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Experimental Study on Plasma Melting Treatment
of Simulated Non-Combustible Radioactive Waste
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Abstract: The melting treatment and isotopic tracing experiments were carried out on a self-
designed plasma bench melting test with glass solidification formulas of single waste as well
as mixed waste of glass fiber, concrete and soil. After melting at 1 100-1 300 “C for 1 h, all
the four samples were turned into glass waste-forms. The density, leaching and mechanical
performance of resultant glass waste-forms were tested, showing the comparable require-
ment with the radioactive waste glasses. The results of the tracer experiment show that the
plasma melting system has high interception rate for the tracer elements Co, Cs and Sr. In
addition, the glass waste-forms has higher curing capacity for Co and Sr, but lower for Cs.
In engineering application, it is suggested to add a pretreatment system such as granulation
at the front of the melting furnace system to reduce the proportion of material directly ente-
ring the flue gas purification system and improve the solidified efficiency of the materials.

Key words: simulated non-combustible radioactive waste; plasma; melting treatment; tracer

experiment

o7 B 8 :2022-06-07 : 183 A # : 2022-09-21



SH XA AR LU AT R 1 I ) 45 1 A T Ak ER A BT 5 543

TERZRETT A A A8 42 Tl A 77 BF e R v
SN AT G M R AR 2 AN AR R PR . T
SR AZ ZR R N RN A A A R 4
PEC VB R AR SO P 0 3R A T e G
NS84 DR b EER A T B R R A
JL T B S IO HE R s B 5 S ke Y B
PR B REAT S B I R R A R R 22
BT ARL R A 0G T5 R 0 A A Bt R A A
ST USRI BE 11 5 I A 4 o g A R
@RV BTN = VAL S S E DR L i
15 Y MR R 2 g A AR R AR O A
ZW FES ARG h . Bk 2 B
PER RIS 00 L e R BE L B A ME R T A
AR PRI W . T O 8 R W R B K L A
RME A BN 22 5 5 e 3R 058 . SR 2 2 PR 4k
W RAEEE LY,

] 4 UL ) 31 4 T30 S A R 0 Ak L 22 R K 9
Bl HAR R S e . H AT 3. AT 4t
R UR P AL & M A R B Z TR IR W)
f/MEFNE S R AT S TR
YRR A /N T 50 m* B HARME . T 3% 5%
I A 5 (9 O 5 O de /AL AR E A RTEHILAL - 12 sk
ZEHLRERS I B 20~ 30, JLRE 2 HE Az /) F oK Je [ 1k
RS PR AL HOARE A s I T Bk PR 1 Al
A B A

BT B AL B B35 A S B R IR
SR G 14 28 % e 1 L S ] A E ZOR T R AL
FOARAE B L h ey » T Tl o A K T e JR 1 ) 3
T T A B AR AR AR R W B3 [ Al T D5 T
T » A R 3l TS 1 TR P ) B I A I O
WFFE 5 T C A OE e . HLE 58 A B8 T 1A il Ak
PRV IS SR I B IO o A Bl T A U 1K
J7 TS IEAE FEBE I AR J5 B e 1 000t/ afi R )
75 4b B i RV AR 3.4 5 LA S 0 Ak
P 249 2R P B3 [ A6 B BEAT AR A TR 1R
/LIS

FAT P B A R AR C R T —&
A B T A R R R G I SE T LT
IKAR G IR AR B TSR IR S 8 Rl A H
it AL ] AR 1O 0 e [ Al T 5 1) 38 o) BB T B
T [T P A R RE ity I O J [ 07 3R 7S B S - S 17
IRERICRAE R GEN A0 A 4301 . fEL R TT
AN T RIS P IR ) A S T A AL B Y S

AT AR A i A9 45 8 T A AR 5 28 E

XoF BB T A IR BE AL Y B 0K B B [ AL I
JrH R ZniR A B W BB [ AR TRC J5 T R e ik A
B 52 M) 25 [a] 67 28 78 B S 6 » X R ) B 3
] £l 255 SR A 7 B G 3% AR o A 2 AT D20 #r s A
7T ) DT 5 5 A A il Ak B AR P TS TR I 4 B
3 [ A Ak B ARy L

1 SLIGER 4y

1.1 XWHS

8 FBC ] Ay R A 1Rt A i T 1 B R 2T 4 TR
o B AR AN AT BRI ) . B AT 2
Sk W) W B AR R R 4R 1 em X
1 em; B BE 4 28 5 B R ML A S S JIUREIR B R
JERARZ) R 1 mm, BEESLF4E RS L RS
B R TR 105 CTFFH 1 h LB
T o S 36 R i HR K A RS R . SR P R R 5 S
FAR K 5618 (ICP-OES) J X 5§ 48 58 56 )t i
2 (XRE) 43 B S50 4% 5t 54T 85 R AR 1.

