o
@ RuO«H ZBEBELTEYD, 2V VDI IBRREBTIHEEMAETHS. C
NEARBEETERC 600 CRUTTHEL, RuO2EKRT 3, T DOAMRIZ00
CUETAHNTH B,
@ BEEoERJEC27, 30]

Temp (C) 52 55 101 105 157 160 166 180 193 194 199 200
P GmHg) 201 209 314 345 499 544 612 658 661 758 749 64
Ref (27] WA £ar)

Temp (C) 209 211 230 242 245 247 254 255

P (mHg) 794 778 826 9.92 102 964 109 103

Ref £27) 211 c27] £27)
28758
logie P = -—T—- + 10665 = 0005 {301
28803
logie P= —T——'— + 10673 £ 0019 (271

6 WEoERE (2730303

Temp (C) 259 275 3030 320 349 3708 3836 442 4830
P (mHg) 109 115 146 149 182 219 217 289 361
Ref £2r] (271 (21 (27] £273
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Temp (C) 553 588 684 7610 7688 792 826 832 09044 908

P (mHg) 499 594 927 123 1264 147 164 176 214 2132

Ref [27] (271 £27) [211 (271
28479
logie P= - —T—+ 175 logieT — 00084086T

+ 8737 4+ 0009
732 YBEHBIVRAOEEH
osrFE 165109
oB B 5779
oI A M~ 26+0.8Kcal/mole
# v boE— 87x26Kcal mole™. deg™®

cHENHHZ ALY~ AFPRs=2564003Kcal/mole

# LV bhotbE- (e,u,) = 443+1.9
v o TyELE— = 132+06 (Kcal/mole)
' = 135 ( 4 )
= 132+02 ( ” )

oERDLY bo K~ (e.u) = 356+0.7

# TVANE-~ (Kcal/mole)= 106402
BB E (cal-mole™. deg™ )
gas : Op=2304+2156X103T—4647x100 72
(Cp =1841 (91)
Cp=1814(31), 1841028
liquid : Cp=233 (9]
solid : Cp=20 (91
oL Y2 — (Kcal/mole) A Hys
gas ¢ —45{9], —4444+20027, 4]
—432010], —46.7+5.0(3]
liquid : ~54(92), —55¢4)
solid | —59609), —57.6+£130413, —567(101
—52+8(32], —59[41
~77 (analogy with O0s04) [33]
oA BRAT A vE— (Kecal/mole)
gas : —342(9), —338£2007), —33[(34)

-84

£27)
271
€73
(2171
(27, 71
43
£30)
£27)
(273



PNCT842—-78—-02

liquid : —36.6[9)
solid . ~36609), —364£20073
orv but ~ Sfs (e.u.)

gas : 688(9), 693(10J, 655+50032
60.6(31), 6954(28)
liquid : 46709
solid @ 279(9), 338+20010, 311
o HHEF» 5D H X RuO4 K E
AHS%: =—110Kcal/atom €71
o 2 5CIBYAEEK, KAoRBRT I VF—
AG%s (s) = 2563+26cal/mole (27)
AGYs (L) = 2558+12cal/mole (273
.83 R &
@ RuO:z (s) +02 o RuO: (g)
AHS%; =2655+3003) 288+03093 (Kcal/mole)
ZHEH (Kp=Pruo,/ POz , (91

Temp.('C) 453 476 500 553 603 610
Kp 9.49x10-% 359x10~7 465x1077 065x10~7 1.10X10~% 247x10~8
Temp.(C) 652 723
Kp 421%10% 942x10°5
ASHhs = 40130 €.u, (31

AHPos = 2251+20Kcal/mole (31

ASRw=02+20 e,u,

P RruO
logle — =t = —4764T — 0.236 (9]

Po:z
HRABRF Y VARF— N F -7 hBAT BB, 450~500TC CMAEINL
S VI RuQ DKM R T B, T 150C THCOMHMES, 140CT

DORBIZOREBTEREERK

. 30500

k (min=!)= 7119x10f-e—- —/——
kT

RuO4i3 900~1100TC THEMUEKSTH S, (35

RBuO:z (s) +0:—~Ru0s (g) AH=153Kcal/mole (4]



PNCT842—-78-02

RBibtzvare—& LT 132Kcal 2R3 &
AHfs = 285Kcal/mole pour RuO: (s) +0: —»RuO,s (g)
@ Ru (s) +20: — RuOy (g) _
AHfs (Kcal/mole)=—467+£5(3, 363, —432(10)
A Sfes (e-,ul) =—393+50(3)
7.3 4 AbEmEE
RuO 3 N7 BRIAETH 5. RuOsizPF3(87) 550 EY Y38 3¢
L& EHERKT 2. RuOdd 7o a) kv (RuO4)*™ WETLEN B, £ DB
FLUTERu (NICBIEXEN S,
WE, BEEBROLS NBREEENCET 2RuOOBERZISETEHEINTET
WAL B9 J. BERMAAKRBICETAZRLIFEZRCEECED, RuOdS@REeics
b, RuOsDTr 22T EZEBLIGIIRL, BRARKBTH 3,
3Ru0s (1) +4NHs (g) =3RuO, +6H,0+2Nz (—140Kcal/mole)
{ 3RuOs (1) +8NH; (g) =3Ru+12H:0+4N; (—190Kcal/mole)
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_mﬁ.ﬁﬁm%)ﬁ£§?ﬁﬁfufz&ﬁaxﬁ@fn@zmomfmﬁémﬁé%ﬁ
£ oNTVD, CCTREFOEREN T AEMT ot ATRBERELS ALY, T
PN FEUADERENGRoTL AR, £NFNO T 22K LTHULTHRAD
HERAETS 5. ' |

8.1 MEERE R EX
cmfntxm,I0PP@WOFT%%%%&%Ltfu&zf,w%:wAmﬁ

%%@mowf%%ﬁiﬁﬁﬁo?—a&éb&f@ﬂ@%ﬂ%c%ﬂ%ﬁﬁ%ﬁ.c

OFoERCETE VT =Y AOBEREHILALD ERENS L LEBDN 5,

WOFTHBRINLERBLIUMBAERE TRCTLTE <

Campaign No waste feed type heating type
i Al indirect
2 Al, Zr "
3 Al, Zr "
4 Zr IBC
5 Zr, Al, Stainless steel 4
NF= AOERCESARIZTEELRTIICE,
0 REERR

@ feed MILZEMER

® heating type (indirect heating, IBO)
k0, feed OLEHMBICHL TR

() BRETERcERsncRoBEE (MR, WK, 7 28

(i) BbICHRBE

iy BEorTF=vsRE
MEZL BN 5.

