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Abstract: In order to supress the formation of yellow phase during vitrification, simulated
high-level liquid waste(HLLW) with high content of sulfur and sodium were pretreated by
adding Ba(NO;), solution, and then borosilicate glass waste forms were prepared by tradi-
tional melting method. The effects of pretreatment on the formation of yellow phase and its
phase structure and microstructure were mainly investigated. The sulfur content retained in
the glass waste forms before and after pretreatment were compared. The results show that
SOi" ions in the simulated HLLW can be immobilized in BaSO,. The amount of yellow phase

during the vitrification process can be markedly reduced by the pretreatment. For the genera-
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ted yellow phase before pretreatment, the main constituents are Na, SO, and LiNaSO, along

with a small amount of CaMoO, and Na, CrMoO,. After pretreatment, the X-ray diffraction

peak intensity of LiNaSQO, decreases and BaSO,, BaMoO, ., and BaCrO, phases appear. The

sulfur content retained in the glass waste form before pretreatment decreases gradually with

increasing temperature. The sulfur content retained in the glass waste form after pretreat-

ment remains almost unchanged in the temperature range of 850-1 050 ‘C, and decreases

gradually with further increasing temperature. The pretreatment is helpful to improve the

sulfur retention especially for the higher sulfate-bearing HLLW.,
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1o T ROk Z RS A T B
e LTG0 7 A I AL R A A2 LA B2 4
SHPEAKOT 8 AR W R M RS R A e 4 b 7 5 4
BEMAE WAL Tl R e R B LN R Z
— L DY RS R L B A BR e — TN
TR YA B L A I A T 4% [ [
b o R A T R b . R BT K R
SR RN A T T G R R E A 1R R Bk
35 oI S A A (o (SO, <1 YO, I Ak 1R
b Bl 29 [ Ak 5 5 5 0K VP T 2 3 ) EAH )
R BT B R A R R R AR A B R B R
HA IR0 0 4 IR ANt 42 R B IR R L BH R
HhEmEES, BMHSBETK HE&AR &
S TCs TR ER L Bl I [ Ak A A R BT AL B S —
HL3Z B4R K AR ol K 7™ e T H A 25 R B A%
FIMER . LA [E P A 2 3 38 2o 1 1k 3 hili 3%
ST T SR B WU F 55 485 it v] 7E — o 7
R B R R A R H LR
RE 7 B S 24 % ) 4 75 ik D i 58 B 5 32 17 I [R) A2
o 7 3% 20 [ Ak Ao R e AR M ol B R 1) 7 A

H R P R B T S DL SO JEUf
e 5 HETE P A0 27 3 T X S B R 0 A B 3 [
EWFZE P BT E B L Na, SO, JE5] ADY, R’
& Na, SO, fnAARAS BF 1) 43 fif i EE 45 i (A=1 200 C)
fH2¢ B Ebert 2 (B 58 £ W], 4 Na, SO, 5
SiO, [ B A7 8 B 23 8 25 B A1 0 il S 0 K A= 11 3
JE (&850 ‘C), Na,SO, ¥4 fil J5 K 23 T3 43 1 .
X T A5 8 3k 43 AT AS [R) 3R B 0 R AR B
A AR PR & BB R £ E 800 °C fiE
TEUR B AE S AE 1 000 °C LLJS 43 ff 5 32 il L 78
1150 CHHR 2 h J5 8 A0 P s &3 kA TR A
o (B TE R R AR OR £ R [l R
S 9 ) SRR GER 22  BR UL, T fe AT R
00 T TR 5 A o UL 0 43 i e K PR b s i [

FE TE [ A 2 SR A0 A R R B S [ Ak 5 e vk
T TR AL P 125 00 I AR 368 0] ) R AR ol

FES BRI ) b, L S A (BaSOD) & 4 1)
Tl T R R e M et . BaSO, I
FERLE R K, =1. 08X 10 (25 °C) . Hid 5 & 3k
1 580 °C,Stern 25 5@ o # Sy 2441 &, & B BaSO,
TEIE AT A A | 3 o0 . 95 I DU AR e A 3
T AR O R A3 B AR W, SO i
e, E B [ Ak R SO WA TE & X Te
[ ROR S NG L LA o NS - T R
T, 55 K P V8 b B K 52 50 % Johnson 2
P2 SR FH— b Ba-Sn JC ML 4N K 52 G AR XIG ik
JE W AT WAL HE, 3257 1)y BaSO, #il BaCrO,
KT W 54 % ~ 66 % 9 SO A ¥ & & 7E
BaSO, gh