F 1 BIRUR AT BRI M W) oy
Table 1 Simulated non-combustible

radioactive waste composition

B T Yk 15 R E
=N ia’] w/% A w/% A w/%
SiO, 56. 83 SiO. 65. 17 SiO; 17.27
CaO 10. 57 Al Oy 17. 29 CaO 69. 98
K;O 7. 60 Fe; O3 5.42 MgO 4. 85
Na; O 7.13 CaO 3. 44 Al O3 5.25
Al O 6. 11 K,O 2. 99 Fe, O3 1. 26
B, 0; 4. 94 MgO 2. 60 SO;3 0. 44
BaO 3.27 Na; O 1.70 K;O 0.25
ZnO 2.61 TiO: 0.75 Na, O 0.17
MgO 0.37 P, Os 0.48 P, 05 0. 06
SO; 0.33 SO; 0.16 TiO; 0.33
TiO; 0.13 SrO 0.14
Fe, O3 0.11
Al 100. 00 &it 100. 00 &it 100. 00
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Table 2 Vitrification formula and addition of tracer elements
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i w( P B B LB ) / % wOREFD /%
FE a5 —
B 15 2 4 &t 14 SiO, B, 0O; CaO Na;O  Li; O Co Sr Cs
BX-14 84. 45 9.97 4. 08 0. 50 0. 50 0. 50
HN-2 53. 87 25.51  12.75 6.37 0. 50 0. 50 0. 50
TR-16 66.01 19.70  10.84  1.97 0. 50 0. 50 0. 50
BX-HN-TR-3 33.01 21. 46 33.02 11. 00 0. 50 0. 50 0. 50
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Fig. 1

Flow chart and sampling points of plasma melting system
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Fig.3 XRD patterns of glass waste-forms



554

A TR A5 < AF DA AT IR S 4 32 0 26 ) 1 A Tl A P B

547

A7 557 0 522 3 i Y IR A A3 U B I e R AL R
Wy 2 55 B U Tl 1 B Y R A 2 Oy 58 A 3
2.2.2 [EfbiRPERE T ST IRE M T 5K
HCIZ 00 B 3 1 Ak A4 A G P A M A A A 4 At
WF 8 L AE e B AR 5 38 B an S 4645 . © %
2% m i k. =>2.5 g/em’ @ B
PEAE 90 C LB F/KH AR 28 d LT
B Mg g R /NF 15.0 g/m”.Si.B.Na.Cs. U 1§
H—fbeZ B R /NF 1 g/(m* « DO #T
FESREE AR F K PR LA, Bl =7 MPa™ ;@ $iofrit

PERE : 2% S B AL AR A KT 12 e /],
28 A ) DU e A A0 A ) A A R A B 1 B B
B IAPERE S B AR 3 FIsk 4. iR 3.4 7]
B SRR A B Y 3 A A % RN T
2.61 g/em’  §F AR 28 d AL AR B R E Y
INTFEETF6.804 4 g/m*, i i g6 2 Cs, Co Hil Sr
H— It BB B EET 1 g/(m”* « DB LR
JEYR T % T 35. 45 MPa, fit v i R E A K T
5.15 em?/], & PEGE ¥ W & EJ 1186—200517)
GB 14569. 1-—201 1" v it S 14 1 ) 3% 385 il Ak 4
9 PE B R L B R AR AL 2 AR e P AT

3 BRI fE

Table 3 Properties of glass waste-forms
GETE R /(g cm ?) 28 d NL/(g+m %) P B2/ MPa Poobdi e/ (em? « T 1)
BX-14 2. 65 2.519 6 99. 21 5.15
TR-16 2.70 5.096 4 47.10 3.58
HN-2 2.69 5.718 0 38.78 3.82
BX-HN-TR-3 2.61 6.804 4 35.45 4.43
F4 PIEEAEA TR LR
Table 4 Normalized element leaching rate of glass waste-forms
o H—fL LR EHAHE/(gsm 2« d™1)
EARE TR -
Si B Na Cs Co Sr
BX-14 0. 005 5 0.010 9 0.012 9 0. 050 2 0.000 1 0.005 7
TR-16 0.009 7 - 0.025 7 0.011 5 0. 000 2 0.006 8
HN-2 0.006 9 0.013 8 0.015 7 0.000 1 0.007 7
BX-HN-TR-3 0.010 7 0.022 5 0.005 7 0. 000 3 0.003 7
R AR
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L oy
R B R 57 - %5 Co il Sr 1R R 2400 7596 ~ TR mmEes mx AReRE
91% ,%F Cs MR B R AR 67 %6 ~T75% , UF B 45 3% HN-2 Co 74.76 0. 30 24.94
T [ Ak TC 77 % B o0 R B BT 0 B Ak g D 3 Cs 66.75 0. 20 33.05
B [ AR X Cs [ AL RE SR T Co Fl Sr, F 2 [H Sr 77.43 0. 05 22.52
ECsHESBRTESGELE., RETEESYRK R TR-16 Co 81. 00 0. 24 18.76
4 rp Y ARBR AR K T AR TE A A Rl R Cs 69. 30 0. 30 30. 40
Hi %t Co.Cs 1 Sr A E I &K, Sr 83.70 0. 07 16. 23
BX-14 .BX-HN-TR-3 [# 1k f& #8 % T HN-2. BX-14 Co 88. 35 0. 21 11. 44
TR-16 F fh % Cs 1) [ £ B J9 B . % Co Al St om0 25
L 0 5 T i 5 95 R 9 B o B s oon 130
H%ﬁ}%gfé&,ﬁ}%gifgﬁﬁﬁ*,}ﬁ%%qj%ﬂi%ﬁj& BX-HN-TR-3 Co 90. 24 0.19 9.57
RHE T 5 i B (700~ 900 °C) w4 Al J il T A 142 T
Sr 91.18 0. 04 8.78
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