Gummmﬂi}ﬂLWFILLW%ﬁ%KQﬁﬁ%ﬁ(%mwal)%.347%@
BEHETHEMR SR BLU oy v KL ABBESTRATRELZBEOVT =T 40
HREEME Lo COESORBROBEICHT 5EEFig.8 ] TRT . WEMA
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: TABLE 8.1 "
COMPOSITION OF SIMULATED COMMERCIAL WASTE
(1:1 Blend of 150 Gal, MTU HLLW and 75 Gal MTU ILLW)

LWR Waste Reagent Used %n Simulated
Element Concentration.,M Feed
Se 208x10—* 0 o= ==
Br 199x10—¢% 00— = —-- ===
Rb 472x1073 KNO;
Sr 1.08x1072 Sr{NO; g
Y 549x1 03 R.E- N
Zr 467x10~2 . ZrO(NOz)z *2H, 0
Mo 428x10~2 —— -
Te 975x103% 000 ———————
Ru 268x102 Ru({NO3 )3
Rh 576x10>3 Co(NQO;)p -6H20
Pd 1.69%x10 2 Ni(NQ )y +6H0
Ag 99 x10—%* e
Cd 1.43%1 03 Cd(NO3 )2 *4H:0
In 1.2 X105 mmm————
Sn 246x104 - ===
8b : Lo3x10% = e =
Te 4.85x1073 Te(Q:
Cs 226x102 KNO;
Ba L49x10~2 Ba(NQ; ).
La 1.12x10~2 R E. N
Ce 212x102 R E N
Pr 1.07x1072 R. E. N
Nd 330%x10™2 R. E. N.
Pm 284x10~* R. E. N
Sm 7.93x103 R E- N.
Eu 133%x1073 R.- E. N
Gd 917x10* Gdz 03
Tb 1.33x1075 R. E. N
U 6I7x10™2 U02(NO;z }z * 6H0
Np 2.39x103 R EN
Pu 525x10~* R. E. N.
Am 255%x10~3 R. E. N.
Cm 1L16x10~4 R. E. N.
Na 0.26 NaNO3z
Fe 4.29%1072 Fe{NO3); = 9Hz0
Cr 452x1073 Croy
Ni 1L60x1 072 Ni{NOz); =6H0
G a'( Soluble Poison) 6.72x10 2 Gdz 03
POy 0.105 - H3POy
Mn zggx10—% 0 —me—————
K 1.80x1073 KNOy
S04 6.24x103 Fez (80403 » xH: 0
C1 5.20%1 073 KC1
F 4 x10°* -
Hg 761x103 Hg(NO3); *Hz0
- I 231x1073 Nal
¥ cations - o759
¥ R-E.N-= Rare earth nitrate.
+ Sub

stitutions made on eationic weight basis,

-
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0.001 f LOG ($VOLATILITY) = 1
14,500
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00001 | | | 1 1 1
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T-!x 103, °K™!

Fig. 81 Volatility of Ruthenium During Fluid—Bed
_  Calcination of Simuiated AGNS Waste (6)
T 3T4CTRIZI00HOEREERYT S, BEOEMIHEVESL, 500-?:?&
26%X10 2% DERETHD. 13 Ru0iDZ OBREBETOREZERCLE D
LEZLNTEY, bed FOFEECEAD RuO:BMARBLTVEIDEBREL TS, —
FIBCHTE 500 CHIY 570C TH7=y AOHERRIE (22£10) X107%,
(1.7408) X103 B ARL, BECEFNEIERESTRERERL A>T S, L
800C 2TIBOBERLELNF =Y ABRRAFTERBTIDONTH AN, RELR
%i@%@énmwc&ﬁﬁ%8n1m5@
IBCHLBOTATF = A0BERBESBOERERE LT, roy yORERENIE
DRIEEELDbOBNC L, FLRBEORMLAKZEHAVECO HEXFMIEALT
u%caﬁééﬁéﬁienfmaﬁcm;im.ﬁﬁ%ﬁﬁfntzmﬁmtm.w
F=OLANBRORBECLIEENHENRIACENTELS, HoTHFATH,
T3 0BERTRETLZCENEET LI, —HIBOETR, ruyrilghRag i
PET BHEE (475~500C) BlEThHNEINEELONG,

_4.1_.
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NF a2y ADERBAFERCEL B OERET 2. BCHELETEOBOIBEETH

D, BECTHRBINGLDGRESIZNE 7y BTARINEROFTEEOLVT =T
A@ﬁ%ﬁﬁ@%éntu%?@&MﬁﬁﬁmﬁwéAGNsﬂ%&,Pmex@%ﬁ
(L5MoR®ESE) , Al BEK, Zr BELR (7>B) oREVT =7 A0H
FeHA Table 82 CRT o Purex BENBLIU ZrBERIAGNSHBIUAIR
B IC T HE ERERTS O, CNEIRBES XU 7 v {tBdvT =7 L OFR
EEHTOE LB THSDLELBNT Bo

NFEY AOBRCHERSEVRFEREIS T ORBERET. CORMI
Christian(s)ic FoH~NLhTEDL, L, 390TC TRuO:%2 &5A K bed % RHEA
i LTRSS, COBRHOE#B LT VT =y A0ERIBRAZ
Nixmots UL, SHNO; 2 BT 2 L EBROBRERNBELABICERT S
w?:ﬁA&ﬂ@ﬁ%@w?iﬁﬁﬁﬁ%?5®&mﬁbt?$%KSQOCQﬁ%T
KR ENibedZ ] BOHT 500 CieimhlL, BRA®RBT 2L 03 ¥oEREE
mUTa Cﬂﬂi%ﬁ}%miﬂﬂﬁénfwé IBOH (500C) OERECLH~THLUEDD
{, COMAELT 390 CHDELOBHHBRBEN00C THRLED L RERE
ERLESDEZLGRTV S, 5.

