5 63 B4 12 ] e S R N Vol. 53, No. 12

2025 4 12 A JOURNAL OF THE CHINESE CERAMIC SOCIETY December, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250310

REHX R,0-CaO-Al,05-Si0, Z 4B FE4T KA IERE Y M

BB, WEE, B A IRT, BN, HEZ, R B, RAE
(PR BRI RL B S AT IR A 7, BTN AR AR QU7 o, 50 100024)

# E: T R,0-CaO-Al,05-Si0, HIh R, KA mRERIEN% T A EWEEAIERE Z (Z=n(Na,0)/[n(Na,0)+
n(Li;0)], n AEER)BERS, JEXTRESEHT T asheit . Fr2eilh . miR B IR A, BRiT 7 IR & B8N
R,0-Ca0-Al,05-Si0, B EE M AITERE IR . 45 L. RER DU /& Q% AN QF M4k B yo J& R % B S M RE 1 £ BRI K .
BEE Z EA WG, . MIZAK RE BRI DU E R Y VR AN . SRR B, TEAR
HE T, T, MR K Na's LiTs#Es: RIS T, 400, mHERE K L'y Na 7. 4 2=06 i, FE
W /ME; 24 Z=0.6~0.8 I, FFHFERINAME . A TIENBIL T SR E TR SE L.

KRR PRERERE: TRATIRN: Rkl a4 s
FESAS: TQL7LL  XHKMFER: A XEHRS: 0454-5648(2025)12-3770-09
4% i iR ATIE) : 2025-10-16

R B B AR H AT E PR M — T AR R R, (E A S NS, NS
SEHLT RS B EAR, ERK SRR SRR TRt E 2@, & ueEsm T,
BER NN H S P A R RS IE M B U S R A S S E AR, B — RS
SR, TSR LI R BEESREAL R AAIE S HUR 5 — R R AL, XA
PRTE 2 (E) 1186—2005) (U PR A LM AOIFIEFI LR B, 1225 R PERE Rk
MR ME S ) FRARERAS, EATH&mHEILR, K &Mk, SECESMER IR MR, X — g
BEAE LU R LEFR, M2 ERURWRIRMIE BB SR iR A s,

Bk, WP IER PG A T O R PR T R . — X% 3 B SR A BN T R T T2 MR
WOLR, AR e F B R N FN A m B, Hou BB T Li,O. Na,O il K,0 R &
HLPH R AR FE R BN JE 1. i 2 H s X CaO-SiO—Al,05-R,0 MR FH BE H s, FIH
e TR 755K, B IR AN R,0-CaO-  FLE bl il IR AE E 545 R, RIREE
AlLOs-SiO, RV BRI IR AT 5T, AR REWE A Em ETERE. gpstReT
PEFATC T T R R AR S Li,O-Al,O3-SiO, BH 1A &, KIBEAE Li,O % Na,O

ARV, WMEREREEARN SRR FZPIUR, X MK R B K 9
A EMA O, TR R AR AN B o BHEMHITIFR I, TR A IR g T TR
TE N BB N 25 dh R B AR, &R A WET) Bkt K3 ENUHITE T TiEs 2 3
feo 1) BREJBIHES TRE MBI IO =28 55 T IR, AT T 222 it A . 1 e Bl
M, @ AT AMERT B TR, M BEEMNEIHEIT  R,O-MO-AlLOs-SiO, BIA RN TR B, 2 M
AR, UM 550et; 2) s WEERILER, RIZMK RES B IR R A
B S NSWEREAT BT ARG, HIggmgg RN, $RHl Y 3 i 48 AR A2 7E T, #Uik

s HIH: 2025-04-16., BT H#: 2025-05-16., Received date: 2025-04-16.  Revised date: 2025-05-16.
B—E. #1996, &, miLwTad. First author: DONG Xuanjiang (1996-), female, Master candidate.
BEEE: BEEaer7—), B, =% T, E-mail: 635999416@qq.com

KAKBE@Q977—), T, WA, Correspondent author: YANG Debo (1977-), male, Senior Engineer.

