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Viscosity of Silicate Based Multi-anion Containing Melts
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Fig.1 Schematic illustration for the concept of compositional design
for the viscosity measurement in the present study.

* [SEDMREH]
BhACHSE, NIREE, 55 &, RREETF, %

7&=  [Viscosity of Na-Si-O-N-F Melts: Mixing Effect of Oxygen,

Nitrogen, and Fluorine], ISIJ International, Vol.60(2020), No.12, pp.2794-2806 (£ 32 E;2t1sANESE)

210 |

28



H U720 L7228 5T, Na,0-2Si0, @ik DBt A + » O—i
%7 oA A R A & v TEBR L 78S T = Vil
ORI ZREL -2 L2k 5,

3> BEKHIEENEEREEEDF

7w FRERITT A BIERAD SR L4k PP T
H 578, K 2R R < WET 2 13RI XD,
N6 DR O AR 2 BB D 5, EH 6 1d. A
ZEOZITIZ B 720 . FRHXUHIAR T RE 2ok e e 2 A TR L
7zo WEEEOWE T, MR & § BRERIZ L 0 k4 2T
HY B DA, AFETIE B F 7 759 7 A%
) 2 K5I B (0.05-10 Pars) Ol IZ5H L T B HEEIRRE:
ROMERIEEE A2 EHS 52 L & U, Fig21ofE#LL 72
SEFHORRIX" %78 U7z, HERmRGS i, % bl <
LEEREL PV T SRS LETH D 2D DalEi
EELTWS7-0, JFNEZEH L 2REAED LiF s 2 &n
Ko Tl o7z, BE EEBO ML 7 Blis 25 v L 2
O IFGTEET 2 FICEHE 2 ML RN OB — 7
IVEDRRE ST 7 E1ZDWTHALKS: TTHMB A SRHRE
FAENTH R TS W20 2, [RRRICEEE T8O M Eldx
R o T B A BGER L 72 7L 2 8o [alisfl 4 > —

TABIEREET A BAEDWE

N BB B H, ZOHEDNTUISINKY: T
AL BFHPE RIS T KN 2 0niz7m 0z, 77, BED
B BT Y, JHERRISTERE & 1T 72 Kyung-Ho
KIM féi+: (Bl : Institute for Advanced Engineering (K
[E)) 128 Zna7z720 7z, B Rk ok 3. HlEE IS
KD RK50%FEDORED H 5 Z EHBHISN TS A3,
Fig.3127R L 72 & 9 12 Na,0-2Si0, /il & /5 & L 723 H 0l
TEREFUISTHME ™ DT Y R OFPFANTH 0 | LRk
DRSS UTHor allEfE 2 A LT3 Z & SRk
T & 7=, WIEOVTHHERE T, F5 [ S P RE 2 Rl 5 I
TRl AESE T S/Z T ENTERLI LI, BRUTHAD TN
IZEBZEEHLIRAZN,

A FwXHE

O NI T — 2 R4 7 AR IR 36 Hrs
RETUITHELZRBL T B —EP%KT 5L TIZ1y HIE
ERL 7o, i X A T U T — 2 ORFIIPHEL =D
DT> 7278, FEETHEFEZ D TH D LBEE #1250
T k& o 7z REREHIE DR TR ORIKAZEL L T
72DTH %, D7 » RPERVHFHT 2 Z LI TR-L
TNz, F b)Y A & —ERE L Tl D KEHIED

(a) v Gas inlet
9
’/Torque meter
Stainless cover ~N
X-Y stage
(A lifting motor is H
in back of the cover.) ‘
Spring 1 Water-cooled jacket (b) .
— . Inner cylinder (Rod)
Rod —1] ﬁ/,/ Mullite tube Sample melt
. gmm] | N
Crucible L —-1— MoS, heating element I §
Thermo-couple Outer cylinder
) (Crucible)
U C Alumina tube Retype
= : thermocouple
= -— Water-cooled jacket Alumina tube
Gas outlet =] | :
, S
— Electric brush
V]
7
Lifting motor - Motor for crucible rotation

Fig.2 Schematic illustrations of (a) the viscometer and (b) the dimensions of crucible and bob'™ . (Online version in color)
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Fig.3 Viscosity of the NS2 melt in the present study at a crucible
rotating speed of 60 rpm compared with those previously
reported'”2" for the sodium disilicate composition. The dashed
line represents the linear least squares regression line for the
measured data of the present study's .
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Fig.4 Relative viscosities of the Na-Si-O-N-F melts as a function
of (a) nitrogen concentration and (b) fluorine concentration
at 1673 K. The horizontal error bars represent the variations
of nitrogen and fluorine concentration during the viscosity
measurements. The vertical errors were estimated base
on the variations of the Si/Na ratio during the viscosity
measurements’® .