NF 2w AOEREIERDPOMBELUHBERRECOEET S, Fig,8213,1BC
HERN TN b ORBEAN: DTS20 BHREET 4N, MBRERET6 5 M
THBEF—EOEREERTH, 2L FERRBERL, 120 BETLEH
Rohsbe ’

BEMARAFREFRBOLESCRFigslhddbbhd ki, BRAUTHIDSRK
NF 2T LBERT o o TIOLI BNEEBRTT v A2 RIET KR, BRI
RIBCE DB 2VIIHBEESRL, VT oy 20BREAHT EHLEEDS S,
Fig.8.313d, MEMBFROBATF =9 L OBREZORBRFET S FLFBRIC IR
WU BERA 400C THRULEBEOERRBERLALBOTH S, PUDEVEE
T F =9 ADERBLEHHLS 5 &b be

Zofh, vF = ADEREME T ZFHBEELT, LEHCLF=Y ALREREBE
EUTHEEEPELVF o s2H U »h B LI NRNEAEMA 2 FEBFETHE L5
ianﬁg?Srﬂ)ﬁ%ﬁ(QZOE)?Ru%&ﬁﬁbeﬁMOséﬂﬁb.
FORR O, PTH ATy 20 EREMHMTEEELON, ICPPO Zr MERE
BT 500C & 575 CoORERETCERMBTOALY, BHUHREBOALEL
t;ﬁﬁ&é?bmb,ﬁﬁ$;0%ﬁazﬁ@¢QWf:vA®ﬁ%%$$i5mm
HELTHRBELETHSLBbNB,
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TABLE 8.2

COMPOSITIONS OF SYNTHETIC CALCINE

WASTES (MOLARITIES)®

AGNS Purex Al Zr
H* 1.6 05 L3 1
NO3 31 32 7.7 5
S 03 62x1073 15 - -
PO43~ 011 0.06 - _—— -
A%t - 0.3 2.1 0.6
Nat 026 3.0 0.15 -
Felt 0.30 0.6 - -
C it 45%107% 003 - - -
Nit+ 0.019 n018 - - - - -
Hg** 76X107% - — — 8x10~? - — —
Zortt 0.047 - - - - 0.35
F- 4%10™%  — = — - 3.0
B3 _—— = - - - 0.2
Ca*¥ --=- —--- -- - L7%
K+ 5IX10~% - - — - -
grtt 1.1x10¢ — - - — - - - - -
Bat* 15X107% = - =~ - - - - -
Cot™t 58x10°% — — - - - - - -
Cdrt 1.4x1073 —— — - - - - - -
Te*t 49%1073% - = — - - - - -
Gd3t 0.068 -— = -— - -——
ue+ 0062 - - - -
Rare Earths 0.099 —— —_—_— - — =
cli- 53%1073 — - — - _— -
1~ 2.3><10—3 - —— - = R
Ru?* 0.02 25%X107%  1x10°® 25%x107*
Ru Volatility 400C 14 - - 65 80
from Fluid-Bed
w/Indirect Htg,% 500C 3x10~7 54 2 80

¥+ Added to waste in 055 mole ratio to F~ to form CaF: or CaZrks.

— 43—
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Fig. 82 Ruthenium Volatility During In—Bed COII]buStiOI:(LZ?)
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Fig. 83 Buthenium Volatility When Calcining Low-Acid, HLLW-
ILLW with Indirect Heating.®
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TABLE 83 Buthenium Volatilization

33
from the Pot Solidifier &
Fraction
Feed of Feed
Volume, Consumed . (a) Percent
Waste Pot liters” at Wall Feed Concentrations,M Ruthenium()
PC Run Mode Type Size tonne Scaling Nat Al1*® Fe™ NOs~ Ru Volatilized
7 A PW-1 8 385 0.20 019 013 0.8 6.6 00032 6.1
8 A PW-4m 6 460 006 020 010 004 4.9 00026 11
9 (RLG A PW-4m 6 705 0.73 009 004 42 000286 15 (RLO

(&) Actual concentrations in feed tank at time of processing.

(r) Percent of the total ruthenium fed to the solidifter.

20—-8L—2F78L0ONd
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CUMULATIVE FISSION PRODUCT IN CALCINER CONDENSATE,”

TOTAL FISSION PRODUCT FED TO CALCINER

10!

102

I'III

AN
T | T T T AI'"_-F—E T 4 ! i
106 Ru—PC—8 A/J—_' :
A / 108 Ru~PO-17 @ -
e~  © .

144 0ePr PC-8

/Ay‘ A
A A
/l” Cs—PC~8

A 137 05 —PC-7

A
44 QePr-PC-T7

e O
1073 — O —
1 I 1 I ] I 1 I L I L
0 20 40 60 80 100
PERCENT OF FEED FED TO SOLIDIFIER
Fig. 85 Accumnlation of Fission Products in the Pot

Calciner Condensate ES)
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Fig. 8.6 Accumulation of Fission Products in the Hising
Level Glass Pot Condensate ®
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TABLE 8.4 DISTRIBUTION OF RUTHENIUM
IN PROCESS AND FILTER VESSELS™
Ruthenium Distribution %

iﬁn Du;i;fon Propess Vessel 1st 2nd

Glass Walls Total Filter Filter
P33 12 388 325 713 287 -
P12 14 3438 370 718 228 54
P17 29 26.0 326 58.6 34.9 6.5
P10 34 285 299 584 355 58
P18 36 46.0 19.6 6 5.6 206 48
P11l 50 333 120 452 471 7.4
P20 50 489 105 594 387 1.3
P21 50 47.0 135 605 36.6 29
P22 50 474 118 592 38.3 2.5
P23 50 444 122 56.6 420 1.4
P24 50 446 126 572 402 2.6
P39 455 64.0 121 761 239 -
P4l 48 751 6.2 813 15.0 37
P42 12 77.0 9.9 8§69 131 -
P43 48 598 0.6 694 306 -

Runs 39—43 were carried out at low off—gas temperaiures.