ZHU Yongchang (1977-), male, Doctoral candidate.
E-mail: ydb_cbma@126.com; zyc_qy@163.com



%5 53 &4 12

HIZHE 2. JREHN Ry,0-CaO-Al,03-Si0, Z ¥II T 15 45 1) A 1H: fig 1 5 0 « 3771 -

REOMZE 2 I 2 M R/IME, I R A BN,
R BB AR IR AR BB R B A TR I B R A 4
Kim®5F 58 T IR % 25R,0(Nay0+K,0)-yAl,O5—
(75-y)SiO, B (y=0. 5%. 7.5%F1 10%, FEE/K%3%0)
AT TR IR, RIS [ B T 2 8] AR AR
FE 2 7 75 R 5 PR T B 0 A e A UL B (T I L AR
LIRS, FEREHE Al O, 25 (138 n (R B 2k
MR & B R )misd i, " LR AlO, —R* fil—
ORI AR A HEATIRRE . B EN A5 TIRF F0 % B,
7 NaO Al KO BEE/RAAE MG R, TRA K
92X B 3 IR R A RALIR P . AR B R
TR 7K AR 2 e 1 72 A SR 2 (R R, Bk B
Pk BE R AL T BRI %, Wang BT T
(1-X)Li,0-xNa,0-Al,03-4Si0, I I A &, Na,0 %
ZRHUAR Li,O FIRERE, & P14 Na,O-(Na,0+Li,0) "=
0.4 Isf, HLBHARIE I A, TG EE R 2 5
i, 4 284 kI-mol™, ABEIRRL K 2% M RE R
AT RIS SR A T O

A TAE @ I 5 G5 S5O A D ) 48 4 A 4 1 4 AL
AN SR AR P JBE JR EUAB), F 7 R A S8 k47 B
b MCEMERE. HEEERRIRS IR, HAERRAE IR
NN Z R BIEIEH SHEREI RR R, AR
TR 0 33 35 (] AW TE 7 T S AR A B R A it E
RV ER M SCHE K TT I TR =

11 HmElE

S EEA, AR ALY n(Na0)/
n(Li,O) 1 BE /R L, 5 X Z= n(Nay0)/[n(Na,0)+
n(Li;0)], B NaO /it 4@ A s i BE R L,
#4729 mol-mol™. R,0-CaO-Al,05-Si0, % 71 335
B> Li,O. Na,0. K,0. CaO. Al,Oz. SiO, 73l
H 23 #7146 Li,COz. Na;CO3z+ KyCO3. CaCOs. AlyOs.
SiOp 5IN, BEESFE S BT Wk 1 Fis .

F1 WEHSRIEITES

Table1 Composition of the glass sample

Sample x/% n(Na,0)/[n(Na,0)+
No. Li;0 NaO KO CaO Al,O; SiO, n(Li,0)}/(mol-mol™)
Al 15 0 0 10 5 70 0.0
A2 12 3 0 10 5 70 0.2
A3 9 6 0 10 5 70 04
A4 6 9 0 10 5 70 0.6
A5 3 12 0 10 5 70 0.8
A6 0 15 0 10 5 70 1.0
A7 0 0 15 10 5 70

x—Mole fraction; n—mole.
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Fig. 1 Infrared spectral curve diagram of R,0-CaO-Al,O5—
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Table 2 Characteristic vibrations of some common groups in glass system

Wave .
_1 Vibration type References
number /cm
460 Bending vibration of Si—O—Si, characteristic spectral band [14-17]
463-486 Deformation vibration of Al—O—Si or Al—O—Al [8]
601-607 Bending vibration of Si—O bond [8]
700-800 Symmetric stretching vibration of Si—O—Si bond [16]
713-763 Symmetric stretching vibration of (Si, Al) —O—(Si, Al) [8]
740 Bending vibration of Al—O—A\ bond or symmetric stretching vibration of Si—O—Si bond [15]
780-800 Symmetric bending vibration of O—Si—O bond [1]
950 Antisymmetric stretching vibration of non-bridging oxygen Si—O bond [1,16]
1035-1054  Antisymmetric stretching vibration of SiO, tetrahedron containing bridging oxygen Si—O—Si and non-bridging oxygen Si—O [8]
1080 Asymmetric stretching vibration of Si—O—Si bond or asymmetric stretching of P—O—~P group [15-16]
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Fig. 2 Raman spectral curve of the R,0-CaO-Al,05-SiO,
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Fig. 6 Curve depicting variation of viscosity of R,0-CaO-Al,05-SiO, glass with respect to temperature and content of Z value
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#*3 R,0-CaO-Al,05-SiO, Ik IR - PR N R(ERURE T)
Table 3 Temperature-Resistivity correlation table for the R,0-CaO-Al,0;-SiO, glass system (Melting temperature T,)

