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Viscosity Measurement of Molten Na.0-B:03—SiO, System and Comparison of Viscosity
in Molten and Glassy States. By Yutaka Suiraisur and Hiroshi OcawaA.

The viscosity of molten sodium borosilicate system has been measured by a rotating cylinder
viscometer, “Rotovisco”, using platinum rotor and crucible in a viscosity range from 10' to 10*° poise.
The obtained results are compared with the viscosity of the glassy state measured previously by a
parallel plate viscometer. The following results are derived from the comparison.

(1) Fulcher function, log =A+B/(T—T,), adequately represents the measured viscosity in the
range from 10' to 10" poise.

(2) Apparent activation energy of viscous flow varies from 100-200 kcal/mol in the glassy state
to 20-30 kcal/mol in the molten state.

(3) Composition dependency of viscosity changes around the composition Na;O/B;0s==1 both in the
glassy and molten states. However, such effect is very small in the molten state compared with that
of the glassy state.

(4) In the region of silica rich composition, the effect of BsO; on viscosity is opposite in glassy
and in molten states. Namely, viscosity increases with increase in B;O; content in glassy state, but it
decreases in molten state.

(5) This contradictory effect of B:O; on viscosity at both states suggests a change in bonding at
both states as partially supported by available data of thermal expansivity in which expansivity shows
a completely different manner on dependency of B;O; content below and above the glass transition
temperature. (Received June 11, 1988)
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Fig.2 Schematic illustration of the offset
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Fig.3 Estimation of individual error due
to the offset of rotor.
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Table 1 Viscosity and Fulcher constants of molten Na,O-By0;—SiOs system.

mol % oxide log » (P) at temperature (K) fitting temp. log  =A+B/(T—T,) ¢X
B:0; Na,0-Si0, 1000 1100 1200 1300 range (K) —A B To 10°
40 60 2.061 1.371 0.881 1047 - 1319
50 50 3.832 2.425 1.623 1.047  840-1325 1.984 1899  400.3 88
60 40 3.571 2.425 1.666 1.127 803 -1325 2.063 2206 335.2 31
70 30 2.415 1.700 1.267 1022-1335
B:O; Na0+2Si0;

0 100 5.545 4.616 3.961 3.474 805-1438 —0.162 2583  247.0 18
20 80 5.194 3.801 2.901 2.270 857 — 1422 1.299 2378  260.6 28
30 70 5.163 3.647 2.666 1.978 8651476 1.982 2603 359.4 41
40 60 5.077 3.535 2.546 1.857 8871416 1.982 2525  369.0 23
50 50 4.550 3.258 2,372 1.727  823-1401 2.376 3021  290.7 21

ZJRAEA A L C, Fulcher D3 L7 3 oD Parameter &1 EER, Fulcher B L - THI
ESEYREHTE 5,
log =A+B/(T-T,) (2)
== A’ B, TO Oiﬁﬁf‘@ Z). 1500 lZ;:mp./Kl()OO 900 800
(2) XIIEHBHREEGR HE R DA & HEL T
Licx LTk D, BEEREISREC RTS8 i
F, WEEEL KT B, LensT, Te i3H %0 T % 8503 - Nay0-2510,
BEEHEESIHEATHIREE L CHET Lo LN TE
5. ARBFIE CHE » 7 Na:0-B05-Si0; Tl H
7 AREEFD (2) ROBFRTHES LR LH
HWT&ADT, Table 1 1% (2) KD F5 42—
ZEEPFRE LT, o (ZESEETY o7V
OREXFLTH Y, #RECH T 5 REHEL ' & A e
Fulcher BAEIC X SE5HEETH 5. 7ok, #F & & |
IRAEC DRE A 70\ A L AR BT BH P T PR L '
TeflExR RS T 5, Oo.s T | 1I.o T 1.3
Fig.5 22BHI%B X 512, W ¥R EI O B
T OGSl 3 F — R X -5 TELT 5. Fig.5 Example of a relationship between
log n @ 1/T x4 % i BER s xF0s log viscosity vs. 1/7.

g
5
I
q\,\ >
%3
W &
° o

Yog (viscosity / P)

(1/T) x10 Y k-1



12 H A #w, A ¥ a4k F15

Behs b RN OEMIb=F A F -2 RD B &, # 7 RREETIT 120~180 kcal/mol “TH b FARR
RBTIX%L 10 kcal/mol & 7c%. Fig. 6 I R DIEMIL= % L ¥ — DIREERFEM% Na0+2 SiO.
FRAEREZFIE LR L., 7ok ERIT EH 57 — 223720 T Fulcher BA¥T X % g o
A &0 TR SR D, Fig.6 TiXW 7 ABEC KT 55V BT oE#Eb=F 1 ¥ —
E X DR EIRERTME, B IOBERRBIC T % MR/ N S iefflfb=F ¥ — &, Bl
BEFFEIREIND, 20 X5 IEERE O R O {b=% ¥ —\BE O LA & 3tic
KIBCETT 52 &%, 5 ARENLERRBICE SEICIRBIBEM N iz, TP &%
AT HDOT, BENREL IR TE2LDO0THAS.

2
200 ———y S : 000 .

