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Abstract: The noble metal deposition will occur to block the discharge port and cause dam-
age to the bottom electrode of the furnace when the high-level liquid waste from power reac-
tor spent fuel reprocessing, rich in noble metals, were vitrified. This paper summarizes the
related solutions, mainly including furnace structure improvement and the separation and
recovery of noble metal, by investigating noble metal deposition phenomena and problems in
the vitrification of high-level liquid waste at home and abroad. The paper points out that for
the high content of noble metals in spent fuels with deep burnup, the combination of above
two solutions must be considered on the basis of studying the deposition behavior of precious
metals in the furnace. The research in this paper can provide a certain reference for the
operation of domestic high-level liquid waste glass vitrification.
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Fig. 1 Flowing behavior of 30°(a)/45°(b) inclination melt in Japanese furnace bottom
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Fig. 2 Effect of types and burn-up

of nuclear fuel on noble metals production-?

Hi & 2 n] L TR A AR R (MOXO 7E 7] 55
KRFENTOLT - b UO, BB A 2 1 51 s s 52
<R AE ZAPORE R IR 5 B R 1 39 i S (DL R

PEGH . BRAE e R R A B2 o B R R T 22 L v A
FE~ I Z R Dt G B it s s . AUE S
A SRS A 00 T 85 X B 5 A Y R
PR o RAE . BEAh L E DA O .
2 2 X JR N A 8 S B R 7 A T R S )
AT iR o PR T A AU Sk el D S B P Y
Tt 4 T O A R R R AR R N 5t A
e R YT AR )

W 53 4 J DA VRS TR0 R R A B Ok L [ AR BIE 5
AN BUFE 20 tH 28 75 AR ACE T R T A G 58 T
VB 5 B T & 8 H Ok 1) [l i A AR 22 i 7 4%
UL U PR ARV L ROAH 4 AR BT | A AR Ak AR TR
gt BAR, S a R AT R S R AR
LAY b A H 508 1 R RS B i ok 5
4 J AE 33 [ Ak A g OB 8]

S R AN TR 43 B O 1 S B e 4 e el iR
A FTASTE 40 Pb 4 J& WA A6 0k AT 52 SR 0L 0%
Yrh Ru Al Pd 80 % P b Ay [l fig 565220, 3% [l g &%
SRR T 5 il I BE DA B H s Parajuli 260
I FH A= 0 JSTRE ) o) % W B 7L SR BORTE A v
LI RN LT 210 mg AW BRI B T 10 mL
A0 8 % R 60 %6 LA B Y Pd”T ; Swain 250
FI AL Ru L RuO, 28510 T8 343 35
e TEUR L VSRRV BE | PR H U 25 2 43 1 318 K
1 mol/L.20 mA /cm?® DA J 0.02 mol/L Ce /EH
AL 700 0 25 0 R DB AUL g B W A B T
95 0 () Rus {H U0 S 77 6 WA R £k S HL e 5% 42 )8 ot
FI T 4y BRSO B 95 X FRAINE 54 %,

] P A S A 508 A #5435 L Bt 4 e 1Y
9% 2 M AE B OGS A5 . RABW) DY IAE R
PR AT OE 5 IAZ SRR A B T A2 B Rh
FPd. 5250 C A 2 R0 R R K HE MR AR
33 000 MW « d/t ¥ 1 1L 4F = BB A2 1Y 8 iU%R
W B B 546 mg 1 Pd Al 148 mg AY Rh, [1]
RS 51 20 93 % M1 91% . BT 4% 7 §h Rh Al Pd
(A2 4 B 43 50 9 99. 9% F199. 95% ., B
FRE LTS BT T P 2 HUGN = 5 T S 1k
(TiBPS) 45 1 LA B A 5 0% W b #2 B Pd 1y 47
R SIS R Wk 8 2 e W BT RIOR 1 R B R L 4
XF Pd (g % BCR A ik F] 99.9% L b, H & 3E
SRR IT Nass K8 B A6 B % R Pd AN Rh
(R RE 7+ & BAE H G B2 AR 2 v in A /b i 56 R W] 42
o0 A IR 1 2 BRURE 7 o ASE 4L g 0P Y v ) A 4
JE MR BB 7, Br La® Nd*" (Pr’” X Rh K&