Sample No. Al A2 A3 A4 A5 A6 A7
Temperature /'C 1495 1522 1539 1534 1544 1546 1723
Resistivity /(Q-cm) 1.20 1.98 2.65 2.95 3.20 2.32 2.56

#F 4 R,0-CaO-Al,05-SiO, IHBIK RIRE-H AR R R(RFIRE Ts)
Table 4 Temperature-Resistivity correlation table for the R,0-CaO-Al,05-SiO; glass system (Forming temperature T,)

Sample No. Al A2 A3 A4 A5 A6 A7
Temperature /'C 987 1012 1034 1012 1032 1056 1252
Resistivity /(Q-cm) 17.34 16.60 19.13 26.67 25.74 15.19 27.63
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(b) Graph of activation energy of conductivity
varying with content of Z value
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Fig. 8 Graph of resistivity of R,0-CaO-Al,05-SiO, glass varying with temperature and graph of activation energy of conductivity

varying with content of Z value
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Effect of Mixed Alkali on Structure and Properties of R,0-CaO-Al,03-SiO, Glass

DONG Xuanjiang, YANG Debo, CUI Zhu, WANG Dongyu, JIAO Yunjie, DU Zhanyuan, ZHAO Kun, ZHU Yongchang
(China Building Materials Academy, Beijing, Glass-based Functional Materials Technology Innovation Center, Beijing 100024,
China)

Extended Abstract

Introduction  This study was to investigate the influence of mixed alkali effect on the structure and properties of a
R,0-Ca0O-Al,05;-SiO, glass system, to provide theoretical support and practical guidance for optimizing the formulation of
high—level radioactive liquid waste (HLW) glass vitrification technology. The safe disposal of HLW is a critical aspect for the
sustainable development of the nuclear industry. The Joule-heated melter vitrification as an internationally engineered and
implemented method could immobilize radioactive waste via melting HLW with base glass frit in an electric furnace to form a stable
vitrified product for long-term containment.

Methods Glass samples with varying Z-values (i.e., Z = n(Na,0)/(n(Na,O) + n(Li,O)) were prepared by a high-temperature melting
method. Their structure and properties were systematically analyzed by infrared spectroscopy, Raman spectroscopy, and
high-temperature resistivity analysis.

Results and discussion The structural characterization revealed that the silicate tetrahedral units Q and Q* are the primary
structural units influencing glass properties. The structure exhibits regular changes as Z-value increases. At Z=0.2, the proportions of
Q® and Q* reach the maximum values, while Q" and Q? reach the minimum values. At Z=0.6, Q', Q% and Q* proportions reach the
maximum values, while Q? reaches the minimum value, indicating the most compact glass structure and the most significant
mixed-alkali effect.

The results of performance tests demonstrate that the physical and thermal properties both are governed due to the mixed-alkali
effect The density and thermal expansion coefficient both increase with increasing Z-value. The density reaches the maximum value
as Z=0.6, while the thermal expansion coefficient has the minimum value. The glass transition temperature (T) initially decreases and
then increases, reaching its minimum as Z=0.2. The high-temperature viscosity has the maximum value as Z=0.4 and the minimum
value as Z=0.6.

For the electrical properties in single-alkali systems, the resistivity at the melting temperature (T,) decreases in an order of K,O >
Na,O > Li,O, while it at the forming temperature (T,) decreases in an order of K,O > Li,O > Na,O. In the mixed-alkali system, the
resistivity reaches the maximum value at Z of 0.6-0.8, being correlated to the "blocking effect” of alkali ions. The activation energy
for electrical conduction changes nonlinearly with Z-value. In single-alkali systems, it increases in the order of Na,O < Li,0 < K,0.

Conclusions  This study clarified the mixed-alkali effect on the R,0-CaO-Al,0;-SiO, glasses, particularly highlighting the low
viscosity as Z = 0.6 and the high resistivity characteristics as Z = 0.6-0.8. These findings could provide a clear guidance for glass
formulation design.

Keywords calcium aluminosilicate glass; mixed alkali effect; raman spectroscopy; infrared spectroscopy; high temperature
resistivity