TABLE 85

Rate of

FINGAL Plant

Samples

volatilisation of

in Oxygen

13

Com ) Rate of vola-
i
Temp ?os tilisation, m& hr
Sample ° tion
R
% RuO: Sample |100% Ru03
FINGAL— Bottom of Process Vessel
(Run 282) 1034 419 330 3.33
FINGAL—Blockage Material
X 100
(Run 283) 000 523 287 248
Synthetic mixture RuOz-Fe:202 1003 483 240 252

—53—~
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A Decontamination factor vs. f{lowrate at 1050 C
B Ibld up vs. flowrate at 1050 T
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Fig. 8.8 ENTRAINMENT OF Rul% AND Cs'” DURING A TEST IN PIVER
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TABLE 87

Bit)
TABLE 8.6 Simulated SRP Waste Sludgé)
Sludge [1: 50% Fe (OH), 50% AL (OHX
Sludge 1: 40% Fe (OH), 40% A1 (OH); , 20% HgO
Studge M: 50% Fe (QH)%, 50% MnQ.

All contain 400 ppm Sr

Glass Melting (3 hr at 1150 to 1175T)

Volatility of Ruthenium during

39

Test Nunber

1
2
3

Sludge Type Wt % Nitrate % Bu Volatilized

[ (Fe-Al) 1 101
I (Fe-A1) 5 271
I (Fe-Al) 10 29.6
M (Fe$in) 0 503
I (Fe-Mn) 10 54.7

— 60—
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Fig. 8412 Loss of '°Ru as a function of the NO3

concentraticn in the glass melt
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TABLE 8.8 Compositionhof simujated

calcined sludges.(41)

Metal Oxide in Sludge, wt %
Metal Oxide High e High Al Average

Fe20; 614 6. 0 435
Al20;: 5.6 863 258
MnO: 41 4.9 117
Uz0, 142 1.5 110
Ca0 4.2 0.4 3.0
NiO 105 0.9 5.0

TABLE 8% Effect of sludge type and atmosphere

over melt on ruthenium volatility.®

Sludge Type Cover Gas RBu Volatilized, %
High Al Argon o - 55
Air 6.3
High Fe Argon 2.8
Air 7.4
Composite Argon 7.5
Air 53
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WEIGHT LOSS, mg /e .
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Indirect Heating

In-bed Combustion

TABLE 9.1

DECONTAMINATION FACTORS ACROSS VARIOUS PARTS OF THE OFF-GAS

®)
CLEANUP SYSTEM DURING CALCINATION OF ICPP DEFENSE WASTES IN THE WCF

Waste
Campaign Feed
Mo Type
1 Al
Al
Z%K {
Zr
4 Zr
5 Zr,Al &

Stainless.

Material
Removed

Particulate
RBu(total)

Particulate
Ru (total)

Particulate
Ru (total)

Particulate
Bu(total)

Particulate
Ru (total)

Steel, averaged

(mostly Zr)

obtained during campaign 2 and are not repeated here.

DF
Calciner & Scrubber Overall
Cyclone System Adsorbers Filters Feed to Stack

6.0 650 9.2 260 9 x 10°
2.1 108 240 1 (2-5)x 103
1000 10 1000-2000 107~ 108
13 400-2000 1 108 - 108

2750 10 3000 108

100 10600. 1 108
2760 80 630 1 x 107
.80 124 850 8 x 10°
12 25 3 1300 1 x 108
14 30 3 1030 1 x 105

K New values were not reported for campaigh 3. Those listed in the campaign 3 report are the values

¢0—8L—-2P%8LONd
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4 «
. DAILY WASTE CALCINER B.ZVSI 1 % Inng; QUENCH TANK VOLATILE
FEED TO  |j——| AND CYCLONE (VOIA =l AND VENTURI f—3] Ru 32 X 103 mCi
1.9X 10 ITlOl Ru (PARTIGU'LATE) ] . 1
CALCINED jPRODUCT DF =600
r (PARTICULATE)
SOLIDS STORAGE —
'rlﬂ X 10 mCi Ru
DF = 810 | DF =1
( VOLATILE) (VOLATILE)
SILICA GEL VOLATILE HEPA FILTER VOLATILE
) ——3 25om —
ADSORBERS | . Ru 39 mOi Ru 39 mCi
— PARTTCULATE _ PARTTCULATE
DF = 8 . DF = 1000 ,
(PART ICULATE) Ru 98 x 10°mCi (PART TCULATE) Ru 98 mOi
DF = 1 ‘ .
(VOLATILE)
SECOND VOLATILE
HEPA FILTER Ru 39 nCi 10 STAK >
DF = 1000 PARTICULATE | OVERALL DF = 5x 108
(PARTICULATE) Bu 001 mOi

BASES FOR FLOWSHEET

1 CALCINATION AT 500C USING IBC-Ru VOLATILITY=17x107%%

2. ~25% OF TOTAL SOLIDS ENTER OFF-GAS STREAM (CYCLONE 90% EFFICIENT : PRODUCT FINES RATIO (B/F)=30)
3. AGNS WASTE : ONE-YEAR-COOLED FROM REACTOR : FROM 35000 MWD MTU FUEL.

4. DAILY CALCINATION RATE=WASTE FROM PROCESSING 7.5 MTU.

5 DF ‘S FROM WCF CPERATING EXPERIENCE.

Table. 93 Conceptual Process for Containment of Ruthenium During Fluid—Bed

Calcination of Commercial Waste

20—8.—-278LONd
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Fig. 91 Schematic flowsheet(WCF).
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Fig. 92 Simplified flowsheet of off—gas

‘system from WSEP plant W



TAB

LE 924

RADIONUCLIDE DISTRIBUTION

IN WSEP OFF-GAS SYSTEM

(1)

Ruthenium emitted®

Nonvolatiles emitted®

Fraction® Fraction®
To To
fractiomtor To fractionator To
To distillate To scrubber To - To distil late To scrubber To

Run Moede From fractionator receiver scrubber  off-gas?  stack? From fractionator  receiver scrubber? off-gas? stack
[ solidifier (x107%) (x1077) (x107%) (x107®)  (x107% solidifier (%1077} (x10-9) x10°%) (x10712  (x1071%
PC-1 A 0.14 0074 <013 0.88 - .3 0.004 10 <16 16 - -
PC-2 B 0.30 1.42 40 11 - 2.4 0.004 900 40 1400 - <11
PC-2 A Mod 0,31 0.12 1.2 L7 - <2.3 0.003 <15 32 100 - <17
PC-4 C 0.05 1.70 2.8 0.05 - 1.0 - 70 0.6 31 - él.a
PC-5 C 0.03 0.31 170 - - 1.3 - 3.2 26 - - 0.7
PC-6 A 0.13 0.35 1.7 1.0 - 0.1 0.012 1.0 <01 10 - 0.8
PC-7 A 0.06 2.6 4600 23 1.2 0.6 0.002 4.60 NDG NDG 110 <12
PC-8 A 0.11 1.4 3000 20 13 <60 0.012 230 0.4 NDG 75 0.9
PC-9 A 0.15 23 3600 T40 170 <10 0,004 41,0 0.96 NDG 1300 0.8