5630

R P 45« o 05 i B 3 T A R 4 U DLBR I 5 ik

457

La®" \Nd"" \Pr’" ,Sm®" X} Pd T # 4, H A&
SrPt . Ce¥t . Sm*T LT, AP L Fe't [ Na'
53 T L 1 0. 5 S A5 B 5 T R e A g
1% 1 A UL e B P Il e Pd Y RE T TE
MR 1 mol /L 2 B iR ki de 120~230 pm i
i 0.8~1.0 mL/min VL F 3% N2 K 8 mm,
RN 100 mm By &R SE T 79. 4 me/g 1Y
ACH AR N, AT RN/ AT G R A R AT
R B S 3 S B P Y [T C Ay 5006 ~95 00

TN GERRFF KT 30 2559 & R B 57
B (TRPO J A A B F Z M eHE 4
T AR S i B S B 2 B W -0 R W Np/Pu,
U.Cs/Sr gy A}, X} Ru,Pd.Rh Jo & A B 47 #Y
AR RIS 5 G 8 A UK R T
HEAT B ES AL

SEE A AT I UE T 5t 4 e el i T2 i AT AT
PEE R TR Z R A B AR T AR
TRV o TR VR T Bt 4 TR A AL 4 i B 3 [ Ak Ab
BT T VR R T« TR I 5 T AT A 2 msOR AT

3 BERT—5EW

i AR L H AR E R R i as T
LR AR U4 U R) AR A T Ao o — A 5
Hs TG AU AR A0 A A TR+ 30 20 98 2 B B C T A A
AL IR LA S S0y TR AF IR LZR & M DR 5t 42
J DU I IR T8 AR 11 3 E A IR R

Ru .Rh . Pd 45 5% 4 J& B9 [0 A AL AT RL R AR
o TR B 4 S ) R DR B TR A DL AR )
A 3 B B BRI A . A SN A AT 5
327 T RO W R BRI B R L ) S T B g
TE Rl A S Ab BT AT AT

SR UL — A0 o S o TR R 5 TR R ) S
B 7 BFSE - SR T Rl AR b 5t < T 9 R A A Bl
SEHLBL L 15 75 Rl IR S SR 00 TR SR B R AL A Y
ST HLAAE 5 36Uk 5 < Il T 2 R S Ad B AR
IURIEFEEN

S

(1) k. 2t e . Be BE k. B 68 v 40 7 76 gl g of i i PR
TR IR T A vl A T LT 0. % 5 B 4, 2019,
39(4) :322-330.

[2] Vernaz E, Brueziere J.

History of nuclear waste

glass in France[]J]. Procedia Materials Science,

2014(7): 3-9.

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

R B e 1 A/ v 00 TR 3 388 [T A B AR B B LT .
[ SM% 3 1], 2018(2) : 27-31.

Harrison M T. Vitrification of high level waste in
the UK []J]. Science, 2014,
7(44) . 10-15.

Didierlaurent R, Chauvin E, Lacombe J, et al. Cold

Procedia Materials

crucible deployment in La Hague facility: the feed-
back from the first four years of operation[C].
WM2015 Conference, March 15-19, Phoenix, Ari-
zona, USA, 2015.

Smith M E, Bickford D F. The behavior and effects
of the noble metals in the DWPF melter system[ ] ].
Office of Scientific and Technical Information Tech-
nical Reports, 1997 541-548.

Sundaram S K, Perez ] M. Noble metals and spinel
settling in high level waste glass melters| R]. Rich-
land, WA (United States) : Pacific Northwest Na-
tional Lab(PNNL), 2000.

Fleisch J, Grunewald W. Roth G, et al. Successful
hot operation of the German vitrification plant VEK-
results and experiences[ C]. Proceedings of the WM
2012-Conference, Phoenix, AZ, USA, 26 February-1
March, 2012, No 11277, pl-7.

JAFEIE O MR B SEL AR K TR B
fe AR LT, 8 51 B 3. 2020,40(1) 1 67-73.

Goel A, McCloy J S, Pokorny R, et al. Challenges
with vitrification of Hanford high-level waste
(HLW) to borosilicate glass: an overview[]J]. J
Non-Crystalline Solids: X, 2019, https: // doi. org/
10.1016/j. nocx. 2019. 100033.

Jena H, Raghavan S, Pogaku V, et al. Removal of
Ru from simulated high-level waste prior to the final
vitrification into borosilicate glass using tin as the
alloying element: feasibility study[J]. Journal of
Hazardous, Toxic and Radioactive Waste, 2018,
22(4): 1-6.