AR TR Ba(NO;), ¥ 56 A5 4 55 5
B R PR YRR AT T AL B PR e o A B e
i 46 3 3 AR . 35 TEAF S 004 3 0 B 3 Akt
i P R R 4 A AT S R 5 M DA S X i AR A B
35 ] Ak Ao R v A D BRI R AR B R L R
L SR FH A5 - o A B 25 0 0 30 3 ] Ak B R s b iy
VR VR R A — A R R TR R TR
FE TR, A A 25 8 F K I AGE & Ba(NO,),
VSV R U AT S

1 LIeER 4y

1.1 X7 FnqLEs

SiO, \H, BO, ,Na, CO; , Li, CO; , CaCO; , AL, O; .
MgO, TiO, , Na, SO, , Fe,O; , La, O; . Nd, O; , CeO, ,
NiO.ZrO, #2453 Hr 2l , |8 25 4 A AL 22 X500 A BR A
] 3 NaNO; . Ba (NO; ), . MnO, , Na, MoO, + 2H,0,
Cr, Oy JHNO; ¥y 4387 440, 8 17 B e Ak T3t 51
I s Cs, COy  PrN, Oy« 6H,0, 4 iF =>99%,
FTMA T H, N, O, UL 4l B =99 %, W b 48 5%



%563 ES

R 4F - Ba(NO, ), T4 FIXT 25 05 ¥ 55 3 11 416 b 72 o 6L 1R £ 20 AH 19 52 i) 461

W TAHBRAR . B BUE B SO, LL Na, SO,
XTI Na, O LI NaNO, JERF|A

TCF-8-16 7 Fig 85 21 4 ey i b o b g FoH R A
TR A BRAS 7 5101-1EBS i $u i 3 8% XLT 1
At AKOE B YA AR T X7 Pert PRO B! X
ST HH AT AL L Axios B X SR 526 635X L fif
AL 2N ] ; TM-4000 78 7% 30 5 3 16 e 6%, H
A H LA
1.2 #HamH&E

AR S 56 FIF P B0 i 2 5 366 ek 8 A AR L
R WA B B TR 1 MK 2, RBIR T &
T B 2RIE 1T IR R BB 5 A R AR S
(AR DR AT B R E A — e AR R
HRHE 2 1 B 38 61k 1 4L PR BBk 7 BF 8k 78
TR A 3850 5 Fe B i B0 W R S s v, 5 i
g il BL5 °C/min 19 JH Il 3 R N =) T2
750 CLFE 750 C R BB 2 h iR R A . T
L3 C/min Wy AR #E AR 2 1 200 C, 78
1200 “CRARIE 2 h 5 6 BB SR J5 4 B R ok
Ve BIF B ARAT BB A . AR 28 2 B ik R W AL
IR B R A GRS L K& B 2.5 mol/L Y
HNO, 75 WS A BEAR s A6 7 B FE 4% 1 5 4l
HANEM . FHIEE Ba(NO;), (Ba®" 1 SO;
FEJREL R 1= 1) V4 M8 S 00 vy 0 Y v fof
T4y VS - FEE T 105 C R LR LT L BT IR

1 T AR R R Al B 2 R

Table 1 Compositions of borosilicate base glass

Ak w/ % Atk w/ %
SiO, 59. 80 Al Oy 3.50
B, O 22.00 CaO 5. 40
Na, O 5. 00 MgO 1. 00
Li,O 2.30 TiO, 1. 00

22 BN AL v A i T TR
Table 2 Compositions of simulated HLLW

with high content of sulfur and sodium

AL w/% Ak w/%
Na, O 39.97 S04 4.78
Cs: O 1.12 MoO; 2. 46
BaO 0. 86 Cry Os 2.43
Fe, Os 14. 85 NiO 3.76
La; O 0.74 21O, 7.02
Al O 8.19 CeO, 1. 60

Nd; O 2.52 MnO; 5. 81
Pr, Oy 1. 46 HoAth 1.52
U;0g 0.91
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Fig. 1 XRD patterns of dried powders

of simulated HLLW before and after pretreatment
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Fig. 2 Appearance of samples before and after pretreatment at different temperatures during vitrification process
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Fig. 3 XRD patterns of yellow phase

before(a) and after(b) pretreatment
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Fig. 4 BSE micrographs of yellow phase samples
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Table 3 Element contents of several crystals

of yellow phase samples by EDX analysis

. x/ %

LR AKX B & C A
O 54.03 57.178 56. 49
Na 27.59 1.54 3.51
S 15. 98 0.37 6. 64
Ca 0.73 16. 94 0. 20
Cr 1.19 0. 38 7. 88
Fe 0.02 0.18 0. 24
Mo 0. 30 22.61 1.74
Ba 0.16 0. 20 23.29
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Table 4 Sulfur contents of samples at different
temperatures during vitrification process

before and after pretreatment

w(S03) /%

L Wb F B
850 0. 80 0. 81
950 0.75 0. 80
1 000 0.72 0.79
1 050 0.69 0.79
1100 0.67 0.70
1150 0.62 0. 65
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