AR O E O SENSIEA ™ AT B 720, KifE LRICH
54252605, 7 o {thA 4 v 0B tA + v Ok
MBI DRI DV T, R R imikam ™ £
M 7272 & 7200 NMRIEIZ S0 72 20 720K 5
NSRRI A HE 2 &Y 5, EB DK E R
T, PRt 2ERNIEE CHFEa A v AW, B A Y
MZIEL A 2  HERRMICRTER SRR S Tl D, BIE
IZI3E 5121y HIZE DAL 7228, ZOFWmAIT XV
P AT, SO FIIFHHEIZE > THHD < NE DI
BoTW kSIS, EHOEGEDKEIHEERL -

Uy,

D>y FEHESHDERE

BoNzT — 4 % L TERET A5G0, HIETHHT 25
IR XN CEAEARICKADOL Z LIz n b, BT —

kBEAACDEEIR. TNhZhDOBA 4 ORFHREEFHREEE L /- equivalent% (eq%, HE %) TR L /=, STEAEDFMIIEEZRX Y

PEHHN D ESRBOLLEE LV,

212 |




206 BR I BNEEXEAT 5 2 & OEENAFFIZH
J&U 725 SCHREE & 75 > 720 ABIZETIE, Hiflize - P Y o 47
A I A FEARK & LT B 5% Fig 1R L 7225 0RHIR
VYT MR- AR ER S T e N TE 2, 72, %R
AN, AT =4 VEMADOREZ L Osh 2210 TR <,
WS OPOHEET =K VElk Tl ST edE= 2 — b
VD RBREREICOWTEHE NI L2 EFEZ T, L
PUBENS, K2 T - 727 b U w7 47 A B % JEAHDK,
ETHRTIE BTG =2 — b UfifkE LTEHL
720 BUE, JE= 2 — b YHEORBIAHEY ShT0EHL Y
LA IR A AR & U 7 8E 7 = VRO RE 12D
W, WA D T 5, BRSNS 7 1 2 220
O— K<y TIZBWT, E=L KT T2 2AHOEHET =F
VREMARE R & U S T — & X — 2 8405808 H D —
DELTHT LTS, ZhE TERM S TE 2@k
O[B4 & v MBI ] 7 — 2 L 5%l e Eh 3 [
A% VIR ] 7 -2 2 BERDESL I LI2KD . HE
ToF VA TH B A5 IRT Ty APNET — 2 N— 2
MR NS Z L B L 720,

SEXB

1) H.Nakada and K. Nagata : ISIJ Int., 46 (2006), 441.

2) M.Persson, S.Seetharaman and S.Seetharaman : ISIJ
Int., 47 (2007), 1711.

3) K.Watanabe, K.Tsutsumi, M.Suzuki, H.Fujita,
S.Hatori, T.Suzuki and T.Omoto : ISIJ Int., 54 (2014),
865.

4) S.H.Shin, J.W.Cho and S.H.Kim : J.Non-Cryst. Solids,
423424 (2015), 45

5) H.Yang, P.E.R.Lopez, D.M.Vasallo, M.Cornille,
K.Schulz, A.Hunt and B.Stewart : Steel Res. Int., 92
(2021), 2100379.

6) H.Kim and I.Sohn : ISIJ Int., 51 (2011), 1.

7) O.Takeda, T. Okawara and Y. Sato : ISIJ Int., 52 (2012),

31

TABEREET A BAEDWE

1544.

8) 0.Takeda, M.Yamada, M.Kawasaki, M.Yamamoto,
S.Sakurai, X.Lu and H.Zhu : ISIJ Int., 60 (2020), 590.

9) N.Saito, K.Kai, S.Furusho, K.Nakashima, K. Mori and
F. Shimizu : J. Am. Ceram. Soc., 86 (2003), 711.

10) S.C.Kohn, R Dupree, M. G.Mortuza and C. M. B. Henderson :
Am. Mineral., 76 (1991), 309.

11) AR. Garcia, C.Clausell and A.Barba : Bol. Soc. Esp.
Ceram. Vidrio, 55 (2016), 209.

12) J.Ju, G.Ji, C.Tang, K.Yang and Z.Zhu : Sci. Rep., 10
(2020), 12284.

13) A.Sharafat, B.Forslund, J.Grins and S. Esmaeilzadeh:].
Mater. Sci., 44 (2009), 664.

14) S.Sukenaga and H.Shibata : High-Temperature
Characterization of Glasses and Melts, Encyclopedia of
Materials : Technical Ceramics and Glasses, Vol.1, ed.
by M. Pomeroy, Elsevier, (2021), 689.

15) S.Sukenaga, M.Ogawa, Y.Yanaba, M.Ando and
H. Shibata : ISI]J Int., 60 (2020), 2794.

16) A, 255, LW, Al RS - SRz
77 57 AOKME, 77 1 $¥5i v 2 —, (2003), 57.

17) C.L.Babcock : J. Am. Ceram. Soc., 17 (1934), 329.

18) E.Preston : J. Soc. Glass Technol., 22 (1938), 45.

19) H.R.Lillie : J. Am. Ceram. Soc., 22 (1939), 367.

20) J.O’M.Bockris, J.D.Mackenzie and J.A.Kitchener :
Trans. Faraday Soc., 51 (1955), 1734.

21) D.R.Neuville : Chem. Geol., 229 (2006), 28.

22) S.Sakka : J. Non-Cryst. Solids, 181 (1995), 215.

23) WACHF, /NI SE, 0, LR P, SR ¢ 8
&4, 108 (2022), 175.

24) Y.Shiraishi and M. Harada : The Physics of Non-Crystalline
Solids, Taylor and Francis, Abingdon, (1992), 231.

(2021412 A 21 H32)

| 213




