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1 INTRODUCTION

  In the glass production process, the  refining  pro-
cess where  bubbles in glass melts  are  removed  is very
important  to produce  high quality glasses, The  re-

fining process is considered  to be controlled  by the
redox  reaction  of  a  refining  agent,  Sodium  sulfate  is
cbmmonly  used  as  a  refining  agent.  The  oxygen  po-
tential in glass melts  is impoTtant in the analysis  of

the  reaction  of  Na2S04,  Recently, it became possible
to measure  oxygen  potential in glass melts  directly by
using  ZrO?  sensor.  Schaeffer et  al  used  Zr02 sensor  to

measure  the variation  of  oxygen  potential with  time
during refining  process of  silicate  glass melts.[1]  In this
paper, the possibility to use  Zr02 sensor  in the mea-
surement  of  oxygen  potential in Na2S04-containing
Na20-B203-Al203  melts  were  investigated in order

to c}arify the thermodynamic behavior of  sulfur,

2  EXPERIMENTAL

  The  reaction  of sulfur  in glass melts  is expressed

by Eq.(1). It is required  to measure  oxygen  and  sulfur

potentials in order  to investigate thermodynamic  be-
havior of  sulfur  in glass melts.  In this study,  oxygen

potential was  measured  by the oxygen  sensor  and  sul-

fur potential was  calculated  from the sulfur  content  in
silver which  coexisted  with  glass melts,  The  therm"
dynamic  data of  sulfur  in silver  is given by Eq,(3)[2].

         112S2 +02-  +31202  =  SOZ-  (1)
         1/2S2(g)=Sin  Ag(lwt%)  (2)
         AG;=54,800+4.26T  (Jlmol) (3)

 The  constitut･ion  of  the oxygen  sensor  is expressed
as  follows,

   Iib,(ref.)IMolMo+Mo0211(MgO)Zr0211

                melt  +  Ag-SIPtlPb,(melt)

where  Pb,(ref,) is the axygen  potential at the refer-
ence  electrode  and  is determined by the reaction  of

Eq.(4). The  oxygen  potential in the melt,  fo,(melt),
is det,ermined by Eq.(6),

       Mo02(s)=Mo(s)+02(g)  (4)
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Fig.1. Structure of  Zr02 sensor,

       AG#=578,OOO-167T  (Jlmol) [3] (5)
       Sin Ag+02-+31202  =SOZ-  (6)

 The  structure  of  Zr02 sensor'is  shown  in Fig.1, In
an  MgO  stabilized  Zr02 tube, the mixture of  Mo  and

Mo02  powder  (1:1 in molar  ratio)  was  tightly stuffed
and  the upper  side  was  sealed  by alumina  cement.

Molybdenum  and  platinum  wires  were  used  as  elec-

trodes. In order  to ensure  the electrical  contact  be
tween  Pt wire  and  Zr02, the Zr02  tube  was  coated

with  Pt paste, The thermalelectromotive  force be-
tween Pt and  Mo  was  measured  befbre experiments

and  experimental  values  of  Zr02 sensor  were  cor-

rected.  The  corrected  electromotive  force (Eemf) is
expressed  by Eq.(7), where  R  is gas constant,  T  abso-

lute temperature,  tien transport number  of  02- ion,
and  F  Faraday constant.  The transport number  of

02H ion in the MgO  stabilized  Zr02 is knQwn  to be
umty,

                      k,(ref.)               RTtion
                                    (7)         Eemf ==                    ln
                4F  lb,(melt)

  Glasses in the Na20LB203-A1203  system  which

contain  about  lmol%  Na2S04  and  Ag-S  alloy

(lwt%S) were  equilibrated  in A1203  crucible9  at

1442K under  Ar atmosphere.  The  Zr02  sensor  was

immersed in the crucible  in order  to contact  with  Ag,
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The  electrornotive  force of  the sensor  was  measured

with  a  digital multimeter  (YOKOKAWA 7561) and

recorded  by a  personal computer.  In the measurement

of  the  solubility  of  Na2S04, Na20-B203-A1203  glass
and  Na2S04  were  equilibrated  at 1373K in A1203 cru-

cible  fbr 5hr. The  sulfur  in glasses and  Ag  after  the
experiments  were  analyzed  by  LECO.