RLG

BG-1 A,B <01 10.0 170 - - 0.1 <0.001 NA 1800 NDG - 41
PG-2 A 0.9 1.0 13 9.0 - 0.1 <0001 <12 11 40 - 58
PG-3 A éo. 11 039 140 9.3 - <01 <0001 7.9 9.6 NDG - 0.5
PG-4 A 0.02 0.85 20 0.8 - <0.1 0.003 3.1 2 4 - 2
PG-5 A.B 011 2.1 6.7 1.3 - <01 0.003 2.8 35 0.8 - 1
PG-6 A 0.05 1.0 29 0.7 - éﬂ.s 0.002 15 3.3 NDG - 1
PG-7 A 0.14 1.6 10 0. 007 110 0.2 0.004 17 28 440 710 4
PG-8 A,B 0.046 1.4 28 12. % 990 éo. 3 <0001 NDG 04 163 27 48
BG-9 A 0.056 0.076 6.5 NDG 3.5 0.3 0.001 8.0 28 NDG 6.9 0.1
PG-10" A NA NA NA NA NA 0.0007 4.9 32 NDG 35 0.05
PG-11 A 0.07% 0.52 2.2 0. 63 1.4 <0.9 0.0004 13 26 NDG 23 <03
88-1 A 0.75 0.82 4 0.33 - 1.0 0.0005 <10 630 200 - <0
$8-2 BMod. 074 4.0 30 2.5 - 09 0.0002 63 24 <1 - 36
553 A .73 24 80 25 - 0.1 0.10* 40 31 22 - 11
55-4 A 0.11 14 270 36 - 0.2 0.002 9.6 35 68 - <12
58-5 A 0.70 6.4 600 85 — <03 0.0006 4.8 03 17 - <09
356 A 0.50 6.5 200 36 - é(}.l 0.0007 7.9 62 5.7 - -
$5-7 A 0.59 120 29 61 - 0.3 0.001 270 047 NDG - <03
$5-8 A 0.35 36 48 29 - éo.z <0.001 120 i1 50 - <05
$5-9 A 0.57 6.5 23 18 6.8 0.2 <0.0002 NDG NDG NDG 9.9 23
3$S-10 A,B 0.45 53 47 32 1.3 <02 0.0008 39 0.1 0.7 22 1.5
$5-11 A 0.75 21 52 19 18 <0.2 0.0001 3.9 0.80 77 14 3.0
§‘>IS-12J A 0.019 14 19 31 10 <04 0.0801 24 NDG NDG 32 2.0

PM

$5-13 BMod. (005 0.62 23 6.7 11 02 0.00001 NDG NDG NDG 150 <074
(EPM)

NA Not available.

NDG No detectable gain in radioactivity.

M Ruthenium represented by 196 Ru.

b Nonvolatiles represented hy ¥ Ce Pr.

° Total curies of component gained in auxiliary tank-teta! curies of component in feed to the solidifier

4 Total curies of component in off-gastotal curies of component fed to solidifier for entire num.

° No radioruthenium in feed to solidifier.

1 High value due to failure of solidifier off-gas filters.
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Fig. 9.3 Sim;?lified Flowsheet of Process for Incorpq'-r'ation of Fission Product
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TABLE 95 DECONTAMINATION FACTORS FOR HIGH

ACTIVITY RUNS IN FINGAL PLANT"

Total .- =< Total feed Overall DF=
Run Duration activity Total condensate Feed
No {h) processed
(Ci)y @71 |sRy, Wg, 1BTgg MiQ, {*]ffluent gas
Al3 |50 55 1.9x10% 1.0x107 1.0x107 1.6x107 -
Al4 |35 1018 7.8x10% 15x10% 20x10%8 21x1(07 1L5x10!3
A2b |20 428 28x10% 14x108 46x108 69%107 1.6x1048
A26 |36
} 937 26x102 1.2x10% 1.6x10® 96x10%
11
A27 130 639 8.2x105 o 40x10% 1.2x10° 89x10%0
A34 6 )
} 507 |22x10° 8.6x107 30x107 1.4x1013
ib
AA35| 6 :
} 5650 |10x10° 1.0x101° 26x10!° 38x10%4
4
AA44(43 14500 8x10* 44x10'° 38x10!° 23x10!° 8x1018

BEEE, RRETERE, SLATATE FTHESEIN, S5KDNMINTHY
Ty FAKESN B, COBBEONT =Y AOBRER, 1BBETHIEEHLOATY
Bo T = AREETH, REMELTFer0s TI—F 1Y /SOLH T AL
gy PARFEHINTEY, FEMMCLIDS00C~600C KBEFENTH B, BEFHI
AF=UAC XD BERE, BRIN, Fr-2F-CEAZIND. LA 7 A AUE
VRFADTa— ¥— A Fig 95 iRd. Mz 1 Ci @ " Ru 2WELMED
W6Ru @ FFHTRINTED, 10 @ DFRFZZEMbh b, COPTHREE
TODFMN25LEMIL, vT2vLAORELEREZECHEVHRRLTOANTELEE
Banz, CHERELORADFARB2EE, FRAEEFORKGEZ TENRETE
KB ERTTH LIS STSBERESA T 5, |
9.5 F4vmaﬁ%#7ﬁzﬂﬁvz%ﬁm

WRBVERA 0 v RCBWT 347 HRMEY 27 4%, Fig 96 &RT. FA4 VT
BRBEMFBRCIIBEMICED, 2TV —REF, Av2—0po0NF =9 sDERIE



Fig. 9.5. Ruthenic effluents from a vitrification plant

- 5

Pot Condenser T@ Absorption Washing Purifying Filtration
[ FD = decontamination factor ] Ru NOx
FD=1 FD=10% FD=25 FD=4 FD=3 FD=5 FD=10°%
1 ¢ ¢
Ru 151074 Ci  6x10°° 15406 5407 107
1l : j
o \ i B % |