20 mol % 8203

—-— 40 mol %

| log n/P-

100

Activation Energy, kcal/mol

b 4
~ —_— =3
a 1000 {~ 1
- 5 5 4
= 6
L = 8 .
10
o
o o T,
0 1 | N
700 1000 1500 - 4
Temp./ K
Fig.6 Temperature dependence of apparent K
activation energy of viscous flow.
0 1 1 I 1 1 2 1 1 1
. B . 1o 0 50 100
(2) RcxsAFEZFIAL, 100~10°P Na,0-5i0, —> mol % B0, 8,0,

PRCITHIEL & IEE DOBIFRA KD, HFE=ToH Fig.7 Isoviscosity curves of pseudobinary system
DEREMRE L TURLEb O Fig.7, 8 of Nay0+SiO;-By0s. Numbers are log viscosity at
TH 5. Fig.7 X Na0+SiO:-B:0s R D&k, poise.

EERTH D, 77 AR TIE Na:0+SiO: 12 BOs M TP & K X WML, 131F 50
mol % B:0; #E THEDOBERRL, X HIC BOs OB MINT 2 &, Wi 5. BEbkeg
B HEREHES L, 40~70mol % B.0s EFTIZIEH 5 AREBO L D & <5 LA MEER R L
T B, 777 RRIEIE 1T 5 W DRBUKF X NMR 1< X 55158 %5510 5 RIET OBH
BLAZ B 4 BRI B SEALICE b T2 st T 5 D EE 2 Ll o n?, BiEIC s 5 K5
BB IBEZOHEBAYZTEL TS, L L, Na:0+2Si0; iZ B,0; Wiz T & Xt Fig. 8
? Nax0°28i0;-B:0s FROFME MBI T X 512, & 5 ARMBOKE —HBLOBIFR & ARk AE
CRFDENRE IR D RBEYBE LTS, & I8 B0s 2B WERTIE, #5 A RED
FORGEEHERE & o AR B O IEREE IR T MUK HER LT\ 5, FRR: B.Os B #ET
Fulcher” i X % Na:O+4.2 SiOrNa:0-3.6 B:Os ROMEMHRIZS Rbh 5. Fig.91x Fulcher
DFERIC X 2 FREMIRTH 525, 1K BOs SHEBMBIC IS 5 7 5 A URAE & HRIRAB D M

*Z TS T AMRRE L AR DU O BRI SRR ( (10°~10"P) ORAEX LTk Y, BRELE
BRCTOH ZIRAB LT R 5,

3) 4M fo, REJIE ELZ=RB, BREHFE: BEHSIE 79 (97D, 164,

4) Fulcher, G.S.: J. Am. Ceram. Soc., 8 (1925), 339.




A1 63 4 6 A

20 00 T T T T T L} 1]

Temp./K

. ]
3 T
0 1 L I 1 1 I L 1 1
0 50 100
NaZO'ZSiOZ —> mol % 8203 3203

Fig.8 Isoviscosity curves of pseudobinary system
of Nay,O+25i0,~B;03. Numbers are log viscosity at
poise.

Fig.8 X H 1 —BHKRRTH 5. Fig.8, 9 OMEUL Fig.4 OFBHERN» LS X 51T,

BRREBIZ 51T % Na0-B:03-Si0; ROMERIE & 7 7 ARBIC 13 5 HE & o g 13

2000 v T T T T T T T —

1000

Temp. /K

0 . . ! ‘ ' I 1 I !
0 50 100

0'4.25102 —> mol % 8203 Na20'3.6820

Na

2 3

Fig.9 Isoviscosity curves of pseudobinary system of
NaO+4. 2S5i0,~Nay0+3. 6 BoO3 system‘). Numbers ars
log viscosity at poise.

EHI

SiO, B TH D, SiO: @ network BEENRE LMK TH S & LS TH 5.
ZD Y I HBRBETIIEMI M BOs 11 Si-0O” OIEERESE & KIG LT BOy D 4 kS
EDHLDEH T AIRAED NMR OHIEREE LHEE I 50, BRIRAET L R BOy DT

HETHLDEEZBRD,

Table 2 C/RTEEEBERD 75 AEBARBO EL E2ExE
D&, Beb S EREEE ERER CIRENOMICT R EZR B D,

# 5 AMRAETIE network

DERSTHS BO:w OFFENREBEBCH LT IVHRELRALL, —FHFRRUREETIX Z huad
network DF5H &7 TYWITHF S L TS0 L BHBINL*,
Z DX S CEMEHEEL B AT BOs @ network former f9dH 5\ ik modifier BY7c )L,

Table 2 Linear thermal expansivity of Na,0-B,03;—Si0O, system®.

wt. % oxide ax107/K

NaxO B:0; SiO, tg /°C <tg >tg
19. 46 0 79. 84 430 108. 1 241
19.78 4. 46 74. 22 450 105. 3 201
18.76 8.28 71.56 470 71.9 230.5
18.92 1134 68.38 475 82.3 431
19.95 1445 64. 72 480 87.0 477.5
18.93 1884 61. 28 450 89. 1 583
20.30 2882 50. 04 485 96. 3 651
23,71 3999 35. 22 465 98.9 953
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