3  RESULTS

  The  EE.f showed  a  stable  value  soon  after  the sen-

sor was  immersed into the melts.  When  the tempera-
ture was  changed  during the measurement,  Eemf was

stabilized  within  lhr and  the  Zr02 sensor  showed  a

good response  to the change  of  oxygen  potential.
  The Zr02 sensor  was  attacked  by glass melts,  espe-

cially  by  melts  rich  in Na20. For example,  Zr02 tube
was  completely  melted  in the 40Na20-60B203  melt

in lhr. ffowever, the damage  was  not  serious  for the
melts  in which  B203  content  was  higher than 70mol%,
or  A1203 was  almost  saturated  and  it was  shown  that
the Zr02 sensor  can  be used  for such  melts.  There-
fore, the melts  for the measurement  of  cJxygen  poten-
tial were  saturated  with  Al203(19N34mol%).
  The  results  of  oxygen  potential measurement  are

shown  in [[hble 1. The sulfur  content  in glass melts

are  shown  as  S03  content  in this table  for the  conve-

nience  ofthe  fo11owing discussion. The sulfur  potential
was  calculated  from  the sulfur  content  in Ag  according

to Eq.(3).

[fable 1 Oxygen  and  sulfur  potential in Na20-B203-
Al203 melts  containin  sulfur  rneasured  at 1442K.
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Fig,2, Activity coeficient  of  S03 in the Na20-B203-
A1203-Na2S04  system  with  saturated  A1203  content

at  1442K.

XNa,o  XB,os  XAi2os Xso3

      (molar fraction)

k,(atm) Ik,(atm)

O.2e3 O.609  O.188  7.28 × 10-6 3,7sxlo-7 s,6sxloH5

O.228 O.545 O.227 2,28× 10-5 1.43xlO-6 2,soxlo-5

O.271 O.506 o.223  2,7sxle-`  4.6sxlo-6  1,14×lo-`

O.321  O.452  O,224  2,OlxlO-3  1.94 × 10-5  2,58×lo-9

O,357  O,385 e.256 2.34xlO-3 4.2sxlo-5 1.ssxlo'9

O.361 O.303 O,335 4.24xlO-S  6.41× 10-102.73 × lo-S

  The  B203-Na2S04  system  does not  show  any  mis-
cibility  and  addition  of  Na20  to this system  increases
miscibility which  drastically decreases the activity  co-
eficient  ofS03I4],  However, such  adrastic  change  is
not  shown  in the Na20-B203-A1203  system,  This
diffbrence would  be attributed  to A1203. The  solu-

bility of  Na2S04  in Na20-B203-A1203  and  Na20-
B203  melts  at  1373K is shown  in Fig.3. The  solu-

bility of Na2S04  in Na20-B203-Al203  melts  would

not  change  much  with  temperature  like that in Na20-
B203  melts  reported  by Nezu[41. It is fbund that  the

addition  of  Al203  increases the solubility  of  Na2S04
when  XNa.o is lower than  O,2, so that the change  of

activity  coeficient  of  S03 is small  compared  with  that
in the  Na20-B203  system.  This  supports  the valid-

ity of  the rneasurement  of  oxygen  potential by Zr02
sensor.

  O,04o"cocu
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×

   O,02

4  DISCUSSION

  Though  the real  reaction  of  sulfur  in glass melts
is expressed  by Eq.(6), it is dificult to analyze  the
behavior ofsulfur  numericaily  based on  Eq,(6) beeause
the pure  ionic species,  for example  02-  and  SOX",
are  not  avai]able  as  a  reference  state,  Therefore, the
analysis  in this study  was  based on  Eq,(8) and  the
activity  of S03  in melts  was  calculated,

       112S2+31202=S03  (8)
       AGg=-458,OOO+163T  (Jlmol) [3] (9)
  Activity coeMcient  is an  important parameter  to
express  the thermodynamic behaviors of  a  compcr

nent  in melts.  The activity  eoeMcient  of S03, 7so,=
PSo,fXso., in melts  was  also  shown  in Fig.2, where

reference  state  is S03 gas of  latm.

o O.2XNa2oO.4 O.6

Fig,3, Solubility of Na2S04  in the Na20-B203-
A1203-Na2S04  system  with  saturated  AI203 content

at  1373K,
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