Ju A | v,
015Ci | [085Ci , : )

10°¢Ci 5x1 07¢Ci 10*°Ci

Effluent MA Effluent MA

\ / Gaseous waste

To STE
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Fig. 96. Simplified flowsheet and illustration
(1)

of compact caramiec unit (VERA)
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B0
001%ﬂTK%éi%C&ﬁ?éé&ﬁ%bfﬁ@.ﬁmwfivAwbﬁnyO

NWTREZTHINED Thote LipL, Figbilbsonddsic, v7=v4b
BEEGEZEBLTHBE LTS b,
9.6 4?97&5H§ﬁ7ﬁx%@92?fﬂ

ARYTFOEy P HFR T ITEAZHRAPOLT =Y LOKERC 300T D
FezOs —Si0:7 4 nd—MEAZLNTED, EREEMOMETIL 909% (DF
=10%) OFMBERLTL Bo

BlEd~e X Sic, BEkaEpicmsLizRul, i, REROMIC, #idH50E kG0
W EicEbh 3 venturi scrubber, NO: ORI ICEREN 3 caustic scrubber,
KESOBECERING&EI v Fr¥—, KU NOxBERE ( NHs X 5E5RE)
ST LEES NG, CORNTHREFANRIEADFI=10, a¥Fry-@F10~10°,
venturi scrubber 10, NOx BREZEEIZ 200 OETHY, Tfocaustic
scrubberd HDFABELTIAED, NO:DBRRCEA2T7vAVBEOCETHL
B7ra) ek 2BREOERTEOMBRER LT S,
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10. v =9 20lER O

ﬁ%ﬁw%:?ﬁﬂ,:7?7#;£5Mﬁ27?N—%Qﬁﬂﬂﬁﬁﬁ+ﬁﬁifé
ik, BREROERBNBELEL>TL 3. H-oTREHESRFAOMEMAECE LA
DAHEANTHNDE L STH 5o

BT Rl e L THROEEHED 51 B

M BHDFEFL, BREFTEIKE .

@ FTHADattack T BEIMBEHARE 10,

B) HERCHTIERENRKE D,
EQO—DBRITHHREHRNELTRIAELTH S,

1001 Y UASL
K(XEOWCEF T, RBEREDT 7HRMNEBYRF L, BREFELTY Y A5 0
) (45 ~49)
AEBEL, BI~BSFx - VTHALTVS, F—F » V-V TEIROEHKD

£ 4T, DF=240 025N TS,

1y ZHIESHRE 1000~1100sefm
@ HADOEMA 54~6 4T

@) WmEZLEDOER 6 ~9mnH, O

W) WMEEORE 66~74T

FLBEZF 2/ R—VEBOTHE, Al BEKTIZL400~20000DFH, F/ Zr
BREKTIET 10000 DFBEEBLNTH 5,

YYRAFVBEROHFEREL 2S5THNRTIN S, Hansorltsl%)éi’/ VA NONT =
TAREFHC OO THMCANMER, T 7 XOERLIVDTLICHNEET
1000 DD F BBLNATLEEBREL TS, Tablel 01~104iF~xy FHX, T
HE, BECLIAZEBERLOVT=vaEaRMLicy ) A5 VEKTHRELCBOBLE
SREENENRLEEDTHE D,

N ewby B(E), WOFTREINIERLIVOGL T =V ARESEL, LLLESR
BEOFBOERCHLTHERATRETREANERBEST 2109, ROKXBTHLTEERR
=fTole

W Y HH

() phenolic based ion exchange resins

8 styrene—divinyl—-bengzene ion exchange resins

4 acid resistant molecular sieves
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Table 104 Effect of Bed Depth on the Adsorption of
Ruthenium from Calciner Off-Gas by Silica Gel(so)

Bed Proven Ruthenium
Depth Minutes of Successive Ruthenium Capacity
Run Na (Inches) Adsorber Operation’ D.F. (g Ru/fts)
Run—-15-2 13 49 9.7 0
40 110
40 140
40 180
Bun-15-4 26 5200 200-1,300 9.7

Table 1 82 Ruthenium Adsorption on Silica Gel as

A Function of Vapor Velocitycso)

Superficial Minutes of

Vapor Successive o Proven Ruthenium
Velocity Adsorber Ruthenium Capacity
Run No . (ft/sec) Operation D.F. (g Ruft®)
Run—-15-4 0.6 5200 200-1300 27
‘RBun—35 1.2 2910 350-8000 6.9
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Table 1 0.3 The Adsorption of Ruthenium from Calciner
Qff{—Gas as a Function of the Operation )

) ; 50

Temperature of a Silica Gel Adsorption Coluﬂi

Minutes of

Successive Temp. of Proven Ruthenium
Filter Adsorbent Bed Ruthenium Capacity
Run No Operation (© D. F. (g Ruft?)
Run-16 40 125 135
40 3 0.05
40 1.5
Run-15-1 1120 100 200~500
40 94
40 ' 72 2.3
40 ' 34
40 18

Table 104 Ruthenium Adsorption with New
and Recycled Silica Gblﬁo)

Minutes of

Successive Proven Ruthenium
Adsorption Rutheium Capacity
Run No. Filter Material Operation D.F. (g Ru/ft?)
15-1 New Silica Gel 1120 200-500
(as received) 40 94
40 72 23
40 34
40 18
15-3 Silica Gel 1680 200-1,300 : 2.0