Sundaram S K, Macisaac B D, Cooper A R, et al.
Evaluation and testing of noble metals surrogates[ R].
Richland, WA (United States): Pacific Northwest
National Lab (PNNL), 2002.

AR PR SE B0 KO PR S BT R B [ AL
MAT BT FE LT ). B2 5 TR . 1993, 13 (4) 2 352-
360.

Capobianco C J, Drake M J. Partitioning of rutheni-
um, rhodium, and palladium between spinel and
silicate melt and implications for platinum group ele-
ment fractionation trends[]J]. Geochim Cosmochim

Acta, 1990, 54(3): 869-874.



458

Bfes Sicter H43%

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

[23]

A 7K . v A T A A A 2 e PR AT T ok R LT .
FHEAL S, 2014(22) 9.

Simonnet C, Grandjean A, Malki M. Mixed ionic
and electronic conductivity of oxides from molten
state to glassy state: application to RuO,-glass
composites[ J]. Solid State Ionics, 2004, 175(1-4) :
695-698.
Simonnet C, Grandjean A. Mixed ionic and
electronic conductivity of RuQ,-glass composites
from molten state to glassy state[J]. J Non-Crystall
Solids, 2005, 351(19-20) . 1611-1618.

Shuto H., Okabe T H, Morita K. Ruthenium solu-
bility and dissolution behavior in molten slag[]].
Mater Transact, 2011, 52(10). 1899-1904.
Yoshioka M, Torata S, Igarashi J, et al. Glass
melter and process development for PNC Tokai
vitrification facility[J]. Waste Management, 1992,
12(1) . 7-16.

Roth G, Weisenburger S, Fleisch J. et al. Process
technique and safety features of the German VEK vitri-
fication plant currently under commissioning[ CJ.
Proc GLOBAL 2005, Tsukuba, Japan, Oct 9-13,
2005, Paper No 296.

Inagaki Y, Iwasaki T, Sato S, et al. LWR high
burn-up operation and MOX introduction; fuel cycle
performance from the viewpoint of waste manage-
ment[J]. J Nucl Sci Technol, 2009, 46 (7). 677-
689.

Swain P, Mallika C, Srinivasan R. Separation and
recovery of ruthenium: a review[]]. J Radioanal
Nucl Chem, 2013, 298(2): 781-796.

Kondo Y, Kubota M. Precipitation behavior of

platinum group metals from simulated high level

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

liquid waste in sequential denitration process[J]. J
Nucl Sci Technol, 1992, 29(2) . 140-148.

Parajuli D, Hirota K, Seko N. Effective separation
of palladium from simulated high level radioactive
waste[ J ]. ] Radioanal Nucl Chem, 2011, 288(1):
53-58.

Swain P, Annapoorani S, Srinivasan R, et al. Sepa-
ration and recovery of ruthenium from nitric acid
medium by electro-oxidation[ J]. ] Radioanal Nucl
Chem, 2015, 303(3). 1865-1875.
ALV RN ITCTT S TLARAR . AAZ AR IS A 31K W 42
WSt )m AR AT R (] A ¥ 5 L. 1986,
8(3):147-153.

SR 2R R R 2.y B A TiBPS X 8 A 25
BAT RIM] /v E R 7 R 2 A T B 4R 4R b et . o
] J5 5 g kL - 2010:255-256

XL M A, T2 oR L 55 TiBPS PARSEALL 5 0% W
oh Il A Y WF T LM 7/ v [ R T B R 2% BF 9 B 4F
. AL mt v E R R i R L 2009 £ 387.

BB X B B KAR 5F. Ny 28 U UK W P 1Y
R LT WU R 2l (A AR D
1998(2) :235-239.

JE S BRSO - 9 k. R i A 3% 1 DA
o T R A e F 9 L 1. A 25 5 O e 2
1995,17(4) . 237-240.

SR R vk 0 S T AR e UK W AR R 4 R TR
M LR 5T (DL i 30 LR K, 2017,

TE/NDR TR AE R S RAR S AL DN TR R R 4y S T
BAKTPALM] /v B R B R 25 B O B AR 4R b
50 [ 5T RE AR AL L 2005 - 189.

BRE . £ B R M UK W h 2 BR T R SR ) TRPO
WA = 4E [T ). fe2f ik J& . 2011, 7(23) - 1366-
1371.