Regenerated 2 times
15-4 Silica QGel 5200 200-1,300 9.7

Regenerated 3 times
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(5% porous glass
) impregnated alumina
(M copper sulfide exchanger
8 zZirconium oxide hydrate-dithionite exchanger
@ Thydrous zirconium oxide gel
0 ferric oxide
C®¢T,®®M®®417§@ﬁﬁ%ﬁ®%®m,Wfiﬁk®&ﬁﬂﬁbfﬁﬂ@
ngF%ﬁ?%%mm.#7ﬁzm%#5%ﬁﬁmkw,%Kf7ﬁzﬁ@%®%é
ik, BEMEATHFABRELTREEANBRSEMLL, BIFor - +LBELR
EABLTOS EHMELTS, ThEHE, 477 2 W@ 3 KRAREL SE+IE
Pk AETAH, | 1BHMETCRERESETL, XL DFHETFTEEE>TO
2. DEH 100 BLEHY, LindbA 74 et 2 EIAMSRESFELESOLLT
i3, Grade 40U # 4, ferric oxide, hydrous Zirconium oxide gel
EBF TR, BORTZOIDDJZRFFATONT, HK
n BEEE
© WEFLLOLT =V LADORES XTFREROBEED
@ BBEOBS, BE, TEEE, feed POAXT =V LBREOELE
LR, ROBHICE D Graded 0 Y U AFX VBB OELETHELOHMITEL T 5,
() hydrous zirconium oxide gel &, F7H ADBERUTORETA 7 HA
mieshndEsr -+l BOENEELET B,
® ferric oxide A AEBAIZ 300C R LOBRNSKETHD, HEAET
H5e
BoDOERTEONLY ) A VOHEBEERTIRT,
n BEFE
12~40mesh®d®¥ ) X VT, 1UF74—tdhich 136 gl T
=y ABBRETE So
@ wF=vLOBRELBIUHLE
NF o ATEMLAEY YA VEI 0 COKTHETEE, BO0BOVTF=T
ADRETETE S (Fig,l01) ., SoXBBEEINIY YA LE 180C TE
_@bfﬁibt%mﬁ%.%$;<w%:vA%&%?5(Twleuw)o
@ BEEOHIS ;
264 v Fmeb24vFiIcdTAEDFML 0EEMTS (Table 106) o &
RRERABENCERA LTOHRICEEERITE L,
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{ cts sec/mi )

GROSS GAMMA RADIQACTIVITY IN ELUATE
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Fig. 10.1 Elution of Ruthenium from 150 cc of Grade
40 Silica Gel Using Water at goc®)
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TABLE 105 THE EFFECT OF REGENERATIONS ON THE (s1)
SOPRTION OF RUTHENIUM BY GRADE 40 SILICA GEL
Sorbent Temperature = 80C

Superficial Vapor Velocity = 04 ft/sec
Sorbent Height = 26 inches

Mesh Size = =~ 12-40
Oft-Gas Time Through
Regenerated Silica Gel (Hr) DF s
No 0-1 343
1-2 107
2-3 214
Yes 0-1 379
1-2 2472
2-3 269

TABLE 106 THE EFFECT OF COLUMN HEIGHT ON THE
SORPTION OF RUTHENIUM FROM CALCINER
OFF—GAS WITH GRADE 40 SILICA cEL GV

Sorbent Temperature = 80T
Superficfal Vapor Velocity = 04 ft/sec
Mesh Size =~ 12-40

QOff-Gas Time

Bed Height Number of Through Silica

(Inches) Columns Gel (Hr) D.F.'s

26 1 0-1 343

| 1-2 107

2-3 214

52 1 0-1 907

1-~2 2,297

2-3 L926

52 1 0-1 255 4

1-2 3,053

2-3 1,377
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@ WEZOCBE
BREEOEERA 7V AOBEALD bETECEETERAT 208E0. 20
EEBRTIL., A 7HRDBEARB I CLISLENEETH ok,
EEIZB 0CE 100 CTHEHLN, 80 CTRIFUKERMBSLNTINS (Table
107 ) o
(6) ZEEEERL
EEAFEOENMIRERROBETE /29, ERIZ 0.4 ft/sec & 0.7t/ sec
TP, 04 ft/sec DEXFRLT 136 F OF=2TL2WMETEBEH, 07
ft/sec T2 0.08 g THot:e (DFDHEITITable 1 0.8%5ER)
6 WHEDER
1 inch H;0, 1 inch bed depth ,
M wi=9LBENEE
1 L5770 000028052 DA TF = LBECHL THRI(RET S
(Table 109)
PlEosgitsr 5, Grade 40V ) AXVOEEEHE LTROEEREBL TS,

WEEEE 80~85T
REEFX 52 4 v F
IR 0.4 ft/sec

10.2 FeﬂDs—SiOQ(Fingang

Fingal 7 € xTlZ, 93 TN EI I, MEAE 74 g —DAEKLL DR
FERENTH B, ¢ filter-adsorber FHBIE, REPCEIF AT o2 700K
HUcEndin, Bontz<-2Lnil, foTEER . BREEREETE b
DCHBIREBONTO T, B2AOREFACODOVTRBINLER (Table 1010 ) ,
Fe: 03 MELBLTHLEDMBICEL, 2O Fers O35BWTEA DERIE 5 4 —
EBFRSNTT. CORBHOMFHUBRETIARS | LEVBERINTVEDT, #
FeDFey 03 L, BLAHFe20:-8i02 THELELLNS. BEHDDFK
HEES5ZBARTFELLT, 1) bed BE, @7 RERE, @4 77K, @WbedHI,
HAEA~NNI,

(1) bedBE
150CE250CTREEBEDFHEMRACNTINIEN,
& H z2HERE

BREH (18~25mesh) D bed FINOSemD &L FOH RHEMCHT 2 EE,
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TABLE 107 THE EFFECT OF COLUMN TEMPERATURE ON THE
SORPTION OF RUTHENIUM FROM CALCINER
OFF—-GAS WITH GRADE 40 SILICA GEIGY

Sorbent Height = 26 inches
Superficial Vapor Velocity = 04 ft/sec
Mesh Size =~ 12-40

Oi f-(3as Time Through

Sorbent Temperature (T) S8ilica Gel (Hr) D.F s
80T 0—-1 343
1—2 107
2—3 214
100TC 0~-1 86
1—2 41
2—3 35

TABLE 0.8 THE EFFECT OF SUPERFICIAL VAPOR VELOCITY
ON THE SORPTION OF RUTHENIUM FROM (s1)
CALCINER OFF-GAS WITH GRADE 40 SILICA GEL

Sorbent Height = 26 inches
Sorbent Temperature = 80T

Mesh Size =~ 12-40
Superficial Vapor QOfi—Gas Time Through
Velocity (ft/sec) Silica Gel Hr) D.F.’s
04 0—1 343
1—2 107
23 214
0.7 0-—-1 88
i—2 5
2—3 2
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TABLE 1t0.9

THE EFFECT OF RUTHENIUM CONCENTRATION IN CALCINER
FEED ON THE SORPTION OF RUTHENIUM FROMSICALCZ{NEB
OFF—-GAS WITH GRADE 4p SILICA GEL

Sorbent Height = 26 inches

Superficial Vapor Velocity = 04 ft/sec
Sorbent Temperature = 80T

Mesh Size =~ 12-40

Concentration of Ruthenium ©Off-Gas Time Through

In Calciner Feed (g/1) Silica Gel (Hr) D.F s
< 00002 0—-1 10984

1i—-2 5828

2—3 320

002 0—1 343

1-2 107

2—3 214

2 0—1 >8000

1-2 >9000

2-3 >0,000
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Selection of a Suitable Adsorbent

TABLE

1010

a4

Material Du?::ion Overall Capacity
(h. ) d. f- g. /e
Ferric Oxide 29 121 x 10° > 2 %X 107°
Kaolin _ 26 160 > 2 x 1072
Silica QGel 30 72 > 2 X 107F
Fullers Earth 5 72 >3 x 1973
Molecular Sieve 4 5 > 2 x 1078
*Stillite” | 1.5 1 Negligible

The capacity is based on the

Conditions

Adsorber size

Bed Depth

Superficial Gas Velocity

Bed Temperature

Feed Solution

total volume of the bed.

—18 + 25 mesh

‘5 om

03ft sec
150 C

Ru (NO) (NOsk

in 16N HNO;
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Figl02 WRINTW B, bed RBEIRI 150T THHH, FAEENENIZL
SODFAF LTS, B ABEBERCHTEARSERIRDEBDTH S,

H ZRERE (ft/sec) mERE (gBudd )
0.3 4 %102
06 6.5 X1 03

@ #F7H 2K

Table 1011 ERINTNSHEBOIBEAANTREEFEEREFD N TR,
) bed &I

2emd SemTREBED ST,

TABLE 1011 Gas Composition(?)

Gas Composition
v
Feed Solution (%\_f)
H:0 NOz_}ié O
16N HNO; 608 314 7.8
5N HNO; 889 8.9 2.2
Full P.P. Feed g0 . 8 2

1
¥This assumes no dissociation of NOz = NO+ 2 O

(4) 89
10.3 Fey O3 — 7]’5.2 (PIVER)

75 VAT, Fe:03 Ta~-F A4V yINLFTARVy PEREAELTERML
TW3, Chid, Fe 03, #7 ABPERBLU A Y4 - DELSME 500T THLH
L, BT 3z EictoTBONTE, COREHNODFREELZEZZRFLELT,
OFZEE EHEE) . @QBRE, QBERMSA~ONTIEY, TOERMFig,
103 THdo, CORPGIRDT EMNFA 5,

1) EHEEZEICELI00CULOBEENKRETSHB,

@ HREEMN30~40cem/ sec PlE (FHEEHEELIPEURA) THRIEB(L S,

@ #HhEEREMLELE S TEMT 5,



RUTHENIUM DECONTAMINATION FACTOR

1.0 0504 03025 02 0.15 0.1
[] T

RESIDENCE TIME — sec

T T T T ¢ T
© Results of Column experiments
A Results of Annular Bed experiments
1041 { based on residence time ) -
o .
103 | .
107 .
A
10 F A -
o,
®
1 1 1 i i 1 1 1 1 l 1 1 L 1 1 1 1 I
0 0.5 1.0 1.5

SUPERFICIAL GAS VELOCITY — ft/sec

WITH GAS VELOCITY FOR FERRIC OXIDE

Fig., 10.2 VARIATION OF DECONTAMINATION FACTOR

(14)

2.0

20—8L—¢ 78 LONd



PNCT842-78—-02

Fig. 10.3 EFFICIENCY OF A GRANULE BED LOADED
WITH Fe,0, FOR TRAPPING OF RUTHENIUM ¥
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G . reaction product concentration
AE ¢ activation evergy
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TABLE 1012

THE EFFECT OF BEGENERATION ON THE SORPTION
OF RUTHENIUM BY FERRIC OXIDE( H

Sorbent Temperature = 300C
Superficial Vapor Velocity = 04 ft/sec
Sorbent Height = 26 inches

Mesh Size = 6-20

Qff-Gas Time Through

Regenerated Ferric Oxide (Hr) D.F. s
No 0—-1 467
i—-2 377
2—3 320
Yes 0-1 1.0
1—2 1.6

TABLE 1013

THE EFFECT OF SORBENT HEIGHT ON TH](E )SORPTION OF
51

RUTHENIUM BY FERRIC OXIDE’
Sorbent Temperature = 300 C
Superficial Vapor Velocity = pd ft/ sec
Mesh Size = 6-20

Sorbent Height Off-Gas Time Through
(inches) Ferric Oxide {(Hr) D.F.'s
_26 0-1 362
1-2 279
2—3 231
52 0—-1 2208
1—2 8218
2—3 3070
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TABLE 10.14

THE EFFECT OF SORBENT TEMPERATURE ON THE SORPTION
OF RUTHENIUM BY FERRIC OXIDE GV
Sorbent Height = 26 inches

Superficial Vapor Velocity = 04 ft sec
Mesh Size = 6-20

Sorbent Temperature Of f~Gas Time Through

(C) Ferric QOxide {(Hr) D.F. 's
200 0—-1 2.2
' 1—2 2.3
300 0—1 467
1—-2 377
2—3 320
550 0—-1 503
1—-2 571
2—3 829

TABLE 10.15

THE EFFECT OF SUPERFICIAL VAPOR VELOCITY ON THE
SORPTION OF RUTHENIUM BY FERRIC OXIDE®D

Sorbent Temperature = 300-400 T
Sorbent Height = 26 inches
Mesh Size = 6-20

Off-Gas Time
Superficial vapor Through Ferric Ruthenium Sorption

Velocity(ft sec) Oxide (Hr) Capacity(g/cu ft}) D F.'s

0.4 0~10 > 136 158
10—-20 . 190

20—-30 164

30—~40 211

0.7 0—~1 > 023 255
1-2 284

23 ' 224

1.3 0—-1 015 340
1-2 . 585

93 , 10
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